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Abstract

This paper presents the basis of the safety approach currently implemented by the Commissariat a l'Energie
Atomique — Nuclear Reactor Directorate (CEA/DRN), both for the design and the assessment of innovative
systems and future nuclear installations. It is considered that the described approach is applicable to the plants
buil& for non-electrical applications of nuclear heat. This is typically the case of Nuclear Desalination
Installations. This approach is the result of the experience maturated, within the context of the CEA/DRN
Innovative Programme, through practical applications over several future concepts (both fission and fusion
plants). The background of this experience is structured coherently with the European Safety Authorities
recommendations, the European Utilities Requirements (EUR) and the "fundamental safety objectives" defined
by the IAEA. The Defence In Depth principle and its application, by means, among others, of the barrier concept,
remains the basis of the safety design process of future nuclear installations. Its adequacy is checked through the
safety assessment. The methodology for Lines of Defence (LOD) implementation as well as the one for the LOD
architecture assessment is shown and motivated. The document shows that the clear and unambiguous definition
of the safety approach provides an essential base for the organisation of the design tasks, being sure that the
safety aspects are correctly taken into account and implemented, and for an adequate safety assessment of the
final design, both from qualitative point of view as well as for the quantitative safety analysis.

1 - INTRODUCTION AND PURPOSE OF THE PAPER
The purpose of this paper is to make general considerations about the top-tier safety related

requirements implemented by the CEA/DRN for future nuclear installations design and/or assessment.
It is considered that these requirements are applicable to the plants implemented for non-electrical
applications of nuclear heat. This is typically the case of Nuclear Desalination Installations.

The approach content is the result of the experience maturated, within the context of the
CEA/DRN innovative programme, with practical applications over several future concepts.both for
fission reactors ("power" and "research") and fusion plants. The details of this approach are still
under discussion at the CEA for formal acceptance.

Hereafter, two main items are discussed:

^ the safety approach for the design and operation with, in particular, the adoption of the Defence
In Depth principle and the rationale for the definition of the safety objectives ;

•=£> the approach for safety assessment to verify that the Defence In Depth principle is correctly
implemented and that the safety objectives are met.

It is considered that the clear definition of the content of the first item can provide an essential
base for the organisation of the design tasks, being sure that the safety aspects are correctly taken
into account and implemented. Concerning the safety objectives, i.e. the allowable radiological
consequences, the harmonisation is suggested between the different types of nuclear installations.

The second item is fundamental to organise an adequate safety assessment of the final
design, both from qualitative point of view (e.g. the compliance of the " safety related architecture "
or the correct implementation of human factor related requirements) as well as for the quantitative
safety analysis (e.g. the definition of the rules for the analysis). Within this frame, considering the
complexity of the plants " safety related architecture ", the need for the coherency with the defence in
depth concept and with the probabilistic objectives currently adopted, leads to suggest the notion of
the Lines of Defence (LOD) shortly developed below.
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2 - THE " BASIC NUCLEAR INSTALLATIONS "

The French formal definition for the " Basic Nuclear Installations " (BNIs ; i.e. nuclear plants
and facilities) can be summarised as follows :

"One Installation is classified as Basic Nuclear Installation (Installation Nucleaire de Base - INB in
French) due to its potential for a " nuclear risk " : quantities of fissile material, of fission products,
of radioactive elements, of radiation beams. In these conditions the " nuclear risk " becomes the
main guideline for the risk analysis. Within the BNIperimeter the safety analysis shall then take into
account all the failures and all the hazards that can interact with the radioactive materials " (IGSN-
CEA, 1998).

The nuclear plants integrated into the nuclear desalination installations, clearly enter within the
frame of this definition.

3 - THE CEA/DRN POSITION ON THE SAFETY REQUIREMENTS AND OBJECTIVES
FOR FUTURE INSTALLATIONS BOTH FOR ELECTRICAL AND NON ELECTRICAL
APPLICATIONS OF NUCLEAR HEAT

One of the major missions of the CEA/DRN is the co-ordination and the partial achievement of
the CEA Innovative Programme. Among the corresponding tasks, the CEA/DRN shall :

• define the safety requirements, the safety objectives and the methodology for the assessment of the
innovative reactors and/or specific nuclear installations (e.g. : fission reactors and fusion plants,
etc.) ;

• achieve the safety analysis for innovative reactors and/or specific nuclear installations (e.g.
desalination plants).

These safety-related missions are conducted in a context characterised by a large spectrum of
" boundary conditions " :
• several innovative concepts are considered simultaneously: PWR (low pressure PWR,

Supercritical Reactor), BWR (ESBWR), Small and Medium Reactors (SMR - modular integral
concepts), HTGR, FBR (liquid metal or gas cooled), experimental reactor (Reactor Jules Horovitz
- RJH), fusion reactors (ITER, DEMO); Hybrids systems, for Partitioning and Transmutation, are
also considered (i.e. the Accelerator Driven Systems)

• several energy utilisation are considered : electricity, cogeneration, district heating, desalination,
etc. ;

• all these items are characterised by a great diversity in term of deepness for the possible/needed
degree of assessment (e.g. as a function of the available documentation).

Within this context, for the CEA/DRN, it is essential to elaborate a coherent and unambiguous
approach applicable to all the above concepts and integrating all the evoked conditions. The one
implemented by the CEA/DRN is founded on three essential principles :
• The safety objectives of the BNIs should be the same in terms of doses applicable respectively

to the operators, the public and the environment (i.e. the radiological consequences) and that for all
the plant conditions : normal, incidental and accidental. The adoption of ALARA shall be
considered.

• It is considered that, for all the concerned nuclear installations, the implementation of an adequate
safety related architecture and the organisation of the safety assessment should be achieved using
analogous and comparable approaches based on the integral adoption of the defence in depth
(i.e. all the levels should be considered).

• These approaches should be able to integrate the peculiar characteristics of each installation.
This will be made in coherency with the defence in depth concept: the number and the quality of
the required " defences" are function of the potential internal and external hazards, and
consequences of failures.
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4 - GENERAL NUCLEAR SAFETY APPROACH FOR DESIGN AND OPERATION :
APPLICATION OF THE DEFENCE IN DEPTH PRINCIPLE.

The Defence In Depth concept (as defined by INSAG 75-3) and its application, by means,
among others, of the barrier principle, remains the basis of the future plants safety design process.
Defence In Depth shall be applied both to design and operation. Its appropriateness is checked
through the safety assessment.
a) Defence In Depth

As discussed above, the levels of Defence In Depth should be systematically applied :
1st level : Prevention : Quality in design and achievement, prevention of nonconformity.
2nd level: Surveillance, detection and control: Quality of operation, keeping the facility

within authorised limits.
3rd level: Safety systems and Protection systems design : Postulate of all plausible incidents

and accidents and implementation of means to limit the effects of these accidents to
acceptable levels.

4th level: Accident management and containment protection, limitation of consequences :
Prevention of deterioration of accidental conditions and limitation of severe accident
consequences.

5th level : Response outside the site : Limitation of radiological consequences for populations
in case of significant releases.

b) The barrier principle
The number of barriers depends on the risk, and aims at the implementation of a

" progressive " defence architecture . More particularly, it is important to render improbable the
events which are likely to affect more than one barrier at a time. Besides, the means allowing the
operator to know constantly the state of the barriers shall be implemented. Finally, it is stressed
that the correct implementation of the different levels of defence in depth should aim at guarantee the

2 3

defence homogeneity and exhaustiveness .
Nota bene : These two objectives as well as the principle for a "progressive defence architecture "

are essential to achieve an acceptable safety architecture
Examples for the design options selection are given in Appendix 1.

5 - GENERAL APPROACH FOR THE NUCLEAR SAFETY IMPLEMENTATION

5.1 - Design Basis Conditions
The conventional Design Basis Conditions (DBCs) are characterised by a Postulated

4
Initiating Event (PIE) which occurs when the facility is in a given initial state

The PIEs should be classified by category, based on their estimated occurrence frequency
(f: frequency per reactor and per year). By analogy with the PIEs, a similar categorisation is chosen
for the DBCs. The plant safety design and assessment is based on the analysis of a set of envelope
representative DBCs. As an example, the following table summarises the categorisation used in
France and recall the "qualitative acceptance requirements".

1 The lack of progress! veness means the existence of" short " sequences for which, upstream from the initiator,
the failure of a barrier entails a major increase, in terms of consequences, without any possibility of salvaging
the situation at an intermediate stage.

2 The homogeneity means that no initiator family participates in an excessive manner to the global probability
of the major accident; this might also be reached within a same Postulated Initiating Event (PIE) family.

3 The exhaustiveness should be a target during the phase for the identification of the initiating events.

4 The initial states - steady states and operational transients - should be defined by the designer.
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Table 1. Conventional Design Basis Conditions categorisation

DBC
Category

I

II

HI

IV

Definition

Normal Operation
conditions

Incident conditions

Accident conditions

Hypothetical accident
conditions

Occurrence frequency
(events / reactor • year)

list of operational events
to be defined explicitly

10"2 ~ < f

lO"4 < f < 10-2

f < lO-4

Qualitative
acceptance requirements

Plant conditions within the
limits of the technical
specifications and defined in
the general operating rules

Consequences must remain
extremely limited

Consequences must remain
sufficiently limited

Consequences must remain
acceptable

5.2 - Design Extension Conditions
To complete the deterministic approach, the compliance with the forth level of Defence In

Depth imposes, on one hand, the integration of a possible lack of exhaustiveness in the deterministic
assessment and, on the other hand, the demonstration of the potential of the facility for the

prevention, control and limitation of the consequences of " severe accidents " (cf. section 4 : the
4th level of the Defence in Depth).

The European Technical Safety Organisations TSOs (TSO, 1997) elaborated a set of
recommendations for the treatment of severe accidents for future PWRs. Coherently with the
principles evoked in section 3, CEA/DRN considers that these top-tier requirements are broadly
applicable to all the future BNIs :
" ...For future designs, accidents beyond the "classical" deterministic design basis have to be
considered at an early stage of the design to obtain a significant reduction of the probability of
occurrence of severe accidents. Accident situations which would lead to large early releases have to
be "practically eliminated". For the remaining accident situations..., the potential release of
radioactive materials outside the containment system should be small, so that only limited protective
measures are required.

The accident scenarios to be considered early in the design process should be all those accidents,
even of very low probability, that can be judged as physically plausible. ...
Severe accident sequences should be either "practically eliminated" if sufficient preventive design
and operation provisions are taken, or "dealt with"... There is a need to develop adequate guidance
to clearly establish when "sufficient design and operation provisions " have been taken to practically

6

eliminate a severe accident sequence .
Evaluation of severe accidents should be performed using a "best-estimate" approach together with a
quantification of the uncertainties to determine, for representative scenarios, a spectrum of the
possible outcomes.
Systems and components provided only for severe accidents, should not require the same conservative
analysis and requirements that are necessary for those developed to cope with "classical" design

Considering the needs for taking into account the different reactors specificity (e.g. no core melting (?) for the
gas cooled reactors core) severe accident configurations are identified as highly hypothetical accidental
conditions or envelope situations, studied to design and to implement the LODs needed for the 4th level
of the defence in depth (see also section 6.3).
Referring TSO, on one hand the " practical elimination " of such accident sequences shall be matter of
judgement and each type of accident sequences has to be assessed separately and, on the other hand, their
practical elimination cannot be demonstrated by the compliance with a general" cut-off" probabilistic value.
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basis accidents;.... There should be a high confidence that necessary equipment will survive severe
accident conditions for the period that it is needed to perform its intended function.

In order to answer these requirements, the conventional DiJCs shall be completed by the
integration of accidental situations generated by multiple failures (e.g. : the total loss of the redundant
systems) or the severe accidents. These situations studied for the prevention, control and limitation of

consequences are qualified as Design Extension Conditions (DECs) . Their analysis may lead to
design additional systems and/or to adapt existing systems in order to guarantee that the associated
safety objectives are verified ; two types of accidents shall be considered :

n the Complex sequences for the prevention of core meltdown and/or severe accidents in the
facilities. The analysis of these sequences may lead to design additional systems and/or to adapt
existing systems to guarantee that the associated safety objectives are verified. For these situations,
additional failures will not be taken into account. From the safety point of view, the designer
should aim at meeting the conventional design basis targets (4th category ; cf. table 1).

a the Severe accidents for the prevention of unacceptable releases (see footnote N° 6). Specific
objectives are established ; referring TSO, they correspond to a " design release ", outside the
containment, "so that only limited protective measures are required". As for the situations above,
additional failures will not be taken into account. Nevertheless, the " quantification of the
uncertainties to determine, for representative scenarios, a spectrum of the possible outcomes "
(TSO, 1997) is also an essential step.

For each of these families, a limited number of situations shall be identified and taken into
account to design the safety related architecture.

For other accidental situations, the release of which is estimated as unacceptable for the
environment, it is necessary to demonstrate that : they are either excluded by design, or that their
occurrence frequency allows them to be rejected in the Residual Risk. These situations will not be
analysed.

This part of the approach meets the recommendation for the exclusion of any " cliff edge
8

effect " leading to an early release, greater than the design release (i.e. a non-admissible source term).
In conclusion, a BNI whose mobilisable inventory is greater than the one " unacceptable for the

environment", shall answer the requirements evoked above.
The global approach is summarised in Fig. 1. The whole sets DBCs and DECs, taken into

account for the design of the global safety related plant architecture, are qualified of Plausible Plant
Conditions (PPCs). The acceptance requirements are recalled.

The Design Extension Conditions (DECs) is the terminology suggested in the European Utility Requirements
document (EUR, 1998). The same concepts are grouped within the Risk Reduction Categories (RRC) of the
European Pressurised Reactor (EPR).
This risk corresponds to the mobilisation of a potentially unacceptable source term with the
simultaneous loss of the containment (release higher than the design release).
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FIG. I. Safety approach for plant design and assessment.

6 - SAFETY OBJECTIVES

6.1 - Safety objectives in terms of radiological consequences
The basis for the suggested approach is, first of all, the coherency with the "fundamental safety

objectives" defined by the IAEA (Safety Series N°l 10 - 1993).
The Safety Objectives in terms of "allowable radiological consequences" define the criteria

taken into account at the design level " to protect individuals, society and the environment from harm
9

... against radiological hazards " (cf. IAEA - 1993). It is considered that the risk shall be minimised
10

and it shall be homogeneous .
As discussed above, PPCs are categorised according to the corresponding estimated frequency.

For the different reference incidents and accidents with radiological significance, appropriate
technical criteria have to be respected (i.e. for each category). For DBCs, these radiological
consequences shall satisfy the qualitative acceptance requirements shown on table 1. For DECs, the
retained objectives shall lead to guarantee that "only limited protective measures are required' (cf.
TSO). As pointed out on section 3, the retained values should be the same for all the future BNIs
including the Nuclear Desalination Plants.

Finally, some events are rejected into the Residual Risk category if sufficient design and
operation provisions are taken, so that it can be clearly demonstrated that it is possible to " practically
eliminate " this type of accident situations.

Figure 2 summarises the allowable/non allowable risk domain. A tentative qualitative
comparison with the INES Scale classification is presented.

The risk is defined as the « product» between the sequence occurrence frequency and the consequences.

0 Higher radiological consequences can be deemed tolerable for categories of lower estimated frequency.
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FIG. 2. Allowable/not allowable risk domains.

6.2 - Use of probabilistic safety studies and probabilistic objectives
Probabilistic safety studies could possibly be used as a design and analysis tool, in the different

stages of the project. For the future and innovative concepts, the main difficulty could comes from the
lack of reliable data. On the other hand, the implementation of probabilistic approach needs the
definition of clearly understandable probabilistic objectives.

For future fission plants the reduction of the probability of core meltdown (i.e ; the severe
accident), from that for present reactors, should be a target in itself. A design target of 10"6/ reactor •
year should be set for internal events ; this target should be compatible with those set internationally,
in particular by INSAG 75-3 (10"5 / reactor • year, with all types of failures and events taken into
account). This target should be applicable to the future BNIs for the " severe accidents ". On the other
hand, for the design release, a global probabilistic target of 10'6/reactor • year, for all initiating events
is retained for fission plants. This target should also be applicable to the future BNIs.

Before to enter within the detail of such objectives, it is essential to discuss the notion of Lines
of Defence.
6.3 - The notion of "Lines of Defence"

The term Line of Defence (LOD) is used for : any inherent characteristic, equipment, system,
etc., implemented into the safety related plant architecture and any procedure foreseen coherently
with the General Rules for Plant Operation (e.g. human actions : preventive, protective, etc.), the
objective of which is to accomplish a given safety function. According to its nature and frequency,
the event considered can itself correspond to the disappearance of a line of defence (e.g. a breach).
This notion is coherent with the " effective defences " evoked by IAEA (Safety Series N°l 10 : The
Safety of Nuclear Installations - 1993) in the definition of the General Nuclear Safety Objective :
" To protect individuals, society and the environment from harm by establishing and maintaining
in nuclear installations effective defences against radiological hazards ". The idea on which the
proposed concept is based is that, following a PIE, the passage from the normal plant condition to

the degraded condition results from the failure of inherent characteristicsH and/or equipments

A detailed analysis shows that even the "inherent characteristics" are characterised by a given "reliability".
Generally speaking, this reliability, is defined as the probability to fail the mission requested to achieve a
generic safety function. This reliability depends on environmental, physical, nuclear or chemical phenomena.
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and/or procedures implemented to cope the PIE, i.e. which achieve the requested mission and
fulfil the corresponding safety function.

According to the concept of defence in depth, the safety design leads to practically implement
these lines of defence organising the global architecture and their interactions. The plant safety
assessment, both for normal and abnormal plant conditions, leads to identify and count these lines,
verifying they are able to fulfil the requested missions (performances) with the needed reliability. In
order to define this concept more precisely, two types of LOD are considered : the strong lines
(called a) and the average lines (called b). The strong lines of defence (a) correspond to inherent
features and protection or safeguard systems designed to meet high reliability performances. Their

probability of failure is of the order of 10 per year or per demand. The average lines (b), do not
meet the same design or implementation requirements and they show a lower reliability (e.g.: lesser
safety margins, operator actions). Their failure probability per year or per demand must nevertheless

be of the order of 10 .
6.4 - The LOD method for the design and the assessment

These global objectives are essential but they cannot be directly used in the design and it is
necessary to translate them, in a practical manner, into intermediate objectives that can guide the
designer in the definition of the needed inherent characteristics, equipment, procedures (i.e. the
number and the quality of LOD) and in the architecture of the concept. These intermediate
objectives might also give margins destined to cover the uncertainties of the probabilistic approach.
Moreover, as a design goal, accident situations which would lead to large early releases have to be
practically eliminated, i.e. when they cannot be considered as physically not plausible, design
provisions have to be taken to design them out (this corresponds to the rejection of these failure
configurations in the Residual Risk). Referring TSO, the " practical elimination " of such accident
sequences is a " matter of judgement" and each type of accident sequences has to be separately
assessed ; moreover, due to the limited knowledge on some physical phenomena and due to the large
variety of these types of accident sequences, their practical elimination cannot be demonstrated by
the compliance with a general "cut-off "probabilistic value.

As showed on section 6.2, in order to show our concern in improving the margins, it is
suggested to retain a probabilistic objective for the severe accident, due to initiators of internal origin,

of 10 per reactor per year; this value become a fraction of 10 per reactor, per year, per family
of initiators and per safety function. Moreover, some sequences and the risk of cliff edge effects
must be excluded by design. As discussed above, the practical elimination cannot be demonstrated by
the compliance with a general " cut-off" probabilistic value ; nevertheless it can be considered that

the corresponding frequency should be much lower than 10 /reactor year. In our approach it is
considered that the " matter of judgement" evoked for the demonstration of the practical elimination,
could be satisfied using the LOD notion, designing an architecture which implement an adequate
number of effective LOD. In parallel to these objectives, it must be emphasised that, in as much as
possible, the design of the facility must aim at defence homogeneity, progressiveness and
exhaustiveness. Taking into account both the probabilistic objective and the homogeneity and
progressiveness principles, leads us to recommend an architecture in coherence with Table 2.

During an effective LOD methodology application, the individuation of the globally needed
LOD number is obtained by means of the aid of the Table 2. For a better understanding the Figure 3
can also be seen. This figure explains, by means a graphic, the same rationale.

It is important to note that the recommended defence architecture of table 2/fig. 3 is structured
in accordance with the " classical " frequency categorisation normally presented on the risk domain.

In summary, the application of the method is based on the adoption of the following rule: " For
each Plausible Plant Condition, and for each safety function the failure of which entails potential
consequences higher than those allowed, the number of LODs implemented to accomplish the
function should be at least equal to this recommended into the safety related defence architecture (cf.
table 2). The counting of these lines, and the comparison with a predefined allowable architecture,
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allows to verify that the global risk of the "PPC + failure of the lines of defence" sequence, is
acceptable ".

Table 2 - Defence architecture - position of the Lines of Defence (LOD) between the initial design
condition and the operating situation of which the limits must be respected

Category of the 2
resulting 3
operating 4
situation DEC

Total number of LODs to be implemented
to prevent severe accident

Total number of LODs to practically
exclude a given sequence

Category of the initial design condition
2

b

b

a
b

2a+ba

>2a+b

3

b
a
b

2a

>2a

4

a
b

a+b

>a+b

DEC

b

b

> b

Note: " It is understood that, for a given initial design condition, in case of a potential source term lower than
that considered as unacceptable, but nevertheless superior to that allowed in the category of initial design
conditions, the objectives, in terms of number of lines of defence, must be compatible with respecting the
radiological consequences of the different occurrence categories (cat. I to IV; see Table 2) ".

Plausible Plant
Condition

LOD
Failure

The 2"*cat. allowable
consequences are verified

The ?dcat. allowable
consequences are verified

The 4hcat allowable
consequences are verified

The severe accident
is correctly managed

| There is the risk for unacceptable consequences

^ Sequences that shall be excluded by design or apradically excluded»
I -• verification thai Ihere are no risks for'cliff edge effect'shall be achieved

FIG. 3. Example of LOD implemention for a catfreq-II plausible plant condition (PPC), versus a safety
function whose failure leads to unacceptable consequences.

aNote that [b+b = a] if the independence between the different lines is effective.
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The practical systematic methodology implementation is summarised through two main steps :
the design's review for the full set of PIEs, with particular emphasis on the systematic identification
of all safety functions ; the systematic analysis of provided LODs for all the corresponding PPCs and
the comparison with the suggested safety related architecture.

Such approach reaches, as output, design recommendations and can allows fruitful and direct
discussion between the designer and the analyst. The generality of the methodology allows its
application to support the preliminary safety assessment during the first phases of plant conception
and design, as well as in assessing already defined innovative concepts.

7 - CONCLUSIONS

It is considered that the definition of clear and unambiguous Design Requirements is essential
to provide a common base for the organisation of the design and the assessment tasks for future
nuclear installations. The discussed safety approach is the result of the experience maturated, within
the context of the CEA/DRN Innovative Programme through practical applications over several future
concepts, both for fission and fusion reactors. The background of this experience is structured
coherently with the European Safety Authorities recommendations, the European Utilities
Requirements (EUR) and the "fundamental safety objectives" defined by the IAEA.

The CEA/DRN approach is founded on three essential principles :
• The allowable radiological values applicable for the plant operators, the public and the

environment should be the same for all the future BNIs including the Nuclear Desalination
Plants.

• For all these BNIs, the implementation of an adequate safety related architecture and the
organisation of the safety assessment should be achieved using analogous and comparable
approaches based on the integral adoption of the defence in depth.

• These approaches should be able to integrate the peculiar characteristics of each installation.
The main concern of the paper is the complete applicability of the Defence In Depth principle

(i.e. all the levels) for the safety design process of all future nuclear installations. The notion of Lines
of Defence is used to concretely help the implementation of the corresponding principles, and to
assess the pertinence of the chosen design options :

• the safety design leads to practically implement these Lines of Defence organising the global
architecture and their interactions ;

• the safety assessment, both for normal and abnormal conditions, leads to identify and count these
lines, verifying they are able to fulfil the requested missions (performances) with the needed
reliability.

Such approach reaches, as output, design recommendations and can allows fruitful and direct
discussion between the designer and the analyst.
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APPENDIX 1

" The implementation of the defence in depth for the design option selection "
The different levels of Defence In Depth should be systematically applied :
1st level: Prevention : Quality in design and achievement, prevention of nonconformity
a n Facility with an excellent inherent resistance so as to reduce risks of failures or internal hazards ;
b a In-depth study of all the predictable plant conditions both normal and off-normal;
c n Appropriate and clearly defined safety criteria;
d n Facility with a reduced potential for consequences following off normal sequences;
e D Use of well established and qualified rules and codes which provide, at all times, sufficient

margins related to the limits defined to ensure the proper behaviour of the facility ;
f D Margins in order to avoid constantly using the systems designed in case of off-normal operating

conditions ;
g D Choice of materials and fabrication controls in compliance with the design and construction

rules;
h ° Compliance to the existing quality assurance rules ;
i D Integration of the safety culture in the design team and in the operating team.
2nd level: Surveillance, detection and control: Quality of operation, keeping the facility within

authorised limits
n Measures anticipating failure : periodic surveillance program which recognises the off-normal

evolution of the most important material, which could, in the long run, lead to failures (periodic
controls and tests). The maintenance policy will therefore be based on:

- a preventive programme (periodic controls)
- an on line control of the operating parameters
- a predictive programme for the equipment whose reliability is of vital importance and for

which experience feedback does not allow to determine systematic replacement times.
D Regulation, control and protection systems which are sufficiently reliable, in order to detect a

nonconformity or a failure as soon as it occurs, and to stop an off-normal evolution before the
materials are solicited beyond the foreseen conditions.

3rd level: Safety systems and Protection systems design : Postulate of all plausible incidents and
accidents and implementation of means to limit the effects of these accidents to
acceptable levels.

a Postulate of all plausible incidents and accidents.
n Implementation of means (inherent characteristics, engineered safety features and protective

systems, procedures) to limit the effects of these accidents to acceptable levels.
a The choice of postulated incidents and accidents should be done at the beginning of the project,

with the aim to integrate perfectly the needed systems to the whole facility.
4th level: Accident management and containment protection, limitation of consequences :

Prevention of deterioration of accidental conditions and limitation of severe accident
consequences.

a Integration of multiple failures (e.g. postulate of loss of redundant safety systems).
a Implementation of additional measures (inherent features, adapted materials, procedures) to be

able to face operating conditions which have not been treated by the first three levels but are likely
to lead to significant releases, and to limit the consequences of severe accidents.

Nota bene : the notion of multiple failures leading to highly hypothetical sequences is not
systematically integrated by the designers. To take into account these sequences is essential to
achieve a correct severe accident prevention. Moreover the principle for the implementation of
additional dedicated measures to cope with such a sequences is essential.
5th level: Response outside the site : Limitation of radiological consequences for populations in

case of significant releases.
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