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Foreword

Between 1 and 3 April 1998, a workshop on ,,Risk Perception as Initiator and Steering In-
strument of Innovative R&D" was held at the Centra Stefano Frascini in Ascona, organised
jointly by the Paul Scherrer Institute and the ETHZ in the framework of the SINTER-Network,
an EU-funded Concerted Action within the 4th EU Framework Programme. This Workshop
was attended by 29 participants from 7 different countries.

A pre-requisite for ensuring, in the long term, the option of a safe, reliable and competitive
nuclear energy supply with the existing competence in Europe, is the merging or networking
of ongoing and planned R&D activities, to share tasks and efficiently use the still existing
resources. In this context, it is necessary to assess the European and world-wide innovation
trends in nuclear technology and to bring the opinions regarding their prioritisation down to a
common denominator.

A key element of this process is the assessment of the social relevance of such innovation
trends, i.e. how emerging developments can satisfy real needs of the public and vice versa.
This encompasses also questions on the compatibility of nuclear energy with a sustainable
development and its corresponding advantages and perspectives.

The analysis of earlier developments (technical innovations that emerged as an answer to
..public pressure,, both in the domain of nuclear energy and within other technical domains
(chemistry, transports, gene-technology)) should provide the basis, which would allow such
an assessment.

K. Foskolos, March 1999
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Safety-related Innovative Nuclear Reactor
Technology Elements - R&D Network
(SINTER Network)
Werner von Lensa*

1. Innovations for a sustainable nuclear option

Like any other applied technique, nuclear reactor technology still possesses an important
innovation potential to respond to the steady evolution of requirements with regard to, e.g.,
risk perception, safety, economics, waste reduction, operational characteristics, comple-
mentary applications etc. This potential has to be included in judgements on the 'Nuclear
Option' within future energy supply scenarios and social environments.

The technical improvement process itself is characterised by research & development (R&D)
efforts dealing with a multiplicity of technologies and scientific and technical disciplines co-
vering the complexity of the nuclear island and the related infrastructure. Each of these
'Technology Elements' has its own development scopes and time frames that may someti-
mes collide with the tough schedules and budget limitations of commercial projects although
they might open up new ways of coping with existing or arising challenges. Future reactor
concepts will make use of these innovations by combining these new 'Elements' with proven
technologies and systems thus creating innovative reactor concepts that can respond to the
evolution of public and industrial requirements in a flexible and effective way.

A sustainable R&D strategy for nuclear reactor technologies should therefore involve a co-
existence of short-, medium- and long-term R&D goals in a balanced mix as is the case in
other commercial or competing areas, too. Technological evolution always comprises many
short-, medium- and longer-term steps as well as the feedback of experience to explore the
viability of new technical 'mutations' in an effective manner.

Globalisation and especially European unification call for synergistic R&D structures instead
of purely national and self-contained approaches as were undertaken in many European
countries in the last decades. This is even more a necessity against the background of the
drawbacks that nuclear power faced mainly due to the past / ongoing momentous changes
in risk perception and in the economics and structures of the global and European energy
market that led, e.g., to sharp reductions of nuclear construction, R&D programmes and
teams.

Key actions towards a consistent R&D strategy are required on a European level - and pos-
sibly also worldwide - to ensure and shape the future of nuclear power as an active reaction
to the evolution of public and industrial requirements:

• exploring/defining promising R&D trends/goals

• creating work-shared, interactive R&D structures,

• pooling/exchanging of know-how,

• using up-to-date telecooperation methods and

Dr. W. von Lensa, Institut fur Sicherheitsforschung undReaktortechnik, Forschungszentrum Julich GmbH/
RWTH Aachen
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• bringing research and industry closer together.

For the European situation that is mainly discussed here, the European Commission plays
an important role in catalysing these processes and providing a platform for the necessary
co-ordination and support via the EURATOM R&D Framework Programmes. Other interna-
tional organisations like IAEA, NEA etc. may undertake analogous complementary initiatives
on a global scale or for other specific long-term R&D programmes.

The SINTER Network [1] aims to contribute to such an approach and to provide a systema-
tic background for potential R&D orientations and structures in the field of innovative nuclear
reactor technology elements and to act as a tool to initiate broader collaboration in this area
on a European level and also to interact with other international R&D programmes.

This will be done in close interaction with the
industrial MICHELANGELO Initiative on The
Next Generation of Reactors - Safety and
Competitiveness'. The MICHELANGELO
Initiative [2] and the SINTER Network com-
plementarily cover a broad spectrum of
scientific, technological and industrial R&D
motivations to open up new horizons for a
synergistic and collaborative R&D strategy on
the future of nuclear energy in Europe em-
bedded in a global frame.

The following sections illustrate the results
and approaches from the start-up phase of
the SINTER Network synthesising the contri-
butions of the partners (see figure 1), who
represent seven national research centres,
one industrial research institution, one utility
and two additional partners from university
institutes. The SINTER Network partners
originate from different European countries
with major R&D programmes in nuclear re-
actor technologies. The Joint European Re-
search Centre (JRC) - Petten is incorporated
to include the activities of the JRC as an in-
tegral element.
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Figure 1: SINTER Network Project Structure

2. Complementary R&D levels

The SINTER Partners defined in a very first step how the R&D on innovative nuclear reactor
technologies could be incorporated into the ongoing R&D programmes in Europe and how
this field interacts with R&D on existing reactors and commercial projects. The result of this
discussion was to characterise the area of R&D in nuclear reactor technologies by three
main levels with different objects, time horizons and different main players:

1 Level: Existing Reactors

The safe and economic operation of the existing reactors forms the backbone for the future
of nuclear power. R&D for existing reactors is mainly defined as the responsibility of utilities,
suppliers and licensing bodies. Due to the fixed, as-built systems and components there is
little freedom for technical changes and back-fitting. The determination of ageing effects
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plays a major role from the safety and economic aspects. Innovations mainly address the
fuel area as this can be more easily modified by reloading improved fuel types. Remarkable
progress is still being made in this field enabling e.g. longer operational cycles, higher burn-
up, fewer fuel failures, enhanced burning of actinides etc. R&D on severe accident phenom-
ena creates the basis for improved safety characteristics of the existing plants as well as
basic knowledge for handling or avoiding such accident scenarios in the future.

2nd Level: Commercial Projects

Commercial projects (e.g. EPR) absorb the available experience and innovative technologies
to the extent that the necessary R&D remains within the short- or medium-term time frames
of the projects and financial capabilities of the industrial groups involved. The R&D topics are
defined by the suppliers after consulting utilities and licensing bodies with a strict focus on a
definite concept concerning existing or evolving licensing, operational and economic requi-
rements. Compared to the first generation of nuclear power plants (NPPs) today's commer-
cial projects involve significant technological progress incorporating a spectrum of innova-
tions which are the outcome of exceptional operating experience and comprehensive R&D
programmes in the past decades. There is a world-wide tendency to establish international
consortia on the supplier side for next-generation reactors, consequently also resulting in
enhanced international collaboration in the related R&D fields.

3rd Level: Innovative Nuclear Reactor Technologies

The third level incorporates the pre-competitive medium- to long-term R&D aspects that may
open up new technological options for future nuclear reactors or for the improved operation
of NPPs on the electricity grid in future. In this sense, this R&D level is complementarily in-
terconnected to the previous level and it does not interfere with commercial activities. On the
contrary, for a long-term sustainable use of nuclear power it is essential to demonstrate that
nuclear technology is not restricted to today's technical status but is capable of keeping pace
with the general evolution of technologies and requirements even in the long run. Innovative
technologies may also contribute to reconciling nuclear energy with public and political opini-
ons and offering new arguments for countries that have not yet opted for nuclear power.

It would indeed be anachronistic if the future perspectives of nuclear energy were only deci-
ded on the past or current state-of-the-art not incorporating the technological potentials that
could be realised within the next decade(s) into the public discussion on the future use of
nuclear power. Vice-versa, current acceptance and economic problems must lead to a set of
priorities and the definition of requirements for future R&D to overcome these obstacles and
not to 'freeze' them for a permanent 'war' of immovable positions and disputes on the propo-
nent and opponent sides.

Innovative nuclear reactor technologies are not focused on the design of alternative reactor
concepts but deal with the wide range of potential innovations for the set of 'technology ele-
ments' that may create innovative reactor concepts and systems in the future. This kind of
technological evolution will provide the flexibility to respond to the 'evolution' in risk percepti-
on as well as to the drastic changes within the energy markets and cost. It is obvious that
R&D on innovative nuclear reactor technology elements supports the viability and competiti-
veness of the reactor industry in a complementary and sustainable way. The SINTER Net-
work is mainly placed within the third level also incorporating pre-competitive long-term-
oriented R&D on existing reactors and commercial projects.

3. Synergy by networking

Improvements of safety and competitiveness are presently the main focus of nuclear R&D

7
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programmes, but other additional aspects like reduction of long-lived waste & radioactive
exposure, facilitation of decommissioning etc. may also contribute for better coping with the
general criteria of sustainable developments. In view of the increased requirements of public
acceptance problems and the economic criteria of a global market these objectives create a
new and ambitious challenge for industry and for the R&D side to overcome the present
obstacles for nuclear energy by scientific, technical and structural or organisational respon-
ses in an active and supra-national way.

Under this challenge, both nuclear industries and R&D organisations have to set up new and
effective collaboration structures not only between these groups but also amongst themsel-
ves. And this might even be an important task for other European institutions and authorities
for also preparing, e.g., a.European consensus towards future R&D requirements - analog-
ous to the European Utility Requirements (EUR) and harmonised licensing procedures.

Of course, European organisations are also integrated on a global scale, but they first have
to cope with the new situation originating from European unification and to use the benefits
from this process as a basis for extended international collaboration as well as for the defini-
tion of their position in the global market.

The MICHELANGELO Initiative [2] and the SINTER Network both foster the creation of Eu-
ropean R&D teams by involving close interaction with the industrial side. Significant syner-
gies can be gained by this approach if the fields of excellence of the national R&D and indu-
strial organisations are combined in an effective way.

Inspite of the reduced national programmes, the remaining and interconnected competence
on nuclear technologies in Europe is still strong enough to realise the nuclear option for the
future and to play a major role on a global scale if today's manpower is maintained and skil-
led recruits trained in good time. This results in combined national, industrial and European
actions to provide the personnel and technological basis also on a longer time scale.

New telecommunication and telecooperation methods support the synergistic collaboration
of R&D teams even in the case of local distances. These technologies must be considered
for the restructuring of the European R&D area from the very beginning as an integrative tool
and as an up-to-date communication basis. Against this background the SINTER Network
partners decided to use the Internet in an extensive way for

• contacting other institutions in the nuclear community,

• gathering the necessary input,

• presenting the main results,

• offering contact channels,

• providing background information by Hyperlinks etc.

More important than the above mentioned tools is the mental adaptation of synergistic net-
working on complex R&D items as the 'normal' way of collaboration for the future.

4. Dual approach

The proposed approach towards a broader and more coherent European R&D programme
on innovative nuclear reactor technologies is based on a 'Top-Down' definition of R&D needs
in combination and cross-check with a 'Bottom-Up' compilation of potential R&D items,
available / necessary facilities or skills in different technical areas as shown in figure 2.

The leading factors for the orientation of medium-/long-term R&D programmes should be

8
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defined 'top-down' as regulatory and utility requirements in the domain of nuclear technology
have a strong impact on the priorities and items of technical developments. Additionally,
R&D programmes are influenced by national and industrial innovation policies, by general
research and energy policies or simply by the reductions of national budgets in this field. The
results of former concept assessments (at system or design level) can also be used for
identifying the evolution trends of innovative research areas by having a more generic 'sec-
ond look' at the identification of real technological innovations characterising the advanced
concepts and the related safety principles being considered on an international level [3-5].

The SINTER Network intends to investi-
gate this interrelationship by the following
activities:

• Collection of relevant information on
ongoing, past or future policies influ-
encing technical innovations and on
ongoing, past or planned assess-
ments of nuclear concepts, designs or
systems by means of 2 separate que-
stionnaires submitted to

- governmental authorities (Mini-
stries of technology, research,
energy, environment, related go-
vernmental offices and their con-
sulting bodies

- international organisations involved
in the co-ordination of policies or
performing technological assess-
ments.

- research organisations (research
institutes, research departments of
supplier industry).

- actors in the energy market (utili-
ties)

TOP-DOWN APPROACH

Utility Requirements

Industry Needs

Licensing Trends

Response on Risk Perception

Assessment of New Concepts

Innovation Trends

R&O NEEDS
and

TRENDS

EUROPEAN R&D STRATEGY ON
INNOVATIVE NUCLEAR REACTOR TECHNOLOGY

IDENTIFICATION
of

INNOVATION POTENTIALS

Innovative Safety Features;

Fuel Improvements

Waste Reduction

New Technologies/Methods

New Materials

Simplification/Cost Reduction

BOTTOM-UP APPROACHnuclear industry (reactor suppliers,
nuclear fuel suppliers, decommis-
sioning and waste management Figure 2: Dual Approach
companies).

• Comparison of the responses and identification of common patterns in the approaches
described therein.

• Attempt to determine the governing rules of such processes (i.e. how the external requi-
rements and assessments of developments influence ongoing technological R&D and
especially innovative approaches), relevant time scales of response, dominant problems,
etc.

• Formulation of general suggestions regarding fostering of innovative nuclear technologies
relevant to the content of the 5th EU Framework Programme and broader work-shared
collaboration within the European nuclear community.

This procedure will be complemented by a comparative study of currently discussed
utility / regulatory requirements and their impact on technological innovations as well
as by contemplating the socio-political dimension of nuclear energy as it is going to
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be discussed in this multidisciplinary Workshop on 'Risk Perception as initiator and
steering instrument of innovative R&D'. This workshop should investigate how the
perception of technical risks triggers and influences technological developments and
corresponding R&D (or viceversa). The presentation of typical examples, where risk
perception and the resulting technical reaction have acted as 'innovation promoters',
should help to identify common aspects or differences determined by culture and, in
particular, to describe those mechanisms that have resulted in technical innovation
thrusts and should, thus, be taken as guidelines or requirements for future R&D, too.
It should also help to understand the psychological mechanisms of risk perception for
a better communication with the public.

The R&D items will be defined in a bottom-up approach by providing the opportunity of sub-
mitting specific proposals on innovative nuclear reactor technologies, information on major
test facilities as well as specified needs of the 'end users' of R&D results on a European
level as described later in this paper.

The synthesis of this dual procedure may lead to a coherent and synergistic common Euro-
pean programme on R&D beyond and complementary to the commercial projects.

5. Coherence by systematics and consultation

The complexity of the relevant technologies, of the multiplicity of R&D items / facilities, of the
nuclear community and of the consensual processes need clear systematics and consultati-
ve procedures starting, e.g., with:

• systematic information on ongoing and planned R&D activities,

• analyses of the global trends in the development of technologies and requirements,

• related background information on competence areas and personnel capacities,

• data and timescales for the availability of the main R&D facilities & tools,

• up-to-date and flexible data handling systems and

• effective information exchange / consultation procedures.

Previous steps in that direction have been undertaken for example by the 'Joint Safety Re-
search Index (JSRI)' project and the IAEA [6] by collecting formatted information mainly on
ongoing R&D activities on severe accident phenomena. A collaboration between the SINTER
Network and the JSRI project has therefore been decided by exchanging data and creating a
common questionnaire to avoid multiple contacting of the same organisations.

The SINTER Network will also provide its objectives, programme and questionnaire via the
Internet (see Fig. 3). A systematic classification for innovation areas has been set up for
each R&D proposal addressing the

• R&D Objectives (e.g., safety improvements, waste reduction, economics, operational
aspects, new applications, public acceptance, education, licensing etc.)

• R&D Subjects (e.g., existing NPPs, commercial projects on next generation NPPs, inno-
vative NPP concepts, innovative systems/technologies, nuclear fuel cycle etc.)

• Fields of Relevance (e.g., PWR, BWR, LMR, GCR, MTR, ADS, generic aspects etc.)

• Technical Disciplines/Skills for performing the R&D task (e.g., reactor physics, ther-
mohydraulics, engineering, materials science, code development, waste treatment etc.)

• Thesaurus on Technical Domains according to the SINTER Network or JSRI program-
me structure.

10
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Although these systematics seem to be complicated at first glance they will enable an iden-
tification of the main structural elements of future joint R&D activities, the inter-
dependencies between different proposals as well as the collaboration potentials and the
areas of necessary competences of the different R&D groups. A 'convenient service' is pro-
vided by offering all these classification criteria and other multiple choices in pull-down me-
nus only needing a few 'clicks' to assign the systematic order in the databank. A survey of
the contributors to the SINTER Network and their field of activities is also provided.

«.(•-, Supplier rndusJrics.Utitilies,:;
R & D O i i U i i

f
Uccnsing/Fuuding Authorities etc.

Overview
. • . . • : ; . : : • < * : • . . ' •

SINTER Program

QUESTIONNAIRE
•••'/'••:••••':: • : o n . : ; ' : ' ; . ' ' . i

R&D Items & Tools

ACCESS;:
•. t o : v T v ' '• •"•

SINTER HOMEPAGE

INFORMATION SERVTCg
on

Results & Cooperation Offers

SINTER /MICHELANGELO
: •.'" " ••' :': P a r t n e r s • ; : : ' : . • • : ! • ••.'..•'. •'.

• ; - o n : : • • : : • . • : • . i

R&D Items, Tools, Partners etc.

RECOfrlMENPATIONS
• • : . • . ; . v i a : ' • ; •

BSTERNET and Workshops

Figure 3: Data Handling in the SINTER Network

Industries are asked to define their requirements and necessary R&D tools / facilities for
future R&D tasks using the same systematics and questionnaires. This will facilitate the con-
sultation procedures for effective co-ordination, collaboration as well as the later use of the
results.

A special questionnaire has been offered to the relevant organisations for more general in-
formation, e.g., on national programmes, results from former concept assessments, national
licensing trends, utility requirements etc. as described above.

6. Bottom-up programme definition

It is planned to synthesise the programme proposal on the basis of the inputs of the different
R&D actors in Europe. This allows proposals and innovative ideas on promising R&D topics
to be integrated by everybody involved in the promotion of nuclear reactor technologies.

As the partners of the SINTER Network have been chosen in such a way that most of the
countries with active nuclear programmes are included by a representative, the national

11



SINTER-Workshop Ascona, 1-3 April 1998, Proceedings

contributions can be channelled through that partner. Utilities might prefer to contact the Ita-
lian utility ENEL. Accordingly, the JRCs might contact their representative. The industrial
MICHELANGELO Initiative is included for consultative reasons. Additional partners from
other European countries are very welcome.

Access to the information and the questionnaire requires a registration of the contributing
European organisation via an 'interactive form' available on the SINTER Network homepage:

http://www-is.ike.uni-stuttgart.de/sinter/

An authorisation by the SINTER partners is the precondition for further access via password.

To organise the safety-related innovative programme it is essential to translate the generic
recommendations from the top-down approach into technical objectives useful both for the
designers and for the organisations involved in the R&D effort [7]. Such objectives could,
e.g., be the following :

• an increased effort for plant simplification

• the implementation of functional redundancies

• increased attention to passive safety systems

• the adoption of the 'Defence-in-Depth Principle' with an increased effort for

=> prevention

=> improvement of the forgiving character of the reactor,

=> reduction of the core melt frequency

=> enhanced retention of fission products in the fuel

=» improvement of the containment efficiency and

=> rejection of the cliff edge effects

The aspect of waste handling also plays a major role with regard to public acceptance thus
opening a wide field for innovations such as:

• Influencing the generation and burning rates of long-lived radiotoxic wastes by innovative
core / fuel designs with the aim of reducing the volumes, final storage periods and the ra-
diotoxicity of discharged wastes.

• Improvements concerning the composition, stability, chemical resistance etc. of the fuel
with regard to optimised direct disposal or reprocessing strategies.

• Minimising the activation of the structural materials by a better choice of materials and by
optimised design for dose reduction during operation and also during dismantling.

• Developing and optimising procedures for 'Decontamination and/or Dismantling (D&D)'
during reactor operation and after plant shutdown for waste and dose reduction.

• Improving plant layout already taking D&D aspects into account at the conception phase.

• Reducing personnel exposure by improvements at the design phase and by technical as
well as software developments for risk-associated operations.

As a certain guideline and to 'provoke' innovative approaches in the most important technical
areas the SINTER Network programme has been divided into six work packages with the
following objectives:

1. Innovative Reactor Concepts and Future Requirements

2. R&D on Innovative Safety Features

12
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3. Improvements of Fuel Characteristics and Plant Efficiency

4. New Reactor Designs with Emphasis on the Reduction of Waste and Exposure

5. Enhanced Safety by New Technologies and Materials

6. New Telecommunication and Telecollaboration Systems

These work packages are split into several tasks each indicating innovation areas that have
been derived from a former survey with numerous proposals by different industrial and R&D
organisations, direct input of SINTER Network partners and known requirements or test faci-
lity specifications from the literature [8, 9]. On that basis a list of potential items is available
for all tasks to specify the R&D proposals systematically in even more detail. This can also
be easily assigned by a pull-down menu on screen.

Each work package and each task is being co-ordinated by two SINTER Network Partners
with special background and experience in the relevant technical areas. They also serve as
contacts in case of specific inquiries and to summarise the results.

The outcome of the SINTER Network mainly depends on the readiness of the European
R&D actors to provide their inputs and to influence the shape of future R&D programmes
and work-shared collaboration structures in an interactive way. The SINTER Network is un-
derstood as a tool to accelerate the creation of European R&D teams, to support the innova-
tion process and to define the priorities and further procedures as a consensus. But it should
also illuminate that innovation is a crucial prerequisite in coping the criteria as a sustainable
and acceptable energy supply system.

7. Conclusions

The perspectives of the SINTER Network towards a common work-shared European R&D
Programme on nuclear technologies has been confirmed and supported by the industrial
MICHELANGELO Initiative. The MICHELANGELO group aims at a strong partnership of
research and industry and an acceleration of technological innovations concerning safety
and, at the same time, the reinforcement of European industrial competitiveness by develo-
ping items corresponding to industrial needs and to public relevance in the short/medium
term as well as in the medium/long term range for European and world-wide markets.

The development of safe, competitive and publicly acceptable nuclear installations assumes
a determined and continuous Community effort via thematic R&D using the synergies from
the expertise and R&D tools in the different Member States under a common umbrella. This
will foster an essential hard core of competence and capacities in Europe complementing
and taking benefit from national R&D programmes and industrial activities.

Both, the SINTER Network and the MICHELANGELO Initiative will contribute with systematic
and technical information to this structural evolution in the European nuclear community. The
nuclear industries and the R&D actors in Europe are invited to supply their requirements and
needs as well as their proposals for the development of innovative technologies for the im-
provement of safety and competitiveness of nuclear power and for solving the waste-related
issues.

It is obvious that these goals can only be realised in a continuous process and that the
SINTER Network can only prepare first steps into this direction. Under this background,
much emphasis is put on the implementation of methodologies, databanks and information
systems that may have the ability to 'grow' and to be adopted in a flexible way according to

13
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the response of the contributors and users in an 'evolutionary' way.

In contact with other countries, international organisations and R&D programmes it was re-
vealed that analogous approaches to the creation of complementary R&D Networks on inno-
vative nuclear reactor technologies might also be beneficial by opening up the opportunity of
easy interactions and information exchange on a broader international level.
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Nuclear Energy and Risks
Kurt Kugeler*

1. Introduction

After the high increase of importance concerning nuclear energy usage for peaceful applica-
tions in the 1970's, the additional construction of new power plants in the United States and
large parts of Western Europe has arrived almost to a standstill, caused by some reasons
especially due to the accidents of Three Mile Island and Chernobyl. At the moment only Ja-
pan, Korea, China, Taiwan, France and some Eastern European countries have concrete
plans concerning the extension of their nuclear capacities in the nearer future.

In 1979 in a pressurised-water reactor (900 MWe) in Three Mile Island (USA) occurred a
partial melting of the reactor core after a malfunction of components in the primary circuit
and of the core-cooling [1] . Although the consequences of the accident were restricted to
the inner part of the reactor pressure vessel due to the in time resumption of the core-
cooling which resulted in a prevention of severe radiological impacts on the environment,
until then there has been no construction of any kind of additional nuclear power plants in
the United States.

In 1986 there occurred a severe reactivity accident in Chernobyl (SU) involving a boiling-
water reactor with additional graphite-moderator (RBMK-reactor), which resulted in the com-
plete destruction of the entire system [2]. The consequence of this heavy malfunction was a
high-level release of radioactive material into the environment which were even spread to
large parts of Western Europe because of certain atmospheric conditions. Many persons
were killed in and near the plant, furthermore a lot of people suffer from delayed physical
impacts. Wide parts in the vicinity of the plant were contaminated so severely, that resettle-
ments on a grand scale were necessary. Although in case of the common light-water reac-
tors on duty in Western Europe such an accident is impossible to occur, the trust in nuclear
energy in general was damaged so decisively, that three is a permanent discussion on the
topic of a complete abolishment of nuclear energy use and the related scenarios in some
countries. The future use of nuclear energy in general is seriously questioned, because the
problem of severe reactor accidents has become apparent to the public clearer than ever
before.

In the meantime it has also become public that in 1957 there happened a severe accident in
Tscheljabinsk involving a fuel deposit for highly radioactive waste materials which resulted in
a grand scale contamination of territories in the former Soviet Union [3]. Aside from the im-
mediate impacts on the involved population, this incident has required a great deal of re-
settlements.

Furthermore, the growing knowledge awareness of safety deficiencies concerning power
plants world-wide and in the Easter part of Europe, especially in the case of older plants,
highly diminished the trust in this new technique of energy production. Although most of the
power plants in the western industrial countries work on a good level of availability as well as
convenient economic conditions and additional new nuclear capacities in the range of the
base load production would make sense, there exists a strong attitude of reserve and rejec-
tion among the populations of countries in western Europe.

Prof. Dr. K. Kugeler, institut fur Sicherheitsforschung und Reaktortechnik, Forschungszenttvm Julich GmbH /
RWTH Aachen
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Without any doubt the fear of severe radiological impacts followed by reactor accidents is
one of the decisive reasons for the current stagnation. Furthermore, the final storage of ra-
dioactive waste material is declared an unsolved problem by the opponents of nuclear ener-
gy. In addition to that, many people consider the misuse of fissile material is one of the cru-
cial aspects supporting a deniance of further expansions in the field of nuclear energy appli-
cations.

One of the main barriers blocking a discussion without prejudices related to the topic of the
future importance of nuclear energy consists of the wrong assessment concerning more
advanced future development and designs for the global energy economy. The necessity of
a future use of nuclear energy is therefore not yet accepted by large parts of the population.
Without the readiness to discuss questions like this in an objective way, fear and rejection
towards nuclear energy in general will be the dominating aspects of public assessment. The
nuclear energy economy, like any other branch of technique, will also pass through a
process of advancement and maturation resulting in the ability and responsibility to finally
offer satisfactory solutions for the majority of people.

2. New safety demands concerning a future nuclear energy economy

Decay heat production and core melting
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• Core of the PWR molten in 1 hour after total loss of coolant

Consequences of core melting

• failure by excess
pressure

• H2 - explosion

M • steam-explosion

• penetration of
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path

ft
reactor-
containment

Figure 1: Decay heat production and consequences in
core melting in light-water reactors

containment, if existent at all, could be destroyed. The

A future world wide application of
nuclear energy with a big contri-
bution to the overall energy pro-
duction requires a thinking over
concerning today's safety con-
cepts. The main goal is to retain
the fissile material and the ra-
dioactive fission products inside
the nuclear plant mainly inside the
fuel elements, in normal operation
and in all accidental conditions.
Therefore, it is fundamentally im-
portant that the neutron balance in
the core, the heat balance in the
core and in the plant are fulfilled .
Additionally the integrity of the
barriers for the retention of ra-
dioactive materials and therefore,
the retention in the plant must be
guaranteed as a consequence.

The safe removal of the after heat
from the reactor core and from the
reactor system as a whole is one
of the key questions concerning
reactor safety (Fig. 1). In case of
the nowadays introduced light
water reactors it is known that
after a complete loss of coolant
and complete failure of the core
cooling a core melting is possible
to occur after a relatively short
period. After this core melting in-
cident the reactor vessel and the

scenarios of how such an incident
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could proceed (over-pressure-failure, hydrogen explosion, steam explosion, high-pressurised
path, melting through of the foundation) were already thoroughly analysed in a lot of studies
[5]. These incidents are highly improbable in case of an appropriate design and dimensio-
ning of the system. The complementary probability for the appearance of unacceptable ra-
diological impacts outside the reactor plant are today assumed to be around a figure of 10-5
to 10-6 per year for good plants (Fig. 2). Considering a further future used of nuclear energy
on a global scale, the conditions have to be changed to an higher standard of safety, becau-
se the number of plants will be raised up with world-wide application.

Core Damage Frequency, CDF, (1/reactor-year)

(3)BiblisB,

Figure 2: Core damage frequency dependent on time,
world-wide tendency [4]

There has to be the demand for a
catastrophe-free nuclear energy
with no necessity of tolerating a
so-called remaining risk [6, 7].
Connected with a catastrophe-
free nuclear energy, the following
describing terms could be
applied: in case of any kind of
failure which is possible to hap-
pen, the radioactive material
have to remain entirely inside the
nuclear plant. All the impacts of
the accidents have to be com-
pletely restricted to the reactor
system, therefore, abolishing the
need to develop emergency
strategies for the plant's envi-
ronment. Fulfilling this principle of
a catastrophe-free nuclear ener-
gy has to result in the exclusion
of any immediate deaths, de-
monstrable delayed deaths,
evacuations and resettlements as
impacts of a possible failure inci-
dent. These large requirements
distinctly exceed all safety de-

mands which are valid for the current forms of nuclear energy.

As far as the INES-categories considered level 5 to 6 of this scale will be not allowed to be
able to occur.

In Germany in 1994 the atomic law has been changed to exclude these catastrophic conse-
quences of accidents for future nuclear power plants [8]: the consequences of core melt ac-
cidents must be governed, no intolerable amount of radioactivity shall leave the plant, the
law excludes radiological consequences outside the plant in a deterministic way (see below).

Modified German Atomic Act

Amendent of the Atomic Energy Act as a further precaution against risks to the general public (7th

Amendment to the Atomic Energy Act of 27.07.1994): The amended German Atomic Energy Act
(1) (Art. 7, para. 2a) for future plants stipulates "that even such events whose occurrence is practi-
cally excluded by the precautions to be taken against damage would not necessitate decisive mea-
sures for protection against the damaging effects of ionising radiation outside the plant fencing,
...". En the substantiation of the bill for parliamentary discussion, terms from the text of paragraph
(2a) are defined in more detail. It is thus postulated tha "accidents with core melt" are controlled
and "evacuations" are not necessary.
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In any case there are limitations even for such a stringent regulation: Corresponding to these
demands, the following range of validity may be defined (see below): all reactor internal failu-
res are not allowed to result in catastrophic releases of radioactive material. Therefore, as an
example, the complete failure of the shut-down system, the entire failure of the active after
heat removal, a total loss of the cooling medium as well as the failure of components of the
primary circuit are not allowed to result in any kind of radiological impacts on the plant's envi-
ronment.

Definition of "catastrophe-free" nuclear technology:

Catastrophe-free nuclear technology is realized, if the radioactive fission products in all pos-
sible accidents are retained nearly totally inside the reactor plant.

Consequences for the environment:

• no immediate fatalities

• no evacuation

• no resettlement

Area of Definition:

1. for all accidents due to internal reasons: (failure of shut down systems, decay heat remo-
val, loss of coolant, failure of components)

2. for all accidents due to external reasons: (earthquakes, gas cloud explosion, air crash)

3. external accidents beyond class 2. require special consideration (sabotage, war meteorite,
extreme earthquake)

Furthermore important outer possible threats are not allowed to cause inadmissible radiolo-
gical effects on the plants surroundings. Crashes of large aeroplanes, gas cloud explosions
and high level earthquakes have to be commendable by means of appropriate construction
designs and are not supposed to cause unallowed radiological consequences for the envi-
ronment.

Concerning the discussion about the topic of extreme incidents, the threats caused by acts
of sabotage, war, extreme earthquakes and meteorite crashes are frequently mentioned. In
case of precautionary measures to exclude at least some of these possible dangers, special
construction measures like underground locations or a sufficient cover of the reactor with soil
and stone material have to be realised.

In the future concept of a catastrophe-free nuclear energy it is necessary that in contrast to
the current safety concept, in which level of risk consists of the product of probability and
scale of damage low-level risk has to be achieved by a very low probability connected with a
high value of damage), the amount of damage always has to be small and restricted to the
plant itself. Only in this case there can be an effective insurance against nuclear damage
and external costs are possible to be calculated, too.

The concept of a catastrophe-free nuclear energy is not a utopic one. In. case of the dum-
ping, e.g. the intermediate storage of burnt fuel elements or the temporary storage of highly
radioactive waste from the reprocessing process, this concept is already realised (Fig. 5).

Concerning the latter problem the following two principles how to proceed are used: a) sto-
rage of fission product solvents with fissile material in fuel deposits with active cooling, b)
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storage of steel canned blocks of glass, which are loaded with fission products, in air-cooled
cast-iron-containers.

^ Solution a) includes an active
tank cooling which is realised in
a redundant and diverse way. In
spite of all technical measures,
this one still has a certain pro-
bability of failure, and the tempe-
rature in the system can raise
up. Thinkable formations of hy-
drogen inside the system as well
as problems related to corrosion
and sealing have to be taken
into account. Against outer im-
pacts the system has to be pro-
tected. Catastrophic releases of
fission products from such a
plant are indeed assumed to be
rather improbable, but neverthe-
less not impossible. A fuel de-
posit of this kind had a disa-
strous failure incident in Tschel-
jabinsk in 1957 (former SU),
when huge amounts of radioac-
tive materials were released.
This incident resulted in the
contamination of large territo-
ries.
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Figure 5: Intermediate storage of high level radioactive
waste from reprocessing as an example of ca-
tastrophe-free nuclear technology

In case of solution b) the after-
heat removal is executed without
the application of machinery just
by natural effects as heat-

conduction, thermal radiation and natural convection. A failure of the after-heat removal is
therefore principally excluded. As far as this system is concerned, a failure resulting from an
inner cause .is impossible. Furthermore any outer influences to be expected do not lead to
the release of fission products, because the thick-walled vessel protects the inner structures.
Consequently catastrophic releases of fission products from storage systems like this are
not possible.

The limits of these considerations also have to be clarified. In case of a missile attack on the
vessel as an act of sabotage or terrorism, damage can be inflicted on the containment for
the fission products. Then the range defined for a catastrophe-free nuclear energy would be
left and considerable releases of fission products are possible. Attempting to enlarge the
range of validity for a -free nuclear energy for extreme incidents like these, an underground
arrangement or a system sufficiently covered by soil has to be realized.

The main task related to the development of innovative reactors for future application is to
find solutions and corresponding proofs which meet with the safety demands mentioned be-
fore.
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3. World-wide efforts to improve the safety of future nuclear reactors

Concerning the aim of enhancing safety standards for nuclear energy, there are ongoing
world-wide efforts to achieve this. Corresponding to Fig.6 there are 2 interesting ways to be
seen [9, 10,11, 12, 13,14].

reactors with core melt and core-catcher system

i core can melt

> reactor vessel
be destroyed

> reactor containment
stays intact

insignificant fission
product release
to the environment

a)

reactors without core melt

i core can never melt

i fuel elements stay intact

i reactor vessel and reactor
containment stay intact

A melting of the core is possible after
an entire failure of the active cooling.
Special efforts in the branches of di-
mensioning and other constructive
means are nevertheless directed at
the aim to ensure the integrity of the
reactor safety building (e.g. core-
catcher inside the reactor safety
building, passive cooling of the re-
actor safety building, catch-up in-
stallations for flying components of
the vessel). Thereby a holding-back
of the radioactive isotopes in the
containment is realized by this last
intact barrier. The European Pressu-
rized Reactor (EPR) with a power of
1500 MWel projected by Nuclear
Power Intentional (NPI) pursue this
aim.

b)
insignificant fission
product release
to the environment

A melting of the core is physically
excluded by means of appropriate
dimensioning of the fuel elements
and the core. The holding-back of
the radioactive fission products is
therefore realized inside the fuel
elements in any kind of accidents .
The succeeding barriers, the primary
system as well as the reactor safety
building are indestructible in case of

a release of some few fission products from the fuel elements . These functions are ad-
ditionally preserved in any case. As far as the current knowledge related to these questi-
ons is concerned, this aim can be achieved by an appropriately dimensioned and de-
signed high temperature reactor. It remains to be verified, whether the crucial criteria to
fulfil these demands related to the HTR are also applicable to specific concepts of inno-
vative water-cooled reactors.

Figure 6: Principle of reactors with core catcher
system and without core melting

4. The new light-water reactor EPR

In continuation of the technique of today's light water reactors, the NPI company develops
the EPR (European Pressurized Reactor, ca. 1500 MWel) (Fig. 7), [15,16]. The special cha-
racteristics of this concept are the application of a special core-catcher to catch up and cool
an eventually already occurred melting of the core. Furthermore, the using of a double-
walled and passively cooled reactor safety building as well as some improvements concer-
ning the after-heat removal and other safety systems are supposed to contribute to this ge-
neral aim of enhanced safety . Fig. 7 shows the basic principle of such a plant. The acci-
dents known, from risk analysis have to be commendable by this concept, consequentially it
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is necessary, to achieve a retention of the fission products inside the reactor-safety building
in case of any accident imaginable. There is a general need to prove the effectiveness of the
core-catcher. Furthermore it has to be demonstrated, that the large amounts of hydrogen
produced in the course of such a melting of the core do not result in unallowed explosions or
detonations inside the reactor safety building. Additionally there has to be substantially pro-
ved protection against the high-pressure path, (melting of the core at high pressure) steam
explosion as well as a bursting of the vessel by means of appropriate dimensioning of the
system. Finally a far-reaching sealing of the reactor safety building for a long period is highly
required to retain the fission products nearly inside the reactor containment. These difficult
demands of proof will presumably cause huge expenses. The planning of the companies
currently pursue the aim of getting this reactor type ready for construction by the end of the
decade.

\ \ \
core catcher reactor vessel IRWST

Figure 7: The concept of EPR

5. Reactors without core melting: The HTR

An example of a solution for a nuclear energy, which completely excludes the melting of the
core is the high temperature reactor (HTR) in which case also the release of fission products
from the fuel elements is almost impossible [17,18,19].

Fig. 8 shows the concept, of a high temperature reactor, -,which is characterised by the fol-
lowing special features: coated fuel element particles which are bedded into spherical gra-
phite fuel elements which entirely hold back fission products up to a temperature of 1600 °C
over a very long time (Fig. 9), [20].. The fuel elements are designed resistant against corro-
sion caused by air or steam by means of thin layers of silicium carbide which are currently
under development. The core is built into an pre-stressed reactor-pressure vessel which
cannot burst. Destructive mechanical influences on the core are therefore impossible. The
after-heat removal from the reactor plant functions in a self-reliant way only by help of heat
conduction, heat radiation and natural convection. Analysis carried out until now show, that a
concept like this obviously meets with the demands of a catastrophe-free nuclear technolo-
gy, as far as four principles of stability are concerned (Fig. 10):
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Figure 8: Concept of high-temperature reactor: a) primary system, b) containment, c) fuel
element, d) coated particle
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Figure 10: Principles of stability, consequences and some pre-conditions

Nuclear stability:

By means of a self-reliant restric-
tion of the nuclear power produc-
tion as well as the fuel element
temperatures determined by an
appropriate lay-out and dimensio-
ning (mainly adjusting of perma-
nently negative feed-back coeffi-
cients and a minimal excess reacti-
vity inside the core).In figure 11 it is
shown that even the fast removal
of the total first shut down system
does not cause unallowed tempe-
ratures in the fuel elements [21].

Figure 11 : Assumed accident in
HTR: total loss of the
first shut down system
in a very short time
(reactivity = 0 to 1,2
%in 1.10 Sec)
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• Thermal stability

By means of realising a
self-reliant after-heat
removal (mainly choo-
sing a low power densi-
ty, large heat capacity,
short ways of heat
transportation in the co-
re, application of tempe-
rature-resistant ceramic
materials, high values of
heat conduction in the
core area and by per-
manent outer heat
sinks). Fig. 12 shows
that a fuel temperature
never higher than 1600
°C is reached in the co-
re because of after-heat
is transported to the
outside by self-acting
processes [22].

Chemical stability:

Application of fuel ele-
ments resistant to cor-
rosion by steam and air,
limitation of air ingress
by a prestressed design
of the primary system
[23].

Figure 12: Assumed accident in HTR: total loss of coolant and
of all active after heat removal systems: limitation of
fueltemp.to 1600°C

• Mechanical stability:

This principle is guaranteed by the application of pre-stressed reactor pressure vessel
which cannot burst [24]. A lot of axial and radial cables causes compressive stresses in
the walls of the reactor vessel. Therefore, cracks never can grow up.

Paying attention to these key requirements a high-temperature reactor with a power produc-
tion of 200 MWth was developed by the Siemens company, during the last years. In case of
this concept it was still intended to reach the exclusion of a catastrophic failure of the vessel
by the application of a basically safe reactor-pressure vessel. Pre-stressed reactor pressure
vessels should be more appropriate for world-wide application , also considering the aspects
of manufacturing, repairing and transport. The already mentioned silicium-carbide coating of
the fuel elements still needs industrial development efforts on a grand scale.

There exists a substantial perspective of proving the characteristics of a high-temperature
reactor to meet with the demands of a catastrophe-free nuclear energy. As far as a melting
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of the core is impossible to occur, the verification of all the other safety characteristics should
be possible within a rather short time and low efforts are required.

An interesting task for further research is the question, whether the principles of safety being
considered important related to the HTR can also be applied to other solutions in the field of
nuclear energy technology. A result of work of the last years is that a pebble bed reactor
core cooled with pressurised heavy water will fulfil the four principles of stability too [25].

6. Remarks on final storage

One key objection to an increased application of nuclear energy in the future always derives
from the question of the final storage. Concerning this topic, the following general aspects
are important:

• The intermediate phase of storage of burnt fuel elements previous to the final storage
should last as long as possible (e.g. 100 years). The production of heat is thereby di-
stinctly reduced and simplifies the succeeding final storage. In addition to that, there re-
mains more time to take the right appropriate decisions.

• During the phase of fission product decay (approximately 1 000 years ) even in case of
extreme supposed accident in the final storage no release is possible to occur from the
thick-walled final storage containers made from steel (e.g. in case of direct final storage
of fuel elements).

coated particle

UO2-karnel
layers of C

layer of SiC

steel container

Figure 13: System of barriers against the release of
radioactive isotopes in final storage (ex-
ample HTR)

• The UO2-pellets inside the fuel
elements can be solved in salt-
brine during the actinide phase
after a thinkable later destruction
of the storage vessel (e.g. in case
of extreme water ingress into the
salt-stock). Actinides of an extre-
mely low concentration level are
then able to access the biosphere
after a very long time period. This
is not considered to be a cata-
strophic release and also doesn't
impose catastrophic radiological
harm on the environment.

• Coated particle fuel elements in a
ceramic matrix are also nearly re-
sistant in a salt-brine (Fig. 13).
Actinides as well as fission pro-
ducts are evidently almost com-
pletely retained inside the par-
ticles. Consequentially the soluti-
on may be classified as being
catastrophe-free final storage [26,
27].

• For the future partitioning of the
waste and transmutation of the long life isotopes, mainly actinides, is a very interesting
option. The danger potential of the waste can then be reduced by a factor of 103 after a
time of 1000 years (Fig. 14), [28].
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7. Conclusion

Drawing a conclusion there exists the substantial perspective of finding better solutions to
the known problems concerning the use of nuclear energy in the future. Technical solutions
will be available which are assure to meet with the demands of a catastrophe-free nuclear
technology. This applies to the reactor plants as well as to the intermediate and final storage
deposits.

The argument of a possible abuse of fission material for military purposes insisted on by
opponents of this energy form can prevented most effectively by strong international con-
trols. This necessity already exists on a global scale and highly requires to be solved in an
adequate way. Nevertheless there are fuel material, cycles for the future application of
nuclear energy which vastly decrease the risk of proliferation and therefore should be pre-
ferably used. For instance the production of plutonium can be almost avoided in case of
using thorium for the process.

Considering the problem of possible climate changes, nuclear energy will have to contribute
a much llarger share to the overall global energy production than nowadays and is also
capable to fulfil this task. The primary aims of research and development in the branch of
nuclear technologies for the next years will be to provide convincing proof for the mentioned
safety characteristics of innovative reactor concepts. Furthermore there remains the task to
develop the necessary new components. In case these efforts yield satisfactory results,
which has to be expected based on the currently available knowledge, solutions for nuclear
technology will be available, which possess the already mentioned safety levels on. a pro-
vable base. In addition to that, they will be capable to satisfy virtually all the demands of the
heat- and power-market.
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Discussion

Dortland: How is the situation with regard to the financial question?

Kugeler: As all these talks end with this question, I have prepared a viewgraph. Everybody
active in the nuclear field knows two numbers: Investment costs in DM/kWh for the last Kon-
voi plants, 300-500 DM, and the figures for the Modul plant planned for the Eastern part of
Germany by Siemens in the 90's which were about 8000 DM/kWh; in this last figure, howe-
ver, fuel fabrication was included and the real cost was about 6500DM/kWh. From this, we
conclude that higher safety is possible, but too expensive. But now the situation is different:
if this technology makes sense, one can get series production and modular arrangement of
reactors on one and the same site, just as comparability to proven technology. The fourth
argument is delivery of components by large numbers. In the past three years, the company
ASCOM of South Africa took over the HTR concept. They made enquiries all around the
world for the components and the systems and came to the very interesting result that if they
can buy the components in the free market they come up with a factor of 3 compared to the
old investment cost figure, that again means up to 2000 DM/kWh. This factor of 3 is also
known from the conventional power plants using the GuD process. In South-East Asia these
power plants are cheaper than in Western Europe. So the question of economy does not
exist if one can fulfil the following conditions in the future:

• Proven safety,

• modular design,

• series production,

• delivery of components by large numbers.
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Bellucci: How does this new reactor generation look with regard to waste? Has this problem
been solved yet?

Kugeler: This is, of course, the next question: As time is short, I did not explain it in my pre-
sentation, but I'll take the opportunity to do so now. First of all, I think that waste is not the
main problem of nuclear energy. At the moment, it is rather a political problem. Apart from
that, the waste problem is, especially for this type of reactor with ceramic fuel, smaller than
for the normal LWRs. This is because the waste is produced inside the coated particles and
is already covered with three very stable layers of ceramics which cannot be dissolved in
water; futhermore, this fuel is built in a matrix of graphite and is, as a very stable product, apt
for final disposal. In the last 20 years we have performed a large amount of experiments in
Julich, in which such irradiated fuel was treated in salt water and there were no releases.
This fuel will be stored in containers with thick steel walls and the gap between the balls can
be filled with iron particles; the fuel can then be stored in salt mines covered by a thick layer
of soil. Therefore, I see two main conclusions:

a) release from this final storage is possible only after a very long time
b) the amount of radioactivity that can escape is, according to our experiments, very small.

If one does not want to do this, I personally believe that in the future the concept of trans-
mutation in hybrid systems will be available and should be used. These systems contain
proton accelerators and their high-energy protons cause a spallation reaction in a target; the
neutrons gained that way can be used to transmute the actinides and the long-lived fission
products. And, by the way, the system also produces heat that can generate electricity, part
of which is then used for the accelerator and the rest is delivered to the grid. Looking at the
curve of the ^danger potential,,, if the risk after transmutation is compared to the risk of the
normal kind of storage of spent fuel, the risk after transmutation is dominated by the fission
products in the first 1000 years, but then the radioactivity of the actinides and of the long-
lived fission products is less than the radioactivity of natural uranium ore. I think, this could
really be a solution to the final storage problem. But, again, I think that at the moment people
are using the question of final storage, at least in Germany, to generally avoid nuclear tech-
nology, because it is much easier to demonstrate against one site (Gorleben) than against
each individual NPP.
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Chemical Industry -
Its Fundamental Risks and their Handling
Franz Schmalz*

Once upon a time (when I had recently joined the chemical industry) an older chemist told
me: ,,Chemistry is not everything - but almost everything is chemistry."

I don't repeat this sentence here as representing my scientific or religious confession. It is
just to illustrate that chemicals - may it be man made chemical products or chemical industry
itself - are present almost everywhere in our everyday environment. Wherever and whene-
ver we want to take profit from some of the desired properties of those chemicals, we also
have to take up the risks inherent to other, usually undesired properties of the same sub-
stances. So, fundamental risks of chemical industry", as a whole, do not only comprise of
the risks associated with chemical production itself, but they also include the risks due to the
dangerous properties of the resulting chemical products, of their intermediates and even of
the corresponding raw materials. Usually, also the risks connected with the transportation,
storage and even with improper use or misuse of those substances are assigned to chemical
industry. Here, however, I will restrict only to those ,,chemical" risks that are directly connec-
ted to chemical production.

1. Accident Statistics and Major Accidents

ACCIDENT RISKS
re: V. Pilz, a.a.O.)

• • 3

NUMBER OF FATALITIES PER
YEAR/10.000 PEOPLE

• • 2

WORK ACCIDENTS f

TYPICAL
CHEMICAL ACCIDENTS

TRANSPORTATION
ACCIDENTS

HOME AND LEISURE ACCIDENTS

: BACKGROUND RISKS RELATED
TO CHEMICAL PLANT

CHEMICAL PLANT STREET RESIDENTIAL AREA

Figure 1 : Comparison of risks of different spheres of life.

Prof. F. Schmalz, Institute for Process Technology, Swiss Federal Institute of Technology Zurich
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Let us ask the question: ,,How dangerous is chemical industry?" If we ask this from the point
of view of a chemical worker, we could have a look into accident statistics. They will show us
that, compared to others, chemical industry is one of the safest branches of industrial activi-
ties. For the three environments: »of a chemical plant itself, ••of public transport and •••of a
housing estate, fig. 1 (taken from V. Pilz, elsewhere) compares the resulting risk, as origina-
ting from plant activities, from traffic activities and from housing or leisure-time activities. The
left side of the picture indicates that only about 3% of all accidents at work (inside the chemi-
cal plant) really are related to chemistry. The right side illustrates that in private environment
the risk from off job activities is by far higher than that residual risk resulting from the
neighbouring plant. The centre, finally, shows the level of the frequently and voluntarily taken
risk of traffic.

Instead of this positive accident statistics, in public opinion safety or risk of chemical industry
is correlated to some spectacular major accidents, e. g.:

• Flixborough, June 1, 1974: In a petrochemical plant cyclohexane was oxidised to cyclo-
hexanone in a series of six consecutive reactors. The reaction occurred at an overpres-
sure of about 8 - 9 bars and at temperatures between 140 and 160 °C. Due to a minor
crack, one of the reactors had to be bypassed. As there was no sufficient arming of the
bypass pipe against tangential stress of the bellows, the pipe ruptured when the plant
was put back into operation. About 50 to of superheated flammable liquid escaped. The
resulting cloud found its source of ignition and the resulting vapour cloud explosion killed
29 people, more than 100 persons were seriously injured. - I think, it is well known that
this accident had a serious impact on British legislation concerning the prevention of
major accidents.

• Seveso, July 20, 1976: The activation of a rupture disk caused the escape of a large
amount of the highly toxic 2,3,7,8-tetrachloro-dibenzo-p-dioxine. This accident did not di-
rectly cause any fatalities; nevertheless, a greater region had to be evacuated at least
temporarily. The great impact, this accident had on European safety legislation is imple-
mented in the famous ,,Seveso Directive".

• Bhopal, December 2/3, 1984: Several hundred litres of water got into an underground
50-m3 tank of methylisocyanate (MIC). The corresponding rapid hydrolysis and polyme-
risation resulted in an increase of pressure and temperature, and, finally, in bursting of
the rupture disk. A huge toxic cloud of vapour and aerosols of MIC emerged and finally
fallout upon a region of about 40 - 65 km2, mainly residential areas of the poorer parts of
the population. More than 3000 peoples had to die under painful conditions. (The follow-
up of this accident is a history of its own.)

• Schweizerhalle, November 1, 1986: The fire-fighting of this large fire in the warehouse of
a chemical company resulted in severe contamination of the Rhine river. Although neit-
her fatalities nor severe injuries occurred, this accident had a major impact on the public
opinion concerning risks and environmental problems connected with chemical activities.

Although some of these accidents are more directly related to improper engineering or sto-
rage activities than to lacking self-control of the underlying chemistry, they all occurred du-
ring typical activities of chemical industry. Concerning the above accidents, I want to empha-
sise, that not only authorities (as mentioned), but also chemical industries have learned the
corresponding lessons. In their very own responsibility chemical industry has drawn the re-
sulting conclusions and has implemented corrective actions and adequate and sustainable
improvements.
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2. The Structure of Risk in Chemical Production

The sensitive structure shown in the mobile of fig. 2 is to illustrate the complicated risk
structure and the numerous possibilities of hazardous interactions, that we have to be aware
of in chemical industry:

environment
with influences
and InteractionsD

Figure 2: Mobile illustrating the complicated structure of chemical production.

• Chemical reactions, having their corresponding heat generation and resulting self-
acceleration, are often accompanied by undesired side reactions and decomposition re-
actions. Nevertheless, they are the tools used to obtain the desired final products. For
their intended course, these chemical processes strongly demand the adherence to its
save process conditions. The inherent risk and hazard potential of chemical reactions will
be illustrated soon.

• Chemicals, raw materials, solvents, intermediates, by-products and wastes, as well as
the desired final product are consumed and generated. The wide variety and the possible
combinations of their dangerous properties - reactivity, flammability and explosibility,
acute and chronically human and ecological toxicity — considerably contribute to the
overall hazard potential.

• Installations and equipment have to maintain the chemical environment and to fulfil the
corresponding process conditions as required by the chemical process. Their reliability
highly contributes to the frequency or probability of undesired deviations and resulting
events.

• Plant personnel, finally, having appropriate training and education, are responsible to
operate and supervise the equipment and eventually to correct deviations which occur.

• The site has to provide the chemical production process with all the desired raw materi-
als of the right specifications, with required energies and infrastructure. Finally, all the
work described, again, is embedded in its environment, having further influences and in-
teractions on the desired processes.

Table 1 is intended to form an idea of the amount of energy inherent in chemical reactions:
Typical energy contents of a synthesis reaction and of a decomposition reaction are at first
applied for adiabatic heating and for evaporation of the reaction mass itself. Then they are
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theoretically transformed into mechanical energy to lift up and to accelerate the reaction
mass.

Table 1: Comparison of typical chemical energies (From F. Stoessel, elsewhere).

Typical energy of reaction or
decomposition:

applied for:

Adiabatic heating of reac-
tion-mass:

Evaporation of methanol at
constant temperature

Lifting of reaction-mass up to
a height of

(potential energy)

Acceleration of reaction-
mass to velocity v

(theoretical kinetic energy)

Typical energy of
reaction:

1OOkJ/kg

ATad=50K

0.1 kg

MeOH/kg

h=10km

v =0.45 km/s

(=1.5Mach)

Typical energy of
decomposition:

2000 kJ/kg

ATad = 1000K

1.8 kg

MeOH/kg

h=200 km

v =2 km/s

(=6.7 Mach)

This simple calculation may illustrate the hazard potential inherent in chemical reactions. If
the energy generated is not dissipated in a controlled way, but is released spontaneously,
the consequences will be serious.

3. Managing and Handling Risks in Chemical Industries

The simplified display in fig. 2 gives no impression of the immense variety of needs and pos-
sible ways to carry out chemical reactions. Solutions realised do not only depend on type,
properties and demands of the reaction and the desired outcome. They are strongly influen-
ced by the availability of possible technical solutions, and, as a result, by the economical
possibilities of the manufacturer.

Even if we assume the high standards of technology, ecology and safety, as they are availa-
ble in modern, industrialised countries, we will not only find, but we also would re-apply com-
pletely different technical solutions even to similar types of chemical processes. Obviously,
economical aspects cannot be neglected: For the production of large amounts of basic sub-
stances, e. g., we can afford highly specialised and optimised plants and installations. (Typi-
cal examples are petrochemical industries, where one whole plant often is specially built for
carrying out one single step of a longer chain of reactions.)

On the other hand, small and modifiable multi-purpose plants are the optimum solution to
carry out the complicated sequences of reactions that are needed for the production of so-
phisticated speciality chemicals and Pharmaceuticals. The typical example here is Swiss
speciality chemicals industry: the large variety and high quality on one side, and the relatively
small quantity of the products on the other side do not justify highly specialised mono-
purpose plants. Therefore, not always the plants can be optimum fitted to the needs of the
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reactions, but sometimes the chemical processes, too, have to be modified and adapted to
the possibilities of the technical installations.

These two examples indicate that also different requirements will result for ensuring and
improving industrial safety and, as a consequence, environmental protection. Although the
tools applied are the same (one of them is what we call ,,Risk Analysis") the priorities and
focal points may be completely different. Basically, there are two main tools for ensuring
safety in chemical production:

On one side, the retrospective knowledge of hazards, as resulting from EXISTING - and so-
metimes bad - EXPERIENCE, is written down in legislation, internal and governmental regula-
tions and all the different types of technical standards.

On the other hand, risk analysis is the tool of the choice for a prospective search for possible
hazards, it finally results in SYNTHETIC EXPERIENCE, i. e. experience on a process or plant
that does not yet physically exist. These differences clearly underline the importance of risk
analysis for any innovative industrial activities.

Let me make here a short statement to our idea of ,,risk analysis", as we see and understand
it from the point of view of Swiss speciality chemicals industry: In our every day use, the
concept of nrisk analysis" not only comprises the detection and analysis of risks, but also
covers their assessment and reduction as well as the discussion of the residual risk and its
(internal) acceptance. We are well aware that our somehow negligent use of the term ,,risk
analysis" completely differs from its understanding e. g. in management items. Fig. 3 may
illustrate our meaning of ,,risk analysis": In the picture, the question ,,What do we want to
achieve by risk analysis?" is inverted to ,,What do we want to avoid by risk analysis?" The
simplified result, an ,,undesired effect" is indicated as a bang. The different causes that could
yield to the effect in are indicated in the clouds above.

Figure 3: Possible causes of an ,,undesired event"

The umbrellas shown in fig. 4 symbolise the barriers that aim to prevent the different causes
from succeeding: They exactly describe the individual steps to be undertaken in any syste-
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matically performed risk analysis. They also can be used to explain the different focal points
of risk analysis in chemical industries:

Figure 4: How the different steps of a risk analysis are thought to prevent undesired events

In petrochemical industries, for instance, often the main focus is to increase technical reliabi-
lity and to avoid predictable deviations from the desired course of the running processes.
Here, the chemical processes, the substances involved, and their properties are well known
and hardly vary. Consequently, the basic hazards usually are well known and only very rarely
need further investigation. As the amount of substances involved is often large and the
processes are running at elevated temperatures and pressure, the corresponding hazard
potential may be considerable. Here, risk analyses are often done to optimise technical solu-
tions from an economical, ecological and safety related point of view.

In the speciality chemicals or pharmaceutical industries, on the other hand, considerably less
material is involved in the chemical processes. The corresponding hazard potential - if we
exclude extreme material properties or process conditions - consequently will be smaller.
The crucial difference is that not only the reactions to be conducted and the chemicals invol-
ved, but also the apparatus to be used and their equipment may vary from day to day. Con-
sequently, here the focal point of a risk analysis is not only the safety-related adaptation of a
given installation to the demands defined by the new process. Here, risk analysis mainly
concentrates on the search for up to now undetected hazards and unexpected interactions.
Those undetected hazards, e. g., may be due to only small but hazardous variations in the
properties of some of the chemicals involved.

As this permanent task of searching for hazards is a constant element of the everyday work,
it may be called ,,risk handling". Of course, this "risk handling" task has to be embedded in
an overall safety management scheme. Its daily work can only be one component of the
permanent efforts to improve safety performance.

Successful SAFETY MANAGEMENT SYSTEMS, as they are established in chemical industry, on
the one hand require the corresponding organisation. On the other hand, they also depend
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on the permanent availability of the appropriate resources needed to maintain and to impro-
ve the degree of safety achieved. A sound safety management system will finally result in a
safety philosophy and a safety culture that are agreed with and adopted by all members of
the company's community.

A safety conscious ORGANIZATION will clearly define and distribute the responsibilities bet-
ween production (line) and safety specialists (staff). Local LINE MANAGEMENT is directly re-
sponsible for the every day life in the production plant and thus is accountable for the safety
performance. Obviously, this responsibility cannot be delegated to a staff function located
elsewhere in the company's headquarters. The SAFETY OFFICER, on the other hand, is re-
sponsible for professional standards and systems and for monitoring the safety perfor-
mance. He is the management's consultant for all safety matters and shares the responsibi-
lity as a specialist. Safety officers must have the status, the competence and the authority to
advise management, direct supervisors and workers with independence. Of course, they
bear a part of the responsibility, where the decisions made were dependent on their expert
advice.

The success of the resulting chain of responsibilities depends on the availability of appro-
priate procedures and tools: Sufficient RESOURCES are needed to collect knowledge and ex-
perience - that are usually available only within different expert groups - and to transform this
expert knowledge into the corresponding procedures and tools for everyday use. For their
COMMUNICATION, the corresponding education and training programs have to be provided,
too.

As an example of the resulting SAFETY CULTURE, paragraph 2 of the Safety Principles of the
former Ciba-Geigy may be cited, as they have been formulated and published already in
February 1974. It reads:

"All work must be carried out with a satisfactory degree of safety which
shall not be compromised for economy and productivity."

In other words...

"The level of risks associated with a business must always be accepta-
ble. This is decisive - not only the profitability of the business in questi-
on."

This last sentence, taken from the minutes of an Executive Committee meeting 18 years
later, shows that the safety culture really was maintained and was living within the company.

Two of the fundamental principles of the corresponding risk management philosophy were:

1. Emergency measures should never replace safe process conditions, and

2. A simple error should have no chance to result in severe consequences.

The first sentence represents the well-known principle that prevention is better than protec-
tion, which still is better than curing. Consequently, effective accident prevention requires
that the root causes are identified and eliminated. (Only treating the symptoms does not cure
the disease!) The linkage between the (retrospective) lessons of past incidents and the (pro-
spective) safer design and operation is given by thorough investigation of incidents and acci-
dents.

Trevor A. Kletz, a famous British safety consultant once summarised: "Unfortunately, the
history of the process industries shows that many incidents are repeated after a lapse of a
few years. People move and the lessons are forgotten."
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Indeed, today investigations clearly show that accidents are very often triggered by operator
errors, but that their underlying causes are found elsewhere in the organisation. So, investi-
gations focusing only on the immediate causes or on the consequences of an accident
usually are of very little use, because they sometimes just allow putting the system back on
stream (until the same incident happens again!). As a consequence, human failures or ope-
rator mistakes are not always acceptable as results of an accident investigation, because
people will also in future operate, service and repair the system. These findings have been
summarised in a HMSO Publication from 1992 as follows:

"The majority of accidents and incidents are not caused by "careless wor-
kers" but by failures in control within the organization or within the parti-
cular job, which are the responsibility of management."

Fig. 5 (taken from R. C. Mill: "Human Factors in Process Operations", The Institution of
Chemical Engineers, Rugby, 1992.) shows the development of main accident causes during
the last 20 years. This clearly is a result of the constant adaptation of the focal points of risk
management systems in chemical industry.
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Figure 5: Development of accident causes in chemical industry during the last 20 years
(From R.C. Mill: "Human Factors in Process Operations", The Institution of Che-
mical Engineers, Rugby, 1992.)

4. On Remaining Risk and its Components

It is beyond the scope of this paper to describe possibilities to evaluate and assess the risks
and the thermal criticality of chemical reactions and to draw the corresponding conclusions.
So, my concluding remark refers to the gift parcel shown in the lower right corner of fig. 4,
and representing the residual risk: Having performed - seriously and consciously - the diffe-
rent steps of a risk analysis as indicated in the picture, we should be aware that in most
cases we could not eliminate the risks, but only reduce them to an ..accepted" degree of the
remaining risk. We should bear in mind that this remaining risk basically consists of three
components:

> the consciously accepted risks

> the detected but misjudged risks

> the undetected hazards.
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We should never forget that there might be serious problems hidden within the last compo-
nent, the ..unknown" one!

Discussion

Wiedemann: Two short questions - the first one: To my knowledge the chemical industry
doesn't use probabilistic risk assessments. Can you give any reasons why? The second one:
I think, in the public discussion about risks associated with chemical industry there is a shift
from accidents towards the products. The risks associated with a product, are now more in
the focus of the discussion; for instance, the discussion on adequate structures is more re-
lated to the product and not related to the production.

Schmalz: I refer to your first question. We did not like to make any probabilistic risk as-
sessments mainly because we don't have the data. The problem is that if one has, for in-
stance, a safety valve, a pressure reduction valve and it is operated under different conditi-
ons - here highly clean argon or nitrogen and there aggressive, corrosive media - one can-
not compare the figures, and the corresponding statistics are also missing. If we would then
come out with final numbers the problem would be their credibility. We make probabilistic
risk analysis only in those cases which have a high potential of risk variation, where we have
corrective measures that could reduce probability, i.e, process control, emergency planning,
etc. There we want to investigate the reliability of those systems. We make probabilistic risk
analysis, but mostly to identify an item that could be improved or to add another one, which
may be a better solution from an economic point of view. We have made (and never pub-
lished it) the first quoted PRA for a chemical plant that has been shut down in the meantime,
in Bath, England. Year by year another risk analysis was made for this plant with another
system, another team, and finally the result was clear: the highest risk is in transportation,
not in the chemical operation. The conclusion was that we can reduce the risk of transporta-
tion by making our vehicles as safe as the process. Second question: We still are looking for
a kind of overall risk analysis or life cycle analysis adequate for our products. Besides that, it
is pretty difficult to get all the communication we need. In Switzerland, the chemical industry
has recently funded a chair at the ETH in Zurich (Prof. Hungerbuhler) doing research in envi-
ronmental protection for the chemical industry. In this context, we really can tackle LCA and
global risk. I have to confess that this was done for 3 or 4 plants only and not for the whole
industry, in particular not for the pharmaceutical industry.

Dortland: I wonder if a ,,chemical problem" exists in public perception, I don't think so, not if
compared to nuclear energy. And I think that Dr. Wiedemann's remark, that if there is che-
mophobia - which to some extent exists among the public - this is not related to chemical
accidents or to the chemical plants, it is more related to operational releases of chemicals
and the widespread presence of chemicals: besides, I think that even if there is some an-
xiety in the public, it will hardly ever cause any problems with the building of new chemical
plants. There is very little debate on building new chemical plants and it is very scarce that
there is a public request for a ban on any chemical substance. I think, therefore, that in com-
parison with nuclear industry, we don't have any problems with chemical industry.

Schmalz: Chemical industry is, nevertheless, in the focus of public concern. I don't know
why it differs from the public concern about nuclear industry. But the problem still exists that
there is no chance to build a new chemical factory. From the pharmaceutical perspective, if
there is a new product, it has to be on the market fast. So one needs to quickly adapt the
production units, in very rare cases maybe build new plants, in any case there is a need for
quick action. But for going into production one needs a governmental allowance. And there
problems arise due to the long time this takes. If one wants to get a public clearance to start
operating a nuclear plant in Germany, it can take ten years. But nobody has to apply for a
chemical plant. If we do the same in Switzerland we have to expect objections. As all the
chemicals companies are international corporations, so-called ,,multis", it would not be a pro-
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blem to get the same product one way or the other. The problem is that my company is a
Swiss company and that our home is Basel; we want to produce and earn the money here.
And it's here that we have discussions with the public living around the plant.

40



SINTER-Workshop Ascona, 1-3 April 1998, Proceedings

Transports (railways) and their Fundamental Risks
Hans-Peter Hadorn*

M it Sicherheit
SBB CFF FFS

Workshop / ETHZ / SINTER-Network

Transports (railways) and their
fundamental risks

H.-P. Hadorn, SBB Safety Division
April 1998
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H.-P. Hadorn, Head SBB Safety Division
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Accident-rate of UlC-Railways

Safety of Transportation, Delft, 19/02/1938 SBB CFF FFS
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Goal

sector
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Making Risk comparable
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A SBB fire and
release of DG

B OBB(1993)
C SBB derailments

and collisions
D USA air traffic
E DB Tunnel (1982)
F British Rail (1992)
G SBB industrial

accidents
H DB level crossings
J USA road traffic

Idee Dbernommen von EBP
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Marginal costs
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Comparison of Projects
Project

Impact to pillars Airport-Station ZH
A) Elevation of banquet, Reinforcement 1%
B) Elevation of banquet, Reinforcement 2%
C) walls

Train Supervision
A) Optimum (7 add. detectors)
B) Concept 95 (64 detectors)

Safety of a new building line
A) Measures Hirschengraben - Tunnel
B) Measures Zurichberg - Tunnel
C) Measures Stadelhofen - Station
D) Measures Stettbach - Station

Riskassessment Erstfeld Station
A) Measures Package 1
B) Measures Package 2
C) Measures Package 3
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MarginaI costs and their Iimits

good tool for frequency damages "
homogeneous scale - costs/money
possibility to compare (big - small, old - new)

difficult to communicate
limits for disaster provision

anyway: indispensable for companies

Safety Division // SM // 27. March 98 SBB CFF FFS
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Aversion

without Aversion
with Aversion

Extent of the damage
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Hazardous goods flows

• M Rorechach

Land quart
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Categories for protection targets

risk of harzardous goods

"mechanical" risks

total risk of railways

total risk of railways

"mechanical" risks

BBS
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General prevention target

Frequency and consequence of scenarios are to
be minimized as far as it is technically and ope-
rationally feasible and economically bearable as
well, including the respect of supreme criteria of
planning and application of the safety design for
the integral system

Detail targets:
• Determination of quantitative protection

targets on a legal basis
• quantitative targets must rely on the

respective event origins
Safely Division / 27.03.98 98-15Q-E.DOC/30.03.98/BC

Why protection targets?
measurable criteria (-> perception of deviations)
criteria for planning
convergent judgement of risks (F/N-curve, marginal
costs)
base fo communication
requirements to the 'NEAT-project for quantification
of protection targets
preventive risk strategy
introduction of risk categories
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Problem: Data

largest railway accident of the world: 1917 Modane (F),
543 fatalities
largest railway accident of the USA: 1918 Nashville,
101 fatalities
largest railway accident of Switzerland: 1948 Wadens-
will, 22 fatalities

Safety Division // SM // 27. March 98 SBB CFF FFS
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Communication framework

constructive dialogue with the authorities

safety from the point of view of the public:
- the risk of a technical system goes far

beyond the technical dimension

(-> the company has to recognize this fact)

reasonable cost-benefit-relations are crucial

Freight Freeways
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Risk dialogue instruments/platforms

dialogue platforms whitin the railway industry, with
shippers (clients), with the authority

quality agreements/quality management (i.e. ISO)/
process safety management

prevention fund for transportation of hazardous goods
(shippers, transport companies)

•=> ,,innovation driven"-prevention measures

Safety Division / 27.03.98 98-13Q-E.DOC/30.03.98/8C

System innovation and risk acceptance

new railway high-speed-systems

• i.e. Japanese 'Shinkansen'-System:
no passenger fatality since 1964 (opening year)

• i.e. French 'TGV-System:
no passenger fatality since 1981 (opening year)

«=> Eurotunnel-System:
a fire-accident after 1 operating-year (some slight injuries)

Safety DMsion/27.03.96 98-12O-E.DOCC6.10.98/eC
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New Gotthard-tunnel
risk prevention approach and R&D

•=> only a 'safe' train enters the tunnel

•=*> (active) aerodynamic-management enhances
the efficiency of fire intervention-schemes

need of R&D

•=> for detection systems (derailment, fire)

<=> aerodynamic design

Safety Division /27.03.96 96-14Q-E.DO0rai.O3.9e/BO •EDSBBCFFFl
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New Gottharcl-Tunnel
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Importance of a safety philosophy

Jn the absence of a clear philosophy of safety, you end
up piling up a lot of requirements, one on the top of
another, ,,Pelion upon Ossa" - and grief all the way for
the client - who pays. You aggregate, rather than
optimise: you create, as we have, a tunnel system
designed and built to a standard of safety provision so
high that it would exclude the equipement long in use in
tunnels everywhere else with an excellent safety record"

Sir Alaster Morton, Co-Chairman of Eurotunnel 1995

Safety Division // SM // 27. March 98 SBB CFF FFS
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ELECTRONICS
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Discussion

Fiorini: I'm not sure whether an accident or the perception of the risk of transport would re-
ally affect the amount of transport. The Channel tunnel is perhaps a special case, but take
for instance the Aerotrain, do you think that now people do not take the train because there
has been an accident in France?

Hadorn: No, I don't think this is the case. The perception of risk in the Swiss railway system
cannot be compared to the one in chemical industry as far as the acceptance of railway
transportation is concerned. I think there is no direct correlation, except maybe for single
cases, but, in general, that accident has had no visible effects. On the other hand, there are
effects when it comes to transport of hazardous materials in trains.

Dortland: In the Netherlands, the highest risk areas are the great relay stations. Originally,
or historically, all these stations or most of them are within urban areas. There are some
problems there, because according to the Farmer curves, the risk generally is exceeding the
10s limit. There is a project for the reduction of these risks, but as there are very limited pos-
sibilities to do so by either technical or operational measures, two options are left: Either one
removes houses or relocates the station. Both options are not very amusing. I have two que-
stions: Does the same problem with great relay stations exist in Switzerland? And, secondly,
is there such a risk limit as 10'5 which one tries to achieve?

Hadorn: To answer your first question: we don't have exactly this problem in Switzerland
yet, but we will. By next year we will have a pilot risk analysis study together with the envi-
ronmental authority and the discussion on measures for shunning marshalling yards will be-
gin this autumn. We have three main problematic places: In the Basel area we are confron-
ted with a joint risk consisting of the near chemical plants combined with transportation and
marshalling yards. There, we must cooperate and thorougly discuss the situation with the
authorities. The same problem exists in the Zurich area: when the marshalling yard was built,
it was in a very open area, but it now is surrounded by complex suburban structures. I think
we must have a general final discussion: how do we want to organise the transportation of
hazardous goods: on a national scale, or perhaps on a European scale, considering the Se-
veso directive which also deals with the handling of hazardous goods in marshalling yards. I
think that we will have a discussion on the optimal transportation of hazardous goods, that is
on the different transportation systems, road, rail or other possibilities, or finally - which is
quite theoretical, but would, of course, be best - on avoiding transportation of hazardous
goods at all. Before starting our strategy with the local yard discussion we will seek a general
discussion with the transportation and environment ministry. Second question: As to accep-
table risks, we are quite on the same scale. Differences exist with regard to parameters, e.g.
the definition of the local geographical length: Is it 1 km or 500 m or something else? Then
one can get perhaps a difference of 1/10.

Fiorini: Do you have the notion of common modes? Because the figures 10~5, 10s are simi-
lar to those used in nuclear safety, but there we have a notion that is linked to the common
modes that are not really identified but assume that several implemented systems can fail to
achieve such a number.

Hadorn: If we apply the Farmer concept and enter the field of too low frequencies, within the
data reference and all these new concepts and even in the risk analysis of an existing plant,
yard or line, which was not the case 50 years ago, then we must make such another ap-
proach to get all the possible procedures and we must adopt a potential process analysis.
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Comparative Risk Assessment & Risk Management
loannis Papazoglu*

1. Introduction
Comparative risk assessment and risk management refers to the art and science of decision
making. No rational or intelligent decision that should or claims to take into consideration risk
issues can be made without a quantified assessment of risk. This presentation will try to pro-
vide a brief description of the basic elements of quantified risk assessment (QRA) and indi-
cate how it relates to comparative risk assessment and risk management in general. Given
the extend of the subject and the sophistication of the audience, this presentation will be
highly descriptive and brief and the main objective will be to establish a common terminology
in the hope that it will help the discussion in this workshop.

The importance of risk management in innovation and progress had been recognized early
by humanity. Five centuries before Christ, Perikles, one of the most important leaders of
ancient Athens during the golden age, outlined the importance of risk management in its
famous Funeral Oration delivered on the occasion of honoring the soldiers that died in one of
the battles against Sparta during the thirty-year long Peloponnesian war. In this speech Pe-
ricles outlined the basic features of the democratic political system of Athens making it, in his
opinion, the best in the world. Figure 1 presents a part of a speech referring to risk and its
role in decision making. In describing the essence of their political system he stated that
Athenians submit their decisions on policy to proper discussion. He went on stating that
Athenians are capable of estimating risks before taking a decision and this was a funda-
mental difference of superiority of Athens with respect to the remaining city states of that
period.

<^tbenians in our persons/ take our decisions on policy and

submit them to proper discussion. ^"be worst thing is to rush into

action before the consequences have been properly debated. ^^\nd

this is another point where we differ from other people, \%fte are

capable at the same time of taking risks and estimating them before

hand. £)tbers are brave out of ignorance; and when they stop to

think/ they begin to fear. J£ut the man who can most truly be

accounted brave is he who best knows the meaning of what is

sweet in life/ and what is terrible/ and he then goes out undeterred

to meet what is to come".

from Pericle's Funeral Oration in Thucydides'
" History of the Peloponnesian War"

(started in 431 B. C.)

So this was one of the first statements on risk assessment and about how to make decisions

Dr. I. Papazoglu, Director, Laboratory of Systems Reliability and Industrial Safety, National Center for Scientific
Research nDemokritos
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in the face of uncertainty and in the face of possible undesirable consequences. What it is
not clear from this statement, however, is what was the meaning of "estimating risk". Did it
include the notion of uncertainty along with that of the possible consequences? Were the
possible consequences weighted with their relative likelihood of occurrence? I am not in a
position to offer an opinion on this subject. What is certain, nevertheless, is that ancient
Greeks despite their enormous intellectual achievements lacked the fundamental concept of
probability. So if uncertainty was taken into consideration it was taken only in a qualitative
sense. According to Peter L. Bernstein in his highly recommended book ,,Against the Gods:
The Remarkable Story of Risk" the reason the concept of probability evaded the Greeks was
their lack of a proper numbering scheme. Using the letters of the Greek alphabet in se-
quence to represent numbers makes calculus extremely difficult and complicated. It was not
before the Hindu-Arabic numbering system reached the West seven to eight hundred years
ago that the concept of probability was introduced by Blaise Pascal and Pierre de Fermat in
response to a challenge by Chevalier de Mere. The question was how to divide the stakes of
an unfinished game of chance when one of the two players was ahead. Berstein calls proba-
bility the mathematical heart of the concept of risk. The ability to quantify risk and use it in
rational decision making enabled humanity to make the gigantic steps and the spectacular
progress of the last six, seven hundred years. Again quoting from Berstein "the ability to de-
fine what may happen in the future and to choose among alternatives lies at the heart of
contemporary societies". And in the hart of risk management lies the ability to quantify risk.

2. Quantified Risk Assessment

Before starting describing the fundamental methodological and procedural steps of quanti-
fied risk assessment it is important to formally define what we mean by risk and in particular
by quantification of risk. As mentioned before the concept of risk comprises two basic and
fundamental concepts: undesirable consequences and uncertainty. Risk is always associa-
ted with the future. We choose to adopt and use a particular technological system and its
operation might bring, along with the expected benefits, some undesirable consequences.
The important feature of these consequences, however, is that they are not expected to oc-
cur with certainty but they are characterized by uncertainty. Quantifying the risk means
quantifying or measuring its two main components, the consequences and the associated
uncertainty.

Focusing on the particular type of risks we are gathered to address these two days, we will
confine our discussion to the operation of a specific class of technological systems, namely
those that involve the handling of hazardous materials. These are materials that if released
to the environment can have detrimental effects to public and worker's health, to various
segments of the environment, as well as, incur economic losses. Consequences can, and
usually are, measured in many dimensions. One dimension along which we measure health
effects is for example the number of deaths resulting from an accident. Having defined all
the dimensions along which the consequences are measured, the next step consists in de-
termining the uncertainty associated with them. This is done in terms of probabilities. Un-
certainty about the exact value of the consequence that might occur is quantified by asses-
sing the probability with which we expect each particular value to occur. In other words we
model the potential consequences as random variables each with a range of possible values
and a probability measure defined on this range. Since most consequences are measured
along the axis of real numbers ( e.g. number of dead people, number of injured people, area
of land lost to certain uses) the probability measure is expressed in terms of the probability
density function or the more frequently used Complementary Cumulative Distribution Func-
tion or CCDF. This latter function gives us the probability that the consequence will be larger
than a particular level of the consequence.

Determination of the CCDFs (or other equivalent expression of the probability measure) con-
stitutes a complete quantified expression of the risk since it contains all possible information
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on the range and associated probabilities of the consequences. This is not always sufficient
for the most important reason for quantifying risk, that is risk comparison or more generally
risk management, but we will come back to this issue later.

One other very important aspect in the definition of risk of technological systems we are
discussing here is that it refers to accidents, that is to events that are not expected to hap-
pen with certainty during normal (as designed operation). In contrast the operation of a sy-
stem might as part of its regular operation release to the environment at a known and inten-
ded rate a hazardous material the dispersion and effects of which might be characterized by
randomness. Accidents in general consist of a sequence of events with the following cha-
racteristics. Something happens internally or externally to the system (initiating event) that
brings it outside its operating envelope, the system responds (hardware and human) and
either copes with it or ends up in a damage state. This in turn might result in the release of a
smaller or larger quantity of hazardous material to the environment which in turn might cause
a smaller or larger damage (measured in one or more of the selected dimensions). This se-
quence of events provides also a procedural sequence for risk assessment and we can con-
clude by saying that QRA is trying to answer the questions shown in Figure 2.

• WHAT CAN GO WRONG ?

• HOW OFTEN CAN THIS HAPPEN ?

• WHICH ARE THE CONSEQUENCES ?

• HOW LIKELY ARE THESE CONSEQUENCES?

Figure 2: Questions answered by quantitative risk assessment

I. HAZARD IDENTIFICATION

II. ACCIDENT SEQUENCE MODELING

III. DATA ACQUISITION AND PARAMETER ESTIMATION

IV. ACCIDENT SEQUENCE QUANTIFICATION

V. RELEASE CATEGORIES ASSESSMENT

VI. CONSEQUENCE MODELING

VII. DATA ACQUISITION AND PARAMETER ESTIMATION

VIII. CONSEQUENCE QUANTIFICATION

XL INTEGRATION OF RESULTS

Figure 3: Major procedural steps in QRA

We can now proceed to the formal definition of nine major procedural steps in QRA as
shown in Figure 3. The first four refer to what might happen in the installation itself (someti-
mes referred to as Front End analysis), the next four refer to what might happen outside the
installation (sometimes referred to as Back End analysis) and the final step integrates the
results into the final quantification of risk.
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Front End Analysis

Front end analysis can be further subdivided into a number of procedural and methodologi-
cal tasks as shown in Figure 4. The first step of Hazard Identification -and its associated
tasks - is the cornerstone, as far as I am concerned, of risk assessment. Figure 4 shows four
tasks for this step but depending on the particular type of system and the approach more or
less tasks can be defined. (For example in nuclear power plants there are usually nine tasks
in this step). Completion of this step can never been successful without a deep and thorough
understanding of the system under analysis and this in turn means that no risk analysis can
be successful without of the people that intimately know the installation that is, the operators
and the other persons involved with the various operational cycles of the installation. What
we are trying to do during this step is to identify: the sources of risk which in our particular
situation means the places in the installation where the hazardous materials are concentra-
ted in amounts large enough that could result into insignificant consequences if released;
ways in which something can happen that could initiate a sequence of events leading to the
release of materials; the built-in safety features for the system and how they are challenged.
In a few words this step tries to develop the background information and understanding ne-
cessary to establish a model of the system.

I. PLANT
FAMH4ARIZATION

4. PLANT
RESPONSE

ACCIDENT
SEQUENCES

<SYSTEM>

ACCIDENT
SEQUENCES
GROUPING

2. IDENTIFICATION
OF RISK

SOURCES 'r
3. INITIATORS
ONTERNAL)
(EXTERNAL) i

SYSTEM
RELIABILITY

era)

ACCIDENT
INITIATORS

(FREQUENCY)

HARDWARE
FAILURE DATA

HUMAN
ERRORS

\ J !

| _4

| - '

I ; DESIGN
| \DEQUACY

METHODOLOGIES

•FAULT TREES
•BLOCK DIAGRAMS

•ETC..

Figure 4: Risk assessment methodology

Building of this model constitutes the second major procedural step. The objective of this
model is to develop an as complete as possible list of all the sequences of events that start
with an initiator and through a combination of hardware failures and/or human actions result
in an installation-damage state. This is the list of accident sequences. The model incorpora-
tes the range of events that can start something that is probably outside the envelope of
normal operation and the response of the system to this challenge that either brings the sy-
stem back to a safe state or to a damage state. To complete this model we have to do more
detailed models for the technical and the human part of the system and there we use
techniques like fault tree analysis or other system analysis, human reliability analysis and so
on. This step concludes with the grouping of the identified accident sequences into damage
states by clustering together all accident sequences that have the same result as far as the
damage to the installation is concerned.

Identification of the range of possible damages to the installation through the first two steps
is a very important achievement but as with every other aspect of risk assessment it is not
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enough. We must proceed with the quantification of the uncertainty associated with each
possible damage state and this is done in the next two major steps.(see Figures 3 and 4). In
essence these two steps aim at assessing the frequency with which each damage state is
expected to occur or, equivalent^, the probability of occurrence within a specified period of
time. This is accomplished by considering the accident sequences as composite events and
determining their probability of occurrence through the corresponding probabilities for the
constituent or basic events. The third step amounts to quantification, through experiential
data, of the parameters of appropriate random processes modeling the random character of
the various events. If such data exist for the particular installation, or as is usually the case if
the effort to collect them is warranted, plant - specific results are obtained. Alternatively
quantification of probabilities is performed on the assumption that the events in this installa-
tion will occur at the same rate as in other similar installations for which data do exist.
Finally the fourth and last major step of the Front End analysis consists in actually quantify-
ing the models developed in the second step with the data gathered in the third step

Many critics of the QRA approach claim that the last two steps (III, IV) are not possible owing
to a paucity of data. We will return to this important issue later.

Back End Analysis

As we said before quantification of risk means assessing the range of possible consequen-
ces and their associated probabilities. Furthermore depending on the objectives of the ana-
lysis the definition of the consequences may vary. For some purposes the determination of
plant damage states might be enough. In a telecommunication system, for example, deter-
mining the extend of the damage which in turn determines the extend of the area without
services, the time, and cost of restoring normal operation might be enough to measure the
severity of the undesired consequences of an accident. In installations handling hazardous
materials one might be interested to measure the effect on public health directly. This is do-
ne in what by some is called back end analysis or by others consequence analysis.

Here again one can distinguish four major procedural and methodological steps - steps V
through VIM in Figure 3.

Since health and the environment is threatened by the exposure to phenomena caused by
the release of hazardous materials the first major step in the back end analysis consists in
assessing the various release categories that might occur that is, the amounts and the con-
ditions (physical and or chemical) under which they are released. By conditions we mean all
those properties that might affect the intensity and the duration of the extreme phenomena
that might have adverse effects on health and/or the environment. To make this presentation
somewhat less abstract we will confine the discussion to hazardous materials that pose a
threat either because are radioactive or toxic. Again the distinction between nuclear power
plants and chemical installations handling toxic material is necessary.

In nuclear power plants, the assessment of release categories traditionally follows the analy-
sis of what happens after the integrity of the core is lost that is, the analysis of containment
performance and the fate of fission products inside the containment. Nine specific tasks
can be distinguished as shown in Figure 5. We have to develop an insight on how the con-
tainment is going to withstand various complex phenomena that might follow the core melt
(these are the first three tasks in Figure 5), and on the behavior of fission products in the
various phases of the accident, inside the fuel, inside the vessel, inside the containment
building, how much is retained, how much eventually will reach the last barrier of the nuclear
power plant which is the containment (tasks 4 through 8 in Figure 5). The phenomena invol-
ved are so complex and the associated uncertainties so large that a deterministic analysis
even conditional on a specific damage state is not possible. A multitude of possible outco-
mes of specific events must again be considered each associated with a probability of occur-
rence. These are arranged in the form of event trees and those describing the possible pro-
gression of accident inside the containment ( e.g. whether steam explosion will occur or not)
are called accident progression event trees (APETs) and those addressing the integrity of
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the containment and the possible failure modes containment event trees (CETs). A great
number of accident sequences are produced and they are further grouped into release cate-
gories in the ninth and final task as shown in Figure 5.

1. Containment Performance
2. Severe Accident Progression Analysis
3. Development and Quantification of Accident Progression

/Containment Event Trees
4. Grouping of Fission Products
5. Release of Fission Products from Fue! During the In-Vessel

Phase
6. Retention of Fission Products Within Reactor Coolant Systems
7. Release of Fission Products During the Ex-Vessel Phase
8.Retention inside Containment
9. Binning of APETs/CETs into Release Categories

Figure 5: Tasks during back-end analysis

Release category assessment in chemical installations handling toxic material is less invol-
ved since the associated phenomena are less complex. In these installations plant damage
usually determines the location and the size of the containment break. If this happens in the
vapor phase then all we need is an outflow model that will determine the rate at which vapor
is released in the atmosphere. If the break is in the liquid phase then in addition to the out-
flow model we need an evaporation model that determines the rate at which vapor is relea-
sed to the atmosphere. These two tasks are shown in Figure 6 where all four major steps of
back end analysis decomposed in typical tasks are depicted.

Having assessed the amounts and the conditions under which the hazardous materials may
be released to the environment the next step consists in determining the pathways through
which these substances reach the sensitive receptors - be humans or sensitive sectors of
the environment, in the air, in the soil, in the water and so on. Furthermore we have to asses
the intensity with which this happens and its effects. All these constitute the sixth procedural
step of consequence modeling. Figure 6 gives the tasks necessary to complete this step in
the case of atmospheric dispersion of the dangerous substance and its effect on health. To
calculate the temporal and spatial concentration of the released substance a model of its
dispersion in the atmosphere is needed, coupled with a realistic model of the terrain above
which the dispersion takes place and a model providing the weather conditions (see Figure
6). Land uses and potential emergency response plans provide the temporal and spatial dis-
tribution of the population. Combining magnitude of concentration and time of exposure pro-
vide a measure of the exposure to the hazardous material, called dose, for each of the ex-
posed individuals. The effect on health (death, severe or less severe injuries) of a particular
dose is not always known with certainty and thus an additional model (dose-response) is
necessary to bring us at the final result which is a measurable health effect.

Even this limited and very brief description of the fifth and sixth major steps of risk assess-
ment concerning modeling of consequences beyond the installation indicates the need for a
large number of models simulating complex physical phenomena. All these models are in
need of data for quantification. This is done in the seventh major step and the actual quanti-
fication of the models in the eighth major step, (see Figure 3). I made this distinction of two
major steps concerning data acquisition and quantification to stress the analogy between the
front-end and the back-end analyses and in order to remind you that need for data and un-
certainties exist throughout the quantification of risk. To assess the consequences of a parti-
cular installation damage modeling of complex phenomena is necessary under very little
information and extrapolating from limited experiments very seldom performed under reali-
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stic situations. As a result these models are fraud with uncertainties stemming from lack of
knowledge and/or stochastic variability.

fin DATA ACQllSIT ION.

P\RA\reTER ESTIMATIONWEATHER
CONDITIONS

EMERGENCY
RESPONSE

PLAN

CONSEQUENCE
\ MODULE

\ i

\

DOSE-RESPONSE
MODEL

i

Figure 6: Risk assessment methodology, steps V, VI, VII, VIII

Risk Integration

We now have all necessary ingredients to quantify risk. In the front-end analysis we have
determined the range of possible damage states of the installation and the frequency with
which we expect each one to happen. Let me open a parenthesis here and note that we do
not know only that. We know much more, we have a wealth of information. We have esta-
blished how these damages can come about and this is very important as we will see
shortly when we will address the issue of risk management. In the back-end analysis we
have determined -for each and every damage state- which is the ranges of possible conse-
quences and the associated probabilities of occurrence. Here again we have established
much more but we will return to this shortly. Combining these two results we finally reach our
ultimate goal. We have established the range of possible consequences and the associated
probabilities. This is the ninth and final major step of quantified risk assessment.

Before concluding this short description of the procedural steps of quantified risk assess-
ment let me comment on the question of data. There is a certain criticism and we heard it
this morning that it is not possible to do risk assessment because we don't have data. I have
a big problem with that statement. First I do not believe that this is the case. We do not have
all the data we would like to have but then this is in the very nature of risk assessment: to
quantify uncertainty to the best of our ability and guide us in the relevant decisions. Second
what is the offered alternative? To do what? Choose something in random and pretend we
know everything? This reminds me of the drunk in search of his key. He is under a lamppost
in an otherwise dark street looking in vain for his key. A sympathetic passerby after asking
the object of the search is asking: "Are you sure this is where you have lost your key"? only
to get the answer "NO but that's where there is light. Ladies and gentlemen we are not going
to find our key without quantified risk assessment. If there is not enough light where we
have lost it lets try to get some light not move somewhere else.

3. Risk Management

Quantified risk is very useful because now we have something that can guide us in making
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decisions when risk is supposed to be relevant. First lets suppose that we want to decrease
the risk from a particular installation or from a whole technology. We will come back later on
the question of why we want to do that and by how much.
Which is the best way, the most efficient way of improving things within a particular type of
technology? We refer collectively to all decisions that aim at altering the level of risk (or the
safety) of a technological system as risk management.

SYSTEM
ANALYSIS

(FRONT END)

1

CONSEQUENCE
ANALYSIS

(BACK END)

• SITING
• NEW DESIGN (WEAK POINTS)
• TEST & MAINTENANCE POLICY
• OPERATOR TRAINING
•IMPROVEMENT OF
MAN/MACHINE INTERFACE

• NEW TECHNOLOGY

I
• SITING
• EMERGENCY

PLANNING
(EVACUATION/

SHELTERING)
• SECOND OR THIRD

DEFENSE LINE

I
MITIGATION POLICY & STRATEGY

ASSESSMENT
(RISK MANAGEMENT)

Figure 7: Risk management

Since risk consists of two main ingredients, magnitude of consequence and probability of
occurrence measures to decrease risk come naturally in two categories. Those aiming at
reducing the probability of accidents and those aiming at reducing the magnitude and the
probability of consequences of accidents. The former are called preventive measures while
the latter are called mitigating measures. This is schematically shown in Figure 7 where
some types of preventive and mitigating measures are also listed. Siting for example can be
both a preventive and a mitigating measure. Siting an installation away from geological faults
reduces the probability of an earthquake-induced failure hence it is a preventive measure.
Siting the installation in sparsely populated areas reduces the number of possible fatalities
given an accident and hence it is a mitigating measure. "New design" is another example of
preventive measure, we heard about such a proposal this morning in the form of a design for
a nuclear power plant that would "eliminate risk". I have to state here that I don't agree with
the statement of risk elimination although I agree with the intention. In my view it is better to
state that a particular design would decrease the risk to acceptable levels rather than elimi-
nating it. Unless we are ready to claim and possibly prove that consequences are a physical
impossibility claims of risk elimination are potentially dangerous. What it was acceptable risk
yesterday it is not acceptable today, and what it is acceptable today ("eliminated") might not
be acceptable tomorrow. Another mitigating measure is emergency response planning. By
efficiently evacuating or sheltering people around an installation in the event of an accident
we reduce the collective dose that the population receives and thus we are reducing the
consequences of an accident. This morning we heard about developing a new design for
which emergency response off-site will not be necessary. I guess this means that the proba-
bility of off-site consequences will be so low that plans for evacuation or sheltering will not be
justified. And how can this be achieved? By adding additional lines of defense, additional
barriers between the radioactivity in the fuel and the environment. We can then claim that we
have reduced risk because of the quantified risk assessment we have made in previous de-
signs allows us to claim that we have eliminated this or that type of accident sequence or
that we have reduced the probability of another to negligible levels.
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4. Risk Comparison

Although QRA provide us with the necessary insight to identify the important contributors to
consequences or the probabilities with which accidents can happen, sooner or later we will
face the question of risk comparison. We will have to compare two alternatives with respect
to risk. Some times the comparison will be easy. Two alternatives might result in the same
consequences with different probability or to different magnitude of consequences with the
same probability or one might result to lower consequences with lower probability than the
other. In these cases comparison is straightforward. It is just a matter of scientific and engi-
neering assessment. Because up to this point quantification of risk, that is assessment of
consequence ranges and associated probabilities was "objective" in the sense that it was
"value-free" and unbiased from political, or professional, or ideological constraints. But the
most important advantage that QRA offers us is the possibility of comparison. QRA provides
a common base for comparing different design alternatives or different technologies from the
safety or risk point of view. A first step for risk comparison is to provide whenever necessary
consequences measured in the same dimensions. We can compare the risk of dying from a
toxic material, the risk of dying from radiation or from an accident in driving in a car. So it is a
common denominator, it's a common measure with which we can compare different hazar-
dous activities. But in order to do this in all instances we will have to be able to answer que-
stions of the form which risk is greater a) 100 deaths that might happen with probability of
10"2; or b) 10 deaths that might happen with probability 10'1? The answer to this question is
not straightforward in the sense that all three possible answers are possible. There is no
"objective" or "scientific" answer to this question. It involves personal values and attitudes
versus risk in other words we need a preference assessment. We are entering the area of
risk perception. This is a huge issue very hotly debated in our days. We will here a lot about
it during this seminar and we will have a chance to discuss it perhaps in depth. But for the
purpose of this presentation we have to agree that risk assessment in itself, albeit important,
is only partly useful unless it is accompanied by a capability of comparing different risks. We
can call this capability risk evaluation. Risk management is not complete without the capabi-
lity of comparing different risks. This means being able to compare consequences of diffe-
rent magnitude but expected with different probability (as the question above), and even dif-
ferent types of consequences expected with different probabilities (e.g. acute fatalities and
fatal cancers). Figure 8 provides a schematic presentation of the two important ingredients
of risk management, risk assessment and risk evaluation and the scientific and engineering
disciplines that are addressing each component. Questions of risk evaluation like risk aver-
sion are formidable and very easy to answer. At least engineers do not feel very comfortable
with this type of questions. But they can be answered and they are implicitly answered every
time a decision is being made. It is better therefore, to try to clarify and make explicit which
are the value tradeoffs involved with each and every decision that it is being made.

Examples

Let me conclude this presentation by giving you two examples of risk management that in-
volve both quantified risk assessment and risk comparison although within the same tech-
nology. The first has to do with emergency response planning. Figure 9 shows the area
around a nuclear power plant about thirty miles north of a large metropolitan population
center. The question is to determine the best emergency response policy given that there
are four alternative protective actions, evacuating, sheltering in houses, sheltering in large
buildings and continuing normal activities. Dividing the general area around the land into little
squares where one of the four alternative.protective action could be applied, ah emergency
response policy is defined when the alternative protective action in each and every little
square has been defined. It follows that one is faced with zillions of possible emergency re-
sponse policies, or actions around the plant. Now each one of those possibilities has certain
consequences. For this application we have chosen to measure them in three dimensions,
namely acute fatalities, latent fatalities and cost associated with each policy. The latter can
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Figure 8: Schematic representation of risk management

include not only economic but other social aspects. In the application we have used a
weighted number of the people involved in each of the four protective actions to measure
cost. QRA provide us with an estimate of the risk measured in the two dimensions of acute
and latent fatalities. Assuming a specific preference structure to trade uncertain outcomes
within the same dimension with certain equivalents we have replaced the uncertain outcome
of possible accidents with certain ones. Since we measure consequences in three dimensi-
ons each alternative emergency response policy is associated with one point in this 3-
dimensional space, and therefore one has to chose which one is the best. To do this one
has to make value tradeoffs between acute, latent fatalities and cost. This is a difficult issue.
To facilitate the relative discussion a method has been developed that eliminates all the al-
ternatives that can be "objectively" rejected and keep only the non-dominated or efficient
alternatives. An alternative can be rejected if there is another alternative that is better than
the first in all three dimensions that is, it results in less acute and latent fatalities and at a
lower cost. All the efficient alternatives in the consequence space form the so called "effi-
cient frontier". Since we are dealing with a three dimensional space this frontier can be vi-
sualized with two 2-d projections as it is shown in Figure 9. A graphic user interface (GUI)
has been developed that can be used to visualize the emergency response policy (ERP)
associated with each alternative. Figure 9 shows in the left part the ERP where each protec-
tive action is associated with a different shade of gray, and in the right the consequences of
this efficient policy in the two 2-D projections. One can move in the efficient frontier and
choose another point in the consequence space and observe the corresponding ERP in the
left side of the screen. By observing the relative changes in the consequences a point can
be chosen that it is felt to represent the most preferred alternative.
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I-m

Figure 9: Emergency response policy in an area around a nuclear power plant

A second example comes from the chemical industry. This has to do with a Land -Use Plan-
ning addressing a similar question from a different point of view. There is an installation and
the question is to establish the allowable uses of land around it. Different uses of land refer
to different types of activities affecting the types of buildings that are developed and hence
that population distribution around the plant. Different land uses imply different population
distributions and hence different levels of risk resulting from the operation of the plant. Again
the area around the plant can be divided into small elements each one amenable to one out
of number of individual land use types. A Land Use Pattern(LUP) has been defined once
each and every elemental area has been assigned a specific land use type. Again one is
faced with very many alternatives. Figure 10 shows the GUI we mentioned before for this
case.

Figure 10: Land Use Pattern in an area around a chemical plant

Different shades of gray represent different uses of land implying different population distri-
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butions around the plant. The right part of Figure 10 presents the efficient frontier in the con-
sequence space which now has only two dimensions: Acute fatalities (certain equivalents)
and benefits resulting from a particular land use pattern. As in the previous example this
analysis and the associated GUI can provide a basis for a systematic discussion that can
lead to the choice of the most preferred alternative.
I would like to conclude this presentation by stating that that quantified risk assessment cou-
pled with risk evaluation provides a clear systematic and self coherent basis for making deci-
sions concerning risks or as the current jargon has it risk-informed decision making. Despite
the various possible improvements and potential paucity of data it is in my opinion the only
way to proceed. Quantified risk assessment by itself does not solve problems but provide a
framework for identifying where to look for the most effective solutions. It is therefore a most
effective initiator and steering instrument for innovative Research and Development.

Discussion

Foskolos: How do you quantify the risk of not doing anything, of not having a certain
choice?

Papazoglu: I don't think that the risk of not doing anything is quantifiable in the sense that if
one wants to eliminate the risk, one easy way of doing it, is not to build the plant. In the sa-
me way we can minimise cost by not producing the product. So, there we have to look for
alternatives: If a plant is not built, one way and one answer can be that one will build some-
thing else. If something else is given, one will have to estimate the risk of this something
else. If we are not doing anything, then one will not have to estimate the risk, but the conse-
quences of living without the benefit of that other technology. If you ask me if I know an
answer to the overall problem of interrelated economic growth, well being, environmental
protection, and so on, I don't have it. In general, one has to define the benefit, and recognise
the consequences of this benefit - this is important - and try to quantify them. I regret that I
cannot be more precise.
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Risk Perception as Stimulus
in the History of Technology
Joachim Radkau*

1. The chance of reasonable public risk communication from the view of
history

Let's start with the "Titanic", but with an unusual point. The enormous and lasting impact of
the "Titanic" catastrophe of 1912 today frequently is explained by the assertion that this fa-
mous shipwreck destroyed the legend of the absolute safety of modem technology. It
seems, however, that this legend is a legend itself. In recent times, we often find exaggera-
ted imaginations of the alleged naive technological optimism of past times. In reality, one
could say, on the contrary, that the overwhelming impression of the "Titanic" disaster was
possible just because the public - the engineers included - were open for doubts into the
safety of big industrial technology And for the fear of the "revenge of nature" for human
presumption - even more than 50 years later!

A blind reliance in new technology seems to be a rather recent phenomenon in history. A
hundred years ago, no reasonable man could believe that techniques are absolutely safe .

Even the dilemma that just technical progress evokes an illusion of safety, which itself be-
comes an element of ,,unsafety", has been perceived as early as in the I9th century. A good
example is the so-called ,,safety lamp" (Sicherheitslampe) of the miners, which reduced , but
in no way eliminated the deadly risk of explosion. Already in late I9th century it has been cri-
ticised that the safety lamp made the miners and their managers sometimes too careless in
pushing the underground work and might thereby become a danger for safety. Another ex-
ample were the electric signals of the railways: Because they were not absolutely reliable in
I9th century, it was dangerous to rely exclusively upon them and to neglect the eyesight evi-
dence.

Exactly since the 1880ies, since the time of the crash of the bridge of Tay (1879)and the fire
catastrophe of the Vienna Ringtheater (1881), we can observe an increasing risk awareness
in the public.

The year of 1881 was perceived by the public as a year of catastrophes. It is a significant
simultaneousness that exactly in that year "nervousness" became a main topic in Germany
as in the United States some years before, and that the notion that we are living in a "ner-
vous age" became widespread during the 1880ies. In Germany, the new risk awareness had
some practical consequences; f. i. the PreuBische Schlagwetterkommission (commission for
preventing fire-damps in the mining) was founded in 1880, and at the same time, the testing
of materials in order to improve railway safety was enforced by German administrations.

As the Vienna historian Juliane Mikoletzky stated, already the Ringtheater conflagration was
a kind of common-mode accident, a "normal accident" in the meaning of Charles Perrow in
the sense that it did not result from a single cause, but from the interaction of diverse cir-
cumstances. Ulrich Beck's" risk society" - if this term makes any sense at all - is not so new.
Even earlier, public attention at technological risk developed especially in connection with the
railways; and this risk awareness had practical consequences.

Prof. Dr. J. Radkau, Universitat Bielefeld
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At that times, leading engineers did not deny the risk. Max Maria von Weber, the writing rail-
way engineer, depicts in some of his novels the railway traffic of I9th century during dark
night and snow-storms as a permanent mortal risk and the feeling of safety of many passen-
gers as a mere illusion. It is evident for him that much more has to be done in order to in-
crease the safety of the railway system. He pointed at the different risk standards of different
societies and at the inherent logic of these differences: F: i., in the American West where the
every-day risk of life was high, and where the railways were of vital importance and had to
be cheap and to be built quickly, society was willing to accept a great deal of railway acci-
dents, whereas in the midth of Europe, where people were used to a relatively high degree
of safety of life, and where life is possible even without railways; the requirements of safety
were much higher. This relation changed during the first half of the 20th century, when in the
United States arose a "safety first" movement, whereas Europe fell back in the course of the
two World Wars.

Anyhow one could state that the progress of technology was accompanied by a certain risk
awareness more or less since early times. Apparently, risk awareness does not hamper
technical progress. But does it promote technical innovations ? To be sure, it is not easy to
define the relation between risk perception and technical developments in the past (nor is it
easy for the present time). In December 1996, a conference of historians of technology took
place at the Eisenbibliothek near Schaffhausen on the theme: "Technical developments as a
consequence of catastrophes"; but at the end it seemed to be difficult to make a general
statement upon that topic. Apparently, one should not assume a simple causality but a more
complex relationship influenced by the specific historical situation.

On the other hand, the fears connected with early railways were not so irrational as often has
been asserted. Again and again -'from Treitschke's "Deutsche Geschichte" until Hitler's
"Mein Kampf" and so on - the absurd story of the Bavarian physicians' commission has been
told who allegedly declared that the mere sight of a train in full speed would cause mental
insanity - but this story is apparently an invention of railway enthusiasts in order to bring
disrepute upon their opponents. On the whole the real hesitations against the early railways
were more or less reasonable. And with the hesitations against the first automobiles it was
the same - the superstitious enemy of new technology seems to be a mythical figure in most
cases.

Therefore, one could conclude from the history of technology that a public dialogue upon
technological risk and risk evaluation has a good chance. Certainly, this dialogue will not
always be easy, and there have ever been differences of risk perception between different
groups and persons. But there has not been necessarily an insurmountable gap. Neither
were many engineers blind enthusiasts of every new technology nor was the public fre-
quently inclined towards irrational distrust. Besides, the railway history offers good examples
for risk perception being a driving force of improving the safety standards of technological
systems.

But, to be sure, I do not intend to draw a rosy picture of the chances of risk politics seen
from the view of history. That would be misleading, indeed. Never should one forget that the
history of risk management is foremost a history of indifference and of the effectiveness of
the law of inertia. As it has also been underlined by Franz Schmalz with regard to chemistry:
Incidents have frequently been forgotten after some years. There are important examples in
history that even where risks were clearly perceived and counter-measures were well-known,
too, action has been postponed again and again. A striking case is the history of ventilation
in the mining industry.

Besides, there exists a historical change in risk perception and risk management which has
its risks in itself. Formerly, in the building technology which was the origin of scientific tech-
nology risk prevention had been an integral part of technology, because the essence of buil-
ding static consists of preventing collapse. But in the course of development of machine

72



SINTER-Workshop Ascona, 1-3 April 1998, Proceedings

technology risk management becomes a separate sector being in competition with econo-
mics. And at the same time the risk which had been originally an evident danger became a
more and more ambiguous matter and, at the end, a matter of "safety philosophies".

2. Is preventive risk perception feasible?

Seen from the lessons of the past, this seems to be a more delicate question. Most histori-
ans do not believe very much in the prophetic capabilities of men, and they have good
reason for this doubt. With regard to historical experiences, one can argue that, generally
speaking, people react mostly upon clearly visible dangers - upon catastrophes which alrea-
dy happened - and not so much upon hypothetical risks, if they react at all. Wolf Hafele's
demand that the development of complicated new technologies has to cope with hypothetical
risks in advance - he thought that nuclear technology should play a "pathfinder role" in this
regard - is not easy to fulfil, and with reference to historical experiences one could state that
learning by doing is the most efficient way of risk management in the course of the develop-
ment of new technologies (... and that only such technologies are permissible where learning
by doing is permissible). One could list several examples from history in order to underline
that in technology "der Teufel steckt im Detail" - "the devil is hidden in details" which in part
cannot be predicted, and that those risks are the worst which nobody has realised in advan-
ce. That holds true, f. L, for many material problems: perhaps the most important and at the
same time, most difficult area of technical risk; even within nuclear technology.

Sonnenberg stated in his history of boiler safety, which comprised a hundred years that the
prevention of boiler explosions was not achieved mainly by theoretical calculations but fore-
most by experiences with explosions which really happened. In continuation of the difficulties
of preventive risk perception, one could argue furthermore that it is hardly possible to predict
social risks of new technologies, as one cannot predict the future fate of society. F. L, the
effects of the railway upon society were very diverse in the framework of different historical
constellations. Sometimes the railway has been an element of centralisation, but, in other
cases - as in some German areas - of decentralisation, too. Risk perception becomes im-
mensely more complicated if one takes social risks into consideration. Therefore, sociology
means a certain risk for risk assessment.

In spite of all that, there are a lot of historical examples that most of the main fundamental
problems of new technologies can be discerned at an early stage of development, if not in
advance. One might quote examples from the history of the steam engine, the railway, the
automobile and even of drug production. Particularly the early history of nuclear energy pre-
sents some striking examples: Many of the nuclear risks were known more or tess already in
the 1950ies, if one wanted to know them. Some of the best examples are offered by an
authoritative manual of the 1950ies in nuclear reactors: "Atomkraft", written by Friedrich
Munzinger (3rd edition 1960). If you read some pages, you think you are reading an anti-
nuclear publication! In some points, he even surpasses the opponents of nuclear technology,
f. i. when he states that radioactive poisons were one to thousand million times more dange-
rous than chemical poisons! At that time, the leading management of the RWE (Rheinisch-
Westfalische Elektrizitatswerk AG), the biggest German electricity producer, was very scep-
tical of nuclear energy. When Munzinger and Scholler, the technical leader of RWE, spoke
of "Atompsychose", they thought of nuclear enthusiasm, not of nuclear anxiety!

Therefore, preventive risk assessment is until to a certain degree no absurd enterprise, at
least not so absurd as sometimes is asserted with reference to history.

But, to be sure, risk perception is not achieved once for all as early as at the beginnings of a
new technological development; in some cases it has to be continued over a long time. Take
for instance the case of the big river dams: To be certain, the engineers and the public paid
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from the outset much attention to the visible risk of a breech in a dam; but the underground
ecological risks of the dams and big water reservoirs were largely ignored during long time.
Only the course of history reveals some of the slow risks.

And exactly here we have probably the most difficult problem of risk perception. Not those
big catastrophes - from the "Titanic" to Chernobyl - which are ardently perceived by the pu-
blic do pose the main difficulties for risk management, but the inconspicuous, creeping risks
where mostly risk minimisation is not pushed forward by economic interests.

3. Conditions of effective risk perception

In many historical cases, risks were indeed perceived by this or that singular observer, but
the risks perception was not very sharp and precise, and it lacked the practical consequen-
ces. The "heuristics of fear" (Hans Jonas) did not work in every case very well. Sometimes,
this held even true when a catastrophe had happened. The German proverb." Not macht
erfinderisch", "necessity is the mother of invention", is not confirmed by every chapter of the
history of technology - fear and stress alone are not enough for promoting basic inventions
in order to diminish risk. Frankly speaking, the "lessons of history" are not wholly clear: Put
perhaps one could accentuate especially the following three conditions for effective risk per-
ception with adequate practical consequences:

3.1. The "Titanic" catastrophe was not received by the public with the same fatalism as the
countless former shipwrecks not only because the loss of human lives was so formidable,
but also because there was the general feeling: This disaster wasn't at all necessary; there
existed simple means to prevent such an accident. Risk perception seems to be influenced,
by chances to counteract. If you can't do anything, your perception is frequently not very
precise and not of practical value. Therefore, an institutional framework of safety manage-
ment is probably of great importance. The history of the Dampfkessel-Uberwachungs-
vereine, later Technische Uberwachungsvereine in Germany offers good examples, or the
foundation of the Vereinigung der GroBkraftwerksbesitzer (VGB) after the Reisholz accident
1920.

There is an old and very controversial issue at least in Germany: whether safety control is
organised the best by the state or by industrial corporations respectively by the VDI (Union of
German engineers). I think, from an historical viewpoint one has to give a mediating answer
upon this question. To be sure, we find the practical competence for solving technical risk
problems mainly in industry and among the engineers who day by day are working with the
technical installations which are in question; but in order to mobilise this risk competence,
governmental pressure has frequently been useful or even necessary. The history of mining
in the Ruhr area demonstrates that the weakness of the state during the second half of I9th
century had an unfavourable effect upon underground safety.

3.2. The risk perception will be most effective, if a new technological strategy for diminishing
risk has an appropriate technological and social framework. The improvement of railway
safety had in part the framework of the rise of electricity and of electric signal systems. A
good example of a different kind is offered by the early history of the bicycle: by the progress
from the high-wheeler towards the "safety bicycle" which needed a new "social construction
of the bicycle" — a less aristocratic and a less acrobatic concept .of the bicycle.

In the early history of nuclear technology, risk awareness was on the whole more developed
by those engineers who favoured reactor alternatives like the pebble-bed high-temperature
reactor which allowed - at least theoretically - a philosophy of inherent safety.
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The discouraging fact that not even the Chernobyl catastrophe gave a really new impetus to
risk-minimising reactor development may be due to the historical context: At the time of
1986, the whole reactor type discussion was believed to be a matter of a long bye-gone past.
Even the opponents of nuclear energy shared this opinion. Therefore, no nuclear alternative
stood at disposition at once; and because of that, astonishingly little happened within the
nuclear community. If a catastrophe which has occurred is tremendous and you have to do
anything quickly, you must choose conventional means which already exist, and you have no
time to develop new ones.

3.3. Risk perception usually is most precise by those who bear responsibility for a technolo-
gical project. But here we are confronted with the dilemma that exactly these people have in
general no critical distance to their technology, because they are linked with it by their job
and their whole existence. Already Max Eyth, the writing steam plough engineer, was fully
aware of that delicate problem. He revealed it in his novel "Berufstragik" (professional tragic)
on the engineer of the Bridge of Tay. This man clearly realised the risk of the proposed sa-
ving bridge construction; but he had to achieve this work in order to be able to marry. And he
was pushed by his bride: "Sie kiiBte mich in einen niederen Sicherheitskoeffizienten hinein."
("She kissed me into a lower safety coefficient.") As you know, the bridge crashed. Eyth,
who remained unmarried, was able to describe this kind of engineer's dilemma with personal
distance.

In the case of civil nuclear technology, it seems that, on the whole, it were far more the engi-
neers and the electric utilities than the atomic scientists who perceived the risks. The engi-
neers and utility managers were the people who should bear the responsibility and the costs
of the coming nuclear power plants. (But when the plants were built, they had to defend
them !) Already in the I9th century, one can observe - at least in Germany - , that engineers
had more respect of the incalculability of nature, than the theoretical scientists had. The ice-
berg which sank the "Titanic" did not destroy, but rather reaffirmed the Weltbild of philo-
sophical engineers who occasionally - as Carl Bosch after the Oppau catastrophe (1921) -
took their refuge to the mystery of nature when something went wrong.

Even with a clear and impressive risk perception you can do this or that - the practical con-
sequences of risk perception depend from the historical situation and are a story without
end.

Discussion

Dortland: I have two questions that are related. The first deals with what you may consider
a detail in your speech. I may have misunderstood what you said, but I understood that that
the risk awareness, the first safety movements in the United States appeared in the twenties
and that in Europe it was quite a bit later. And you said that that might have been due to the
two world wars. Is that correct?

Radkau: I think, it is a little more complicated. In the late 19th century began a relatively high
risk awareness but it was, of course, thrown back by the two world wars.

Dortland: The following question came up to my mind: Could it be that there is a relation
between public risk awareness and the stage of social and economic development of a
country, or could it be that it's not the social or economic stage of development, but the rela-
tive risk perception. If people are threatened by different sorts of risk, e.g. they have low li-
ving standards, so they have to work hard to overcome low living standards, or they have to
struggle for survival, then the risk of nuclear energy, for instance, might be relatively low.
Could you say something about that? The second related question is: might there be a diffe-
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rence between public awareness of a risk and bringing that risk to expression in a public
debate? Might it be that people are aware of a certain risk but that they don't have the me-
ans or they don't have the guts to bring it out into a public debate?

Radkau: The questions are not easy. I think it would be too simple to draw a schematic cor-
relation between the general standard of life and risk awareness. There are also other com-
ponents of risk awareness. I think that the whole political mentality and a lot of circumstan-
ces play a role. When, for instance, Max Maria von Weber compared risk awareness in
Germany and in the United States, Germany certainly was a relatively poor land compared
to the United States. But it was also a land which was not in every part equally eager to in-
dustrialise itself, industry was not everywhere the first priority, there was no incentive to get
new technologies at any price. On this level there were also great changes in the late nine-
teenth century. With regard to your comment on the fact that there are now many cases
where one can realise public risk awareness, while the mass media are not interested in a
topic: Take for example the case of nuclear technology in Germany. Public opinion polls in
the 1950s a wide-spread distrust of nuclear energy. But at that time the mass media were
enthusiastic about nuclear energy; the feelings of the man in the street was considered a
little ,,hinterwaldlerisch". It seems, however, that there was a continuity in the wide-spread
distrust of nuclear energy.

Kienle: Some of these catastrophes have been provoked recently, but in the other side we
deal with catastrophes that are nearly 100 years old. And we have experienced the catastro-
phe of Tschernobyl, some years ago. Do you think that this also has a stronger dimension,
that means that in the next hundred year this will be a milestone generating technology fe-
ars?

Radkau: Ten years ago I would have answered: yes, surely. Today I am truly uncertain, I
see a certain danger, because for a period of ten years nothing did happen in light water
reactors, but there might be an illusion of absolute safety. I think that in our rich world the
Chernobyl catastrophe was the trigger for a feeling of anxiety.

Dortland: I don't think so. Maybe it's interesting that since 1984 we have in Holland an
energy monitoringy. That means that every one or two years, the public opinion is measured,
how they look towards nuclear energy. And the point is that in 1984 about 45% of the people
were against nuclear energy. After Chernobyl this figure rose by 20 points to 65% and has
stayed till now on this level. So, at least for 10 years it hasn't decreased. I don't know whe-
ther this will last for more than one generation; as far as we can measure it, it has remained
stable.

Sairanen: I have a completely different opinion because we have also monitored the public
attitude in Finland since 1983. By that time, the opinion on the question whether the nuclear
facilities should be expanded or reduced was 36% for reducing them. It grew after Chernobyl
to 53% and now it is 30%, that means less than in 1983.

Van Rij: The attitude of the Swedes has changed quite a bit, they are on the verge of clo-
sing a nuclear power plant. The Swedish population has evidently a different opinion, per-
centage-wise, perhaps Mr. Hirschberg can say something about it.

Hirschberg: I am not following this issue closely enough, but it's definitely been changing in
time. It used to be a time, especially after Chgernobyl, where there was a majority against
nuclear plants. Now the closer it comes to the decision to close Barseback, the bigger is the
public majority to keep the nuclear power plants in operation. There is also a clear political
majority for closing this plant and a clear public majority for not doing it. The politicians, due
to several, purely political reasons are definitely not synchronised with the opinion of the pu-
blic.
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Dealing rationally with risk assessment:
,,The missing link" between acceptance and accep-
tability
Peter WiedemanrT

It is very easy to argue about risks. Most people won't deny it and nobody will be amazed by
the fact. But, even more so, risk discussions are also an excellent way to find out about a
society's characteristics. I will have to go a way back to show you the reasons for that. B.
Russel once noted that the behaviour of rats in a labyrinth differs according to the nationality
of the researcher working with them. The American rat is exceedingly active and finds its
way by a ,,trial and error" method. The German rat, however, remains quiet and brooding and
finally finds a solution by reason. Today we could assume that the rat would launch a debate
with others rats in the same situation. The issue would be the assessment of the risks and
prospects of the different ways, and by doing so, they would ,,discuss" themselves out of the
labyrinth. The question is whether the complexities associated with risk assessment can re
resolved more efficiently by a societal debate. Are there really better ways to deal with risk
conflicts? If any, how do they look?

It does not always make sense to see a thing as a risk only and not as something else. Ap-
parently, it only makes sense to see it as a risk if there is much at stake, that is, if it is not a
matter of routine. Otherwise it is just trivial, ,,peanuts" so to say. Only if it is possible to adopt
a management perspective and to exert influence it makes sense to speak of risk. If this is
not the case one is not dealing with risks but with threats or dangers one is exposed to.

Every risk assessment takes for granted that the case to be considered can be described as
a risk and that this description is useful for a specific purpose. Although if there is no stan-
dardised definition of risk we keep coming upon three components on which the different
definitions of risk are based. The first component refers to the damage expected in connec-
tion with a certain event. The second refers to the uncertainty of the damage - it may occur
but it does not have to. The third component, at last, refers to the relevance of the damage:
how important is it in the context of societal perception?

The term risk itself is a peculiarity of our society. It is a modern knowledge-based technology
with which we judge other technologies. However, the term risk is of central importance for
the development and the implementation of management guidelines for a sustainable deve-
lopment. Sustainability as ecological, economic and social durability asks for an evaluation of
risks: not only with respect to the limits of ecological, economic and social burdens but also
with respect to their relations between each other.

Risk is a measure - the expected value - for danger. The more risk we measure, the more
knowledge of risk we achieve. In this sense the amount of risk has increased. But the term
risk itself is not apt (cannot be used) for a global statement on whether life in a modern indu-
strial society has generally become safer or not. Judging from the life expectancy which has
risen parallel to the development of new technologies we come to the conclusion that risk
has decreased.

For all decisions concerning risk in relation to society, the following has to be.considered: 1)
there is no zero-risk, 2) all forms of risk reduction generate costs and 3) the resources for
risk reduction are limited.

In principle, there are different approaches for risk assessment: One can throw dice, impose

Dr. P. Wiedemann, Programme Group ,,Humans, Environment, Technology,,, Forschungszentrum Julich GmbH
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court decisions, discuss the matter with people concerned and interested, or hold a public
vote. Finally, experts or decision makers can take decisions by decree. All these approaches
are based on different rationalities and are of varying acceptance.

Non-regarding the kind of decision making process it is a fact that assessments always need
dimensions according to which they can be made. Along with concrete threats to legal goods
(e.g. life) we can list several areas of damage such as insufficient social compatibility, politi-
cally and culturally undesirable trends up to the erosion of societal values and unpredictable
social and cultural changes.

It is still true that all assessments - risk assessments included - represent one step from
,,what is" towards ,,what should be done". The question is the relevance of risk: a criterion is
needed to classify a risk as ,,not relevant", ..acceptable" or ..unbearable". Furthermore, criteria
are standards agreed upon. It therefore would be a naturalistic fallacy to make risk assess-
ments on the basis of natural science only as it is restricted to the analysis of ,,what is".

Rational criteria need models; there is a range of models to be found: Among these the
..Freiraum-Modell" and the ..Ignoranz-Modell". The ..Freiraum-Modell" makes assessments in
the sense of limits, implying that enough room must be left for other burdens. Or, more po-
pularly spoken: you assume a cup model and demand that it never be filled to the brim but
only half, to prevent that one crucial drop can make the cup run over. The ..Ignoranz-Modell"
works with thresholds for impacts which are reinforced with additional safety margins. Nega-
tive impacts below these thresholds can be excluded with high confidence and, therefore,
can be ignored.

Both assessment models (especially the Jgnoranz-Modell) are based on a comprehensive
risk characterisation which, however, can only be achieved in few cases - according to the
usual scientific standards of exactness. It is only possible to make statements on (non-) im-
pacts if these have been examined. This makes another dilemma clear: vagueness and un-
certainties give room to varying interpretations. Thus, a societal consenus can only be ex-
pected in very rare cases. There is a conflict of differing argumentation.

In such risk debates different argumentation levels for risk assessment can be identified: 1)
scientific arguments, 2) non-professional arguments, 3) ideological arguments. In the sense
of meta-communication in risk assessment one can further differentiate between: 4) state-
ments on ways and goals (which is necessary), 5) statements on self-images and views of
involved persons and 6) statements on fairness and justice in approaches and decisions.

If and to what extent differing views on risk assessment can lead to societal conflicts and
whether these are likely to escalate or not also depends on the way how that society's com-
munication works in this respect. It is evident that different opinions are unavoidable in a
modern society and that the idea that everybody must consciously agree on everything - in
the sense of a universal consensus - cannot be realised. It therefore is of little help to define
the goals of risk communication as a participation of everybody in provisions, in the preventi-
on of and the coping with risk. One should rather deal with the development and stabilisation
processes which assure the legitimisation of decisions aiming at provisions for, prevention of
and coping with risk.

Every risk debate therefore aims at 1) minimising these differences in risk assessment or at
least reaching a rational dissensus on the differences and 2) avoiding /reducing additional
conflicts regarding risks.

Thus, risk assessment should always be viewed under the aspect of communication. There
are several tasks waiting to be done. First of all risk-metrics must be developed which can
be used to compare different sources of risk and, thus, will enable us to make comparative
risk analyses, since only the comparison offers us a rational basis for societal risk decisions.
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Furthermore, it must be made easier to step from the actual debate on acceptance towards
a discussion of acceptability. Only the latter offers chances for rationality as it claims for ju-
stification - that is, valuable reasons - for any assessment. However, the prerequisite for
that is a discourse which makes this kind of discussion possible.

Finally it must be accepted that we do not live in a perfect world. It therefore is important to
develop various logical patterns for decision making and forecast processes that indicate,
depending on the specific situations, which strategy is appropriate for dealing with risk con-
flicts: factual rationality, negotiation, vote, postponing or other forms of dealing with dissen-
sus. In other words: the involved scientific actors must recognise the limits of factual-rational
debates on risk. And within these limits they need a certain amount of process competence.

These process competences refer on the one hand to specific discourse practice (round
table or other forms of participation), and on the other hand also to inherent communication
tasks (e.g. differentiation of damage terminology, justification of models and assumptions,
evaluation of uncertainties in risk assessment, justification of environmental standards).

Apart from that, the development of risk messages should take place under two angles of
view: orientation according to recipient and completeness. As to the content, the five follo-
wing issues should be addressed: 1) risk characteristics in a closer sense, 2) the assess-
ment of uncertainties, 3) the assessment of benefits of the risk source, 4) alternatives to the
risk source and 5) the management practices (dealing with and controlling risk).

Discussion

Chayapathi: I found your explanations very interesting and I agree with you in the sense
that communication is difficult to implement in that discussion. But I think it's also important
to try and see why it is difficult.

Wiedemann: This is a very interesting point. Looking at communication, the question is how
to handle it. What I presented is, so to speak, an engineer's view on communication. Becau-
se communication is open it is full of surprises and it could be compared to, say, playing
chess with somebody, not the whole process is in your hands. The other side may not want
to loose, or is not constructive in achieving something. But this is how our society is made. It
is very difficult to come to a consensus in a pluralistic society. I made the comparison with
France and we had this discussion before, when you asked about the reasons for the Ger-
mans' non-acceptability, and whether there is any connection with the economic wealth etc.
And I said, this has to do with the structure of the society and its hierarchical organisation,
which, from my point of view, is clearly the case in France.

Papazoglou: In one of your slides, if I understand you correctly, you presented the concept
of a common criteria decision process. Then you said, that setting goals and values is the
easy part; can you elaborate a little on that?

Wiedemann: This was in response to your presentation, in which you said that one has to
start with hazard identification, then come to evaluation and risk prioritisation. But before
doing this one should clarify the preferences of the people. What you called preference as-
sessment,, is, in my view, what should be done first. One should know the societal preferen-
ces and values which are to be reached by or included in a certain technology. And if one
has this preference assessment available, which is the measure for success or failure of
different technologies, then it is a very simple argument.

Papazoglou: Do you also think that it is easy to assess the values of the people? Is that
what you mean?
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Wiedemann: In this process it is not that difficult to assess preferences and values. And it is
mainly not very difficult to translate them into dimensions for ultimate evaluations. The
trouble starts when one tries to aggregate different measurements into a single index or
number. Then one has the ,,value tables,,.

Hirschberg: I am aware of some attempts to implement this kind of approach in the United
States, particularly in the framework of local siting, not in the concept of national policies. I
can imagine that whether one will be successful or not with this type of approach may be
different in different countries with different mentalities. Have there been attempts in Ger-
many to apply this? Can you comment on the chances to be successful with it in Germany?

Wiedemann: No. I think that risk ranking is very unpopular. We don't like this kind of ran-
king. However, the socio-cultural milieu in Germany is changing. During the 70's, the social
worker culture dominated the public opinion. At that time thinking about attitudes towards
different technologies was a kind of horror. This changes in times of economic depression,
when values like competitiveness gain importance. The debate on the ,,Standort Germany,,
could, in the long run, change the German mentality or maybe alter the ways to assess,
compare and balance risks.
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The Swiss Technology Assessment Programme TA
Sergio Bellucci*

1. Background

It took 10 years and two parliamentary initiatives before the operation of the Swiss TA Pro-
gramme was launched in 1992. As far back as 1982, National Councillor Rene Longet asked
the Federal Council to evaluate the feasibility of establishing a TA agency in Switzerland. It
was felt that such an agency could help to involve as many interest groups as possible as
well as the general public in decisions concerning technology policy. Four years later, follo-
wing the fire disaster in the Schweizerhalle chemical plant, National Councillor Hansjurg
Braunschweig repeated that call : he asked the Federal Council to set up a TA body, which
would not only deal in an unbiased manner with the requirements of environmental protec-
tion but also ensure that new technology was socially, internationally and ethically compati-
ble.

In its Statement on the Promotion of Scientific Research for 1992 -1996, the Federal Coun-
cil finally commissioned the Swiss Science Council to develop during a 4-year pilot phase a
TA scheme designed to suit the needs of Switzerland.

2. Changes in mandate and aims

The "Technology Assessment" Programme is one of the six operational arms of the Swiss
Science Council. Under Article 5a of the Research Act, this body is responsible for advising
the Federal Council (i.e. the Swiss Executive) on all matters concerning science and rese-
arch policy.
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Diagramme 1:- Administrative structure relating to the Swiss TA Programme

Dr. S. Bellucci, Director of the Swiss TA Programme, Swiss Science Council
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There was a very narrow focus in the mandate originally formulated in its Research Promoti-
on Statement by the Federal Council in 1991, and then accepted by Parliament and as-
signed to the Science Council. It concentrated almost exclusively on the possible negative
and harmful consequences of research and development. Basically, a body was to be set up
with the aim of preventing damage and developing defensive mechanisms in areas receiving
R&D support from the Federation.

After the experience gained during the pilot phase, the Federal Council and Parliament allo-
wed the TA Programme greater freedom in selecting topics and in relation to its basic orien-
tation. The TA Steering Committee too has been influenced by the experience of other
countries and has become committed to a broader approach. In its view, TA should include
the possible negative and positive effects of research and technology on health, the envi-
ronment, the economy, culture and society in general. Furthermore, this TA approach should
also comprise analysis and discussion of the consequences of neglecting appropriate rese-
arch and development. With this in mind, the TA Programme has set itself the following tar-
gets :

• To pinpoint any action needing to be taken by the Government

• To avoid political misjudgements or mismanagement

• To provide a stimulus for general and also subject-focused discussion of Research &
Development in socio-political terms - at the earliest possible pre-political point

• To introduce a new effective means of citizen participation in decision-making in the area
of technology policy.

Whereas the first two points are of direct benefit to political decision-makers, the second two
add a new research and politico-democratic dimension to the narrow starting-point adopted
by the Federal Council in its 1991 statement on promoting research.

The broad aims referred to earlier need to be put into more concrete form - in the following
terms:

• The Swiss TA Programme shall provide the public and Parliament with all the information
needed to assess the positive and negative consequences of technological innovations
and developments.

• It shall monitor federally supported R&D

• It shall promote public debate on the positive and negative consequences of scientific
research and technological development on the basis of reasoned knowledge. Also, it
shall lead discussion regarding the consequences of neglecting such activities

• It shall maintain contact with foreign TA agencies and operate as a clearing-house with
appropriate Swiss institutions concerned with TA.

3. Structure of the TA Programme

The obligations and responsibilities of the TA Programme can be broken down into a num-
ber of categories. At one level, one could say that the TA Steering Committee represents
the "Brains" of the Programme, while the TA Central Office constitutes its "Hands". In addi-
tion, the Programme draws on the support of external experts. They may be part of what are
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referred to as "Accompanying Groups" which supervise studies being carried out, from the
standpoints of methodology and content.

TA Steering Committee

Within the framework of the TA Programme, the Steering Committee discharges the functi-
ons of an "Executive Body". It defines the strategic orientation and development of TA
within Switzerland and is responsible vis-a-vis the Swiss Science Council and the Federal
Council for the direction pursued. The Steering Committee consists of 11 -15 persons invol-
ved in economics, science, community affairs and politics. Each of these individuals is ap-
pointed on a personal basis for a 4-year period. The Steering Committee also has a number
of representatives of the Federal administration, who are appointed ex officio. They repre-
sent bodies such as the Swiss National Foundation for the Promotion of Scientific Research,
the Federal Economics Office and the Swiss Science Council.

The duties of the Steering Committee include:

• Launching and approving TA studies

• Analysing TA experience abroad - and drawing conclusions applicable to Switzerland

• Reviewing TA-type activities and TA needs in Switzerland.

TA Central Office

The Central Office of the Swiss TA Programme is responsible for the operational mana-
gement of the TA Programme. The core of the TA Programme consists of the individual
projects which are handled by the TA Central Office, external contractors and accompanying
groups, in collaboration with one another.

TA Experts Groups

As a rule, the Steering Committees appoints an Expert Group for each TA project. Its task
is to monitor the "Coaching" of TA projects.

TA Project Groups

The project groups as Contractors are the contracting partners of the Central Office. In this
capacity, they are responsible for carrying out TA projects in line with correct procedure.

International TA Network

The "Swiss TA Programme" aims at a "Network Strategy" based on continuous close contact
with the most important foreign TA institutions. Co-operation of this kind should enhance its
perspective on TA activities and projects abroad, thus creating the option of tailoring parti-
cularly interesting foreign studies to suit the needs of Switzerland. Additionally, the Swiss TA
Programme hopes that this co-operation will stimulate its own further development and pro-
fessionalism. In the medium-term, it envisages the possibility of collaborative projects being
realised.

4. Selection of topics

During its initial phase (1992 -1995), the TA Programme was obliged to carry out studies on
questions which came within the scope of the national priority programmes. These pro-
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grammes covered biotechnology, IT research, environmental research, electronics and sy-
stems engineering, materials research and lastly, optics research. Within the terms of these
stipulations in relation to content, the TA Steering Committee was free to specify its own
areas of study.

The link between the TA Programme and the priority programmes was dropped for the se-
cond TA phase (1996 - 1999). There are no stipulations in relation to content now. Studies
can be more directly geared towards the political agenda and this means that the TA Pro-
gramme can carry out its role as advisor and broker between the public, politics and R&D
more effectively.

In selecting topics, the TA Steering Committee is guided by criteria which proved their effec-
tiveness in the first phase. To be suitable for a TA study, a topic must be of current interest
from a political point of view or be likely to be of future concern. Also, it should have the po-
tential to affect a large proportion of the society. Finally, the topic in question should be a
controversial one and must be such that it can be handled at reasonable outlay.

Current topics and methods

Having considered the current topics of political discussion, the TA Steering Committee
agreed on three priority areas : "Life Sciences", "Information Society" and "Energy". It also
hopes to keep adequate staff and financial resources in reserve in order to be in a position
to respond to short notice requests from politicians and representatives of particular interest
groups.

However, the activities of the Programme are not merely confined to the priority areas refer-
red to earlier. In fact, support for public debate is one of the most important concerns of the
current phase of the TA Programme. In this connection, I should point out proposals and
requests from Parliament, the administration or scientific bodies, etc. will be taken into ac-
count as future projects are being launched.

In addition, the TA Programme would like to widen its experience of participative methods
(consensus conferences), in order to increase the level of public involvement in discussions
regarding new technologies. To this end, the TA Steering Committee has decided, within the
framework of the "Energy" priority programme, to hold a consensus conference on this sub-
ject and test the participative approach. Moreover, the social sciences should have more
participative input in future, with those affected by new technologies being included in the
process of defining the questions for consideration.

PubliForum as a new approach

Apart from the "traditional " TA studies, as carried out in the first phase of the TA Program-
me, the support provided by public debate is an important aspect of the current TA Pro-
gramme. To this end, the TA Programme would like to widen its experience of participative
methods, in particular consensus conferences, in order to include the public in discussions
regarding new technologies.

Under the title "PubliForum Electricity and Society", the Swiss TA Programme proposes to
approach its first participative programme along the lines of the Danish consensus conferen-
ces. This will be the first time that such an event is to be held in Switzerland. The TA Pro-
gramme has come up with the title "PubliForum" to give expression to the idea that what we
have is a slightly amended form of the concept of the consensus conference, one which is
geared to specific Swiss conditions. Also, this title should prevent the impression being given
that the purpose of the event is to find a consensus which is valid for everyone across the
board.
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Why a "Electricity and Society" PubliForum?

The looming end of the moratorium on the construction of new nuclear power stations and
the purported liberalisation of the energy market are generating considerable steam at the
moment among groups concerned with energy policy in Switzerland. However, most of the
discussion still goes over the heads of those who are most affected - the general public. The
PubliForum concept is aimed at filling this gap and making a contribution to an energy de-
bate which is becoming increasingly intense. At PubliForum, thirty citizens chosen at random
will be given an opportunity to bring a new dimension to an energy debate which is currently
conspicuous for the quantity of facts and figures quoted. On the basis of their everyday ex-
perience, their apprehensions and their expectations, the participating lay people, in discus-
sion with the experts, ought to be able to help in the search for new solutions in the energy
industry and improve the democratic decision-making process. In addition, PubliForum
should also provide an incentive to increased debate on energy questions in general.

5. Status of TA activities in 1998

TA Projects-1998

Sector

Life Sciences

Information Society

Energy

Projects

Projects underway

• Xenotransplantation

• Gene therapy

Projects at the preparatory stage

• Functional Food

Projects underway

• Significance of the new communications media for the relati-
onship between citizens, administration and politics

• Information technology and the possibilities for new forms of
work

• Risk assessment and the Internet

Projects at the preparatory stage

• Tele-medicine

Projects underway

• PubliForum Electricity and Society

• Energy and urban development

• Advanced nuclear technologies

6. Public relations and publicity

The results of the TA Programme reach their target public through various media. As a rule,
each study is published in full as a "TA Report". In addition, the most important results are
assembled in the form of summaries (mostly translated into French and English).
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The media are informed of new publications by means of widely distributed press releases.

The TA-Newsletter provides information to the "TA-Network" in particular, while compila-
tions of studies can be caJled up world-wide via the Internet. The TA Programme also has a
homepage on the Internet (http://www.admin.ch/swr/).

Finally, the TA Programme also organises conferences and round-table discussions. For
instance, in summer 1996, there was a full-day event on Biotechnology and Food. And in
April 1997, there were conferences devoted to experience in Genome Analysis and the
Complex Relationship between Economy and Ecology. Also, the TA Programme organised
the "Basel Forum on Technology and Society" in October 1997 in association with the
B.A.T.S. Office (Biosafety Research and Assessment of Technology Impacts of the Swiss
Priority Programme Biotechnology).

7. Future development

The Swiss TA Programme has been gradually growing and developing. Nevertheless, its
resources are not nearly large enough in order for it to meet its demanding tasks. At present,
the Central Office has only 80% of its personnel quota. It has a Director, four scientific staff
and a part-time secretary. Despite their extraordinary commitment, the Programme can
hardly hold a candle to the significantly larger institutions abroad in terms of the volume and
range of topics handled and results produced! For its future development, the TA Program-
me requires that •

• TA should be recognised by Parliament and the Federal Council as an essential instru-
ment of policy advice - thus giving a further mandate to the 1999 TA Programme to fulfil
its functions

• More attention should be paid to the activities of the TA Programme by the general public

• There should be a heightened understanding of the need for TA in the areas of science
and economics, with greater efforts made in these areas to have TA at an early stage
and ensure co-operation with the TA Programme

• Last but not least, the necessary resources (in terms of finance and personnel) should
be provided to permit the TA Programme to fulfil its many functions fully and professio-
nally.
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The Role of Technology Assessment
in the Development and in the Public Perception
of Gene Technology
Othmar Kappeii*

1. Biology as a Technology

The principles of genetic engineering have been unknowingly carried out for centuries by
farmers, during the selection and breeding of plants and animals for specific characters of
agricultural interest. Modern genetic engineering promises to fulfil the same goals, but at a
much more rapid pace and with new gene combinations not encountered previously in tradi-
tional breeding. The availability of knowledge and tools for gene transfer now greatly facili-
tate the movement of genetic information encoding specific traits from virtually any source
(e.g. viral, microbial, fungal) into a host organism. Applications of genetic engineering extend
beyond the agricultural context: recombinant micro-organisms are being used to produce
biologically active compounds valuable for medical treatments, such as antibiotics, inter-
ferons, and interleukins; in scientific research, the use of recombinant organisms has been
instrumental for the elucidation of fundamental biological principles. There is no doubt that
genetic engineering will become a key technology in the future, and it is expected to have
impacts at all levels of society, from the farmer to the medical patient. It has been observed
that the assessment of genetic engineering and its applications, unlike the assessment of
older technologies, has moved beyond the arena of purely risk discussions into the arena of
social acceptability of potential consequences. It is therefore a matter of urgency to determi-
ne in which ways this technology can be encouraged to promote human and environmental
health while improving safety. Knowing that the range of actions defined by the decisions we
make today may profoundly affect our lives and those in the coming generations, we are
challenged more than ever to examine our value systems and social perspectives.

Technology applications are characterised by ambivalence and by wider impacts beyond the
target purpose. For the same technology, its primary action may be viewed as beneficial
(fulfilling a specific need), while other unavoidable, secondary activities (e.g. the generation
of waste products) may be considered menacing. The interconnectedness between the desi-
rable and the undesirable aspects of any technology obliges the impact assessment to con-
sider aspects beyond the target purpose of technology, such as ecological, economic, cultu-
ral, or social impacts. Therefore, societal, and not only scientific, criteria are needed as sha-
ping forces for moulding a technology to satisfy the existing needs acceptably.

2. The Structure of the Technology Assessment

Technology assessment (TA) can be considered as an instrument for generating and ma-
king available scientific knowledge needed by key decision makers. TA is necessarily a mul-
tidisciplinary endeavour, where knowledge acquisition is the basis for a harmonisation of
views held by the concerned parties. During a TA, direct and indirect impacts of the techno-
logy on ecology, economy, the society, or other areas, should be exposed. In addition, con-
ceivable alternatives to the main course of action should be assessed according to an unbia-
sed and systematic methodology. In general, a successful TA has the following features:

Dr. O. Kappeii, Agency for Biosafety Research, BATS
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(1) Undesirable developmental tendencies of a technology are effectively prevented while
desirable developments are strongly promoted;

(2) The knowledge base for decision making is markedly improved;

(3) The access to and understanding of pertinent knowledge by various groups of people
(e.g. decision makers, the public, scientists) is more favourable;

(4) Confidence in scientific argumentation is increased.

These goals can be achieved by co-ordinating the TA process to (i) involve experts of diffe-
rent scientific disciplines; (ii) involve the active participation of technology proponents, legis-
lators, concerned citizens or special interest groups; and (iii) provide the means for the
unambiguous and clear communication of results. The number of scientific disciplines which
are represented in the TA is usually defined at the beginning of the process, based on the
type of technology under assessment, its current state and its projected developmental
trend. This multidisciplinary approach not only ensures a comprehensive listing of all relevant
impact aspects of a particular technology, but also provides a unique occasion to bring to-
gether scientific experts whose knowledge can be combined in new ways to generate new
insights.

The need for the active participation of members of an accompanying group in the TA
process is highlighted by the general observation that technology developments are rarely
met with full public acceptance, no matter how great the benefits promised. All fears concer-
ning technological applications should be considered as legitimate, and the TA can provide a
non-partisan platform for allaying some of the conjectural fears with factual information or for
defining the control actions necessary to maintaining the consequences from realistic ha-
zards within acceptable limits. Participation from lay people representing diverse interest
groups can help to improve the transparency, and therefore, foster confidence in the TA
process.

As was the case for selecting the number of scientific disciplines that should be represented
in the TA, the actual form of participation from the accompanying groups depends on the
goals of the particular case under study and on the circumstances under which it takes
place. For example, a TA carried out to enlarge the information base for legislative decisions
on the national level would require a profile of participants different from a TA conducted at
the local level for developmental decisions. However, the basic structure of the TA organisa-
tion is valid at all levels and is schematically shown in Figure 1. Three distinct groups of
people constitute the TA project team: The TA co-ordinator / mediator, the scientific experts,
and the members of the accompanying group. The TA co-ordinator ensures the observation
of the TA procedure rules and is also responsible for organising the project-related activities,
such as meetings and workshops.

There has been increasing emphasis on the communication of the results of TA studies. The
new insights acquired during the TA procedure should be made freely available through the
publication of accurate and informative reports, the selective involvement of the mass media,
and the launching of specialised information networks. By making the results of the TA easily
obtainable to interested scientific and lay people, the philosophy of the TA, which is to ex-
pand the information base for informed decision-making, can continue to be fulfilled on an
informal basis.
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3. TA and Genetic Engineering: Technology Development and Public Per-
ception

We are still too young in our experience with modern genetic engineering and its assess-
ment to recapitulate the definitive influence of the TA procedure on this technology. What we
can observe, however, are the ways in which the acceptance of the TA approach has contri-
buted to rationalising the long-standing discussions about the safety and benefits in the bio-
technology sector. The following section will examine how the discriminate combination of
scientific and 'societal' criteria have already been shaping the way in which we proceed in
genetic engineering. These shaping forces will be discussed in the context of the key featu-
res of the TA given previously.

Improvement of the knowledge base for decision making

Public perception of contained biological processes, such as the industrial production of
high-value products using recombinant micro-organisms, is not the same as for the delibe-
rate release of genetically modified organisms, such as corn modified to produce its own
pesticide of bacterial origin. Implicit in the normal operation logic of contained biotechnologi-
cal processes is the notion of preventing intrinsic hazards from materialising; elaborate tech-
nical and organisational measures are taken to prevent the accidental release of pathogenic
production strains. As for the assessment of hazardous chemical processes, discussions on
the safety and risk from contained biological processes rarely left the expert circles of scien-
tists, engineers and risk analysts to become topics for public deliberation. In contrast, expe-
rience has shown that the planned release of genetically modified forms of familiar orga-
nisms can stir up heated public debates which decry scientific competence and too easily
overlook the original needs which the release was meant to satisfy.

In order to demonstrate the safety of planned introductions of genetically modified orga-
nisms, the logic of the familiar risk assessment model for chemical processes was initially
adopted to describe the situation of deliberate releases; after all, the methodology had been
successfully applied to evaluating the safety of contained biotechnological applications. This
approach soon proved unsatisfactory for several reasons. Hazardous chemical processes
and hazardous contained biotechnology applications satisfy the underlying condition for
quantitative risk assessments: both have intrinsic hazards which can be identified, characte-
rised and described. For chemicals, the potential hazards derive essentially from the toxic
properties of the substance; pathogenicity in production organisms can be considered in an
analogous fashion to the toxicity of chemicals. The planned release of genetically modified
organism does not follow this logic, however, for most organisms are the modified forms of
familiar organisms with a long history of safe use and are being re-introduced into environ-
ments in which they were already present. Therefore, the consequence estimation must
consider factors other than intrinsic hazard, such as the scale of release, the potential for
organisms to proliferate beyond geographical boundaries and the potential for the inserted
genetic information (e.g. antibiotic resistance) to cross taxonomic classes.

The environmental safety assessment carried out for deliberate releases can become a va-
luable means for expanding the knowledge base for informed decision-making. During the
environmental safety assessment, facts about risks are shifted from perceptions about risks,
so that the levels of damage tolerability or concrete control actions can be clearly defined.
The reader is referred to Ref. 1 for more ample information on the process.

Technology Developments: Prevention of the Undesirable, Promotion of the Desirable

The capacity to shape technology implies that a feedback systems exists between the key
stages of the decision-making framework and the range of technical ̂ actions available to mi-
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tigate risk or to improve safety. Failure to establish the tolerability of a technological applica-
tion during the initial assessment does not necessarily mean that the application should be
permanently abandoned. The unacceptability of the deliberate release of a genetically modi-
fied organism can be seen as a challenge to scientists to consider alternative ways of 'desi-
gning' the organism to avoid a potential hazard with an intolerable damage potential. Other
technical actions such as geographic confinement or monitoring can also be stipulated as
means for improving the safety of releases. This type of a feedback system just described
already exists for most technologies as evidenced by the increased safety of second gene-
ration products compared to the first generation.

For genetically modified organisms, decisions made about their environmental safety have
relied on the determination of hazard tolerability (safety assessment) without a compulsory
risk analysis weighing cost and benefit. In most cases, the identification of any realistic ha-
zard associated with the use of modified organisms in the environment has been sufficient
for stopping a project in its eariy stages, in avoidance of any risk.

How TA is Contributing to a More Realistic Public Perception of Gene Technology

Again, it is still too early to arrive at firm conclusions about precise effects because the prac-
tice of TA in shaping gene technology is still in its infancy. However, the common platform of
the TA for scientists, proponents and concerned citizens - co-ordinated by a neutral mediator
- is already showing promise for improving the public perception of science and technology.
Some areas in which improvements are being observed are:

• Increased understanding of the issues (e.g. safety is no longer a one-faceted topic);

• Rationalised debate is possible due to a better understanding of gene technology; hu-
man and other resources are concentrated on the essential issues;

• Acknowledgement that different gene technology applications enjoy different acceptance
levels (e.g. medical applications are widely accepted, while the public tends to be wary of
genetically modified food);

• Clarified argumentation as old fears are laid to rest by new scientific evidence;

• Increased awareness among individuals of the ineluctable links between personal prefe-
rences, social goals and technological developments.

4. Outlook

The main role of the TA process is to shape modern biotechnology into useful ways which
improve human and environmental health. In the pluralistic societies in which we live, this
can only be done through the consensual development of detailed criteria and indicators
based on social preferences. Technologies exist in wider contexts than their original purpo-
se: ecological, economic and social dimensions of technological activities must also be con-
sidered. By defining criteria for each individual dimension, it becomes much more
straightforward to selectively and responsibly promote technology in desirable directions.

5. Reference

[1] Kappeli, O. and L. Auberson, The science and intricacy of environmental safety evalua-
tions. Trends in Biotechnology, 15, 342-349 (1997)
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Evening Lecture

Sustainable Development of Energy Supply1

Wolfgang Kroger*

1. Introduction

The term "sustainability" or "sustainable development" is not completely new. At the begin-
ning of the 18th century it emerged in forestry and was manifested by instinctive actions of
forest management to cope with regional environmental problems (triggering substitution of
wood by coal). In our times the "Brundtland-Report" (1987) provided a revival of this idea
defining sustainable development as "a development that meets the needs of the present
without compromising the ability of future generations to meet their own needs". It contains
the concept of needs and the idea of limitations and necessitates a process of change taking
environmental, economical, and social aspects into account. The Agenda 21, a program of
action as one of the major outcomes of the Rio Earth Summit '92, formally introduces the
concept of sustainability development indicators, which are mainly environmentally (climate
change) driven.

At the onset of the implementation process the OECD, for example, has been advised to
reinterpret Article 1 of its original Convention: its commitment to "sustainable economic
growth" (which simply meant sustained annual rises in GNP) should mean growth that su-
stains human and environmental, as well as economic, capital [1].

2. Characteristics of and threat to sustainable development

Following the literature on sustainable development numerous definitions can be found,
going as far as "sustainability: the only six syllable word for revolution" (Sustainable Seattle
newsletters). Two competing interpretations are now emerging: a wider concept with su-
stainable economic, ecological, and social development, and a more narrowly defined con-
cept largely focused on optimal resources as well as environment management over time.
Further, suggested ways to sustainability vary considerably, from fundamental changes to a
more pragmatic evolutionary approach (see Table 1).

In any case, sustainable development calls for a world-wide and political strategy. It is also
potentially a scientific concept based on the hypothesis that complex systems, such as the
supra-system Earth, are organised around the operation of a small number of nested cycles,
each driven by a few dominant variables which are presumed to be known and persist over
long time periods [2].

In the context of this work sustainable development is regarded as a controllable multi-
criteria process towards a broadly defined goal, to be implemented in differential steps on
the time axis. For this purpose the more general principles described (fundamental laws,
values) need to be made operational by a set of criteria (means of judging) and indicators

1 Paper originally presented at the International Conference on Environment and Survival of Nuclear Energy,
Oct. 27-29, 1997, Washington D.C

Prof. Dr. W. Kroger, Chair for Safety Technology, Swiss Federal Institute of Technology Zurich / Nuclear Ener-
gy and Safety Research Department, Paul Scherrer Institut
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(measures that quantify and simplify information) which should be robust and allow review of
progress.

Table 1 : Main directions in the sustainability discussion

Ecological modernisation /
eco-social market economy

Anthropocentrically marked conviction, that
modernisation of the existing growth and
civilisation model is sufficient (innovation).

"Monetarisation" of ecology: extensive con-
centration on economical goals, with the
idea to solve thereby also ecological pro-
blems in parallel.

Social aspects implicitly represented.

Defended principally by

• governmental organisations

• majority of economists

• OECD countries, primarily representati-
ves of the North

• World Bank, IMF, BCSD; ultimately also
by the WCED

Structural "ecologisation"

Fundamental changes in existing structures
of thinking, production, and consumption.

Equilibrium economy implies a constant
ecological capital stock available, based on
calculated carrying capacities, from which
one tries to derive limiting values for rele-
vant human activities.

Social aspects are of primary importance;
focus on participation as well as equity
elements.

Defended principally by

. NGOs

• ecologists

• non-OECD countries, primarily repre-
sentatives of the South

• some economists and political leaders

It is commonly accepted that current patterns of development do not contribute to su-
stainability; in particular the current energy patterns contribute to unsustainability [3]. The
main indications of these tendencies are:

• Accelerated use of non-renewable energy resources, limited role of (new) renewables.

• Doubling of CO2 and other greenhouse gas emissions within the last 25 years. These are
still rising: the values for EU-countries in the year 2000 will probably be higher by 6%
compared to 1990; OECD analyses indicate a further doubling of energy related emissi-
ons during the next 25 years (without limiting measures).

• Reduction of the ozone layer, loss of biological variety, adverse effects on cultural land
soil and water as natural resources.

• Geopolitical disparities (GNP, level and pattern of energy consumption, distribution of
mineral and financial resources as well as welfare, see Fig. 1).
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Figure 1 : Geopolitical financial disparities

Probably the most overwhelming reason for this challenging situation lies in an unbroken
increase of the world's population, especially in large Asian countries currently with small
energy consumption per capita, like China, India and Indonesia. Taking this as given and
assuming a slight increase in energy consumption per capita in the developing countries we
will have to face a world-wide increase in energy demand by 1.5% (WEC) to 2% (Shell) per
year, at least over the next 25 years in spite of conservation and more efficient use of energy
(see Fig. 2).

1J-1.8PJ

Final energy world 1990
268.8 PJ

1990 2020

OECD

1990 2020 2020 at average level
Latin America 1990

Developing countries
Source: WEC 1995; projections 2000: "middle course"

Figure 2: Evolution of final energy demand
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3. Technological options within a sustainable energy mix

Following the minimal requirement for sustainable development, i.e. "optimal resource and
environmental management", improvements in efficiency on the demand and supply side, as
well as progressive reduction of market imperfections, subsidies, etc. in all greenhouse gas
emitting sectors, would be the most effective short-term measures. Nevertheless, an expan-
ded use of fossil fuels has to be feared during the next few decades although a shift to hig-
her-quality fuels and a decarbonisation of energy supply systems is necessary and to be
foreseen for the long-term [4].

Nuclear energy as a near to zero-carbon and clean option comes, already today, closest to
meeting requirements for sustainability. If further developed it could, and probably must, play
an important role in a sustainable energy mix in the near and far future. Scenario analyses
show a wide range of possibilities, leading to as much as a 14 fraction of primary energy for
nuclear use by the year 2100, even with no CO2 emission controls.

However, the actual development and availability of nuclear technology is an issue that
transcends pure technological considerations. Taking current nuclear technology and the
current world-wide situation as a basis, a fundamental change in public perception (in many
countries) is required. In addition some other, mostly technical, hurdles need to be taken
(see Table 2). Apart from the items listed in the table one needs to consider whether further
reductions of emissions of long-lived radioactive substances in all parts of the nuclear fuel
cycle are necessary.

Table 2: Hurdles still to be taken by nuclear energy

• Safety issues (possibility of catastrophic events like Chernobyl), public fears, missing
acceptance.

• Unresolved issues of waste management/final disposal.

• Competitiveness issues (presently questionable competitiveness against gas, no rea-
diness for long-term investments, decreasing involvement of industry).

• Limited resources (uranium, thorium) when using a "once-through" fuel cycle; practi-
cally unlimited time of use requires reprocessing and fast systems with potential in-
crease of the proliferation risk and public resistance.

• Dependency on a minimum of political, financial and social stability; assured suitability
for developing countries.

4. Requirements for a sustainable development of energy supply systems

To promote the transition to sustainable development a robust set of criteria and indica-
tors/indices is necessary to make principles operational and to check progress. Such a set
has not been established, though been asked for, e.g. by the OECD [1]. The following draft
proposal aims at providing input suitable for (comparative) technology assessment and for
giving guidance for necessary developments in the energy sector. The information can also
be used as basis for trade-off analyses of mixed energy supply scenarios.

Based on the comprehensive definition of sustainable development, taking environmental,
economical and social aspects into account, principles have been grouped into three criteria
categories:
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• "no" degradation of resources in the broadest sense

• "no" production of "non-degradable"waste

• high potential for robustness/long-term stability

whereby "no/non" reflects the aim of being as small/as near to zero as possible. Each criteria
category is related to a set of specific criteria and indicators which aim at being representati-
ve, rather than complete. Whether the current set already is adequate needs to be further
discussed; e.g. CO2 (for global warming) and SOX (acid rain) are considered as being key
parameters for environmental damage while NOX (photosmog) and small particulates are
implicitly represented in the context of health effects associated with normal operation. For
allowing specification and objective assessment measures are proposed; for those indicators
which are clearly quantitative in nature measuring units are specified.

The assessment should be normalised, for instance based on a plant of 1 GW(e) installed
capacity and 1 GWa electrical energy output, taking into account not only the operation of
the power plant but the whole energy chain including fuel front- and backend and other ele-
ments of the life cycle (LCA approach).

The consensually accepted and suitably filled in matrix (see Fig. 3) could finally be a tool to
assess and cross compare current technologies under the constraints of sustainable deve-
lopment, as well as more advanced or even potential options. The weighting and aggregati-
on of the proposed indicators and their subsequent use within decision-making processes
need to be developed on the basis of case by case application.

5. Potential fulfilment of proposed requirements by nuclear energy

Taking current LWR-technology and fuel cycles as basis the strengths of nuclear energy are
clearly highly beneficial for environmental protection and climate care ("available clean tech-
nology") and security of supply. In order to attempt meeting the whole set of criteria for su-
stainable development there is a need (and potential)

• to further improve the safety of nuclear power plants to such an extent that catastrophic
events can be (entirely) excluded and

• to optimise fuel technology and cycles in terms of "no" net resource consumption, prolife-
ration resistant reprocessing and recycling steps, "burning" of extremely long-lived acti-
nides and fission products (thus reducing guaranteed confinement times in final reposito-
ries to a "historical" scale).

With regard to safety recent studies demonstrate that well-operated plants of western design
carry small risks compared to other energy supply systems [7]. However, catastrophically
high consequences in terms of latent fatalities and land contamination have been estimated
although the associated frequencies are almost negligible.

For advanced (next generation) systems under development the design basis has been
broadened substantially, such that in-plant measures against severe accidents have been
taken into account rendering emergency actions outside the plant unnecessary from a tech-
nical point of view. In parallel developments are underway aiming at establishing a new,
even more convincing safety quality through radical changes in reactor design. Improved
inherent or passive safety features such as easily manageable systems for after-heat remo-
val and fission-product retention, should replace complex active systems and guarantee less
dependence on correct operator actions. To assure a higher extent of "error forgivingness",
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water supplies are designed to keep the reactor in safe conditions even without additional
feed from the outside during the first few days after a hypothetical potential accident. Integral
testing of passive systems for heat removal from containment under LOCA conditions for
simplified BWR (GE-SBWR/ESBWR, Siemens SWR-1000) has demonstrated their functio-
nality and robustness [5].
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Figure 3: Proposed criteria and indicators for technology assessment (covering the full
energy chain) considering principles of sustainable development
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Furthermore, higher competitiveness should be achieved by means of simplification of con-
cepts, systems and licensing procedures, standardisation and certification, optimisation of
the fuel cycle (e.g. higher burn-up), extended life-time and preventive maintenance.

With regard to fuel technology and fuel cycles more efficient use of uranium, and later also
of thorium, should be the primary long-term goal for sustainable development with respect to
resources. In the short-term this can be achieved by higher burn-up and by increasing the
use of plutonium as energy source.

Proliferation risks are judged differently in the open literature. Some experts do see them as
one of the key issues [4]. Others refer to "no-case-of-... experience" over the last decades
and turn it down as a misperceived artificial problem. As a matter of fact the results of the
INFCE-study (1980) indicate that it is "not possible to make the nuclear fuel cycle absolutely
"proliferation-proof" by technical fixes only" but obviously "integration of reprocessing in the
reactor plant is advantageous" and "increased build-up of higher isotopes through multiple
recycling makes plutonium less attractive for theft". Resolutions of the more recent Moscow
Summit Conference and follow-up meetings in 1996 claim safe handling of fissile material as
being imperative and give advice on suitable technical and organisational measures:

• Re-inforcement of the IAEA Safeguards System and export-control measures.

• Dilution of weapons-HEU into LEU for LWR fuel.

• Use of weapons-Pu as MOX-fuel in (existing) reactors.

• Use of MOX fabrication plants, construction of an additional one in Russia.

There is little doubt that, in the current situation of world-wide growing plutonium stockpiles
(in irradiated reactor fuel and from dismantled warheads), the regulation of plutonium-
inventories is an important issue from the non-proliferation viewpoint. As indicated above,
the use of MOX fuel in LWR's (ranging from the current-day maximal 1/3-core loadings to
100% MOX cores in the future) is a possible solution. Potentially, uranium-free inert matrix
fuels (IMFs) could be deployed in this context, and fast reactor systems offer additional op-
portunities (see Table 3).

The development of IMFs, e.g. a solid solution of Pu, Zr and Er oxides for LWRs [6], would
allow efficient incineration of plutonium of civilian and military origin in the short- or at least
mid-term. The advantages are as follows:

• No additional plutonium build-up

• Increased proliferation resistance (higher fission product build-up, insolubility in acids).

• Reduced migration from the final repository (insolubility in ground-water).

In the long-term it is, of course, the deployment of fast reactors as Pu-breeders which can
extend the depletion time of uranium by a factor of about 150, i.e. almost to infinity (see part
B of Table 3). Such closure of the fuel cycle would also reduce the radiotoxicity of wastes by
an order of magnitude.

To further narrow requirements for the final repository and to reduce secured enclosure
times to a historical scale partitioning and transmutation (P&T) of minor actinides (Np and
Am, in particular) and even of long-lived fission products would be essential. This would re-
quire dedicated fast and accelerator-driven (hybrid) systems, in symbiosis with LWRs and
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FBRs. Studies and developments, mainly in France (SPIN) and Japan (OMEGA), are un-
derway, and Table 4 gives an overview.

Table 3: Current and future fuel cycles for the regulation of plutonium inventories

(A) Net plutonium production of LWRs and fast reactors

Reactor type

LWR, without recycling

LWR, "self sufficient"

LWR, 100%MOX

LWR, U-free (IMF)

FBR, breeder

FBR, reduced blanket

CAPRAa, MOX

CAPRA, U-free (IMF)

Fuel

UO2 enr.

UO2 enr./MOX

MOX

PuO2

UO2 / MOX

UO2/MOX

MOX

PuO2

kg/GW(e)-a

250

=0

-500

-1260

250

-0

-600

-1050

a Pu-burning fast reactor

(B) Use of the energy content of uranium:

• LWR without

• Pu-recycling

• fast "closed"

recycling: 0.5 -

in LWR: 1.1 %

systems: about

0.6%

80% (limited by reprocessing losses)

Table 4: Actinide transmutation (complete actinide fission)

Integrated system:

• Transition from a LWR- to a pure FBR-strategy

• Retention of all actinides in the FBR fuel cycle. Reference: IFR (ANL); metallic fuel with
electrochemical reprocessing.

Double-Strata Fuel Cycle:

• Symbiosis LWR/FBR.

• Separation of Np, Am, Cm and burning in hybrid system with fast neutron spectrum.

• 1 transmutation reactor supports about 15 normal reactors. Reference: Molten Salt Re-
actor (JAERI).

LWR with nuclear phase-out:

• Only LWR without or with limited Pu-recycling.

• Burning of the remaining minor actinides in a hybrid system. Reference: ATW (LANL).
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Figure 4: First, qualitative application of proposed criteria and indicators for technology as-
sessment to nuclear energy chains considering principles of sustainable develop-
ment
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6. Concluding remarks

Although sustainability is increasingly regarded as the key paradigm for global development
a clear, commonly accepted unique definition does not, and perhaps cannot, exist. A set of
criteria and indicators making underlying principles operational needs to be developed. The
present proposal aims at providing input in the context of energy systems. It has been
applied to current, advanced and potential nuclear systems/options. The results (see Fig. 4)
are qualitative and preliminary. Nevertheless, they clearly indicate basic drawbacks and me-
rits and could give guidance with respect to technology assessment and specific develop-
ments.

Nuclear energy has the potential to play a major role in a future, more sustainable energy
mix. Along the way it has to overcome difficult hurdles which clearly transcend purely techni-
cal considerations.
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Work Group 1 Summary Report

Social and Industrial Requirements Imposed on
Technical Systems
George Yadigaroglu (Moderator)

Gilbert Eggermont, Gian Luigi Fiorini, Stefan Hirschberg,
Patrick Raymond, Ivo Triputti (Contributors)

This working group attempted to identify and discuss requirements imposed on technological
developments stemming from either social or industrial concerns and to analyse examples
from the past, recognising basic patterns. The available experience from different countries
in relation to setting up of criteria and their implementation, and public perception of related
risks or environmental impacts was discussed.

The expertise in the majority of the group members being mostly in the nuclear area, several
interesting examples coming from other industries (fossil energy, transportation, process
engineering, etc.) could be identified but not discussed exhaustively; these cases are indi-
cated here as interesting examples for follow-up studies.

1. Public pressure and political requests as forces driving the imposition of
requirements on technical systems

Several paths leading to the imposition of safety or environmental impact criteria on techno-
logical systems were identified. These are briefly discussed below.

1.1 Social Awareness Driven Changes

One typical pattern leading to the imposition of new safety or environmental impact criteria
on an industry has the following elements:

• Creation of social awareness about an environmental or safety issue originates from the
writings or militancy of an individual or groups

• Amplification of the awareness by the media

• The politicians get interested and require the setting up of standards by the appropriate
agency; the industry complies

Examples of this pattern are the banning of certain pesticides following publication of the
,,Silent Spring," safety standards for the automobiles following publication of ..Unsafe at any
Speed," setting of SOX and NOX release limitations following public outcry in view of obvious
environmental damage in Northern countries (acid rain) and smog in California, etc. The
media played in these cases the role of an important amplifying link between the public and
the political decision-makers.

There are also numerous cases, however, where the media tend to amplify rather trivial is-
sues diverting public attention; these issues typically cannot be rebutted by rational criteria
and discussion (this is often the case of nuclear issues). The public is also often led to belie-
ve that certain proposed benign technical solutions are available and immediately imple-
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mentable at large scale when this is not indeed the case (example: exaggerated photovoltaic
electricity production promises).

1.2 Large Accident Driven Changes

Numerous examples also exist of legislation changes at the national or international levels
following the occurrence of large accidents or the possibility of imminent catastrophes. Ex-
amples are: the regulation of the design, construction, repair and surveillance of dams (fol-
lowing the collapse of the St. Francis dam in California in 1929 and death of 420 people); the
Seveso Directives within the European Union addressing major industrial hazards (esta-
blished in 1982, extended in 1996 in response to the Seveso release); additional licensing
requirements concerning nuclear power plants (after the Three-Mile-lsland accident) and the
establishment of the International Safety Convention (following the Chernobyl accident); the
,,St6rfallverordnung,, (Accident Regulation) in Switzerland (issued in 1991 following the acci-
dent in Schweizerhalle); measures regarding the origin of animal foodstocks were taken fol-
lowing the ,,mad cow" epidemic, etc. There are, however, also counterexamples where large
accidents did not result in significant changes in the mode of operation (an example could be
the Bhopal catastrophe).

1.3 Other Cases

Certain other cases of setting of safety standards could be identified for which there was no
clearly identifiable driving forces, although these are probably due to a combination of public
awareness and economic pressures to reduce, real or perceived, chronically high accident
rates: examples are airline safety, highway safety, radon concentration in houses, biotech-
nology, etc. The implementation of improved safety standards could also be simply due to
the emergence and commercial attractiveness of improved products at minor additional cost;
e.g. safer sports equipment.

1.4 The Role of Experts in Political Decisions

Governments occasionally request the assistance of expert organisations in developing me-
thodologies and criteria for technology assessment and acceptance. These efforts attempt to
bring rationality, clarity and transparency to the decision making process. The final decisions
remain, however, political since certain aspects of the problem (not always the most directly
relevant ones) may dominate the decision (typically made in the parliament). Examples are:
the recent decision to shut down Super Phenix; the future decision about long-term waste
management in France: although several institutions are preparing technical alternatives and
systematic evaluations of their risks, the final decision will be taken by the parliament using
the political process; delay in unloading the core of a shut-down NPP in Italy due to pressu-
res from the unions fearing loss of jobs.

2. Consensus Talks

One could hope that consensus talks between all interested parties and decision makers
could lead to the development of policies, criteria or regulations. Consensus talks on accep-
table risks have been conducted in various countries but appear to be rather unsuccessful.
The reasons are that it is rather impossible to reconcile deeply rooted, non-reversible extre-
me positions.
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3. Target Figures

Target figures or criteria have been proposed or are used in many countries. In most cases
they have been established in the form of safety goals (i.e. probabilistic aspirational targets)
rather than limits defining acceptability. They are predominantly viewed as one factor among
others in arriving at regulatory judgement. Figure 1 provides examples of societal risk curves
originating from different countries and applicable either generally or to specific activities.
The numerical differences are striking and are partially due to lack of consensus on accep-
table levels of risk. The same applies to individual risk levels.

4. Public Perception of Risks

The public does not respond positively to the reduction of the probability of severe accidents,
even by orders of magnitude. The absolute limitation of consequences (irrespective of the
probability of accidents) by some quantitative measure (e.g., maximum number of casual-
ties) seems to be the solution to a number of technology acceptance issues, typically the
nuclear energy issue. Typical examples could be a new reactor design limiting land contami-
nation to a very limited area in case of a severe accident; the limitation of the area occupied
and potentially condemned by the installation of a high-level waste repository to, say, only 20
acres of land, etc. It is not certain, however, that all technologies could meet ..limitation of
consequences" criteria.

One is then driven to defining alternative formulations and language for the negligible proba-
bilistic risk such as ..practically excluded" or ,,practically impossible" or ..obviously safe" etc.
Such formulations seem to be credible for well established, familiar technologies (e.g. natu-
ral gas distribution networks) but not for certain other technologies not ..trusted" by the pu-
blic. There is clearly progress in reducing the maximum hazards, for example from nuclear
power plants, by technical fixes but this is not always a sufficient factor in relation to public
acceptance. At the very end, the acceptance of a ,,residual risk" in certain industries is a poli-
tical and social decision.

5. Implementation of Safety or Environmental Impact Criteria

The degree and nature of implementation varies from country to country. Taking the Seveso
Directives as an example, it may be quite straightforward to implement the general require-
ments on information following accidents, on inspections, need of safety reports etc. Howe-
ver, the directives are open to interpretation. In particular, the role of probabilistic analyses in
the various countries that follow the same directives is radically different. Thus, in the
Netherlands and in the UK probabilistic risk studies play a central role, while in Germany and
France the deterministic approach prevails.

Although stringent probabilistic regulatory safety requirements and criteria may be legislated,
there may be a large discrepancy between the availability or applicability of probabilistic
safety assessment methods needed for their implementation in particular industries or activi-
ties (the nuclear industry is one of the few exceptions).

Compliance with imposed stringent safety criteria may also not be possible with the current
level of technological development. For example, in the Netherlands where such criteria we-
re imposed, following a number of case studies demonstrating non-compliance with the hig-
hly ambitious criteria (e.g., safety in the neighbourhood of the Amsterdam airport), a certain
relaxation and flexibility was added to the concept by adding ,,societal benefit criteria" to the
decision process.
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The importance of a certain industry in a given country, combined with enhanced social con-
cerns may lead to increased and systematic implementation of safety targets. The chemical
process industry in the Netherlands is an example; it is both large and very important for the
country.

A comparison with practice in neighbouring countries is very helpful in implementing social
requirements such as in reactor safety. Isolated approaches in certain countries can no lon-
ger be justified in a globally connected world.

6. Changes in Technical System Design Criteria to Meet New Requirements

The discussion here focuses on the reduction of risks or environmental impacts and on
changes driven by various industries, rather than the public at large.

6.1 Historical Examples

Many historical examples may be provided, demonstrating significant safety improvements in
various industrial sectors:

• Due to post Three Mile Island/Chernobyl backfits, core damage frequencies of numerous
nuclear power plants have been reduced significantly (e.g., in the case of the certain
Swiss plants by more than a factor of 10).

• Large dams exhibit a much improved safety record in recent years

• There appears to be a tendency of reduced occurrence of large accidental oil spills.

Regarding emissions:

• State-of-the-art fossil technologies minimize SOX and NOX releases and result in much
reduced releases of greenhouse gases.

• Countries which signed the Montreal Protocol are committed to substitution of fluorocar-
bons producing ozone depletion and global warming with environmentally sound alterna-
tive coolants.

Contrary to what is indicated by the examples above, however, in some cases the number of
severe accidents tends to increase, primarily due to the increased volume of activities world-
wide and to introduction of new risks.

6.2 The design of Future Systems

Regarding the design of future systems, the Utility Requirements Document (URD) prepared
in the US by the nuclear industry (under the leadership of the Electric Power Research In-
stitute, EPRI) and the corresponding European Utility Requirements (EUR) are examples of
industrial attempts to provide standards for future systems. In both cases, however, the em-
phasis is mainly on operational and economic improvements.

6.3 International Requirements/Requlations/Recommendations

Internationally applicable documents exist in a limited number of areas; examples are:

• The IAEA Safety Convention

• The ICRP recommendations

• The Seveso and radiological Directives of the EU
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• The Article 37 of the Euratom Treaty regarding trans-boundary emissions

• The obligation of European environmental assessments

• Bilateral agreements (e.g., common French-German safety approach)

• IATA regulations for airline safety

• Maritime safety regulations (imposed by insurance companies?)

• etc.

Another example is that of an organisations like WANO that is making efforts to improve the
safety of operating NPPs world-wide.

6.4 Responsible Care in the Chemical Industry

S.Hisrshberg: could you add something on this topic?

7. Analysis of the Relationship ..Requirement - Technical Response"

A number of ideas expressed are summarised below:

a) Pressures for risk minimisation do not necessarily always originate from the public or
from political circuits, insurance companies, protection of own investments and safety as
a competitive advantage may also play a central role in this context.

b) In most areas, changes with the highest impact result from retrofitting, using already exi-
sting technologies.

c) Implementation has been primarily limited by lack of material and in some cases techni-
cal resources, often in developing countries.

d) Differences also exist between industrial and developing countries due to varying priori-
ties for the allocation of resources and possibly different levels of risk acceptance.

e) Regarding the minimisation of risks of large accidents, it appears that, for most indu-
stries, apart from retrofitting based on available technologies, more attention is being gi-
ven to accident prevention by improvements in operational safety, experience feedback,
inspections/monitoring, education, increased awareness and safety culture, organisation
and management, and by risk considerations strongly influencing the siting of new
plants. A clear drive towards more radical system changes at the design stage in order to
practically exclude severe accidents appears to exist only in the nuclear industry and in
certain countries, as a consequence of public and political pressures.

f) Technological changes are sometimes partially driven by the influence from neighbouring
countries and international demands. Examples are: the initiation of the clean-up of the
Romanian contaminated sites close to the Bulgarian border and backfitting of the Bulga-
rian Kozloduy NPP; the installation of the first filtered containment venting system at the
Swedish Barseback NPP, close to Copenhagen.

105



SINTER-Workshop Ascona, 1-3 April 1998, Proceedings

8. Further Thoughts on the Public/Political Discussion, Risk Perception,
and Decision Making

Technology assessment (TA) offers an approach for evaluating the impact of technologies in
due time and allowing to clarify requirements. However, politicians usually do not invest in a
proactive approach by TA and risk assessment and are in most cases surprised and embar-
rassed by growing public concern.

Regulations are now produced increasingly by the intermediate of international expert net-
works. These networks are gradually replacing political impact in the shaping of society. The
social requirements they express, are based on technocratic rationalism, which is not, howe-
ver, sufficient in expressing public feelings and complex societal interactions.

Technical solutions failed in the past by not taking into account in due time social concerns
as contrasted to economic and strategic objectives. For example, the nuclear industry needs
to realise that further rationalisation of the discussion of nuclear hazards only with its own
logic is not reducing public concerns.

To address a major public perception/concern, the nuclear sector should formulate new wa-
ste disposal criteria including sustainability indicators. This necessitates the introduction of
ecological criteria complementing the dose as a human health criterion. The discounting of
effects on future generations has to be considered in the light of sustainability considerations
(although most discounting efforts become meaningless at the very long term).

Public pressure has an impact when sufficient media attention is obtained and, due to in-
creasing globalisation, when a problem becomes of international importance.

Social requirements to technical systems are related to ethics. Radiation protection is an
area where a lot of work has already been done on the integration of such requirements in
practice and can be used as an example. Relevant ethical criteria are:

• equity vs. efficiency (benefit/detriment)

• health vs. economy (optimisation)

• individual rights vs. societal benefits

• control (stakeholder consent)

• liability

• sustainability (future generations

• etc.

The multi-criteria approach (table of criteria and measures) presented by Kroger at this
Workshop to assess the sustainability of nuclear options seems to be a promising way for
promoting transparent public discussion. A similar table addressing economic competitive-
ness would be useful, especially in a deregulated electricity market; relevant criteria could be
not only the cost of the kWh but also the risk of commercial investment loss.

Public perception of risks has to be considered in the political decision making process al-
though it is not part of the collection of the rational decision making criteria.

The response to sustainability requirements is difficult. It is part of the daily political discussi-
on, but seldom translated into governmental criteria and budgets. Some multinational com-
panies have already included sustainability criteria in strategic priorities, at least in R&D.
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In spite of the importance of the energy field in relation to risk and sustainability considera-
tions, very few countries seem to have an energy plan. Certain ..principles" or criteria driving
energy-related decisions are used in countries like Switzerland. Presently, in view of the ap-
parent abundance of fossil energy supplies, only the need or obligation to reduce CO2 emis-
sions could be the driving force for comprehensive national energy plans.

Another important issue that was discussed at this Workshop is the transition between
(technical) Acceptability and (public) Acceptance. It was felt that the path between the two
depended significantly upon the national socio-economic environment and the need for the
technology in question. The nuclear industry provides the typical example in this area.

Discussion

Kienle: I would like to make a short comment, because you mentioned the EUR, the Euro-
pean Utility Requirements.There has never been an intention to define safety criteria, it was,
let's say, a safety level that we considered from our experience, from our responsibility to be
sufficient for the design and operation of a safe plant. It was a certain minimum and lots of
efforts were put into the direction of ,,what is still affordable, what helps us stay competitive".

Fiorini: But you are aware that now, under the commission auspices, an analysis of the EUR
is being made taking as a reference the GRS/RSK document. So, I think, we will converge
towards something that will be acceptable for both sides.

Kienle: This also was one of the intentions, namely, to provide a document and ask for
comments, because we felt that this would be better for the utilities than something written
by experts far away from operational experience.

Kroger: In your presentation you mention under regulation" mainly governmental regulation;
did you discuss in your working group regulations established by the industry itself? For in-
stance, from my knowledge one reaction of the chemical industry to the Bophal catastrophe
was the emergence of the concept of ,/esponsible care,, within the industry. This kind of re-
gulation could be a good idea also for the future of other areas in times of irritation. And it
could be that the self-regulation by the industry leads to criteria which are stringent and need
international harmonisation.

Yadigaroglu: We didn't discuss this extensively. Also because we didn't have a representa-
tive of the chemical industry in the group. And actually chemical industry is self-regulated.

gS'jfltajJMffi-BEEEWaBBftO^;^
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Work Group 2 Summary Report

Analysis of the Acceptance Situation of Nuclear
Energy and its Evolution
Werner von Lensa (Moderator)

R.J. Dortland, Konstantin Foskolos, loannis Papazoglu,
Risto Sairanen, Peter Wiedemann (Contributors)

1. Present situation

The utilisation of nuclear energy in Europe varies from none to a high percentage of electri-
city produced by nuclear. The immediate future of nuclear power plants varies from publicly
accepted phasing out (NL), publicly debated phasing out (SWE), indifference (CH), conti-
nued broad application (F) to intentions to build new plants (FIN). This variation depends on
the social, cultural and/or economic situation, but it is difficult to identify concrete factors that
can explain these differences. However, a low to very low public acceptance might be seen
as a common aspect in all or most of the European countries. With regard to the public ac-
ceptance, the Chernobyl effect can still be seen in some countries (NL), subsided in some
other (FIN), or seems to be non-existent. Moreover, in countries where public acceptance
was no impediment to the building of new nuclear power plants, economic considerations as
well as a surplus in electric power production have delayed the increase of the nuclear ca-
pacity. Although the need of new capacity may be low at the moment, this situation will
change in about a decade, when, after an average lifetime of 40 years, old nuclear plants
need to be phased out. Between 2015 and 2025, a total capacity of 80 GWe of nuclear ca-
pacity will need to be replaced.

2. Challenges to nuclear R&D

The challenges to nuclear are to be or to remain competitive over other energy sources, to
retain sufficient nuclear industrial capability, and to improve public acceptability in order to
achieve public acceptance. Two developments may in the long term improve the position of
nuclear energy. Firstly a growing relative shortness of fossil fuel may lead to higher energy
prices and, through these higher prices affect the standard. Secondly the public awareness
of the risks of global warming due to carbon dioxide releases may have its effect on the pu-
blic attitude towards nuclear energy. These factors however, can only be influenced to a li-
mited extend (e.g. cost reduction) and are therefore will further addressed in this paper.
However, ways should be sought for action in this matter. The focus will be on public ac-
ceptance of nuclear energy.

It is noted that there is also the matter of industrial acceptance. However, industrial accep-
tance is inherently associated with economy and with the reaction of the public. The high
capital cost of nuclear makes it prone to -uncertainties with interest rate and delays in con-
struction time. Plant simplification and increased use of standard technology components
could reduce the cost and the uncertainties involved and make the nuclear option more at-
tractive for the industry. This economic aspect is not further addressed. A serious challenge
for the industry will be to maintain preparedness in terms of sufficient manpower and nuclear
know-how.
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The attitudes of the public are in general affected by values and beliefs. Values are conside-
red to be rather fixed, at least seem hard to change. The beliefs however, can be influenced
as they are composed by the risks and benefits perceived. Some of the beliefs can be influ-
enced by technical innovations. Others require more than technical fixes alone as for instan-
ce a more objective attitude of the media and a longer term perspective of political . The
nuclear risks addressed most by the public are fear of catastrophic accidents, questions
concerning nuclear waste management and the proliferation risk. Probabilistic risk assess-
ment is a well established and valuable tool for the technical community, but argumentation
based on small accident probabilities does not seem capable to take away public concerns
for nuclear accidents.

Elements identified as to have an impact on public acceptance of nuclear energy and there-
fore to be considered as challenges for nuclear and nuclear related R&D are:

• maintaining a high safety culture in operating plants, in particular minimising risks of
Chernobyl type catastrophic accidents,

• limitation of accidental releases of radionuclides by improving reactor designs,

• reduction and management of nuclear waste,

• improvement of communication,

• intercomparison of all energy options with regard to sustainability

The target of innovative designs and safety systems should be the development of reac-
tors not necessitating emergency planning outside the plant. Many of the existing reactors
were not designed to adequately cope with the effects of challenges due to core melt acci-
dents. Severe accident research conducted since the TMI-2 accident in 1979 has resulted in
methods to ensure the containment integrity with high confidence even in the case of core
melt accidents. The limitation of radioactive releases to the environment can be achieved
by two distinct (or combined) approaches: by means of preventive measures (e.g. via passi-
ve safety systems) in innovative designs or by means of improved containment systems.

Improved solutions to waste management are reduction of volumes and necessary confi-
nement times by transmutation, avoidance of problematic actinides, improved separation
from biosphere and retrievability for improved treatment. The most challenged disciplines in
this field will be chemistry and process technology.

An attempt has been made to rank the five issues mentioned above in order of importance.
This is reflected in the diagram below (Fig. 1). The diagram also reflects where (further) in-
put is considered necessary and gives a very rough semi-quantitative indication as to what
additional effort is necessary. With respect to communication it should be noted that the per-
centages indicated should be addressed with some caution. On the one hand it is recogni-
sed that a lot has been done already (e.g. in the field of adequate communication tools). On
the other hand it goes without saying that the important new concept of sustainability will
require a lot of new communication. Also the fact that it is, on the basis of current technolo-
gical knowledge, possible to design reactors with very little or no release of radionuclides to
the environment in case of core melt, deserves to be better known to the public. And finally it
may be considered useful to apply the newest and most sophisticated communication
techniques to convey these messages to the general public.
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Figure 1 : Priorities in addressing aceptance issues

Discussion

Fiorini: One quick remark on your last transparency. I am a little bit surprised to discover
that you consider about 80% of the communication work as already done. I think that this is
a little exaggerated and I also do not agree with your estimation regarding the waste reduc-
tion and management, where I think that a large amount of work has already been done.

Wiedemann: The last paragraph of our summary deals especially with communication. We
had some feedback, and this debate fairly well identified a couple of points that need to be
clarified.

Foskolos: to come back to your question on waste reduction, where you think that too much
has been already done? I would like to point out that waste reduction is not the same as wa-
ste management. If you speak about waste disposal, yes, there things have been done. But
if you speak about transmutation, better separation techniques and so on, then you speak
about technologies that do not even exist.

Fiorini: Yes, but there are a few key points, and I would like to come back to the table pre-
sented by Prof. Kroger (cf. p. xxx) for a moment. I work on waste disposal for France, and I
don't have a solution for high level waste disposal. We assume land losses of 50 ha. And I
think that this figure, 50 ha, is an important message, because it must be compared to all the
land losses due to other energy sources. Certainly we can do a lot to reduce the volume, the
50 ha will perhaps become 10 ha, but this is negligible.

Van Rij: One of the issues that I missed is that in general industry is likely to perform when
there is a certain assurance that the government will issue the required licences in time.

Von Lensa: I didn't mention that here, but we discussed it. Some of these measures have to
be structured in organisational parts. And this can include also the speeding up of the proce-
dures that will improve the economic competitiveness.

Kienle: Speed is not the main concern. The main concern of investors and utilities is, that
with nuclear energy investments are tied up for 10 or 20 years. Nobody knows how the world
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will change within the next 20 years. A gas-fired plant, on the opposite, it is written off after 5
years. If after5 years you cannot operate the plant any longer, due to changes in the envi-
ronment or regulatory changes the government wants, you haven't lost your money. And
with investments in nuclear energy you have lost your money. And that's the risk: The return
on investment is the main concern.

Van Rij: If you cannot be reasonably sure whether you get a license to construct a gas plant
in a country, you are not going to apply for one in that country.

Kienle: For the investors, the real concern, the main reason why there is no intention to
make an investment into nuclear energy, is, first of all, that we don't need additional capaci-
ty. The second reason is that if investors make an investment they will make it in a plant that
has a short-time return on. investment.

Kroger: I have a question with regard to public acceptance. You did not mention transport of
radioactive materials, which has been very important, at least in Germany. A second point is
that when dealing with radioactive waste management issues, one always speaks about the
reduction of the amount of waste, actinide transmutation and so on. My feeling is that for
public acceptance the proof of feasibility is also very important. People do not want to see on
paper that something can be done, they want to see a final storage facility for highly active
waste.

Kienle: But there are conflicting goals: The one is public acceptance and to get that you
should demonstrate and show, put the first canisters down and nobody will take care of it.
The other goal is to have a final repository as late as possible, seen again from the investors'
point of view. Because the money you spend now is for something that you will need in 40
years. It's a waste of money.

Von Lensa: I did not have the time to go too much into detail on that. But, for instance, we
all know that retrievability might be very important for acceptance. Saying: we have found a
solution for this waste, will probably not be accepted either. We had the example that from
the very moment that retrievability was also considered as an option it had a positive effect
on acceptance.

Kroger: The attitude towards risks differs from country to country. For me the situation in
Germany, for instance, where there is an agreement on a deterministic" exclusion of risk,
differs very much from the situation in the Netherlands. The attitude there is, from my under-
standing, more risk oriented, taking corrective provisions into account. Can you comment on
that? And if my impression is right, maybe you can comment on the background.

Dortland: Maybe it all originates from the storm surge we had in 1954 which broke many of
the dams in the South-West of Holland and caused several hundreds of casualties and led to
the decision to develop a delta plan to protect the delta from further demolition. This meant
that we would have to heighten the dams, but we knew we couldn't do that indefinitely. So
we had to find a balance between cost and risk. Everybody wanted to be safe, but everybody
understood that we could not be 100% safe. So we made a risk analysis and nowadays we
build deichs to a height that protects us from submersions that occur once in every hundred
thousand years.

Kroger: Has that been accepted by the public?

Dortland: Yes, because everybody could accept that you cannot build a deich one hundred
meters high which would protect you almost perfectly for all times. But we had to come to
terms with costs on the other hand.

Wiedemann: I think we had a similar experience in Germany with the flood in Hamburg. I
think that such events are good for this kind of more rational approach to the meaning of
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risk. In my opinion, when looking at public acceptance on the one side, one should also take
into account the resonance of the political system on the other side. As I mentioned in my
talk when comparing Germany to Europe, I think that there is more broad acceptance than
dis-acceptance, but the political system doesn't consider this kind of non-acceptance situati-
on. This relationship between the political system and the public is a key issue.
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Work Group 3 Summary Report

Perspective of a Forward-looking, Sustainable
Nuclear Energy Use
Wolfgang Kroger (Moderator)

Dietmar Bittermann, Lakshmi Chayapathi, Luigi Debarberis,
Friedrich Kienle, Henk van Rij, Fortunato Vettraino (Contributors)

The concept of sustainability can be understood by specialists according to its definition
agreed upon in annex WCED 1987, p.43. It is a global target implemented locally, where
..future" is considered to be of the length of one human generation: -25-30 years. A more far
reaching future could be of the range of 50 y, while longer time scales leave too much space
for speculative debate.

At European country level, the concept is not understood, is not deployed to the citizen and it
is not really used for setting up national policies. Objectives, criteria and performance indi-
cators must be searched and defined as far a possible, while an evolutionary approach
should be selected instead of a ..revolutionary".

The approach of considering a single technology, i.e. nuclear, and then demonstrate its su-
stainability appears to be too much defensive. A more transparent and much more pro-active
approach would be to consider a specific task or objective to which a set of technologies
must serve, i.e. energy production, and then to assess different technological options for
comparison. By doing so, all aspects should be included: ecological, economical and social
and the full life cycle of any technology should be considered as well as non-technical issues
playing a key role, in particular acceptance. In this process, only ,,aims" need to be defined
and not the ways to achieve them.

The table proposed by Kroger for TA against sustainability (cf. p. xxx) appears to be written
by a 'nuclear' expert, although the criteria proposed are very good. It would be preferable to
ask some more 'impartial' party to set down criteria. The issue 'employment' must appear as
well as the issue 'water'; the applicability of such a table might be limited within a certain
homogeneous geographical region. If used consequently, such a table might be a very use-
ful tool for decision makers and for triggering R&D or checking consistency of R&D pro-
grammes.

At a first glance, nuclear technology could be ..sustainable" after certain improvements,
which seem to be possible from a technical point of view. Regarding the issue of acceptan-
ce, a change of attitude towards nuclear technology perception both of public and experts
need to take place. The implications in prioritising R&D could include:

• 'intrinsically safe' concepts to exclude possible catastrophic consequences by design,

• improving accident management measures

• better use of fuel: i.e MOX, U-free fuels for Plutonium burning

• improved waste management including burning of FP and minor actinides
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The outcome of the technological assessment must help to screen options vs. a specific
objective and trigger R&D wherever required for a specific technology to become more su-
stainable.

Discussion

Kroger: At the end of our discussions in the 3rd Work Group, we tried to check our ideas on
R&D against the upcoming 5th framework programme and we realised that our proposal
might cause dramatic changes to the future approach of the programme, as the structure of
this programme or following ones differs very much from the structure proposed here. Going
bottom-up is nowadays usual in the union and what we propose is going top down. Ques-
tions?

Fiorini: Just a comment regarding the 5lh framework programme: I don't exactly understand
what you mean by different approaches. The official objective of the 5th framework pro-
gramme is competitive and sustainable growth" and the word ..sustainable" is explicitly men-
tioned by the European Union as a technical key field. As a second comment, I personally
did not like very much the term ..intrinsically safer,, on your last transparency. I think that ,,ro-
bust", ..transparent" etc. would be better. I think that we still misunderstand this term ..intrinsi-
cally safe,,, and, although I am not against it, I really do not agree with it very much. I per-
fectly understand that different barriers could be used here, passive features, if it is possible
to demonstrate that the reliability and competitiveness of a passive feature are sufficient to
guarantee the final result.

Kroger: As indicated, we also were not too happy with this term and we still are free to
change it. Coming back to your first question, my impression was that people work on the
contents of the 5 Framework Programme and probably they have some ideas concerning
its definition, but I have got the feeling that ..sustainability" was probably not implemented in
the consistent way we proposed. We could even propose specific programmes with appro-
priate wording and content and try to go in this direction.

Fiorini: I clearly understood what you mean: There is no basic difference of opinion as to
this point, but perhaps we can help the EU to be clearer on this issue.

Von Lensa: It was said that there is also something like an acceptability problem within the
nuclear community, especially, as the discussion shows, when more stringent regulations or
new safety concepts are addressed; yesterday we spent some time surmounting these se-
mantic obstacles. This is not only a problem we had to overcome in our communication with
the public, but we have the same big problem within our own community. Therefore, we pos-
sibly need not only to address the public but also to overcome these internal problems in a
constructive way. Because only if we reach a consensus among our own community will we
succeed to persuade. We cannot expect any consensus with the public as long as we are
faced with internal dissent.

Kienle: In principle I agree, but I think that if we are too uniform in our attitude, it will be very
easy for our opponents to call us a Mafia-like organisation. For example in a choir it is al-
ways better if people sing in different registers, but their notes should be in harmony. There
may be different voices, but they should not hurt each other; judging from how our commu-
nication sounds at present, the public must suspect us to have a very uniform attitude..

Von Lensa: There are only few expressions that always generate the very same discussions
in the very same manner, and this worries me a little. One expression was ..inherent or intrin-
sic safety", another one which nobody used today is ,,catastrophe-free" reactor technology.
When I ask for a more appropriate expression, nobody has anything better to propose, but
everybody objects to the terminology the discipline uses.
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Raymond: This is a problem of concept. It would be easy to say there is no danger, no
source term - if you are able to provide a nuclear reactor with a fission process that does not
produce any fission products. One should not speak of intrinsic safety because it is not fea-
sible and because it is easily misunderstood by the public. It is not possible to speak of in-
trinsic safety; this does not exist.

Kroger: You are in the same situation when, for instance, people introduce something like a
concept of sustainability and somebody who disagrees says that this is nonsense. This
would not be a very good starting point. On the other hand, my personal attitude is that we
should bear in mind to be honest, not to promise too much. We should be allowed to have a
certain diversity of opinions, especially if we speak in a larger region or country. To achieve
this we need discussions, so that, on the one hand, we can move into a new direction with-
out these obstacles and, on the other hand, we can live with different words, interpretations
and opinions. I think that this approach needs to be made; however, it cannot only be made
with regard to the public only, some intra-industrial discussions are necessary, too. At this
point one question with regard to acceptance must be asked: having concentrated here on
public acceptance, is that sufficient, or should one include industrial acceptance, especially
for future developments?

Dortland: Generally, what has been said indicates that decisions are made on a political
level and people at this level tend to listen very carefully to the public opinion. Although I am
relatively outside of the nuclear field, I think that the discussions on acceptability and accep-
tance are too much dominated by nuclear experts. I also noticed that in the discussions in
the Work Groups and during the plenary discussions. In my opinion, what you should do, is
to learn the art of communication, and that's a very special sport: We had discussions on
probabilistics and now this one on catastrophe-free reactors. I would be inclined to listen to
someone who claims that he can buy or design a catastrophe-free reactor, even if it's not
totally catastrophe-free. He would have talked to me as an ordinary citizen. But then all the
experts come to discussions on 10"5, 10"4. I think that if you want to promote nuclear energy,
you should try to give the communication business in the hands of PR offices, as it is not
simple at all. Otherwise, you will never win, I tell you, you will never win.

Kroger: This is a really interesting remark that should be discussed. With or without profes-
sional PR, communication should be clear, simple, etc. On the other hand, I perceive a new
trap for scientists in connection with the fact that we have to be honest. As soon as some-
body can show that a scenario is possible, people will tend to consider it as reality, and sci-
entists will lose once again. Would you like to comment on this problem?

Wiedemann: I share your concerns, concerns I had myself during this workshop, especially
after the presentation of Prof. Kugeler who talked about the catastrophe-free reactor. He
said that it is possible to design and to build such a reactor and that this task is a challenge
which could give new life to reactor technology. I am not sure if this is true. Other colleagues
from the nuclear community say that it is impossible, because some accidents or external
events will always remain ,,possible". In this case, ,,catastrophe-free reactors" are not a rea-
sonable promise. That point should be weighed with caution and combined with a very sim-
ple down-to earth-language that clearly formulates the intention which is, obviously, to show
that there are two ways to improve safety: one is to reduce the probability of a huge acci-
dent; the other, obviously a new one, is to reduce the damage potential. It is still an open
question what the right words are to clearly explain to the public this new line in our thinking
about reactor safety, these attempts to reduce the damage potential.

Kroger: What the public could be told is e.g. that it is impossible to have zero risk: technol-
ogy can do its best, it aims at reducing the consequences of severe accidents, but there are
still some scenarios one can think of and which could hypothetically lead to severe conse-
quences. The question is: Is it necessary to go this way, instead of polishing the words?
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Portland: One always has to be fair. Wiedemann correctly said that one must use simple,
down-to-earth language, but doing so, one should always stay fair. What nuclear technology
ought to do, is to develop a perfect PR strategy which combines both, experts and PR spe-
cialists. Experts can present the situation, the developments and improvements of the past
years and the present status. But then the task should be handed over to PR specialists with
the mandate to convey this difficult and very complicated message, in very simple terms, to
the general public in an easily understandable way. And, once again, that's important, you
always have to be fair.

Chayapathi: A nuclear company has handed over the communication folder to PR special-
ists and something dangerous happened: In their attempt to use down-to earth-language,
language that they thought the public would like to hear, a tendency came up not to ac-
knowledge risks. For example, the term waste is not being used. And I think that's ridiculous,
because right there the fears of the public are not answered. By calling it a ,,product" the
waste in the nuclear fuel cyclel and its risks are denied, think that there is a big danger of
falling into selling the concept, selling the solution, when PR people are involved. It has to be
made very clear that this communication is not PR as in conventional business.
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General Discussion
Kroger: The last questions go into the direction of other working groups and we should con-
centrate on this topic. I have two questions: Let us assume that the sustainability indicators
do make sense. We used the word acceptance in the list of indicators because we have to
take social aspects into account. Is acceptance the right word or would acceptability be bet-
ter? My second question: What do we mean by ..communication", is this PR, or information
of the public, or is it a new form of dialogue?

Wiedemann: The first question reminds me of the discussion on social acceptability in the
seventies, when there were very different interpretations of its meaning; maybe we can learn
from this debate in the past. From my point of view, acceptance and acceptability are not the
appropriate indicators for the sustainability debate. First, acceptance just means that people
agree to or tolerate an action or attitude. This can be measured, as you proposed, in a per-
centage of the population favouring a certain technology. But it is always questionable or can
be argued how large the percentage should be to allow a judgement of the kind ,,This tech-
nology is accepted or not". Thirty, fifty, ninety or ninety-five percent or even more? The key
problem is the willingness to act, to do something and it could be a very small but a direct
proof by society. Acceptability means, from my point of view, to be able to give reasons or
ground for new positions, nothing else. Therefore, what should be in the list of sustainability
indicators are social or societal indicators like unemployment and other kinds of criteria and
not acceptance or acceptability. One can talk about the contribution of the different energy
technologies in providing or destroying jobs, or whatever. But to include acceptance or ac-
ceptability is very, very imprecise and subject to speculation and different opinions. One step
forward would be to answer the question on the acceptability of such criteria. In this sense
the acceptability issue would come into the game.

Kroger: Coming to my second question: What do we mean by communication"?

Von Lensa: Although I am not an expert in communication techniques, I think the first ques-
tion must be: What would we like to communicate? I think we would like to transfer some
more or less objective information and, in this sense, Mr. Fiorini may be right when he indi-
cated that in communication there has been a certain amount of progress, but there are still
open issues that have not been addressed yet. One possible issue might be the credibility of
a communication partner and this is not easy to change. There are some new transmitters
one can try to introduce, new communication and transmission techniques from which the
people directly concerned could benefit, and others as well. Another point I would like to
make is that we did neither include the background of the lack of acceptance nor the
mechanisms and reasons people really fear. I often have the feeling that we use arguments,
e.g. probability, that do not influence acceptance, and the public feels it would need some
translation. This is communication that does not really reach its goal. We should follow Mr.
Wiedemann and try to address the real criteria that the public has to focus, and we have to
accept the mechanisms of a better communication. Furthermore, we should include the fu-
ture perspectives of nuclear energy, not only the potential benefits but also the technical
options and draw our attention to the power generation potential, inasmuch as we agreed
that this potential should also be an indicator for the sustainability of the nuclear option.

Foskolos: Just to complement the information on indicators which we discussed in Work
Group 2 yesterday, and which is also reflected in this still very subjective viewgraph that we
produced. I think that one should differentiate between the art of communicating, the tools of
communicating, the avoidance of serious mistakes of the past and the communication work
per se. I think that we, the nuclear community, have now learned our lesson more or less, we
know more or less how to speak, how to chose the words, we have learned to be honest and
understandable as far as possible. What remains to do is to communicate - not only to
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gather information according to these basic rules - and, as I just said, to keep our eyes open
for new arguments that will be used in this communication process.

Wiedemann: That does not make sense from my point of view, because the nuclear com-
munity is so heterogeneous. There are different interest groups with different opinions even
inside individual organisations, so I doubt that we have learned our lesson.

Kroger: At the very beginning we had this discussion on the ..uniform voice" of the nuclear
community. My personal answer is, that we should not think about nuclear or a specific tech-
nology. It would be better to define needs, for instance, energy needs and let different tech-
nologies compete. Our feeling was just to endorse the statement that had been made before
and change the approach.by replacing the bottom-up approach that consists in defending a
certain technology by a top-down approach, where we understand needs and have to satisfy
them. And this would, of course, also change the communication process very much.

Fiorini: It is essential to promise something that can be demonstrated, for example: Why do
the safety authorities in France require 1% of containment losses and not 25% or 0.1%?
Because they consider that a number lower than 1% is not demonstrable. So, they require
something that they are convinced can be demonstrated.

Kroger: This is a very important point. We have to be convincing in our argumentation: This
leads me to another part of a question. We try to understand the situation and to improve it.
However, sometimes I have the feeling that we must be afraid of running into new traps. This
morning, for instance, after the second talk we discussed the need to demonstrate the feasi-
bility of a final storage facility, or the need to give a better proof of the safety of a reactor,
because we have the feeling this would help to increase acceptance or improve perception.
On the other hand, this would cause problems with regard to economics and competitive-
ness. We have, thus, conflicting situations: We have to demonstrate that tomorrow a final
storage is feasible although we all know that from the economic point of view the final stor-
age of highly radioactive waste will only be necessary in many years. Another conflict
emerged during our discussions on sustainability: We recommend to increase nuclear fuel
recycling as it is done in all the other resource areas, i.e. to go into a closed cycle technology
with reprocessing. This would help to demonstrate a high degree of sustainability. On the
other hand, the current public debate indicates that it would create new problems with regard
to acceptance or even public resistance. Especially with regard to resistance, as mentioned
by Dr. Wiedemann: If we went, for instance, to the public, using down-to-earth words, saying
we need to reprocess spent fuel, what would be the public reaction, would we have to expect
new problems?

Wiedemann: I honestly don't know. But I propose another strategy: We need an initiative, a
proactive strategy, and we need to tackle issues with rationality, a rational way to deal with or
to manage risks. You proposed a sustainability framework which you would like to be used
for the evaluation of all available energy sources. There should be a couple of statements on
a rational procedure, the way one should follow. The next step is to deal with the acceptabil-
ity of this framework; one way to increase this framework's acceptability is to link it to other
indicators, e.g. the ones developed by the OECD, to plug with other people and to check
whether your framework fits with other sets of sustainability indicators or not. Another step
will be to make it more accepted by the public, and that's where one has to deal with credi-
bility issues. But if there are disputes now, discussions and arguments with different societal
groups on whether this framework is reasonable or not, and a consensus can be reached
that this framework is a good one, then the credibility issue will be ultimately solved, at least
partially. Because one then can refer to the different groups and claim that it is not only the
nuclear community who stands behind this framework, but other societal groups as well.

Dortland: I would like to support this approach for two reasons: The first one is that it widens
the scope which is not simply nuclear energy but a wider energy concept. The second one is
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that this will be the only possibility, in my eyes, to leave defence and to start a more pro-
active, comparative assessment of all energy sources. As long as we start from the nuclear
field we will remain in a defensive position. For this reason I think that the concept of
sustainability you presented and which can be modified to some extent is a very valuable
tool. It is so valuable that I think we should focus on it very clearly.

Kroger: But this raises the question why others didn't do the same thing earlier? Is it just a
matter of time? It doesn't sound reasonable...

Van Rij: I believe that what has been said is in full agreement within our discussion in Work
Group 3 yesterday. We established that we need energy and electricity; then we have to
enter all the alternatives in the assessment table proposed in the evening lecture and then
we can make a comparison. I think that this is the only reasonable way.

Portland: I would like to second what Mr. Wiedemann said: if one starts this comparative
assessment from inside the nuclear field, why not take experts from all sort of technology
fields and give this approach a very global face? The process should not smell like nuclear, it
should be broadened, e.g. one should check whether the United Nations Organisations can
accept it; the process should get a broad acceptance in the scientific and in the regulatory
world. This will take something like five years, this is the range of time one has to count.

Yadigaroglu: I am alone to be somehow pessimistic because I think others will not follow
the track of discussing their technology in line with criteria like the ones discussed here. Be-
cause they have an agenda they will simply implement it. And who talk to ?

Dortland: You force them! There are always scientists who find a concept interesting, not
only nuclear scientists; you can present your concept to them, you bring it out in the open
and it will start debate.

Yadigaroglu: They will come up with the slogan: ,,You are poisoning the earth,, - finished.

Foskolos: I don't think we are too optimistic, and my answer is also an answer to the ques-
tion of Mr. Kroger, why didn't others do that? What others did not do up to now is to try to put
the issue in a compact form, as we did for this table, and to put it to the debate that starts
now. But they did their job. I again want to point out what the United Nations did. I discov-
ered completely by chance, that there is a 500 pages document you can download from the
Internet with the title: ..Sustainability: principles and criteria,,. This is an extensive work in
which you can find, somewhere hidden in these 500 pages, e.g. at page 135 one of our crite-
ria, on page 250 another one etc. So the work has been done, and this way, if we propose
such an assessment table, we will have an implicit endorsement of a huge organisation. It's
not so hopeless as one could think. And regarding the fact that nuclear was not addressed in
the Kyoto protocol: First of all, Kyoto was a little bit better than Rio, because the nuclear en-
ergy was addressed in the sessions. It's not in the agenda at the end, but it was addressed -
in Rio it was not discussed at all.

Yadigaroglu: You are assuming that people selling natural gas will come to the table and
will accept the fact that natural gas is finite and non sustainable? You are assuming that the
people who are anti-nuclear for ideological reasons will come to the table, accept the fact
that it is hopeless to reduce energy consumption and go away and say: yes, nuclear is an
acceptable solution?

Foskolos: Perhaps they will not accept to participate in the discussions. But this argument
has been used against nuclear in the past: These people are not ready to discuss. So if they
do not appear or reject the invitation, they have already answered the question!
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Van Rij: When one is in a bad position and thinks of ways to get out one has to make this
assessment. But these people will not be willing to fill in that list because they might get in
trouble.

Kroger: But if this process is hopeless what else can we do? If and as long as we are con-
vinced that we cannot give up nuclear as part of a sustainable energy mix in the future, what
else can we do?

Raymond: In my opinion, sustainability is first of all a new notion in industry and civilisation,
because in human law there is no law about the future; laws are only applicable for people
living now. The concept of sustainability was created within a framework of rights which is
really new: It is a concept of the rights of future generations. If we are looking now at
sustainability and nuclear energy, we don't see any problem. The problem of sustainability is
rather a problem of global economy. The production of nuclear energy will continue if there is
need for energy and if nuclear fission is able to provide energy with competitiveness, safety
and acceptance. In the long run nuclear energy is not sustainable because it is consuming
mineral resources and it will disappear after all the uranium and thorium have been con-
sumed. The problem of waste, on the other hand, is not a technical problem, but rather a
problem of acceptance. The worst problem for the future that should be solved technically
regards only long term waste. For short term retrievable waste, there already are technical
solutions. I am not sure that the problem of sustainability is a problem that we have to ad-
dress now to be prepared for the future. I agree with Mr. Kienle that the main problem for
nuclear energy, if we want to survive, is to be able to propose nuclear solutions when,
maybe 20 years from now, there will be a demand for new plants for the production of elec-
tricity in Europe. For the time being, there is no such need, and we, therefore, have to find
ways to survive. At present the main problem for the nuclear industry is not to construct new
power plants in Europe, but to export this technology, and we are not really adapted to ex-
port. I think that NPI was founded for the export market, but if we are not capable to export
anything, the product of NPI, the EPR will only be an issue in Europe in 20 years. If the nu-
clear industry wants to continue to build power plants, it will have to do so in China, in Mo-
rocco, in Tunisia. The question is why the nuclear industry is not able to sell nuclear power
plants as we are able to sell Airbus, chemical plants, etc. This is the problem of survival of
nuclear energy today.

Kroger: I agree, but one should not forget that at present two new nuclear stations are being
built each year, not by European companies, but by Americans and Asians. And I completely
agree to the statement that .obviously, the European industry failed to respond to the export
challenge. Therefore, the survival of nuclear industry in our part of the world, in Europe,
means that we have to maintain a certain infrastructure and competence, otherwise we can-
not survive. The question is: How can we do that, is a change in perception necessary for
that or not - I don't know, but I think yes, it is.

Kienle: But this is, once again, a conflict in space and time. On the one hand we try to im-
prove safety to get a better acceptance in Europe, on the other hand we lose competitive-
ness on the international market. Take Korea as an example: The Combustion Engineering
80 or 80+ is exactly the shape of the Siemens NPP, e.g. the spherical containment. Why did
the Koreans buy the Combustion Engineering design - and now develop on its basis the
route for the future plants - and not Siemens' ? Because Siemens was too complicated, the
safety standard was too high for them, they could not afford it.

Kroger: There are technical reasons and one especially important reason for that: Combus-
tion Engineering gave a package to the Koreans, allowing them to build this reactor on their
own after a certain time - and they are doing it now: The new stations are being built to 90%
or even more by the Koreans. The Europeans - and this is one of the reasons why they
failed - did not realise that they cannot sell plants over a long period, they did not realise that
they have to offer a financial package along with the technical package. Thus, it is not only a
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technical problem, one cannot only compare designs and state that certain plants are com-
plicated or more expensive, but one also needs to take other aspects into account. But once
again, is it right that ,,safer" has to mean ..losing competitiveness"? In other areas of technol-
ogy these ambitious and seemingly crazy goals exist as well, and there it is possible, after a
certain time, to combine increased safety and competitiveness. It may be that nuclear indus-
try is not fighting for it, is not accepting the challenge; in other areas, prices have gone down
unbelievably in a very short period of time because one had to fight for competitiveness.
Sometimes, I have the feeling that this contradiction between safety and costs is not a real
one. If you take, for instance, the choice between passive and active features and assume
that we need to increase safety in a qualitative way to be more competitive, too, it is maybe
possible to do so at the same costs or even lower.

Kienle: This has not been demonstrated yet and this issue also affects exports. Who wants
to buy a first-of-its-kind plant? I wonder whether the Chinese will buy a first-of-its-kind
AP600, if there is no reference plant in the USA. They are prudent people. Perhaps West-
inghouse will sell it for really nothing, just to bring the food into the market, but I could not
imagine that the Chinese would really buy it. What is going on in China at present is some-
how like the business with the HTR; the Chinese try to negotiate with Westinghouse to get
more knowledge of the concept, then they decline with thanks and will not buy a thing.

Kroger: Although I don't want to interrupt this discussion, I think we should close this issue
pretty soon. But maybe we can still make some statements on the following question: As-
suming that we have to improve communication and to try to develop new concepts, further
assuming this is possible and would make sense, this question remains: Do we have the
right tools for such a communication and decision making process with the public, or do we
need to devote some time in developing them? The real question is, after having produced a
well written paper with filled-in tables with pluses, minuses, figures, etc., how will we intro-
duce it into the decision making process, how will we communicate it? Do we need new tools
for that?

Van Rij: I think that all the existing tools are good. The only thing is that the nuclear commu-
nity cannot use them anymore, because these tools have been ruined, used too frequently
with the wrong arguments. In the beginning of nuclear power we have misused the trust of
the public by saying we ,,will take care of nuclear energy, don't worry about it", and this was a
completely wrong attitude. I noticed that now scientists and nuclear specialists in general are
changing their attitude and I think that now communication can continue in a new way. But
we haven't yet gained back the trust from the general public.

Kienle: I don't think we have the right tools. Maybe I am completely wrong, but it's my im-
pression that communication today works via the media and we have lost them, we are not
interesting for them. Why is Greenpeace so successful? They create events and that is
something the media need. Perhaps we are unable or too honest, or maybe we don't want to
make our hands dirty, but if we had the possibility, why not create events? Events are trans-
ported by the media and via this vehicle we possibly can communicate more efficiently. To
say that the availability of the plant was, e.g., 80% or 95 is nothing for the media, it is a non-
event, but climbing up on a chimney or flying with a glider from a hill into a nuclear power
plant, that is an event.

Kroger: But my question was a little different. Again: If we are allowed and able to have a
more rational and serious decision making process going on in public - let me have this
dream - do we have the right instruments to achieve any progress in the ethical process? Do
we have the right processes at all? The participation model and public forums are ideals, but
they have not not worked up to now. Do we have to provide support, perhaps via computers,
or do we just need a campaign to improve the image of nuclear?
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Wiedemann: I think, one should, as mentioned just before, change the tools, technical tools
and tricks. There are some experiences under the label Jssue management". Issues have a
kind of life cycle, and the issue we are discussing here is at the beginning of this life cycle. In
this starting phase the main question is how to interest other scientific parties. One can or-
ganise symposia with ..better" people and advance step by step. The starting phase of a dis-
cussion's life cycle is not the moment for spectacular media events; in the beginning it is
important to engage the scientific community and then to get an agreement within the en-
ergy community. After this first step, as one can move forward, and at a certain time in the
life cycle of the issue one may need more media support and action or whatever, but this is
not yet the crucial issue.

Schmid: Can I come back to what Mr. Kienle said about communication and events: Short
term actions are nice, but we want to keep the long-term perspective in mind. Maybe the
communication should also focus on youth and kids, and events that take place around
schools and sports; I think that works very well. It is what the gas industry is doing and the
gas people and their green leaf logo are very well know in Switzerland, and the acceptance
of the gas industry is very good. Gas has probably the best image from all the different en-
ergy sources in Switzerland. Maybe that would also be a way for nuclear energy to make
itself more popular, to sponsor or launch events for kids. Then they will grow up and they will
be the decision makers.

Von Lensa: It is not a direct answer to what you said, but some days ago I got an informa-
tion on the so-called Delphi study that was carried out in Germany, a study on how to influ-
ence and manage the future. One main statement was that we first must have a consensus
on common aims, and I think this is what we are trying to do. Another statement was that we
really need ambitious goals before we can push ahead and eventually address yong people,
too. Not only do we have to address young people in the schools, but we also have to get
fresh blood into our scenery. We must co-ordinate our activites to reach this goal. Further-
more the study said that a technological perspective is not always something like a barome-
ter of mood, but it is the main motor for innovation. From my point of view, this may be one
deficit within our community: The attitude towards innovation is a bit too cautious, possibly
more hesitant than in other areas. In a competitive scenery the push towards innovation is
much stronger than in ours. We certainly must consider sustainability, but, in the long run, a
very decisive push could be the will to innovation. The competitors do not sleep, they also
make innovations: Gas-fired plants are so successful because they lowered their prices and
doubled their efficiency, at that, and today they need half as much fuel as before. I really
think that innovation is a very strong point in the discussion on how to manage and influence
the future. The Delphi study also dealt with nuclear energy, and there the chances for the
future are not so bad, because the public expects safe and acceptable nuclear power plants
for the next century. This is a task that we have to tackle in the next years. People also ex-
pect very safe small or medium sized reactors for co-generation; this is not a fantasy, this is
a trend or even a vision. I can state here without breaking a secret that the president of
Framatome also mentioned that for the next decade one can expect some nuclear co-
generation plants near Paris.

Van Rij: I have a very simple remark: My grandmother had in her house a coal fire for heat-
ing. We all have experience in heating with coal, in cooking with gas in a stove, we all have
used lenses held in the sun to get a leaf on fire. People generally have a feeling about en-
ergy sources that we can handle and, I think, the large public has a problem with nuclear
energy because they cannot touch it, and they cannot move it from the left to the right or to
the bottom. This is something people are very, very sensitive about and it is very difficult to
convince them of something they don't have a feeling for.

Raymond: I am not so sure that this is the right interpretation of the bad acceptance of nu-
clear energy at present. People are really able to cope with concepts which are not tangible.
How many people know how the motor of their car really works? Practically nobody! They
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only know that when they turn the key the motor is running. How many people can explain
why the light is on and it is shining? Nobody! How could you explain to people how a com-
puter works? For nuclear energy it should be the same.

Chayapathi: I agree and I think it comes back to what you were saying, namely that nuclear
industry has screwed up the whole approach to public perception and in that I see a problem
and not in the technical issues. As you said the other day, acceptance and perception are
not really technical problems but challenge us in meeting the legitimate fears, to acknowl-
edge them and to treat them with honesty and openness.

Kienle: If you look at nuclear power plants protected like the Berlin wall you get the impres-
sion that they must be dangerous. That is clear.

Chayapathi: We should not deny the fact that there is something dangerous, but underline
the fact that we have different methods of controlling it. We should not get into the trap of
denying facts.

Kienle: It is not a question of denying. But it's clear, that if it takes 30 thousand policemen to
realise a transport, there must be something dangerous to it.

Kroger: I regret having to close this conference, it is getting late. As a last remark, I would
like to give an additional recommendation to the SINTER project: we have to work hard for
very ambitious goals; ambitious goals are rather normal in other fields of research and we
don't want to give the impression that ambitious goals are quite impossible in the nuclear
field. Furthermore, if we are willing to or have the feeling that we should think about the next
generation and beyond, we should not forget to address the young generation and we
should develop models and ideas to integrate young people into decision making processes
since, besides the future of us all, it's mainly their future we are working for. And very often
we do neglect that.

At this point, I want to thank you all for all the intensive discussions, even at this very end of
the workshop where I know from experience that, usually one rather runs ,,out of discus-
sions,,. I want also to thank the responsibles of the SINTER project who organised this
meeting and all persons who provided assistance and made sure it run smoothly.

I wish you a very pleasant week-end and a safe trip back home.
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