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Abstract

The discussion on Small and Medium Size Reactors - SMR is difficult considering the
presumptions, justified or not, that affect the debate. Nevertheless, within this context, the
CEA/DRN/DER generic objective is the achievement of an exhaustive identification and
assessment of the problems that are specific for the SMR.

The paper shows the proposals for the activities that are actually under discussion at the
CEA/DRN.

Among these activities, the research on threshold effects is an essential stage in the
assessment of the choices in innovative concepts. This research, as well as the assessment
itself, must cover, in an exploratory way, the aspects of operation, safety, economy, fuel cycle,
etc.

Before starting or, in some cases, continuing this research work, it seems interesting to define a
general outline which, by systematising the approach, provides a helpful tool to the designer.

The document is a potential starting point (among others) for the discussions.

1 - INTRODUCTION AND OBJECTIVES

As a preamble it must be pointed out that the discussion on Small and Medium Size Reactors -
SMR is difficult. This established fact can be understood considering the presumptions,
justified or not, that affect the debate. They concern cost, safety, availability etc.. Within this
context, the CEA/DRN/DER generic objective is the achievement of an exhaustive
identification and assessment of the problems that are specific for the SMR. This assessment
must covers the safety aspects as well as the economic ones taking into account the different
items: design, construction, utilisation (electricity production, cogeneration, district heating,
desalination, etc.), operation, availability, maintenance and dismantling.

The corresponding technical objective is formulated as follow: Achievement of a technical-
economical study which leads to the setting up of a motivated set of plant specifications
("cahier de charges") for an SMR. The details of the activities are actually under discussion
at the CEA/DRN (see section 2 and 3).

Among these activities, the research on threshold effects is an essential stage in the
assessment of the choices in innovative concepts This research, as well as the assessment
itself, must cover, in an exploratory way, the aspects of operation, safety, economy, fuel cycle,
etc. CEA/DRN will include such a work within the frame of the activities of the Innovative
R&D Program
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Before starting or, in some cases, continuing this research work, it seems interesting to define a
general outline which, by systematising the approach, provides a helpful tool to the designer
(see section 4).

2 - MOTIVATION FOR THE ACTIVITIES

For future reactors, the safety and economic improvements are the objectives that lead to
define and justify the guidelines of the CEA/DRN Innovative Programme.

The safety improvement can be achieved (the list is not necessarily exhaustive):

n Searching for design simplification in order to improve the plant transparency

° Incorporating more intrinsic safety characteristics for the accident prevention and management
as well as for the consequences mitigation.

° Increasing the role of the passive safety systems especially for the accident management and
consequences mitigation. Nota Bern: this implementation must be envisaged only after the
verification of adequate criteria that concern the system performances, its reliability and
the economy aspects.

° Improving the man-machine interface in order to reduce human factor.

° Improving the plant inspectability, maintenability and repairability.
D Increasing the components/systems standardisation as well as the concept - as a whole -

standardisation. Nota Bene: concerning the components/systems, the standardisation must
verify diversification criteria which are essential for an acceptable management of
Common Mode risks.

a Reducing the frequency of plant abnormal conditions (Increase the plant availability).

The plant economy improvement can be achieved pursuing the following technical objectives
(the list is not necessarily exhaustive):
D Increasing the plant life.
a Optimising the fuel cycle both for fuel manufacturing, fuel flexibility versus its use and for

the fuel cycle end.
D Ensuring the design stability to simplify the licensing procedures.

° Minimising the components manufacturing costs.
a Shorting the construction delays.

° Minimising the operation and maintenance costs.

° Improving the plant availability.
a Minimising the dismantling costs.

° Reducing the risks for the loss of the investment.

The achievement of the suggested technical-economical studies, must try to take into account
all the guidelines-objectives listed before. Within the frame of a SMR assessment, these
objectives became criteria that lead to judge the interest for a given solution. This can concern
a design choice (component/system), an operation mode (base, follow-on) or a given plant use
(electricity, cogeneration, etc.).

Some recent DRN studies (boron free PWR, relationship among Modularity and
Safety/Availability/Economy) show that SMR have advantages - and certainly drawbacks - that
must be analysed as a whole to achieve a motivated and exhaustive assessment.
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3 - TASKS

The basis for the discussion is organised through the following tasks:

3.1 ° Establishment of the economical objectives (requirements) that must be achieved by the
SMRs versus their planned use. The comparison terms can be founded using the data
coming from the other competing technologies (e.g. Gas-turbines or Coal plants).

3.2 ° Review of the safety objectives and of the possible safety options.

3.3 ° Detailed analysis about the global plants cost sharing either for the design, the
construction, the operation/maintenance and the dismantling.

3.4 <=> In conjunction with the previous item: analysis of the relationships among the size, the
modularity and the availability taking into account the possibilities for the resources
sharing.

3.5 a In conjunction with the item 3.3: analysis of the relationships among the size and
the threshold effects1.

3.6° Still in conjunction with the item 3.3 and taking into account the safety objectives
identified under the item 3.2: analysis of the relationships among the size/modularity and
the safety options as well as the global plant risks.

3.7 a Conclusions and propositions for a detailed ad-hoc R&D programme.

4 - RESEARCH ON THRESHOLD EFFECTS

4.1 - In general

The relationship between the specific cost and the plant size is currently considered as a
decreasing function (the specific cost decreases with the increase of plant size). This is a major
handicap for the development of Small and Medium Reactor (SMR).

Among the tasks listed above (see section 3), the detailed analysis of the relationships between
the size and the threshold effects covers, at least partially, this issue.

Threshold effects are defined as the ways to introduce discontinuity in such a relationship in
order to maintain the specific cost below acceptable values. Such threshold effects can
correspond to the "end point of a given technology" [1]. Generally speaking, they practically
introduce the possibility to change the way to achieve the plant needed functions (for
operation, safety, fuel cycle, etc.). The Fig.l [1] summarise the principle.

Economies of scale
within a given technology

Specific •
Cost \ / / End Points of a

Given Technology

Plant Size

Fig. 1 - Specific Cost as a function of Size for a given point in time [1]

The threshold effects correspond to the "end point of a given technology" [1] and they practically introduce the
possibility to change the way to achieve the plant needed functions (operation, safety, fuel cycle, etc.; see section 4).
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As a generic activity on Innovative Reactors (and on SMR in particular), research on
threshold effects is an essential stage in the assessment of the choices in innovative
concepts. This research, as well as the assessment itself, must cover, in an exploratory way,
the aspects of operation, safety, economy, fuel cycle, etc. CEA/DRN will include such a work
within the frame of the activities of the Innovative R&D Program.

Before starting or, in some cases, continuing this research work, it seems interesting to define a
general outline which, by systematising the approach, provides a helpful tool to the designer,
a tool which is vital for the motivation of the R and D planned or performed on a given design
choice.

The following sections are the potential starting point for discussions. They present a set of
proposals which are all to be discussed. These proposals are :

- the terminology to be used
- the work objectives
- a research approach on threshold effects
- an outline for a Plant Functional Breakdown necessary to the application of the

approach in question
- a simplified example

Once the approach is adopted, practical research work on threshold effects would continue
within adequate framework of ad-hoc work groups by large themes (operation, safety,
economy, cycle, etc.) or by large areas (ALWR, LMFBR, HTGR, etc.)

4.2. Definitions, terminology

Product
The "product" is defined as an Innovative design option (component, system, inherent
characteristic) implemented in a project (innovative design concept), or proposed individually
(ex. Steam injector). It is in charge of a given mission or a given task within the frame of a
mission ("mission" hereafter). The mission itself is achieved using a given "Principle" (e.g.:
passively). For the purposes of this document, the notion of "product" must be generalised to
the "principle" that is concretised by the product itself (e.g. "Steam injector" for the "passive
safety injection").

Project
The "project" is the technical environment or architecture within which the product under
examination must achieve the requested mission. Once more the "main options" for the design
are fixed. The assessment of several products will lead to the identification of the different
alternative detailed options to achieve, for example, an objective of cost competitiveness
optimisation.

Context
Set of design, technical-environmental, economic and sociological restrictions (or constraints)
which condition the project specifications.
* Design restrictions: e.g.: implementation of passive systems
* Technical-environmental restrictions: e.g.: energy utilisation (electricity production, co-

generation, desalination, etc.), network problems.
* Economic restrictions: e.g.: economic competitivity, financing problems, indigenous supply

potential.
* Sociological restrictions: e.g.: reduction/elimination of evacuation plan, adoption of passive

systems for safety "transparency".
* Others
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Plant Functional Breakdown
The Plant Functional Breakdown (functional groups, functions and sub-functions) allow to
identify, in an exhaustive way, all the objectives which must be met by the project in a defined
context as well as the associated constraints.
Note: the Plant Functional Breakdown is used to establish the design specifications.

Functional Groups (F.G.)
The Functional Groups are the first level of the Plant functional breakdown. They represent a
set of complementary study areas for which general objectives can be identified:

- operability/reliability
- safety
- economy
- fuel cycle
- market requirements

These functional groups must be identified taking into account the IAEA objectives for
Advanced Nuclear Plants ([2]; see tab. 1). This guarantees the coherence with current
requirements for future plants.

Functions
The Functional Groups identified above are in turn broken up into functions which correspond
to complementary and non-redundant study themes of which the objectives have a technical
character which is easier to define. Going through the functional breakdown two types of
functions can be identified: those that can be considered as requested performances (e.g.
cooling rate) and others that identify constraints imposed by the context (e.g. seismic
resistance)

Sub-function (from 1 to n)
The breaking up of functions into sub-functions is motivated by the need to define in a more
detailed way an objective or a technical criterion until the identification of technical
requirements useful for the designer. The order 1 to n represents the degree of detail.

Criterion
Considering the product characteristics and performances, the criterion is a variable (physical,
economical, etc.) that identify, versus a given function/subfunction, the term of comparison of
which the respect is the necessary condition for the allowable achievement of the mission
which the product must achieve. The criterion (A) can be a correlation between several
variables: A = f (a,b,c,..), where a,b,c are single physical variables.
The criterion is defined through its qualitative nature (e.g. the integrity of a structure) one or
more allowable limits (e.g. temperature and pressure) and through its flexibility.

Allowable limit
This notion quantifies the criterion identifying the simple or double ended range which border
the operability and the acceptability of a product, in a defined context, and for a given project.
Such thresholds can correspond to an inherent product characteristic (e.g. mechanical loop
resistance: maximum operability range) or be induced by the environment (e.g. maximum size
for factory construction or transport: maximum acceptability range).

Flexibility
The notion of flexibility is needed to take into account the possibility for different degrees of
acceptability. For example, within the frame of safety analysis, the acceptable value or range,
for a given criterion, depends on the category in which the sequence (or the event), that asks
for the missions, is classified. The allowable range is larger for accidental operating conditions.

Thresholds effects
Threshold effects (end point of a given technology [1]) are discontinuities, induced by the
limits described above, on the relationships that describe, for example, the specific cost versus
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Tab. 1 - IAEA OBJECTIVES FOR ADVANCED NUCLEAR PLANTS AND
GUIDELINES TO ACHIEVE THEM

Objectives related to improving Reliability
Improving inspectability and maintenability
Improving provision for repair and replacement
Gaining greater simplicity
Attaining standardisation
Using new technologies only after adequate testing
Improving availability/capacity factors

Objectives related to enhancing Safety
Assuring stability of the reactor core
Assuring the removal of residual heat
Taking advantage of inherent safety characteristics, utilising passive safety systems
Improving man machine interface
Reducing on-site impacts
Reducing off-site impacts of normal operations
Reducing off site impacts of accidents
Reducing impacts of external events and internal intervention

Objectives related to gaining better Economics
Attaining long plant lifetime
Assuring design stability
Assuring regulatory licensing stability
Assuring construction schedules
Minimising operation and maintenance costs
Minimising decommissioning costs
Providing enhanced investment protection

Objectives related to assuring Fuel Cycle
Assuring fuel qualification
Providing fuel cycle flexibility
Providing adequate spent fuel storage

Objectives related to expanding the Market for Nuclear Power
Expanding the range of plant output
Investigating indigenous supply
Assuring infrastructure readiness
Expanding technology transfer

the plant size (see figl). Analogous "thresholds" could be identified on the relationships that
represent the specific cost versus the safety margins as well as for those that show the safety
margins versus the plant size. So these threshold effects can be of different natures: physical,
economic, others.
Generally speaking, these "thresholds" correspond to the boundaries of the acceptable
domain for the product implementation. This domain is identified through the comparison
of several criteria (intersection of several acceptable areas which are defined separately).
Within this acceptable domain the requested function can be achieved by the product under
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examination. At the same time, seeing the meaning of these "end point of a given
technology" differently, they represent, for a given project the possibility for changing the
way to achieve the function under examination using an innovative - and perhaps less
expensive - product.

4.3. - Objectives of the Threshold Effects activities

In a defined context and for a given project, the general objective is the assessment of the
potential interest and the possibilities for incorporating a given design option (products).

The first step of the activities is to set up an approach which will guide the research and the
identification of possible design option threshold effects.

Nota: Research on the inherent limits of the product is not a part of the objectives. These
limits are identified by the designer (acceptable area of use).

4.4 - The approach - Generics

For a given product (design option) it can be considered that the domain for its allowable
implementation results from the comparison between the requested mission (performances)
and the constraints linked to its construction, and or its implementation, and/or its operation-
maintenance-repair and/or its dismantling. Generally speaking, it can be considered that the
performances are the specifications requested for the good behaviour of the plant, and the
constraints are imposed, by the context, to ensure that the good behaviour is achievable.

Considering the mission, it can be considered that the requested performances - in a first
approach considered as directly linked to the "product size" (PS) - depend on the Reactor Size
(RS) and are described with a generic function like PS > PSmin(RS). On the other hand the
constraints induce a relationship like PS < PSmax(RS).

As pointed out before, several parameters, identified with the generic term of "context" (see §
2), can affect these correlations inducing discontinuities. Such discontinuities can result from
threshold effects between the parameters that characterise the product (for example the
transport costs and the product size). So, real figures will show complex relationships.

The figure 2 summarises the principle.

Product'
Size

Requested Function
PSmin=f(RS)

ALLOWABLE
DOMAIN

MAXIMUM
PERFORMANCES : REACTOR SIZE
OPTIMIZED VALUE

Reactor Size

Fig. 2 - Comparison between the product performances and the product constraints
versus the reactor size

On this figure the maximum reactor size coherent with the implementation of a given design
option is showed.
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The challenge that the searched approach must cope with, is the systematic take into account
of the correlations between the parameters that affect the implementation of a design option
within a given reactor plant.

The approach aimed at is summarised in the graph below.
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Starting from the general functional groups (standard and applicable to different plant types,
see table 1 or analogous) the functions and sub-functions are identified and classified in order
to establish a complete, ad-hoc, functional grid for the project. The degree of detail of the
breakdown (n order) allows, for each of the sub-function and by comparison with the
performances of the product, to identify the nature of the criterion(a). As pointed out in
section 2, this criterion is a variable of which the respect is the necessary condition for the
allowable achievement of the function. The corresponding allowable limit(s) can be defined as
well as the criterion(a) flexibility.

Versus a given sub-fiinction, a series of parametric studies leads to evaluate the product
implementation repercussions in the project. The availability of the criterion(a) allows to
determine the limits for the implementation. Possible discontinuities (see fig 2) can also be
identified.

The systematic comparison versus all the sub-functions leads to identify the overall threshold
effects and thus to identify the design sub-function which corresponds to that which is the
most restrictive.

4.5. Functional grid for a PWR (Tentative)

4.5.1 ° Functional groups

Below only a tentative functional breakdown is showed for the operational aspects. Three
main functional groups can be considered to develop the functional grid:
a To Produce energy safely,
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° To Realise the maintenance functions,
Q To Integrate the plant within its environment.

Other aspects, like the economy, fuel cycle, or the coherency with the nuclear market, must be
analysed to obtain the corresponding functional lists (see table 2 for tentative guidelines).

The functional grid for the operational aspects can be detailed as follow:

° To Produce energy safely
• Assuring Stability of the Reactor Core

•=> Knowing the core reactivity
<=> Implementing the means to change the core reactivity
•=> Managing the interactions between the reactivity and the other core physical

characteristics (e.g. temperature)
• Removing the Produced Energy during normal operation

*=> Removing the core power (behind the first barrier)
•=> Transferring the energy to the secondary circuit (behind the second barrier)
•=> Distributing the energy to the different users (e.g. turbines, turbopumps, etc.)

• Assuring the Decay Heat Removal
•=> Removing the heat from the core
<=> Removing the heat from the primary circuit (second barrier)
•=> Removing the heat from the confinement (third barrier)

• Assuring the radiological protection and the Radioactive Products Confinement
<=> Maintaining the fuel element integrity (first barrier integrity)
•=> Maintaining the primary circuit integrity (second barrier integrity)
<=> Maintaining the confinement integrity (third barrier integrity)

• Assuring the Reactor Operability
<=> Following the load specifications
>̂ Monitoring the plant status

•=> Supervising the monitoring system status
•=> Reacting to the abnormal situations
•=> Storing the data concerning the plant operation and maintenance
•=> Storing the data concerning the plant ageing

° To Realise the maintenance functions
• Following the ageing and the fatigue of the reactor materials
• Assuring the fuel load and unload
• Assuring inspections and tests
• Assuring diagnostics and repairs
• Allowing the replacement of the consumable materials
• Allowing the controlled waste release
• Allowing the decommissioning

<=> To Integrate the plant within its environment
• Taking into account the normal boundary conditions on the design
• Taking into account the potential abnormal boundary conditions on the design (internal

and external hazards)
• Using the support functions

4.6 - Practical approach (use of functional grid)

The study of a new product must systematically start by its analysis related to the overall sub-
functions defined in the functional grid.
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TAB. 2 - DRAFT TENTATIVE FOR THE FUNCTIONAL DEVELOPMENT
CONCERNING THE ECONOMY, THE FUEL CYCLE AND THE
NUCLEAR MARKET.

•*• IMPROVE ECONOMY

* Minimise plant investment
•=> Control design
•=> Control certification
•=> Control construction

• Simplify the material construction
• Simplify the material qualification
• Simplify the material transport
• Simplify the material implementation

<=> Improve investment protection (Improve the three first Defence in Depth Levels)
• Improve safety at prevention level
• Improve safety at control level
• Improve safety at protection level
• Integrate the principles of the defence in depth : balanced, gradual and extended defence

<=> Minimise decommissioning costs
Improve the quality of the information
Minimise the materials activation (Minimise the contact dose)
Simplify and automates the procedures for the plant decommissioning conditions
Minimise the maintenance times for dismantling
Minimise radioactive waste due to the dismantling operations
Minimise the quantity of radioactive waste for permanent storage

•=> Optimise resource sharing (modularity)

Improve plant availability
•=> Simplify every day operations
o Simplify maintenance
•=> Optimise modularity (partial plant availability)
=> Improve man-machine interface

Improve plant reliability
•=> Improve the In Service Inspection and Repair (ISIR)
•=> Simplify architecture
«=> Standardise components
<=> Facilitate retrieval

IMPROVE FUEL CYCLE (subjects to be developed)
Qualification
Flexibility
Reprocessing
Storage
Proliferation

ADAPT TO NUCLEAR MARKET (subjects to be developed)
Level of power
Unit power
Modularity
Operator participation
Infrastructures
Transfer of technology

A first step allows to identify in a qualitative way (engineer meaning) the functions and the
sub-functions which interact with the product.
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Using adequate R and D, the second step quantifies the correlations between the product
characteristics/potential and the requested functions. The global analysis of these correlations
leads to identify those which are essential for the design and that show threshold effects.

Nota - The example below is intentionally limited to the examination of two single functions.
Exhaustivity can be reached by the systematic analysis of all the functions of the grid
that interact with the design of the product under examination.

4.7. Simplified example

4.7.1 Generics

Product: Passive Containment Cooling System with a metallic containment (AP600
type: metal vessel cooled on the outside by a flow of gravity water with
external concrete building)

Project - PWR

Functional group ° To Produce energy safely

Functions : •=> Removing heat from the confinement (third barrier)

=> Maintaining confinement integrity (third barrier integrity)

Sub-functions :

o To Remove heat from the confinement (third barrier)

SF 1 - Transferring heat to outside

SF 2 - Maintaining cold source on the outside for 72 h
(water in pool located on the external concrete building: Passive
Containment Cooling System - PCCS- in AP600).

•=> To Maintain confinement integrity (third barrier integrity)

SF 3 - Resisting to internal loads
SF 4 - Maintaining a non-deformed geometry (resistance to buckling to ensure

good and uniform heat exchange with PCCS water)

4.7.2 Analysis by sub-functions : Identification of correlations between design variables

SF1 - To Transfer heat to outside

This sub-function leads to a correlation which links the metallic Containment Surface (CS)
(and thus its volume - CV - to be optimised by the choice of adequate forms) to the reactor
residual power (Decay Heat - DH) and thus to its nominal Reactor Power (RP):

C S > C S m i n = f(RP) (1

CS '•

ALLOWABLE
DOMAIN

CSmin

RP
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SF2 - To Maintain cold source on the outside for 72 h

The sub function must be broken up into three functions of second order :

SF2.1 - Ensuring the availability of necessary water (volume of PCCS pools installed on
the external concrete building)

SF2.2 - Ensuring the resistance of PCCS pools to external aggressions.

SF2.3 - Ensuring the air flow rate between the metal vessel (internal) and the external
concrete building.

SF2.1 (Ensuring the availability of necessary water) induces a correlation between the PCCS
pools Volume (PV) and the Containment Surface (CS) (m3 water/m2 surface) (so indirectly
with the reactor nominal power (RP)).

PV>PV m i n = f(CS) (2.1

PV '
ALLOWABLE
DOMAIN "•pVmin=f(CS)

CS

SF2.2 (Ensuring the resistance of PCCS pools to external aggressions) induces correlations
between the PCCS pools Volume (PV) and the External concrete Building Height (the
elevation - EBH) as well as its Thickness (EBT). These two last variable can be considered as
representative of the External Building Size (EBS).

PV

P V < P V m a x = f(EBH;EBT)

PVmax^f(EBT)

(2.2

ALLOWABLE
DOMAIN

PVmax=f(EBH)

EBH; EBT

SF2.3 (Ensuring the air flow rate) induces a correlation between the External concrete
Building Diameter (EBD) and the metallic Containment Diameter (CD).
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EBD>EBDmin = f(CD) (2.3

ALLOWABLE
DOMAIN

EBDmin

CD

SF3- To Resist to internal loads (ex. Loads of Design Basis LOCA)

SF3 gives a correlation which links the Containment Volume (CV), the metallic Containment
Wall Thickness (CWT) and the characteristics of the primary (water volume, size of pipes,
etc.: LOCA consequences) and thus generically, for a given specific power, to the Reactor
Power (RP).

CV>CVm i n = f(CWT;RP) (3

CV
ALLOWABLE
DOMAIN CVmin=f(RP)

CVmin=f(CWT)

RP;CWT

SF 4 - To Maintain a non-deformed geometry (resistance to buckling)
SF4 Induces, for a given form, a correlation between volume of containment (CV) and
thickness of the containment wall (CWT).

CV<CV m a x = f(CWT) (4

CV '

ALLOWABLE
DOMAIN

CWT

Nota - The possible implementation of strengthening structures could easily allows to
modify this correlation.
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Determination of threshold effect

In the case of a metal vessel, a threshold effect is induced by, on the one hand, the missions
which it must face and on the other hand the stresses it must withstand. This comes down to
identify an acceptable area which is, in reality, limited.

In order to do this, one must be able to compare two correlations which use the same variables

Thus, the correlations (2.1 can, by integrating (1 *, be put in the form

PV>PV m i n = f(RP) (5

As well (2.2, by integrating (2.3 and (1*, is reduced to the form

PV<PV m a x = f(RP) (6

The direct comparison between (5 and (6 identifies the researched threshold effect.

PV

ALLOWABLE
DOMAIN

OPTIMIZED
PV VALUE

THRESHOLD
RP VALUE

RP

* The compatibility with correlations (3 and (4 must be verified simultaneously and leads
to restrictions on thickness

Analogous correlations must be identified considering other key variables like the containment
volume versus the reactor power, or the external building dimensions, still versus the reactor
power.

4.8. - CONCLUSIONS

Thought is needed to motivate the R&D effort on Small and Medium Reactor (SMR).

The CEA/DRN/DER generic goal is the achievement of an exhaustive identification and
assessment of the problems that are specific for the SMR

The technical objective is the achievement of a technical-economical study which leads to the
setting up of a motivated set of plant specifications for an SMR. The details of the activities are
actually under discussion at the CEA/DRN.

Among the generic activities on Innovative Reactors, the research on threshold effects is an
essential stage in the assessment of the choices in innovative concepts This research, as well
as the assessment itself, must cover, in an exploratory way, the aspects of operation, safety,
economy, fuel cycle, nuclear market. This will leads to have a systematic complement to the
system behaviour assessments, that today monopolise the effort.

CEA/DRN will include such a work within the frame of the activities of the Innovative R&D
Program.
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The first objective is the definition of a general outline which, by systematising the approach,
will provides a helpful tool to the designer.

The document is a very preliminary proposal which objective is to be the starting point for the
discussion. The basis for the approach must be discussed to clearly identify its potential and
the difficulties for its practical application.

The development of agreed functional grids either for operational, safety aspects as well as for
economic and fuel cycle items, must be the first task.

Examples must be developed and quantified to show the potential and to evaluate the real
difficulties.
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