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1 - INTRODUCTION 

All countries operating nuclear power stations have developed systems 
for declaring and analyzing incidents occurring when the stations are in 
service. These systems, which vary from country to country, arc 
inevitably extensive and complex, as the search for perfection in terms 
of operating safety leads not only to identification and analysis o[ 
incidents which are evidenced by their consequences, but also to 
identification of all those other incidents which have not had 
repercussions, but which nevertheless constitute precursor events for 
more serious situations. It is for this reason that these systems cover a 
very wide field, embracing not only the activities of the operator, but also 
the s ta tus of safety related systems and components. This is necessary 
both for electricity producers, to obtain effective feedback, and for the 
safety authorities, to enable them to carry out their monitoring and 
control missions to the fullest extent. 

For example in FRANCE, a system based on safety significance criteria 
has been in service since the early 1980s, and is applied and operated by 
EDF and the safety authorities. While experts obtain maximum benefit 
from this system, public opinion and the relay points cons ti tu ted by the 
media are somewhat at a loss, being unable to discriminate In the mass 
of non-hierarchized information which may come their way. between 
what is genuinely important and what is less important or even totally 
unimportant. 

It Is clear to all that acceptance of the nuclear fact is based on 
transparency. The TCHERNOBYL accident did no more than strengthen 
an a t t i tude exist ing in FRANCE since well before this event. 
Complementary measures were set up in April 1986. designed to 
improve this transparency still further. These included the MAGNUC 
telematic system, accessible to anyone using a Minitel terminal, and the 
opening of membership of the High Council for Nuclear Safety, which 
h a s since become the CS3IN (I for Information) to communication 
professionals. 

Although marking substantial progress, these measures are not however 
sufficient to provide the answers to the legitimate questions put forward 
by the media and public opinion, concerning the hierarchization of 
events occurring inside the power stations. For this reason, the CSS1N 
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recommended examination of a severity scale, simple to understand and 
easy to use, which could be employed to classify all incidents and which 
could become, in due course, as familiar to all of us as the Richter 
seismic scale is today. Obviously this scale does not replace the earlier 
system, still in force to meet the needs of safety analysts, but is simply an 
additional tool, intended for communication purposes, to clarify the 
running debate between professionals of the nuclear industry and ^ublic 
opinion. 

We will now examine the composition of this scale, applied o 1 an 
experimental basis by the Minister for Industry for a period of about one 
and a half years, as from 20th April 1988. 

2 - BASIC PRINCIPLES OF THE SEVERITY SCALE 

The starting point was the simple observation that public opinion, not 
being an expert in this field by definition, is frequently alarmed by events 
of no real or potential gravity, simply because these events are talked 
about in the press or on TV. Conscious of their responsibilities, and in 
order to be able to carry out their function of providing information in an 
appropriate manner, the journalists were indeed the first to show 
interest . in the development of an objective system, allowing them to 
form a more accurate judgment of what should be, and what should not 
be placed before public opinion. In this way, unnecessary public alarm 
resulting from the relation of a mass of events, which, while useful to the 
experts are of no real interest to the general public, can be avoided. 
This is indeed a consequence which has been observable over the last 
two years. Simple transparency, limited to the provision of explanatory 
information whenever this is necessary, is not sufficient to restore the 
confidence of public opinion. The results of surveys demonstrate this 
fact only too well. A first degree recital of everything that goes on in 
nuclear power stations, which after all are no more and no less than 
industrial installations, without accompanying the information with a 
valid judgment, ends u p by creating the impression tha t the power 
stations are not functioning very well, and that incidents are constantly 
occurring. In the first place this is not true, and in the second this 
result is contrary to the intended purpose. Transparency yes. but 
transparency which genuinely meets the expectations of the public. 

These considerations clearly illustrate the origin of the demand for the 
creation of a severity scale. The problem to be solved was therefore of a 
twofold nature: 

- Definition of simple criteria, which can be comprehended by the 
public and relating to events concerning public safety, so that accurate 
information can then be transmitted via the media. These criteria 
should make it possible to hierarchize incidents and accidents, using a 
limited number of levels for reasons of simplicity. 
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- Non-interference with existing practices, which must naturally 
continue to be applied to meet the needs of safety analysts, in order to 
cont inue the accumulat ion of knowledge concerning operating 
experience feedback and quality. 

A six-level system was devised under these conditions, with incidents 
and accidents classified using four distinct, although non-independent 
classification criteria. 

3 - THE SIX LEVELS 

The most serious accidents are classified at the top of the scale (level 
VI), and the most benign incidents at the bottom of the scale (level I). 
Accidents occupy the three highest levels (VI. V and IV), and incidents 
the last three levels (III, II and I). The distinction between an "incident" 
and an "accident" is made by reference, wherever possible, to the notion 
of "authorized limit". Below this limit the situation corresponds to an 
incident, while above the limit we are in the accident domain. In cases 
where this reference is not sufficient, the event is assessed by 
comparison with design situations, and other criteria (see below) are 
employed to assign a severity level to the event concerned. 

4 - CRITERIA ADOPTED-JUSTIFICATION 

The criteria must incorporate both observation of the facts, together 
with their consequences where appropriate, and the notion of safety-
related potentiality which can be assumed by an event. It is already a far 
from simple matter to achieve this second objective when dealing with 
technicians, and the task is even more arduous in the case of the general 
public. The four criteria adopted are arranged in an order dependent on 
the risk to which the public is subjected in the event of a nuclear 
accident. We shall then look at the various levels characterizing the 
severity of the event, for each criterion. 

- First criterion: Radioactive releases to the exterior 

- Second criterion: Uncontrolled movements of radioactivity inside the 
installation (internal leaks) 

- Third criterion: Irradiation or radioactive contamination of personnel 

- Fourth criterion: Reduction of the safety level in the installation 
(more or less pronounced impairment of the principle of defense in-
depth). 

The first criterion is indeed the most important from the point of view 
of the general public, which is primarily concerned with knowing 
whether it is at risk or not. and whether radioactive products, normally 
confined inside the installation, have escaped to the exterior and 
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present a health hazard or danger to the environment. The public then 
becomes alarmed prior to any discharge to the exterior (second 
criterion), if it knows that dangerous radioactive products are no longer 
in the place where they are normally contained, as it can fear that 
additional fail: es will lead to actual discharge. 

The accidental exposure of power station personnel to radiation (third 
criterion) necessarily reflects an anomaly, and repercussions via the 
media inevitably have an impact on the public, even where there is no 
direct risk for the latter. Finally, degradation of the safety level inside 
the installation, having a significant adverse effect on the in-depth 
defense system, represent an increase of the potential risk for the public 
(fourth criterion). These events must be brought to the knowledge of the 
pubic, even if the corresponding danger does not materialize. 

5 - CRITERION CONTENT 

5-1 First Criterion: External Releases 

Releases of up to one tenth of annual limits are included under the 
heading of incidents. There is no risk to public health, but the public is 
duly informed, as an incident of this type indicates abnormal operation of 
the installation. Discharges of the order of annual limits are classified as 
accidents, as the limits are reached or even exceeded. However the 
public must be reassured that there is no risk, insofar as protective 
measures can be considered. Above this level, significant discharge to 
the exterior corresponds to an accident occurring in the installation. 
Values expressed in equivalent iodine 131. representative of the short 
term risk incurred, are used for quantification purposes. For discharges 
ranging from a few thousand to a few hundred thousand curies, health 
protection measures must be taken. In practice, these measures involve 
persuading the local population to stay indoors, and restricting water 
consumption, or in the longer term, restricting the consumption of 
certain food products. Higher up the scale we enter the zone of major 
accidents, which will have substantial consequences on public health 
despite the protective measures taken. Releases of the order of one 
million curies or more correspond to release of a significant fraction of 
the reactor core inventory. We shall consider a number of examples 
illustrating this distribution at a later stage. 

5-2 Second Criterion: Uncontrolled Movements of Radioactivity 
(internal leaks) 

The next criterion in logical order covers internal radioactivity leaks. 
Unless its propagation is stopped, any accident includes this phase 
before producing consequences outside the installation. If evolution of 
the accident is controlled, discharges can be limited to a very low level 
provided the "containment" function is maintained. It is therefore 
normal that the upper level of this criterion should be below the upper 
level for the first criterion. This level is reached when core melt-down 
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occurs, representing an immediate threat to the second barrier, and in 
due course to the third. In this case, the threat is sufficiently great to 
take protective measures with respect to the local population, even if the 
threat dees not materialize. A typical example is the case of TMI. where 
there was only minor discharge on the basis of the first criterion 
(containment maintained), but where the threat was sufficiently great for 
protective measures to have been taken. At the next level down -e have 
major leaks, but which only effect one barrier directly, as in the case of 
damage to the reactor core. Finally at the lowest level, in this case 
incident level III. we have incidents which lead to internal radioactivity 
leaks, but which present no subsequent risk for the environment, and 
which can be repaired by applying relatively extensive resources. 

5-3 Third Criterion: Exposure of Personnel 

Marked exposure of operating personnel to radiation will generally occur 
in conjunction with one of the other situations also involved in the 
choice of level. Nevertheless, th is cri terion can be applied 
independently from any unit accident condition. Two levels have been 
adopted: 

- The upper level corresponds to dose ra tes for which specialist 
medical treatment must be envisaged. This represents an accident, as 
irradiation can reach fatal levels for the victim, as was the case at 
Tchernobyl and the Vinca reactor in Yugoslavia in 1958. In practice, a 
dose of lSv (lOOrem) is adopted for this level. 

- The low level corresponds to a single overrange of annual limits set for 
workers in the nuclear industry, and represents an incident having no 
short term consequences. 

5-4 Fourth Criterion: Reduced Level of Safety 

This final criterion is the most difficult to define, as it relates to the 
potential risk corresponding to the event. Under normal operating 
conditions, dangerous radioactive products are contained inside barriers, 
protected from the risk of material or human failure by application of the 
"defense in-depth" concept. The conjunction of a number of 
independent abnormal events is required to product loss of 
containment, and the probability of this loss is inversely proportional to 
its potential consequences. 

The criterion to be adopted will be that of a deterioration of the 
protection provided by this defense, but with no loss of barrier integrity. 
There are consequently no internal leaks, but the installation is in a 
situation where the probability of an accident, resulting in loss of safety 
function control (control of reactivity, residual heat removal, 
containment of radioactive products), is greater than under normal 
operating conditions. In no case can the term accident be used. 
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The concept of defense in-depth is frequently illustrated by saying that a 
number of lines of defense must be broached before an accident can 
occur. It is therefore logical to distinguish a number of levels of 
application for this criterion, according to the lines of defense which 
have been penetrated. Three such levels are used: 

- The highest level corresponds to a "near accident", where there is 
only one line of defense left before the accident which we wish to avoid. 

- The intermediate level includes incidents of a nuclear nature, where 
several lines of defense remain ahead of the undesirable accident, which 
have important consequences for the installation in terms of the lessons 
which can be learnt. Prolonged shut-down for repair work is a good 
example. 

- The lowest level corresponds to an operating anomaly, resulting in 
effective loss of safety level. 

6 - SCALE COMPOSITION 

Analysis of incidents and accidents demonstrates that overlaps generally 
occur between the different criteria, so that the same event can concern 
several criteria. Independent classifications could be conceived, 
according to four separate scales each corresponding to one criterion. 
However, it is simpler to have a single scale, which means that the 
separate scales must be in ter-aligned. We have followed the order of 
priority of the criteria already indicated for this purpose, offsetting each 
scale one level downwards with respect to the previous scale. This 
offsetting process is not arbitrary, but corresponds to the aim of 
integrating the probability of an accident degenerating into a more 
serious situation. Thus TMI, as a result of the partial melt-down of the 
core and although major discharge did not occur (level IV for the first 
criterion), constituted an extremely preoccupying situation, as evolution 
in the direction of a major accident (level VI) was solely dependent on 
the correct performance of the containment, the final line of defense in 
this case. For this reason we classify TMI at the upper level of criterion 
n°. 2, corresponding to scale level V. 

Likewise in the incident sector, an event such as total loss of electrical 
power supply, and provided procedure H3 is applied under good 
conditions, could lead in France to a level III incident, corresponding to 
the conditions of a near accident with only one line of defense remaining 
(correct execution of procedure H3), before the appearance of accident 
conditions on the nuclear boiler. 

Obviously the level finally assigned is given by the highest level reached 
by one of the criteria. The following table: 
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LEVEL CRITERION I 
RADIOACTIVE RELEASES. 

CRITERION 2 
INTERNAL RAD. LEAKS 

CRITERION 3 
PERSONNEL EXPOSURE 

CRITERION 4 
DEFENSE IN-DEPTH 

\rriDF\T«j 

SIGNIFICANT FRACTION 
OF CORE INVENTORY 

V I SIGNIFICANT FRACTION 
OF CORE INVENTORY 

V INITIATION OF HEALTH 
PROTECTION MEASURES 

CORE MELT-DOWN 

I V REALEASES OF APPROX. 
ANNUAL LIMITS 

CORE SERIOUSLY 
DAMAGED 

SPECIALIST MEDICAL 
TREATMENT 

[ x n i ï F v r s 

REALEASES 
OF l/IO ANNUAL LIMITS 

ZONAL 
CONTAMINATION 

ANNUAL LOUTS 
FOR WORKERS 

NEAR ACCIDENT I I I REALEASES 
OF l/IO ANNUAL LIMITS 

ZONAL 
CONTAMINATION 

ANNUAL LOUTS 
FOR WORKERS 

NEAR ACCIDENT 

! 
I I NOT 

SIGNIFICANT 
NOT 

SIGNIFICANT 
NOT 

SIGNIFICANT 
SUBSEQUENT 

DEVELOPMENTS 

I NOT 
SIGNmCATANT 

NOT 
SIGNIFICANT 

NOT 
SIGNIFICANT 

ANOMALY 

(NOV» 
(SIGNIFICANT) 

TABLE I 

shows the order of the various levels and criteria, on the basis of the 
logic presented above and which can be summarized as follows: 

Criterion 1 - Releases 

Level VI: Major accidents leading to discharge of a significant fraction 
of core inventory (one million curies and above) 

Level V: Accidents presenting risks outside the installation, leading to 
the adoption of protective measures (several thousand curies and above) 

Level IV: Accident inside the installation, resulting in releases of the 
order of annual limits 
Level III:: Incident resulting in releases of the order of one tenth of 
annual limits 
Level II: not significant 
Level I: non significant. 

"Not significant" means that releases at this level do not constitute, as 
such, a reason for inclusion in the scale. 
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Criterion 2: Internal Radioactivity Leaks 

Level V: core melt-down 
Level IV: core damage 
Level III: zonal contamination leading to specialist recovery work 
Level II: not significant 
Level I: not significant 

Criterion 3: Irradiation of Personnel 

Level TV: Specialist medica! treatment (dose - lSv) 
Level III: Overrange of NI worker annual limits (50mSv< dose< ISv) 
Level II: not significant 
Level I: not significant 

Criterion 4: In-depth Defense Impairment 

Level UI: Near accident 
Level II: Subsequent developments 
Level I: Operating anomaly 

The classification thus obtained makes one think of the result obtained 
on completion of a probabilist safety study. It would obviously be illusory 
to extend the reasoning employed further, presuming tc attribute a 
mathematical precision which it does not possess to the scale. However, 
an appreciation of this nature, connecting two successive levels of the 
same criterion, with the value of the line of defense which prevents a 
given event from degenerating into a more serious situation, does exist. 
In practice, and in order to remain operational for those whose task is 
its implementation, the scale will be preserted in the form of a set of 
determinist criteria, bearing in mind that an important part is left to the 
"judgment of the engineer", in this case the power station manager in 
concert with the safety authorities, in the assessment of the final level to 
be attributed to an event. This judgment is principally concerned with 
appreciation of the number of lines of defense still available, before the 
appearance of effective consequences. 

Although with no pretensions to providing an exhaustive list, the 
following paragraph indicates the main elements which can be used to 
classify an event. 

7 - UTILIZATION OF THE SCALE 

Having established the general principles, it is essential to define 
practical rules for attr ibuting the different scale levels to events 
occurring under operating conditions. 
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For the higher levels (accidents), we fortunately have only one example 
of level VI, resulting in release of a major fraction of core inventory to 
the atmosphere, this being the events at Tchernobyl on 26 April 1986. 

Level V will include two types of accident: those where marked releases 
effectively occurred (Windscale. 1957). and those where the threat was 
considered sufficiently serious for measures to be taken, as a result of 
core melt-down for example (TMI. 1979). 

As we go down the scale, input possibilities increase in number. Level IV 
covers three types of accident: those resulting in limited releases not 
requiring protective measures (annual limits), those leading to core 
damage requiring difficult repairs and involving radioprotection 
problems, and those where personnel are exposed to ionizing radiation, 
at dose levels such that specialist medical treatment must be envisaged. 

In the lower half of the scale, four types of incident correspond to 
level HI. These are as follows: incidents resulting in discharges of the 
order of one tenth of annual limits; incidents resulting in the presence 
of radioactivity in places where this should not occur. A quantitative 
criterion can be used as a guide, such as transition from a "green zone" 
to a "red zone" for more than 24 hours, in the case of unscheduled 
intervention in an ionizing environment; incidents resulting in single 
exposure of personnel to doses exceeding 50mSv but not exceeding lSv; 
and finally those incidents which cause sufficient degradation of the in-
depth defense system to create "near accident" conditions inside the 
installation. An incident of this nature occurred in France in 1987, on a 
gas graphite reactor at the Saint-Laurent-des-Eaux power station. Partial 
icing up of the water intake led to loss of the auxiliary generator units, 
constituting the internal sources of electric power supply. The external 
power network was fragile, as this was effectively lost temporarily a few 
hours later, although by this time the auxiliary generators had been 
returned to service. This meant that a near accident situation existed 
for about two hours, the undesirable accident in this case being loss of 
the core cooling function. 

Level II includes serious technical incidents, which do not have an 
immediate effect on safety, but are liable to lead to subsequent 
reassessment of safety measures. These include common mode failures 
on systems of key importance for the safety function, multiple 
independent failures on systems of key importance for the safety 
function during the same sequence, human errors where these reveal 
omissions in the safety culture, omissions with potential consequences. 
We have also included in this level, on a determinist basis, fires 
occurring on the nuclear site and associated with the implementation of 
external resources of some importance. The presence of solid plugs 
blocking the intake orifices of the hydrogen recombination circuit, 
making this circuit unavailable, was discovered between two periodic 
inspections, on a unit of the Bugey power station in 1987. This 
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corresponded to a human error associated with maintenance operations, 
which could have had consequences had a loss of primary coolant 
accident occurred during this period. Shell leaks occurring in the 
Creys-Malville power station, although resulting in no direct impairment 
of safety. led to extended shutdown for repairs in April 1987. 

Level I covers functional or operating anomalies not generating any risk, 
but which are significant for the lessons which can be leamt thereby. 
Classified in this level are events resulting in deviation outside the 
functional range authorized by technical operating specifications, either 
with no transit to the fallback state, or with unjustified overrange (in a 
case where these limits are reached, and the installation is adjusted 
normally to the fallback state, the event is not classified in the severity 
scale). At least all events resulting in radioactive discharge to the water 
table, however limited, are included in this level. Any such event is 
effectively included under the heading of unauthorized deviations outside 
the functional range, any discharge to the water table being illegal in 
France. This level also includes anomalies which are important with 
respect to safety, discovered by accident and not detected during 
periodic inspection and testing (where such anomalies are discovered 
during periodic inspection, the corresponding events do not merit 
classification in the severity scale, since we can consider that it is 
precisely the function of periodic inspections to detect anomalies of this 
type), justified actuation of safety systems (safety injection, spraying of 
the containment, operation of on-site electric generator units in the case 
of loss of external electric power supply), abnormal execution of an 
automatic shut-down sequence, and actuation of the fire protection 
system on the nuclear island (spurious operation of these same safety 
systems, followed by normal restart of the installation in accordance with 
existing procedures, falls outside the scope of the severity scale and is 
consequently not classified). 

Events occurring during the period between charging the fuel and power 
built-up (prior to formation of fission products in significant quantities), 
can be classed in level I (non-compliance with specifications) or level II 
(serious incident on an item of equipment). Events involving the control 
of reactivity must be covered by a special investigation, in order to assess 
the potential risk incurred. 

Among the events which occurred in 1987, we can mention - as 
examples of level I incidents - the abnormal displacement of a steam 
pipe, and an oil leak on an anti-deflection device ram. detected by 
chance (not during periodic inspection operations) on a unit at the 
Saint-Alban power station, the start of a fire, quickly controlled on a 
6.6kV cell at the Chinon power station, and justified start-up of the 
diesel generators on loss of external electric power supply at the Paluel 
station. 
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8 - INITIAL RESULTS OF APPLICATION OF THE SEVERITY SCALE 

As mentioned at the beginning of this paper, the severity scale is 
currently in use for a trial period running up to the end of 1989. 
Feedback will certainly demonstrate the need for additional indications 
and clarifications. Nevertheless, IPSN and EDF have undertaken an 
exercise covering all "significant" safety-related incidents declared in 
1S87. This exercise has demonstrated that application of this severity 
scale makes it possible, firstly to clearly isolate those incidents which 
are liable to concern public opinion, and secondly to obtain a certain 
reduction effect with respect to the mass of incidents declared in 
accordance with legal procedures, and which, it must be remembered, 
must all be analyzed in order to extract corresponding feedback lessens. 
This exercise has been no more than an initial attempt, and the results 
obtained must be handled with prudence. The current trial period, in 
which all partners are involved, is iikiiy to produce marked variations. 
Nevertheless, 611 significant events were declared in 1987, for a total of 
51 production units (3 Gaz-Graphite, 47 PWR 900 and 1300. and 1 
LMFBR). Of this total of 611 events. 37 were classified as follows: 

- level I: 30 
- level II: 6 
- level III: 1 

with 574 not justifying classification in the severity scale. 

9 - CONCLUSION 

It is obviously too early to make a positive judgment concerning the value 
of this severity scale at the present time. Numerous partners are 
involved, including the operator, safety authorities, media and finally 
public opinion itself. The trial period set by the Minister for Industry is 
absolutely essential for identifying possible difficulties of application, and 
to establish those aspects which could give rise to incomprehension 
between partners. Nevertheless, we have every reason to suppose, after 
five months in service, that this scale is emminently usable, and will 
enable us to achieve the objectives for which it was designed, in due 
course. 
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