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1. Introduction

The prevention of risk and the necessary protection against its consequences require a
sound scientific and technical approach that may only be achieved once all
stakeholders mutually agree on the means to be used. Those means depend on a
social structure that relies on their accessibility and on the nature of the risks that
society is ready to assume.

Such a structure raises a series of different questions, all with various connotations:
- Technical: Do we have solutions to prevent risk and limit its consequences?
- Scientific: What do we know about risk and to what extent is it possible to

foresee an event and its potential consequences?
- Economical: What financial means can we allocate to risk prevention?
- Insurance: What types of risk may be covered?
- Political and ethical: What is the significance of the community concerned?

What types of risk are acceptable?
- Legal: What liabilities stand with regard to risk prevention and protection?
- Societal and political: What process needs to be adopted? In a democracy,

who may hold the responsibility to decide on behalf of the population?

Any approach that would restrict unduly any of those parameters would lead
inevitably to a series of contentions resulting from neglected aspects - and eventually
to failure. That explains why several projects had to be abandoned or rejected in
recent decades, simply because of insufficient consultation or interaction.
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The social structure bears on a multidisciplinary approach in a context of mutual
understanding and dialogue with a view to drawing acceptable choices, while
responding to the many questions raised throughout the process. For negotiation to be
implemented properly, a preliminary phase is required to identify the different
stakeholders, to define the relevant exchange structures and forums, and to acquire
appropriate exchange tools.

In France, four public agencies are responsible, each in its own field, for the technical
and scientific investigations of risk-prevention and protection matters.

- ANDRA- The mandate of the French National Radioactive Waste
Management Agency (Agence nationals pour la gestion des &hets
radioacl�fs) is to ensure the long-term management of radioactive waste by
protecting human beings and the environment. For that purpose, it operates
the entre de Aube a facility designed specifically for the management of
low and intermediate-level waste. The Agency also conducts studies on the
design and implementation of various disposal facilities for other types of
waste, such as very-low-level waste, radium-bearing waste, long-lived high-
level waste, and many more;

- BRGM - The French Office of Geological and Mining Research (Bureau de
recherches gMlogiques et mini�res) is more particularly involved in studies
and research concerning natural geological risks, such as earthquakes,
volcanoes, slope movements (landslides and rockfalls) and underground
instabilities (whether natural or excavated);

- CEMAGREF - The French Institute for Agricultural and Environmental
Engineering Research (Instiful de recherche pour Ving�nierie de Vagriculture
et de Venvironnement), contributes, in the field of natural risks associated with
mountains, flooding and forests, to the furthering of knowledge and expertise;

- INERIS - The role of the French National Institute for the Industrial
Environment and Risks (Institut national de 1'environnemeni industrial et des
risques) is "to prevent risks that economic activities may impose OD public
health and safety, properly and the environment, and to provide services
aimed at facilitating the adaptation of industrial companies to that goal."

At a recent workshop organised for external experts on 9 November 2000, in Paris,
the four agencies presented the issues relevant to their fields and explained their
respective approaches. They also compared issues to single out the main common
ones to be resolved or supported by competent authorities for social and economic
matters. Case studies were also presented, and a general debate concluded the event.

The workshop was attended by representatives from different risk-management
organisations and administrations and also by researchers from various scientific,
economic and social disciplines. A brief overview of the Workshop proceedings is
presented below, together with main lessons to be learnt from it as drawn from the
comments and observations of the Chairman of the Workshop, Prof. Michel Callon.
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2. Radioactive waste

Society has only had a brief encounter with radioactivity and its resulting waste,
notably in the case of nuclear power generation. The reflection and the debate about
radioactive waste are often disturbed by the dispute over the fate of nuclear energy
and also suffer from a relative misunderstanding of the real problems at stake.

2.1 The risk issue in radioactive waste management

Radioactive waste is dangerous for human health and the environment: the different
forms of ionising radiation generated by its radionuclide content are capable of
altering - and even destroying - living cells. The risk associated with radioactive
waste only exists if the waste is packaged inadequately, is dispersed or falls into
oblivion. The current framework of processes has maintained safety so far, but, over
longer timescales, robust solutions must be proposed. Those solutions must not only
guarantee that any impact would be the lowest possible, but also that it would resist
any potential hazard of a social, climatic and even geological nature.

Waste results mostly from power generation, and also from various industrial, health
and research activities. The associated risk is collective and concerns mostly the long
term. Finally, risk is relatively limited to the local sites of potential repositories.

Although the controversial fate of nuclear energy impedes the current debate over the
risk associated with radioactive waste, nobody may really deny that waste has been
produced, still exists and will eventually present an actual risk, if solutions are not
brought forward to ensure a valid protection against any waste dispersion.

In many countries, technicians have tried to impose solutions, including disposal in
deep geological formations. However, experience has shown the need for a stronger
dialogue and social negotiation: it first appeared as a moratorium, followed by the
implementation of legal procedures. In France, a Law was adopted on 30 December
1991, with a progressive scope: it is based on widely open research and provides all
parties with the possibility to measure, at each step, the quality of the results
obtained. That is one of the key elements of the debate between the various
stakeholders: citizens, consumers, environmental associations, labour unions, elected
officials, government administrations, waste generators and the agency responsible
for waste management.

The debate that lead to the adoption of the Law after a series of consultations
conducted by Cluistian Bataille, Member of the French Parliament, resembles very
much a negotiation procedure launching a whole new set of rules:

- A 15-yea-r process based on a research approach, with a scheduled return
before Parliament in 2006;

- Investigations in various directions (disposal is not favoured apriori);
- A reversibility rationale associated with disposal;
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- An independent scientific assessment, implemented by the National Review
Board'. to be submitted to the French government and parliament;

- A Local Information and Oversight Committee concerning the laboratory),
composed of elected officials, local associations, professional organisations;

- A financial-incentive pogramme for local communities willing to host
underground laboratories;

- The institution of an independent operator, ANDRA.

So far, the Law of 30 December 1991 has given rise to a certain number of advances,
especially the authorisation to implement and operate an underground laboratory on
the Bure site (Eastern France). The integration of reversibility in geological-disposal
investigations was confirmed by the government, in 1998, and results from
negotiations between local communities and national agencies. As such, reversibility
has also become a priority for all technicians involved.

However, the recent failure of the consultation mission for a new granite site has
highlighted some uresolved glitches.

2.2 Risk approach: Safety demonstration

During each of the development steps of a project, safety demonstration constitutes a
significant element to structure the debate and to establish the dialogue. Its purpose is
to show that epositories do actually protect human beings and the environment. The
demonstration is incorporated in safety reports that are further investigated by the
competent authority, the Directorate for the Safety of Nuclear Installations (Direction
de la Sfirel� ties Installations NucMaires - DSIN), with the assistance of other expert
organisations.

Regulatory agencies play an essential role, but it is also important to exchange and
share ideas with the various components of society, from elected officials right down
to the population itself, while using a format that remains complete, coherent and
easy to understand. Unfortunately, the problems inherent to the solicited disciplines
on safety issues do not lend to clear and brief explanations, although those
explanations have proved to be quite indispensable.

The impact reading expressed in sieverts per year could serve as a good example. It is
used to report on a single scale the harm caused by different radioactive nuclei,
bearing in mind that they do not have the same toxicity and do not attack the same
human organs. Moreover, that reading is not easily comprehensible, because there is
no other common exposure risk to compare it to, such as tobacco or driving.

The safety report of a disposal facility consists of a description of the facility,
including its operation, geology, environment and human context, as well as the
qualitative and quantitative analyses of its safety. Its purpose is namely to assess the
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robustness of the repository against different types of failures and solicitations, both
natural or induced, over time, and to evaluate the impact of radionuclides.

The successive demonstrations and calculations rely both on acquired nowledge and
the applications made of that knowledge. Although it is relatively easy to share a
basic body of scientific and technical information, a third party would definitely need
to dedicate some energy and time to appropriate the processing and interpretation of
such data. In fact, the quantitative evaluation is only achieved by re-running essential
infori-nation within specific scenarios and sequences associated with a succession of
options designed to analyse facility behaviour and performance. The dialogue
rationale required to build up confidence involves three functions:

i. To define successive options explicitly;
ii. To maintain the possibilities of choice;
iii. To maintain the possibility to reconsider premature options.

In that context, the design of reversible repositories - meaning the possibility to
operate the repository throughout its different phases, with a full awareness of the
facts, including the possibility to intervene in case of problems and to revert to a
previous phase (particularly to recover waste packages during a certain time) - is a
crucial argument to convince the public that it has the possibility to participate in the
selection process at all times.

Safety demonstration is an integral part of the environmental impact assessment and,
as such, constitutes a key element in any social negotiation of risk. What still needs
to be done is to make it more accessible for the proper application of its role.

3. Geological risks

Although France is recognised as geologically stable, it does include some areas
where the ground or underground may generate hannful - sometimes destructive -
effects. Risk may also be induced by human activities, namely in the case of
collapsed mined cavities (underground quarries or abandoned mining operations) or
of releases or spills of hazardous materials in the natural environment, thus polluting
surface and groundwater systems. Among its goals, the BRGM is studying those
risks in order to prevent them and any of their consequences, by proposing adapted
measures dealing with rganisation and construction.

The BRGM is confronted with collective risks that may occur at any time and at
variable spatial amplitudes (from specific sites, in case o landslides, to a large
region, in case of an earthquake). Expert studies in which the BRGM is involved
have incited the agency to develop active practices for the local appropriation of risk
by the communities concerned and to participate in the social negotiation of risk,
particularly in crisis situation. In such a context, expert appraisals do play a role in
the decision-making process.
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3.1 BRGM principles of collective-risk management:
active local appropriation and collective appraisal

The domain of risk is generally confronted with uncertainties, knowledge gaps,
contradictory judgements, not to mention a sociocultural context demanding the
reconciliation of various ill-assorted interests or representations. It often requires
difficult choices. The expert is generally called upon to clarify certain issues for the
sake of decision-makers and the public. The expert's goal is not to "take over", but to
encourage the main actors to commit themselves to a common local action.

"The role of the expert on risk issues is not only based on the validity of knowledge
and the scientific caution i confers to a decision, but also on the ability to integrate
the social and human realilies of the local community (value system, major stakes)
and to build cenarios about a complex and uncertain future in order to instil a
positive altitude. [1]. Mediator, unifier, animator, guide, advisor for institutional
decision-makers and elected officials, those are some of the roles that the xxith-
century society may expect of experts. Such a situation is neither possible nor
advisable for single specialists, because they would be confined only to technical
disciplines, when they ought to open up more to what Roger Nigle calls "human
engineering", while reaching out also towards political sciences and psychology.

The expert must not ignore the political, social and economical stakes behind options
that appear to be only technical in nature. Expert opinions, as any other, are not void
of prejudice. Rigour does not consist only in using sound information, but also in
stimulating the knowledge and questions of all sectors of the local population, while
observing how they formulate their views and adjusting the technical discourse to the
actual cultural framework. Consequently, a "listening structure" between experts and
local actors must be designed and accepted in order to favour a permanent quest for
convergence and consensus with regard to preventive actions. In that sense, the
concept of "collective appraisal" has been the subject of experiments, whose
structure has greatly improved over the recent years.

Collective appraisal is based on participation and deliberation that could be plagued
with manipulatory behaviours. It must therefore be as rigorous as any other scientific
approaches and combine the basic rights of all citizens to be informed and express
their views. It must also constitute a system of apprenticeship and local
appropriation.

For illustration purposes, two experiments applying the principles of collective
appraisal in two very different contexts were presented during the workshop.
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3.2 GEMITIS Nice

The first experience, still underway in Nice, relies heavily on active local
appropriation for an earthquake-prevention project within an open consultation
(State. town, public and private actors, citizens) and planned communication.

Risk prevention in cities must not be presented as a goal, but rather as a means for the
sustainable development of the urban system. For major risks, prevention methods
must therefore be integrated in urban planning and rganisation. Since risk
prevention implies political, economical and social choices, sometimes quite
restrictive, that must be accepted by the entire community, the action framework
must remain very sensitive to public concerns and very open to communication,
demonstration and negotiation. An effective democratic structure was therefore
implemented to manage urban risks, based on the application of a progressive
collective appraisal. It constitutes a legitimate forum to highlight analyses, interests
and values that often ignore or caricature each other. It serves not only to further the
knowledge about the issues at stake, but also as a reciprocal training ground for all
actors. It encourages the formulation of expert and "layman" views to produce or
-validate" data. Over all, the dynamics involved enhances reciprocal information,
reformulates the debated issues and records opposing positions.

That action is based on local appropriation (meaning the active adherence of, and
contribution by, local actors within the community). It requires an initial political will
to be confirmed in public. Its scope spreads over the long term and implies:

- An action strategy and plan (to formalise goals);
- Maintained dynamics and a leader, instigator and coordinator throughout the

project (joint and coordinated efforts);
- A multidisciplinary and integrated approach;
- Contacts between elected officials, local actors and external specialists

(listening, dialogue, consultation);
- Specific evaluation criteria and constant monitoring.

3.3 Montchanin landfill

The second experience took place 10 years ago, in Montchanin, to assess and prevent
the sanitary risk of an industrial-waste landfill located in a peri-urban area. It
occur-red in the midst of an intense crisis involving the media, the community and the
institutions. The Local Environmental Committee of Montchanin suspected that
dioxin drums had been dumped in a landfill adjacent to the city. The BRGM gained
both credibility and the adherence of the population and elected officials, by setting
in place a reciprocal interface system and an effective collective appraisal. In spite of
the significant difference with the previous case (subject, context, time, actors), the
keys of success of the audit proved to be the same: consultation between public
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entities, communities and populations concerned, clarity, tact, pursuit of common
welfare in a negotiation framework, and shared local appropriation.

4. Natural risks

CEMAGREF contributes to the furthering of knowledge and to expertise with regard
to natural risks associated with mountains (rapid gravity movement), floods and
forests (forest fires). It does not deal with technological risks, except in the case of
waterworks failures. CEMAGREF is also involved in other areas, such as
phytosanitary, food and ecotoxicological risks.

In each risk sector concerned, CEMAGREF, in co-operation with other French and
foreign research centres, combines the following complementary approaches:

- Study of the phenomenon causes;
- Dynamics of phenomenon propagation;
- Pheriomenon/structure and phenomenon/environment interactions;
- Residual risk and social vulnerability.

• second aspect involves the following basic disciplines:
- Continuous-medium mechanics: rheology of geophysical media, runoff

dynamics, mechanical strength of materials;
- Geomatics: spatial representation of hazards and issues at stake (geospatial

information system);
- Human and social sciences: economic assessment of possible damages

(including environmental economics), historical analysis of past events, legal
vulnerability-reduction instruments).

• third aspect combines action modes and corresponding tools: acquisition of
knowledge, software development, expert appraisals, hazard maps, standards,
training, including training for managers and prevention officers.

4.1 Suitable tools for each negotiation

Such a scientific approach is very analytical. It suited quite well a very "structured"
social demand that characterised our societies up to the 1970s. That social demand
was controlled by the "technotaur", as personified by the decentralised services of the
State and elected officials placed under the supervision of the prefect.

It would rather be commonplace to say that decision-making processes have become
much more complicated since then, partly because of the irruption or return in force
of new actors and partly because o the systematic tendency to challenge - even
before the courts - scientific opinions generated by myriads of scientific and
technical experts. In the precise field we are concerned with, the new turn coincided
with the implementation of effective legal instruments to regulate urban planning,
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namely the 1967 Law on land-right orientation that instituted zoning maps or
comprehensive development area maps (plan d'occupation des sols - POS).

That evolution did influence scientific work as it forced scientists to move towards a
more multidisciplinary approach, when they were pressed to provide scenarios rather
than to thrust forward ill-supported certainties drawn from controversial models and
unreliable data.

Developed by CEMAGREF scientists, the floodability method" results from that
type of research designed to develop negotiation aids.

4.2 May flood risks be negotiated?

Each disaster revives the debate between scientists, decision-makers and citizens on
development and urban planning choices. When a major disaster occurs, things
become even fiercer in terms of liabilities and damages 30 dead and 23 billion
francs of estimated damages during the November 1999 flood, in Southern France).

On the other hand, it is recognised that flood management is very complex and is
often addressed according to individual points of view. It is particularly important to
observe that such a situation generates a lot of misunderstanding that strongly
compromises any negotiation between the parties concerned.

Flood prevention calls upon several scientific disciplines, does concern all citizens
directly and, above all, has considerable impact on land development. However,
scientists try to demonstrate that human beings will never be able to tame nature
completely and that there will always remain some residual risk of flooding. In other
words, we shall never be protected totally against floods. Bearing that in mind, we
must therefore accept risk as a lesson from the old saying "Zero risk does not exist!"

In order for risk to be fully accepted, especially by citizens, it is important to set up
an effective negotiation process and to support it by good interactive communication
and clear objective information. In that context, the floodability method" provides
some insights and responses. It may serve to define the purpose of the negotiation,
quantify it and prescribe the relevant elements for the implementation of a solution.

An immediate corollary of the saying "Zero risk does not exist" is that a new
acceptable risk level needs to be set. Such an approach implies that we recognise the
impossibility to protect ourselves against all potential events, and particularly, that
we do accept extreme events and their harmful consequences.

The floodability method" proposes a mechanism to quantify risk as the resulting
comparison of two values expressed in comparable terms, when confronted with a
specific ground element: the hazard itself and our vulnerability.
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A situation is defined as "high-risk" when, for the same element, the hazard exceeds
vulnerability. Inversely, when the hazard is lower, the risk is deemed acceptable.

The floodability method" constitutes a physical support, in the absence of actual
damage and outside a crisis situation, to help in the social negotiation between the
various stakeholders, especially public authorities and citizens, with a view to
determining what kind of risk anyone is able or willing to bear. The pending question
concerns arbitration, in case of any conflicts of interest.

5. Risks associated with economic activities

One of INERIS's missions is to prevent any risk induced by economic activities on
human health and safety, property, and the environment.

It covers practically all sectors of industrial risks, except nuclear risks:
- Chronic risks- for the population, resulting directly or indirectly fom

industrial or domestic pollution: air quality, waste, land pollution, toxicology;
- Accidental risk�fior human beings, property and the environment, resulting

from a technological accident: explosion, fire, static electricity;
- Semi-natural risks for the population and equipment in is vicinity, resulting

from the abnormal behaviour of the ecosystem (affected or not by human
activities): mining operations, fire damps, hydrogeology, collapses.

Through its competence and expertise, INERIS intervened in many recent cases, such
as the fire in the Mont-Blanc Tunnel or the "Erika" shipwreck.

In order to assess risks, INERIS has developed or transposed several adapted
methods, each with its own specificities, but all of them sharing common concepts.

Prior to any assessment, it is important to define the limits of the supporting system.
That definition includes the list of materials, substances and processes, together with
all the physical, human and social elements of their environments. By identifying all
social groups directly concerned by the system, it is possible to understand better
each of those groups, if it ever plays a role in the subsequent negotiation.

The list must remain dynamic. In other words, it must integrate the interrelations
between the various system elements in order to grasp its normal operation.

Once the list is drawn up, the first assessment phase consists in defining the hazards
associated with system malfunctions (or with its normal operation), due to internal or
external causes that might lead to the loss or alteration of one or several elements.

The second phase consists in clarifying the existing functional relationships between
hazards and their potential effects on different targets (cause/effect relations).
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The third phase involves qualitative and quantitative predictions of impacts on
relevant targets (human beings, ecosystem, industrial of capital goods).

After adopting a probabilistic approach (hierarchisation of causes according to more
or less probabilistic scenarios) and rating effects on a severity scale, the assessment
may proceed with the fourth phase where risks are evaluated, rated and categorised
based on acceptable thresholds that lie at the core of the social negotiation.

Once the risk assessment is over, the risk manager is able to take preventive,
protective and monitoring measures that are relevant to reduce the actual risks.

6. Discussion and conclusion

The risk approach within any wider social process was derived from risk difficulties
in the management of scientific or technological projects conducted or supported by
organisations that had submitted comments. Some of those projects actually had to be
interrupted or even abandoned merely on negative public-perception grounds.

Various prescriptions were proposed, but all aimed at setting up clearly-defined
procedures to establish dialogue and exchange between the different actors.

Where dialogue and exchange are still pending, it is better to organise them on the
basis of commonly agreed procedures. The work does not only involve rules and
agendas, but also flexible means to maintain a viable debate. A common agreement
on the terminology to be used, for example, is mandatory, if only to prevent any risk
notion to be excluded or ignored. Uncertainties must also be clearly identified, since
any doubt impedes significantly the social negotiation of risk.

The setup of review and debate procedures, as well as the actual conduct of the
dialogue, all require responses to the following three essential questions:

- Who? In any proper negotiation, the different parties wishing to formulate an
interest or a question must be identified. With its work on seismic risk, in
Nice, the BRGM noted the importance of knowing precisely who the actors
were. The roles and responsibilities of each actor must be clearly established
and known to all participants. In the field of radioactive waste, a clarification
was introduced in the legislation in 1991, but much more still needs to be
clarified and made public before implementation.

- Where? Any negotiation implies that appropriate premises are defined and
accepted by all parties. Ad hoc public spaces and structures already exist for
different projects. With today's technologies, medias make it possible to
organise a public debate easily. New forms of public spaces keep appearing,
where scientists, technologists and experts show up more and more massively
in the social negotiation, but no longer present a "simplified" over-view of the
projects. Those new "hybrid forums" capture sciences and techniques that do
animate the debate. The notion of risk is therefore putting sciences and
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techniques in a democratic setting, where it is possible to address a political
issue in a common environment where people all agree to live.

- How? The notion of negotiation itself discards the concept of decision, and
replaces it with steady action, thus inducing a better appreciation of the
quality of the proposals made and avoiding irreversible situations. With its
"floodability approach", CEMAGREF proposes an example of steady action
with all participants. Common procedures must accompany a steady action to
ensure its progress.

As people share their experiences, their reflections become clearer, better structured
and open to proposals that respond better every time to collective expectations.

Efforts must not slacken in order for all parties involved to participate in the choices
that concern them directly and to assume them in all fairness.
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