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FOREWORD

Many decisions that may have an impact on human health and the environment are often
controversial and are made in value-laded and emotionally charged circumstances. The decision-
making context is not only determined by the factual basis provided by the experts, but also by
stakeholder pressure groups, extensive media coverage and the values systems of the experts
themselves. Value judgements are often embedded in the technical assessments much more than
usually appreciated.

Risk assessment gives good opportunities to analyse and discuss these problems. It attracts great
attention in modem society and requires contributions from an intricate mixture of technical risk
assessment, sociology, ethics and political science. This complexity leads to high demands on
transparency in order to aive at high quality decisions, as well as requirements on public insight
and participation.

The symposium addresses the role of experts, media and regulators in complex decisions, as well
as procedures that can enhance transparency. Special focus is given to biotechnology and nuclear
waste management. The problems of risk communication and transparency in these areas such as
a high degree of complexity, fragmentation in debates, mixing facts and values, istrust in
experts, etc are shared with many other fields. We thus hope that VALDOR 2001 can contribute
to the development of transparent decision processes for complex issues in the modern
democratic society.
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Ethical Issues in Nuclear Waste Management

Deborah Oughton
Department of Chemistry and Biotechnology
P.O. Box 2056
Agricultural University of Norway
1432 Aas NORWAY

1. ntroduction

Nuclear experts claim that the health risks from radioactive waste disposal are low
compared to other environmental hazards, yet the general public is sceptical of the
industry's ability to guarantee acceptable safety standards. Many allude to what
might be deemed morally relevant factors, such as potential harms to future
generations, possibly catastrophic consequences and environmental effects. Industry
has often tended to respond with a claim that the public has an irrational perception of
radiation risks, particularly those from man-made rather than natural sources. From a
philosophical point of view it is interesting to consider exactly how nuclear risks
might differ from other hazards, not least to evaluate which ethically relevant factors
could be used to defend the stringent demands made by society for nuclear waste
disposal.

2 Small Risks, High Cost

Nuclear installations are subject to some of the most stringent safety and waste
disposal constraints of any industry, with the consequence that the "price" paid to
reduce the risk of cancer is one of the most expensive "lives saved" in Western
society 13]. Nuclear experts note that the public exhibits an intense concern about
relatively low radiation doses from the tomic power industry and radioactive waste
disposal, yet shows apathy towards radon and medical radiology 4,5]. The nuclear
industry and some risk assessors feet that the public is being irrational in forcing it to
waste money on trivial risks-money which, theoretically, might be spent more
efficiently saving other lives 1,3]. Some claim that public attitudes reflect ignorance
or a misunderstanding of the probabilities of harm, largely attributed to media
sensationalism and negative symbolism 6-91 or statements by radiologists that "there
is no safe level of radiation" 3, 1 0].



Many people have objected to this over-simplistic portrayal of the public's
perception. Economists highlight the difficult issues raised by nuclear power and
other potentially harrnful industries, pointing out that it is not irrational to be averse
to a risk of hann for which one sees no benefit [I I]. Environmentalists suggest that
aversion to nuclear power is fuelled by the possibility of a catastrophic accident and
problems of waste disposal, rather than the small doses from routine discharges
[12,13]. Philosophers have examined some of the complex social and ethical
problems that surround any risk assessment, such as the inequitable distribution of
risk and benefits and the question of how to deal with future generations 14-17].
They wam that we should not be too hasty in dismissing these factors as irrational
perceptions, as some are clearly grounded in ethical norms 18-20].

3. Public Perception

Over the past 20 years, risk assessors, psychologists, and anthropologists have
conducted numerous surveys, questionnaires and interviews designed to evaluate the
public's perception of risk [see reviews in 21,22]. These psychometric studies
confirmed that experts and the public often disagree in the way they rank risks, but
they also showed that the public's perception of risk is complex, multifactorial and by
no means unsophisticated. Perhaps one of the most important results of these studies
is that varying attitudes to risk cannot always be attributed to a misunderstanding of
the probabilities of harm 23, 24]. Choice, control, familiarity, closeness and
numerous other social and psychological factors all play an important role in shaping
perceptions towards hazards.

However, the majority of work carried out on risk perception is descriptive rather
than non-native. These studies help us understand how people behave, namely why
they are averse to certain types of risk, but they do not tell us which risks should be
acceptable and which should not. Many ethical norms tend to be reflected in social
attitudes, for instance the tendency to be averse to risks imposed without consent
[251; but some values influencing risk perception are ethically relevant, others are
not. For example, it would be dubious to impose heavier speeding fines on females
simply because a study showed that the public was more averse to motoring risks
associated with women drivers. In order to defend discrimination between different
cases we need to show that the discrimination is supported by ethical principles 261.
In other words, if society is to treat nuclear risks differently to other hazards then they
should be able to appeal to morally relevant factors to support that discrimination and
show why those distinctions are relevant for morality.



4. Ethical Evaluation

Both risk assessment and radiological protection often come down to the question of
not only who we are going to protect fom harm and at what cost, but also whom we
are going to allow to be han-ned and by how much. Since such decisions represent
some of the ost fundamental problems in moral philosophy, it follows that risk
assessors are often faced with conflicts and dilemmas that are grounded in matters of
values and ethics.

Ethical evaluation requires an assessment of the assumptions behind a decision, and
an examination of the facts of a case and their relevance for morality. Ethical
evaluation can also guide us in cases where values come into conflict, for instance in
how to balance causing harm to a minority in order to benefit the majority (e.g.,
bringing about a few cases of cancer in order to provide electricity to the majority).
And whereas ethics cannot always tell us what the right answer is, such evaluations
force us to clarify the premises upon which decisions are being made and help to
document the assumptions and reasons behind eventual disputes. For instance, it is
helpful to know hether experts disagree on ways of managing radiation risks due to
a matter of fact (e.g., they might disagree about dose estimates or the probable cost of
reducing risks) or a matter of ethics (e.g., they may disagree about the relative
importance of net consequences against inequitable distribution of risks). Finally,
ethical risk evaluation extends the issue of whether a risk is acceptable to dimensions
that go beyond its probability of harm; ethical risk management asks questions other
than those connected to dose and cost 20,26].

The extended paper will evaluate alleged distinctions between nuclear risks and other
environmental hazards, including biotechnology risks and natural radiation, and
examine potential ethical conflicts and trade-offs. Issues considered include the
distribution of risk and benefit, public control and consent, stakeholder involvement,
effects on future generations, catastrophic consequences, and potential environmental
effects. Although the paper will suggest that a number of the alleged distinctions are
controversial from a moral philosophical point of view (i.e., catastrophe), ethical
evaluation is important since many of the public perceptions are grounded in morally
relevant factors (i.e., distribution of risks, uncertainties, agency and consent). The
paper will conclude with recommendations for ways in which the industry and
regulators might address and alleviate ethical conflicts in waste disposal policy.
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Safety- and Risk Analysis Activities in Chemical
Industry i Europe

Igor Kozine, Nijs Jan Duijm and Kurt Lauridsen
Riso National Laboratory
Systems Analysis Department
P.O. Box 49, DK-4000 Roskilde
Denmark

1. Introduction

The current pper gives an overview of the legislation and the methods used in safety
and risk management in the chemical industry within Europe and in particular within
the European Union. The paper is based on a report that has been written for the
SOS I project under the Nordic nuclear safety research (NKS I .

Safety- and risk-related matters in the process industry, in particular, in chemical,
within the EU are subject to consideration at three levels: (1) EU legislation, 2)
European/international standardisation, and 3) socioeconomic analysis.

EC Directives efine the "essential requirements", e.g., protection of health and
safety, that must be fulfilled when goods are placed on the market or some industry is
put into operation.

The European standards bodies (CEN, CENELEC and ETSI)' have the task of es-
tablishing the corresponding technical specifications, meeting the essential require-
ments of the Directives, compliance with which will provide a presumption of con-
formity with the essential requirements. Such specifications are referred to as "har-
monised standards". Compliance with harmonised standards remains voluntary, and
manufacturers are free to choose any other technical solution that provides compli-
ance with the essential requirements. This view is stated in the "New Approach" to
technical harmonisation and standardisation (details can be found on the web page:
http://europe.eu.int/comm/enterprise/newapproach/standardization/index.htmi).

Standardisation as well as the regulation of technical risks is increasingly being un-
dertaken at European or international level. The European legislator limits its role to
the affin-nation of overall objectives, and leaves it to the economic players to draw up
the technical procedures and standards to specify in detail the ways and means of
attaining them 2].

Many countries have introduced requirements that new legislation and/or adminis-
trative regulations be sub'ect to socioeconomic analysis. In this respect there is a
European and International mechanism of handling safety- and risk-related matters.
So, the Organisation or Economic Co-operation and Development's (OECD) core

I CEN - European Committee or Sandardisittion, CENELEC - EC for Electrotechnical Stan-
dardisation, and ETS - European Telecommunications Standards Institute
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objective on risk management is to support Member countries'efforts to develop na-
tional policies and actions, and, where appropriate, to develop and implement inter-
national risk management measures. In support of this objective, the OECD Risk
Management Programme focuses on two areas: (1) developing methods and technical
tools that can be used by OECD and Member countries to enhance their current risk
management programmes; and 2 identifying specific chemical exposures of con-
cem in Member countries and evaluating possible risk management opportunities 3].

The current paper highlights the EU legislation on major accident hazards related to
the chemical industry, differences in the national approaches to risk analyses in the
process industry and European-scale activity in improving the understanding of the
sources of uncertainty in risk assessments.

2. EU Legislative Basis

2.1. The Seveso Directive
An important document regulating activities in the chemical industry is the so-called
Seveso Directive. This directive is the basis for legislation in the European Union
member states concerning major accident hazards related to the chemical industry. A
number of large accidents in chemical factories, such as the Flixborough accident in
1974 and the Seveso accident in 1976 fon-ned part of the background for issuing the
first version of the Seveso directive in 1982. Following a transition period of 2 years,
in 1996 a revised version of the directive was issued, and it is now implemented in
the legislation of most member states. The directive - and the legislation derived from
it - sets down requirements to safety assessments and safety management systems for
companies that handle dangerous chemicals in amounts over certain limits. The limit-
ing quantities are specified for a number of individual substances as well as for
classes of substances, e.g. carcinogens. It should be noted that the directive covers
both substances being used in an industrial process and substances that are just being
stored at the facility. In addition to the risks posed to the population in the vicinity of
a hazardous facility, the Seveso directive also has the protection of the environment
included in its scope.

However, the Seveso directive does not address the question of deciding which
level of risk is acceptable. This decision is up to the individual member states, and
the way it is handled differs much across the Union. Some countries, most notably
the Netherlands, apply decision criteria based on a probabilistic approach, while oth-
ers, e.g. France take a deten-ninistic approach to the problem. The different ap-
proaches rest on national traditions and, presumably, on judgements of the ease of
communicating the results of risk assessments.

As legislation develops, sustainability and the sustainable use of chemicals are
likely to form a background to most governments' decision-making with regard to
chemical risk management. This will be the case concerning accident risk manage-
ment, but also concerning environmental risk management, i.e. management of risks
from normal operation and from using the chemical or product at all.



Any decision making is bound to include, implicitly or explicitly, some degree of
cost-benefit consideration. Depending on the requirements, such a Socio-Econornic
Analysis may take one of tree possible forms:

• a systematic qualitative analysis, where the magnitude, significance and
relative importance of the risks, costs and benefits are described but not
quantified;

• a semi-quantitative analysis, where some aspects of the risks, costs and
benefits are assessed in quantitative terms while others are treated qualita-
tively; or

• a fully quantitative analysis, where all risks, costs and benefits are quanti-
fied in physical/natural units and/or, in some cases, in monetary terms.

The scope of the Seveso 11 Directive is solely related to the presence ?f dangerous
substances in establishment. It covers both, industrial "aclivities" as well as the
storage of dangerous chemicals. The Directive can be viewed as inherently providing
for three levels of proportionate controls in practice, where larger quantities mean
more controls. A company that holds a quantity of dangerous substance less than the
lower threshold levels given in the Directive is not covered by this legislation but will
be proportionately controlled by general provisions on health, safety and the envi-
ronment provided by other legislation which is not specific to major accident haz-
ards. Companies, which hold a larger quantity of dangerous substance, above the
lower treshold contained in the Directive, will be covered by the lower ier require-
ments. Companies holding even larger quantities of dangerous substance (upper tier
establishments-), above the upper threshold contained in the Directive, will be cov-
ered by all the requirements contained within the Directive.

In order to assist Member States with the interpretation of certain provisions of the
Seveso 11 Directive, the Commission in co-operation with the Member States has
elaborated the following guidance documents, which are available from the Institute
for Systems Infonnatics and Safety, Major-Accident Hazards Bureau, Joint Research

2Centre, Italy
• Guidance o the preparation of a Safety Report 4]

• Guidelines on a Major Accident Prevention Policy and Safety Manage-
ment System [5]

• Explanations and Guidelines on harmonised criteria for dispensations 6]
• Guidance on Land-use Planning 17]
• General Guidance for the content ofinformation to the public [81
• Guidance on Inspections 9]

It is important to carry in mind that hazard identification and risk assessment are
more or less universally required in other EU Directives such as the Machinery Di-
rective, the Framework Directive on Labour protection and the Directive on equip-
ment and protective systems intended for use in potentially explosive atmospheres.

2 Most of the documents, if not all, can be downloaded from the Major Accident Hazard
Bureau's server, http://mahhsrv.irc.it
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The requirements on risk assessment included in these Directives may be limited to
the safety or safe use of machines, explosion prevention and protection or the health
and safety of workers, while Seveso 11 has a wider scope including the protection of
the environment. However, the outcome of such assessments should be taken into
account in relation to the risk assessment carried out by the Operator to demonstrate
the adequacy of the measures taken to prevent major accidents - not least to avoid
duplication of work.

2.2. Approaches to Compliance

In order to fulfil the obligation imposed by the Seveso Directive the operators shall
adopt and implement procedures for systematic identification of major hazards aris-
ing from normal and abnormal operations and to assess their likelihood and severity.
This is spelled out in details in the directive's Annex 11 on data and information to be
considered in the safety report:

• Identification of installations and other activities of the establishment,
which could present a major accident hazard.

• Description of areas where a major accident may occur.
• Identification and accidental risk analysis and prevention methods:

1. Detailed description of the possible major accident scenarios and their prob-
ability or the conditions, under which they occur, including a summary of the
events, which may play a role in triggering each of these scenarios, the causes
being internal or external to the installations.

2. Assessment of the extent and severity of the consequences of identified major
accidents.

3. Description of technical parameters and equipment used for the safety of in-
stallations.

4. Measures of protection and intervention to limit the consequences of a major
accident

The approaches chosen by the operators to demonstrate whether adequate measures
have been taken may be based on the use of technical and managerial expertise sup-
ported by quantitative as well as qualitative methods. The methods used may vary
considerably depending on the complexity of the substances, the processes, the in-
stallations and, in particular, whether the necessary level of hazard control by and
laree have been laid down in Re2ulations, recognised Standards, Codes of Practices
or other relevant documents.

To avoid misunderstandings during the peparation of the safety reports and pro-
mote the assessment by the authorities as required by the directive, the methods used
and the panned documentation of the results may be established in dialog with the
competent authorities. However, in all cases the hazard identification and risk as-
sessment should include 4]:

• Identification of the safety relevant sections/installations.
• Identification of hazard sources.
• Assessment of the consequences.



• Assessment of information on and lessons learnt from relevant major acci-
dents.

• Assignment and assessment of the adequacy of the prevention, control and
mitigation easures.

3 A Note on National Concepts

Across the various Member States there are differences in attitude concerning the use
of socioeconomic analysis. For example, some favour a precautionary approach and
call for action, even when evidence for the existence of risks is highly disputed, while
others place more stress on adopting an approach which insists that actions which
could entail lrge costs should not be taken without a clear benefit [10]. As a result,
there are differing views within the EU on the level of assessment which should be
undertaken as part of the risk management process and the assessment of 'advantages
and drawbacks', and the treatment of uncertainty within such assessments. For ex-
ample, some Member States prefer a simple 'check box' technique, while others pre-
fer as fully quantitative Socio-Economic Analysis (SEA) as possible.

The extent to which the Quantified Risk Assessment (QRA) of different industries
has gained acceptance in addressing major accident hazards varies from country to
country and ideed company to company. Within Europe some regulators were very
enthusiastic requiring QRA studies in law (e.g. the UK and the Netherlands). Other
countries (e.g. France) preferred to adopt more of a consequence based approach,
whilst others (e.g. Germany) focused on adherence to codes, standards and good
practice [Ifl.

For substances identified as potentially damaging, a range of regulatory controls
exist at both national and international levels. The approaches adopted in setting such
controls vary across countries and regulatory agencies. In some countries, regulation
is based on a precautionary stance, which requires that risks are minimised where the
causes and mechanisms are unknown, or human health or the environment health is
under threat. In the extreme, such an approach implies that many hazardous chemi-
cals and activities are considered unacceptable because of the uncertain nature of
associated risks. This type of approach to the management of chemical risks may
neglect the benefits which the chemicals could confer on society. Less extreme inter-
pretations of the precautionary principle stress the cost of taking precautionary meas-
ures, while others come closer to a 'safe minimum standards' approach 31.

Other approaches to risk reduction are technology-led: for example, where they are
based on the concepts of making emissions 'as low as reasonably practicable' or the
use of 'best available techniques not entailing excessive costs'. Both these concepts
recognise, at least implicitly, that Li balance should be struck between the costs in-
volved in reducing risks and the benefits sternming from risk reductions.

At a national level, in the Netherlands, probabilistic risk analysis is a requirement
of the safety eport. The Netherlands has a clearly defined policy on the maximum
levels of risk that are acceptable when considering land-use decisions. In the UK, the
probabilistic approach to risk analysis is favoured, but up to now, quantitative risk
criteria have been published only as far as the control of land-use in the vicinity of
industrial facilities is concerned, whereas criteria for siting of new activities are being
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developed. In Germany, deterministic approaches are extensively used in the chemi-
cal process industry to demonstrate the quality of measures taken to avoid risk inside
and outside the installation. The hazard potential is primarily determined by the im-
pact range of material and energy emissions on the basis of exceptional incidents and
nomogram techniques. The probability of occurrence can most often be derived from
the triggering sensitivity of the hazardous substances. An assessment is only possible
on the basis of general statements of probability and this approach has become an
established and useful technique in practice, in particular in the classification of
process control engineering systems such as operating, monitoring, safety or damage
minimising systems, maintenance and instrumentation 121.

4. EU Benchmarking Study on the Uncertainty Analysis
in Risk Assessments
Even though risk analysis is a rather mature discipline uncertainties still exist in sev-
eral phases of an analysis. About 10 years ago a European project, the Benchmark
Exercise on Major Hazards Analysis 13] was carried out, revealing very large devia-
tions in the final results produced by different risk analysis teams. However, in that
project it was not possible to analyse the sources of uncertainty in sufficient detail to
clarify the contributions of various factors to the deviations in the final results. For
improving this situation a new European project, ASSURANCE 4], on the AS-
Sessment of Uncertainty Risk Analysis of Chemical Establishments was launched in
May 1998 and is just about to finish at the time of writing the present paper. Again a
key element in the project was the use of a benchmark exercise. Seven partners per-
formed risk analyses of the same ammonia storage plant, while Riso and the EU's
Joint Research Centre (JRC) had the task to co-ordinate the exercise, collect the re-
sults and draft the comparisons of results.

Three questions are of great interest to characterise uncertainties in risk studies: (i)
How large is the variability shown by the results, (ii) what is the contribution to the
overall variability of each phase of QRA, and (iii) what is the contribution of each
factor/source of uncertainty. Response to these questions can identify 'weak-points'
in the procedure, fields for further and more detailed research and can trigger discus-
sions and exchange of ideas in the risk assessment community.

The search for causes of differences in results comprised the assessment of inter-
mediate results, such as frequencies associated to accident scenarios, release and
evaporation rates, modelling of dispersion, and dose/response calculations.

As an example of the differences in results from different analysis teams, Figure I
shows the range of iso-risk curves (curves on a map where the risk is the same for all
points on the curve) for individual risk 3. The two curves shown are the maximum and
minimum distances found by the partners in the project for an annual atality risk of
I 0--'.

3 The individual risk is the probability that a person staying unprotected in the same location
around the clock during one year will die as a consequence of an accident in the acility
considered.

10



xx:

"W ...

Figure L so-rkk curves for annual individuM risk of 0"

AlthouA-t the project fit% not yet finished, 1he finding's inside so I3- �-hovv theat substan-
till-I diffcrence� Iray exi"I tetweel' tile iv-sairs froln ifTeren rk al'alys"s Tc fol--
jo'vvim�). lYN" of have been found to influence th"- T'C"ults:

OF of, knowl�ed--e about [))Fiat layoul and operall(B

completene"", of hazard ioe [Itificatioll
Modellino ullcxrtaillt'� (failure m0defling and con-sequence modelfinO

Data unceftan'lly

5. Concluding remarks
For the ��tk,.lv of dleiuk:al irldostrv a colll-rehen'sAve Ie6slati-ve frarmwork eyists
tile European Uinioil, for imstaTice in the i�oiitW of tile Seveso direckve. However, the
implemenixation of acceptance ci-itcria differs 3j-nnng the meniber \title, sorne beill�p
ill favom, of �i probabifistic approadi and. othels following a niove consequence-
orielifed approach. Furthennore. C\Perience frorn bm.:hrnark studie,, Allow That there
are sIOR ariccatirmes ill riSk armlvscl�, callin- for Caution when cornparing analyses
r)erformed by different arwlyst& iii different cotml�fies.

References

I . I'p-M, Kozine. N�p, Jan Duijm and Kart Lauvidscn� Safety- and risk analysis activi -
aclear indusir NKS-21. ISBN 87-703-071-5.

M."; ill otha Curtis than the 11 Y,
No-dic nude�-W&afevv research; �001
Jorgen Wetiio, New Developn-wnts in Standardi&afioo in the Rist 15 Year--� -
product versu- proce�-� related standaros, In Proceedings "Proomlion of Techm-



cal Harmonisation on Risk-Based Decision-Making", 22-24 May 2000,
Stresa/Italy.

3. Framework for Integrating Socio-Econornic Analysis in Chemical Risk Man-
agement Decision-Making, OECD Environmental Health and Safety Publica-
tions. Series on Risk Management, No. 13, Paris, 2000.

4. Papadakis G. A. and A. Arnendola (Eds.) 1997): Guidance on the preparation of
a Safety Report to meet the requirements of Council Directive 96/82/EC (Seveso
11). EUR 17690 EN. JRC Ispra.

5. N. Mitchison and Sam Porter (Eds.) 1998): Guidelines on a major accident pre-
vention policy and safety management system, as required by Council Directive
96/82/EC (Seveso 11). EUR 18123 EN. JRC Ispra.

6. J. Wettig, N. Mitchison (Eds.) 1999): Explanation and guidelines for the appli-
cation of the dispensation rule of article 96) of Council Directive 96/82/EC
(Seveso 11), Report EUR 18124, Office for publications for the EC, Luxem-
bourg.

7. Christou, M.D., Porter, S. 1999) Guidance on land use planning as required by
council directive 96/82[EC (Seveso 11), Report EUR 18695, Office for publica-
tions for the EC, L-2985 Luxembourg.

8. B. De Marchi, S. Fumowicz 1994): General Guidelines for Content of Informa-
tion to the Public. Directive 82/5011EEC - Annex VI]. EUR 15946.

9. Papadakis G. A. and Porter, S. (Eds.) 1999): Guidance on Inspections as Re-
quired by Aticle 18 of the Council Directive 96/82JEC (Seveso 11). EUR 18692.
JRC Ispra.

10. Technical Guidance on Development of Risk Reduction Strategies, Directorate
General XI, European Commission, Brussels, 1998.

11. M. Considine, Quantifying Risks in the Oil and Chemical Industry. In Proceed-
ings "Promotion of Technical Harmonisation on Risk-Based Decision-Making",
22-24 May 2000, Stresa/Italy.

12. C. Kirchsteiger and G. Cojazzi, Summary paper of "Promotion of Technical
Harmonisation on Risk-Based Decision-Making", 22-24 May 2000, Stresa/Italy.

13. A.Amendola, S. Contini, 1. Ziornas, Uncertainties in chemical risk assessment:
Results of a European benchmark exercise. The Journal of Hazardous Materials.
29 1992) 347-363

14. Christou, M.; Lauridsen, K.; Amendola, A.; Markert, F.; Kozine, I.O., ASSUR-
ANCE: Assessment of uncertainties in risk analysis of chemical establishments.
In: Proceedings. International conference on probabilistic safety assessment and
management (PSAM 5, Osaka (JP), 27 Nov - I Dec 2000. Kondo, S.; Furuta K.
(eds.) (Universal Academy press), Tokyo, 2000) Vol. 1, pp. 369-374

12



SE0300394

Community Research Contributing to
Effective Risk Governance

Neale Kelly and Hans Forsstr6m
European Commission

DG Research
200 rue de la Loi

B-1049 BRUSSELS
BELGIUM

Abstract

Research in the field of risk assessment and management has had a
prominent role in the Commission's nuclear research programme,
especially in the area of radiation protection. In the 1980's, the research
had a largely technical focus. Through the 1990's, this focus shifted
and greater attention was given to broader, less technical, issues, in
particular those concerned with risk perception and communication,
risk governance and the role of public participation in the process. This
trend will continue within the Commission's 6th Framework
Programme (FP6) given the increasing recognition of the importance of
these broader socioeconomic issues for decision making related to both
nuclear and other technologies.

The paper surnmarises the main outcomes of Commission sponsored
research in the above areas, how this has influenced research currently
being carried out in the 5th Framework Programme (FP5) and that
being considered for inclusion in FP6. Two aspects a-re given particular
attention:
* firstly, research into risk governance (both in the nuclear field in
general and the waste management area in particular), especially the
importance of social trust and participation of all relevant stakeholders
in terms of achieving efficient and acceptable decisions when
addressing complex, contentious issues
9 secondly, research into the social nd psychological factors that
influenced the efficacy and acceptance of measures taken to mitigate
the lon- term impact of areas in the Former Soviet Union contaminated
as a result of the Chernobyl accident. There are important lessons here
for the management of any future accident that may affect Europe,
especially the need for those affected locally to have a role in the
decision process and to be able to exercise at least partial control over
their own welfare
While this research was largely carried out in a "nuclear" context, its
findings are more generally applicable.
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1. Introduction

The issue of governance' is currently high on the political agenda in many countries
and in several international organisations. This reflects the increasing pressures from
society at large for more transparent and democratic decision making processes
which enable more effective public participation. Responding to these emerging
needs will not be easy. Failure to do so adequately could, however, be costly both in
social and economic terms. In addition to many national initiatives on governance
two supra-tiational activities are worthy of note. Firstly, the European Commission is
in the process of preparing [1 a White Paper on European Governance in the full
recognition that, if Europe is to consolidate its efforts to achieve closer integration, it
will need institutions that are responsible, transparent, efficient and open to new
forms of democratic governance. The White Paper will seek to bring together
various proposals in a coherent manner with a view to ensuring that the institutions,
and not just the European Commission, function more clearly, more responsibly and
in a more decentralised way. Secondly, the OECD launched a project in 1999 on
-'Strengthening Government-Citizen Connections" which aims to support
government efforts to strengthen public participation, transparency and democratic
accountability and, ultimately, policy effectiveness 2].

In a narrower context, much attention is also being given to the role of science in
governance, in particular how this has changed and may need to change further in
response to emerging socio-political needs. Several factors have contributed to these
changes, not least the increasing pace of technological innovation much of which
raises new social and ethical issues and concerns (eg, genetically modified
organisms, human genome research), public health controversies (eg, BSE), open and
public disagreements between scientists on topical issues and the wider recognition
that science is not wholly objective and is often value laden. These have contributed
to increasing public "mistrust" which has led in turn to science having less influence
than before in the wider governance process. Science can never be the sole
determinant of decisions. However, it is important for it to be duly weighed along
with other considerations. To ensure that this occurs, changes will be needed in how
science is taught, conducted and communicated, both in public and political contexts.
This represents a major challenge for the scientific and research communities and one
that must not be shunned.

The Commission has taken a number of initiatives in this latter context, in particular
it has sponsored a workshop and conference 3 4 that have contributed much to the
elucidation of the issues facing science in ensuring its proper role in the governance

I Governance is understood here as he sum of the many ways individuals and institutions, public and
private, manage their common affairs. It is a continuing process through which conflicting or diverse
interests may be accommodated and co-operative action may be taken. It includes formal institutions and
regimes empowered lo enforce compliance, as well as informal arrangements that people and institutions
either have areed to or perceive to be in their interest
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process and how these may be addressed. The increasing importance attached to
these issues by the Commission is exemplified by structural changes within DG
Research and in the proposed content of the 6th Research Framework Programme
(FP6). Two (out of twelve) of the new Directorates in DG Research are now focused
on "science and society" and socioeconomic research". The Commission's
proposal for P6 contains important programme items on "citizens and governance"
and "science and society" [5]. In combination with national initiatives, Commission
research in this area can be expected to provide a sound basis for effectively
progressing this iportant issue.

Research on science and governance, or more specifically, risk governance has
featured in previous and on-going Framework Programmes. This research has been,
and continues to be, carried out separately in many different thematic programmes or
(in FP5) key actions. Arrangements are in place for co-ordination across thematic
areas but, inevitably, the coherence of the research and its overall impact are less than
would otherwise result from a fully integrated programme devoted solely to this
issue. The proposed content and structure of FP6, together with organisational
changes in DG Research, should enable this research to be better focused in future
and have a greater overall impact.

Significant research pertaining to risk governance was and is being carried out within
the Commission's Euratom programme in FP4 and FP5 and is the focus of the
remainder of this paper.

2. Research on Risk Governance in the EURATOM
Programme

Research in the field of risk assessment and management has had a prominent role in
the Commission's uclear research programme, especially in the area of radiation
protection. In the 1980's, the research had a largely technical focus. Tough the
1990's, this focus shifted and greater attention was given to broader, less technical,
issues, in particular those concerned with risk perception and communication, risk
governance and the role of public participation in the process. This trend will
continue within the Commission's 6th Framework Programme (FP6) given the
increasing recognition of the importance of these broader socioeconomic issues for
decision making related to both nuclear and other technologies. The main results
from projects carried out in FP4 and expectations from those underway in FP5 are
summarised.

2.1 Risk governance and stakeholder involvement

2.1.1 4th Framework Programme

One of the important priorities of FP4 was the development of more coherent,
comprehensive and equitable approaches for evaluating and managing diverse health
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and environmental risks and of a generally applicable and practicable methodology
that could assist policy fon-nulation for risk management. One of the projects
supported in this area was the TRUSTNET concerted action 6]. TRUSTNET was
concerned with the social management of risk and its aims were:

• to determine the factors which influence the credibility, effectiveness and
legitimacy of the regulatory framework for hazardous activities

• to set up a network of European decision makers involving civil servants, local
authorities, industrialists, regulators, experts, academics, other stakeholders, etc,
to identify deficiencies in existing approaches used for the management of risk

• to develop more coherent, comprehensive and equitable approaches for
evaluating comparing and managing health and environmental risks

• to identify future research needs in this area.

Four seminars were held within the framework of TRUSTNET. They were attended
by about eighty people overall with diverse background and interests; about half
participated in all four seminars. Case studies on risk governance were used as the
main mechanism to elucidate issues and provide a framework for reflection and
discussion in the seminars. The case studies were deliberately chosen to cover a
diverse range of issues and risks. They included electromagnetic fields, siting of a
nuclear reactor, pharmaceutical regulation, flood risks, siting of a hazardous
installation, environmental and industrial framework around Dunkirk, chemical
global risk management, genetically modified products, radiological risk assessment,
and a citizens conference on genetic modification in agriculture and food. In
addition, a number or more horizontal issues were addressed including the
acceptability of risk, social tust and confidence, role of experts in risk based decision
making, mapping of the social governance of risk, ethical aspects of risk
management, etc.

Analysis of the case studies led to the identification of two main patterns of risk
governance that were categorised as the "top-down" and "mutual trust" paradigms.
The "top-down" paradigm is the traditional approach to risk governance and is
characterised by the dominant role of public authorities in the risk assessment and
management process as well as in the justification (usually implicit) of a hazardous
activity. Aspects of the decision process such as scientific uncertainty, objective
conflicts, trade-offs and residual risks are sometimes not disclosed to the public eye.
Public authorities govern largely by framework and process oriented regulations.
Experts provide input on the risks and different stakeholders defend their specific
interests while the public authorities are entrusted with the task of representing the
public interest. This pocess has proved to be effective in many cases and will
remain so in future. However, it has proven problematic in some cases, in particular
where the legitimacy of the public authorities is questioned, where public confidence
has been seriously eroded resulting in distrust, where the benefit of a proposed
activity is not clear to the public, where the perception of the benefits is unevenly
distributed, where societal concerns are fuelled by large uncertainties or differences
in scientific opinion, where decisions taken centrally do not take account of local
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concerns, etc.

In such cases a different approach ("mutual trust") is needed to provide legitimacy
and restore public confidence and trust where these may have been lost. The "mutual
trust" paradigm is characterised by the broad involvement of stakeholders in the risk
assessment and management process, including the justification of a hazardous
activity. Public authorities still govem as much as possible by framework and
process oriented regulations, including a broad participation of the concerned
stakeholders. Decision making is de-centralised as much as possible to the relevant
local context and science is no longer presented to the pubic as an exclusive
determining factor in the decision making process. Expertise becomes pluralistic and
available to all parties involved. The paradigm provides room for an open political
process in which the stakeholders can address concerns in the relevant context.

The case studies drew attention to the increasing problems being experienced with
the use of the "top-down" approach, especially in its application to more complex
issues that provoked social concem. The nature and origins of these difficulties were
identified together with how they might be overcome ftough the use of the "mutual
trust" approach. The role of science in the mutual trust approach was clarified and
the importance of effective stakeholder involvement in the different stages of
decision making was emphasised. It was recognised that many features of the
limutual trust" paradigm were already evident in some of the case studies, in
particular where application of the "top-down" approach had met with difficulties.

The TRUSTNET project has made a significant contribution to the identification of
better approaches to risk governance. It should not, however, be seen as a panacea;
rather, its findings provide a stimulus for debate and identification of further
improvements in approach, for promoting a common understanding of the issues and
for revealing what is at stake if these issues are not properly addressed. Its main
contribution is to have set out clearly the nature of the problem. Some may regard
this as a very small step forward; however, it is often the key to achieving a common
understanding of the issues and an essential first step in finding practicable solutions.
The results will be of wide interest, in particular to those whose professional or
private activities impinge directly or indirectly on risk governance (eg, politicians at
local, regional, national or supra-national levels, industrial leaders, public authorities,
scientists, technologists, environmental groups, NGOs, etc).

2.1.2 5th Framework Programme

Risk governance and stakeholder involvement feature in FP5 in two different but
linked ways. One of the objectives in the "risk assessment and management" area of
the pogramme is the development of approaches for risk governance that are more
efficient (in time and resources), less controversial and capable of gaining public
trust and confidence, together with guidance on their application in the nuclear
sector. A similar objective is included in the "waste management and disposal" area
of the programme, namely to explore approaches to decision making (albeit, in the
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narrower context of waste management and disposal) that are transparent, defensible
and capable of gaining public trust and confidence. Three projects are being
supported.

TRUSTNET2 TRUSTNET 2 is a continuation of the network created in P4. Its
main objective is to contribute towards improving the quality of decision-making
processes used in the governance of hazardous activities in Europe. It will provide
practitioners in risk governance with concrete and practicable recommendations on
how to improve the quality of the process. The mode of operation of the network
will be the same as before with a series of seminars being used to elucidate the issues
and provide a framework for evaluation. The following topics relevant to risk
governance will be addressed in the seminars:

• the role of specialised agencies (in particular in the context of their
increasing use at national and European levels, albeit with different
missions, structures and degree of independence)

• the implementation of the precautionary principle (in particular the
implications of differences in its interpretation and how it is being
translated into legal instruments)

• the role of experts and science in the decision-making process (in
particular in the context of the changing socio-political climate and how
science is perceived)

• the impact of flexible decentralised risk management on an open market
(in particular whether a decentralised approach - which has been
identified as a useful approach for risk governance when social
concerns and distrust are high - may impede free trade and industrial
development)

One of the main concerns of TRUSTNET within the next three years will be to
characterise decision-making processes that can effectively take into account both
public concerns and economic competitiveness. Particular attention will also be
given to how innovative experiences and institutional arrangements may strengthen
efficiency and sustainability of risk management decisions. Issues such as:
stakeholders participation in decision-making processes, pluralism of expertise,
social tust building processes, representative and participatory democracy,
transparency, autonomy and accountability of citizens will be given particular
attention.

Progress with TRUSTNET can be monitored on its web-site at

www.trustnet_-overnance.com

COWAM The objective of the COWAM project is to develop practicable
recommendations for improving decision making processes for the siting of nuclear
waste management/disposal facilities, taking due account of local, national, cultural
and historical contexts. The project will focus on the role of local and regional
communities, their participation in decision making processes and the networking of
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communities in different European countries. The focus on networking of
local/regional communities arose from the recognition that this was a potential deficit
in existing arrangements. Effective networking of European waste management
organisations and regulatory bodies exists but little, if any, attention had previously
been given to networking of affected local/regional communities or to the benefits
this might bring.

A European platform for dialogue" will be established for a number of local and
regional communities in Europe where waste management/disposal facilities are
being, or may be, located. This platform will be formally created during the first
COWAM seminar, scheduled for September, 2001 in Oskarsharnn, Sweden. Several
tens of representatives from local and regional communities will participate in the
seminar that will also be attended by representatives of regulatory bodies, waste
management organisations, NGOs and experts in various disciplines. Following the
seminar, the local/regional representatives will, themselves, determine how and to
what extent they may wish to make use of the "dialogue platforin" and network.
Three further seminars will then be held at other locations where a waste disposal
facility has been or may be sited. They will be attended by a core group of
representatives from the local/regional communities that attended the first seminar
together with a cross section of the other relevant actors (ie, regulatory bodies, waste
management organisations, NGOs, experts, etc). In these seminars, case studies will
be used to elucidate the issues and provide a framework for determining the strengths
and weaknesses of various approaches (eg, those influencing the credibility,
effectiveness and legitimacy of the process at local and regional levels).

Some of the issues to be addressed in the Seminars include:
• capacity or rights of the stakeholders, modalities for their involvement and

financing echanisms
• sustainability, legitimacy, efficiency, cost effectiveness of different processes
• motivation and values of the stakeholders
• ethical isues

• the role of experts, their characteristics and availability to different parties
• how representative are stakeholders
• relationships between stakeholders and their impact on social trust and public

confidence
• interface between national and local decision making processes
• financing echanisms for future intervention and surveillance (eg, for retrieval or

remedial measures if subsequently deemed necessary)

The project will be completed with a workshop where the main conclusions will be
drawn and practicable guidance developed on improving decision making processes
for the siting of nuclear waste management/disposal facilities. Progress with this

project can be monitored on the COWAM web-site, www.cowarn.com that will be
activated in the last quarter of 2001.
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RISCOMH The RISCOM 11 project is concerned with how transparency and
public participation can be improved in decision making on the management and
disposal of nuclear waste. The research will provide useful inputs for improving the
approaches to site selection for waste disposal facilities. The results will also be of
relevance for improving decision making on complex issues more generally.

Some eleven organisations (including waste management organisations, regulatory
bodies, universities, utilities, consultants) from five European countries are
participating in the project. Each of the participating countries are at different stages
in the decision making process for selecting disposal facilities and this will enrich the
project through the diversity of contexts. The RISCOM model, which has previously
been applied in Sweden and to a limited extent in the United Kingdom, will be at the
heart of the project and used to evaluate transparency in decision making, in
particular with respect to technical and scientific issues, normative issues and
authenticity. A number of different approaches or procedures for achieving effective
public participation and transparency will be analysed and some will be
experimentally tested. An evaluation will be made in each of three countries (France,
Sweden and the United Kingdom) of how structural and organisational issues within
the national nuclear waste management system Oe, both within and between
orcanisations) affect transparency. The findings, while specific to the countries and
organisations evaluated, will have broader relevance. Particular attention will be
given to value laden issues in perfon-nance assessments to enable a better distinction
to be drawn between what are facts and values. Greater clarity on this matter has the
potential to promote more effective communication between all parties when
evaluating and drawing conclusions from the results of performance assessments.
Workshops will be held periodically as the project progresses to enable timely
exchange and feedback with end users and others actively engaged in these issues.

The approach being adopted by the project is unique in integrating substantive,
procedural and organisational issues within a consistent framework for improved
transparency. It has the potential to make a substantial contribution to identifying
what is needed to achieve more transparent and trustworthy decision processes, both
in the area of waste management and more generally.

Further information on some aspects of the RISCOM 11 project can be found
elsewhere in these Proceedings 7].

2.2 Improving living conditions in settlements affected
by the Chernobyl accident

Following the Chernobyl accident the Commission initiated a major research
programme that was carried out jointly with the Ministries for Chernobyl Affairs in
Belarus, Russia and Ukraine. The programme focused on the health and
environmental consequences of the accident and their mitigation [8 9 The
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programme was most intensive in the first half of the 1990s but joint research on a
more limited number of topics continues.

One of the important lessons learned rapidly after the Chernobyl accident was that
proper account must be taken of social and psychological factors in planning and
implementing an effective programme of countermeasures in response to a nuclear
accident. Failure to do so, as was evident in the Former Soviet Union, may generate
much public anxiety and opposition and make poor use of resources that are often
limited in the aftermath of an accident. The integration of such factors into decision
making is not, however, without difficulty both conceptual and practical.

A number of esearch projects have been funded which analysed, in some depth, the
role of social and psychological factors in the planning and implementation of
countenneasures [10, 111. Much of this research has been of a high academic
standard, has provided many valuable insights into the underlying issues and
contributed to the development of decision support systems designed to incorporate
social and psychological aspects. Exploitation of the research has, however, been
less effective in terms of improving the living conditions of those continuing to live
in contaminated settlements, one of the prime drivers for the research. This situation
has changed ore recently with the implementation of, and success achieved by, the
ETHOS project 12].

ETHOS, which is a sub-project of the broader RODOS (Real-time On-line Decision
SuppOrt System for off-site emergency management) programme 13], was launched
in 1996 and carried out under the auspices of FP4. It was concerned with the
development and application of a novel approach for improving living conditions in
contaminated settlements. Previous research had identified two main impediments to
improving the situation in the affected settlements: firstly, the development of a
dependency culture among those affected and, secondly, highly centralised planning
and implementation of remedial measures. To overcome these deficiencies, a
decentralised pproach was developed and tested in the village of 01many in Belarus.
This approach has proved particularly successful. It has resulted in the population
taking far greater responsibility for its own actions, in reduced levels of radio-
caesium in children in the village, in the production of less contaminated agricultural
produce and in economic improvements through the marketing of oodstuffs that
previously exceeded contamination limits. The approach is currently being extended
to a number of settlements in the region of Stolyn and, with support from the TACIS
programme, will be disseminated more widely in Belarus, Russia and Uraine. The
success of the approach has been recognised by the Belarussian authorities at local,
regional and ational levels where there is a now a commitment to apply it more
widely.

This project exemplifies what can be achieved through the active involvement and
commitment of local communities in decisions affecting their welfare. Without such
involvement, experience has shown that it is very difficult, if not impossible, to
achieve tangible improvements in living conditions in areas aected by long term
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contamination. There are important lessons to be learrit from this experience, in
particular in planning for the management of similar situations in the European
Union, should they ever occur (whether from radioactive or other persistent
contaminants). Some would contest this view, claiming that the ETHOS experience
is unique to the Former Soviet Union and cannot be transferred to the European
Union where conditions (eg, social, political and economic) are so different. While
such differences must be acknowledged, they do not in any way detract from, or
negate, the overall findings of the project, ie, the importance of actively involving
local communities in the long terni management of their contaminated settlements.
To discount these findings, for what are largely superficial reasons, would be to the
detriment of effective contingency plarming in the European Union.

Further information on the ETHOS project can be found elsewhere in these
Proceedings 14].

3. The Future

As indicated above, the issues of "science and society" and "science and governance"
will feature strongly in P6 given their importance for policy development. Research
on these issues can be expected to continue also within the narrower confines of the
EURATOM programme, in particular as the proposed thematic priority is waste
management and disposal. The quality and robustness of the safety case for high
level waste disposal will doubtless be enhanced by further technologically oriented
research; however, an important impediment to disposal in many countries continues
to be the failure to gain public and political acceptance for what is proposed.
Research alone can not solve this problem but it has a role, albeit limited, to play. A
better understanding is needed of the origins and nature of public and political
concerns and how these might be allayed, either by improved technological solutions
and/or through using new social mechanisms or processes for decision making.
Building social trust and confidence will be key to success, as will gaining broad
agreement as to the fairness and transparency of whatever process or processes are
used. Research in these directions has the potential to identify approaches or
processes capable of gaining wider public acceptance, at least of the decision process
if not the decision itself.
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Participatory approaches to decision-making call for two-way dialogue with a wide
range of stakeholders. In the United Kingdom, probabilistic performance assessments
of a potential deep geological disposal facility have typically been undertaken by
experts to meet regulations set by other experts. However, there is potential for
performance assessments to fulfil the additional role of enabling dialogue with other
stakeholder groups. This paper suggests developments in the focus and presentation
of performance assessments to foster such dialogue. It reflects iues relevant to
performance assessment that arise as waste management organisations consider the
consequences of involving wider stakeholder groups in decision making about
repository development.

1. Introduction
The development of performance assessments within Nirex has responded to a risk-
based approach to the regulation of environmental, health and safety issues.
Theoretical concepts, models and datasets for quantitative assessments of the post-
closure performance of disposal facilities for radioactive waste have emerged1 2

Generally speaking, these perfon-nance assessments evaluate potential exposure to
radiation by modelling a proposed development, its evolution and the physical and
chemical processes that will affect it. Regulations provide a framework against which
the assessed performance can be evaluated by determining levels of compliance with
a quantitative regulatory risk targe t3 (Figure 1).

Since the production of these assessments, different, increasingly participatory,
approaches to repository development are being initiated. This new approaches have
consequences for those involved in developing performance assessments. In the past,
the application of perfon-nance assessments to foster general debate between experts
and non-expert stakeholder groups has been limited because:

The quantitative regulatory risk target does not necessarily represent the
concerns and values held by all stakeholders. In particular, the quantitative
definition of radiological risk derived from the physical sciences is not in accord
with that of social scientists who perceive risk as inherently multidimensional
and persona liStiC4.5.
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• Probabilistic assessment models abstract scientific understanding to make
estimates of future system behaviour based on probability theory. Probability
theory is not intuitive and the assessment models used can be complex. This
tends to focus discussion on the modelling process itself, rather than the
underlying scientific assumptions;

• The quantitative presentation of results from a risk analysis is rarely in a form
aimed at engaging non-regulatory stakeholders. The long timescales involved
and the scientific notation adopted are not easily assimilated.

Calculation of Regulatory

risk Target

T - OM
MO Idealing
and

assumptions

General Understanding of Expert
knowledge the system and its Knowledge

-potential evolution

Figure 1: The process of performance assessment

Previous performance assessments by Nirex have been, defacto, the province of
detailed discussion between experts and are viewed as tools for the experts. Although
the safety of a nuclear waste management facility is central to the concerns of a wide
range of stakeholder groups, there is a danger that the debate about repository
development becomes isolated from those involved in developing performance
assessments. A valuable contribution, in terrns of describing the nature of the hazard
posed by a radioactive waste repository, is lost.

Innovative developments in the application and presentation of perfon-nance
assessment could help redress this balance. A key value of performance assessment
lies in the manner in which information, understanding and uncertainty is synthesised
to develop a view on perfon-nance. Capturing this, without it being overshadowed by
technical detail could help support the credibility (or not) of experts and encourage
their involvement in more general stakeholder dialogue.

In this paper, developments that have the potential to enhance the value of
performance assessment within stakeholder dialogue are considered. The paper
discusses the importance of a comprehensible pesentation of the conceptual
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scientific understanding that underlies the performance assessment. This conceptual
level provides good opportunities for dialogue with other stakeholder groups.
Additionally, performance assessments of radioactive waste management facilities
can involve estimating risks that may arise for thousands of generations into the
future. These long timescales can be difficult to appreciate. The paper considers
methods of making time more tangible to non expert stakeholder groups. Finally, the
paper reinforces general trends that increasingly recognise the power of indicators
other than radiological risk in building confidence about repository performance and
the potential power of advances in presentational techniques.

2. Conceptual basis
The term "conceptual basis" is used here to represent the physical and chemical
understanding of the features, events and processes that may determine how a facility
will evolve. This understanding forms the basis for modelling the repository and
estimating radiological risk. This conceptual basis reflects general scientific
understanding, expert judgement and uncertainty. It provides many opportunities for
engagement that are missed if attention is focussed solely on the radiological risk end
point of a performance assessment.

While most regulatory criteria focus on doses or risks to individuals, the most
meaningful scientific debate centres on the effectiveness of each of the engineered
and natural barriers. To this end it is appropriate for a perfon-nance assessment to
consider both the manner in which each barrier contributes to safety and the extent to
which they are likely to perform. The results need presentation in close association
with a discussion of the underlying scientific reasoning. In particular, discussions of
barrier efficiency should refer directly to key experiments and natural evidence and
openly debate the uncertainties. This is increasingly being recognised by the industry

6and reflected in more recent assessments of performance .

However, there is also potential for a greater level of stakeholder involvement in the
development of performance assessments. Scenario development lies at the heart of
performance assessment, being concerned with the conceptually straightforward task
of developing broad-brush descriptions of possible evolutions of the repository
system. As noted a decade ago in the NEA report on 'Systematic Approaches to
Scenario Development 7:

"The partly speculative nature of scenarios, and the relative ease with which they
can be described, can provide a rich and accessible meansfor public involvement. 

Scenario development methods have been developed in the intervening years8. Such
methods represent a systematic and transparent means by which the features and
processes included in a perfon-nance assessment can be selected and documented.
However, the methods have been developed for application by experts and can
appear complex and full of jargon and mystique. Clearly, there is benefit in
encouraging stakeholders to be more fully involved in scenario development by a
more appropriate articulation of the concepts.

For example, the many questions and 'what if?' scenarios posed by the public and
other stakeholders to waste disposal organisations are a means of scenario definition.
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If the industry is to be truly transparent, there is a need to ensure that these are
properly addressed. One suggested way forward is to compile a report of 'Frequently
Asked Questions (FAQs)' and considered responses to complement the more
structured approach to scenario development.

3. Timescales
The conceptual basis needs to consider repository performance for long timescales
into the future. It is difficult to appreciate the lengths of time involved. A different
impression can be given simply by presenting the same data plotted on different time

axes (Figure 2.

Gl� C.. MPS� GP. iR-�, PSI
L ]E.

--------- ---------
Figure 2: GPA data plotted against different time axes

New approaches for representing these long timescales are under consideration.
These need to communicate the fact that the role of the various barriers, uncertainty
and nature of factors indicative of safety will change with time. The validity of
quantitative prediction decreases into the very far future, which underpins increasing
recognition of the importance of qualitative arguments9. Additionally, the benefit of
providing yardsticks to assist stakeholders to relate to the long titnescales by
comparison with past anthropological and geological history cannot be

underestimated.

Any attempt to explicitly reflect the timeframes of concern to a wide range of
stakeholder groups is likely to emphasise those shorter than required by regulations.
This will benefit dialogue with stakeholders because these shorter titneframes are
more tangible. Increasingly, emphasis is being placed by waste management
organisations on an extended period of active facility management following on from
repository operations during which the waste would be monitored and could be

1,12
retrieved with relative ease'" .

There appears to be strong public support for monitoring and retrievability. For
example, in the UK a Radioactive Waste Management Consensus Conference was
held in 1999 consisting of a citizens'panel, made up of fifteen members of the public
selected at random. A key issue to emerge from the Consensus Conference was

that
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"Radioactive waste must be removedfrom the surface and stored underground, but
must be monitorable and retrievable. 

This view was further endorsed at a recent stakeholder workshop organised by Nirex
14on monitoring and retrievability of radioactive waste

The development of monitoring objectives and technologies has important
implications for performance assessment. Previously, Nirex assessment models have
assumed repository backfilling soon after repository operations and the conservative
assumption is made that the waste canisters do not contribute to physical containment
after closure. During the pre-closure period of active facility management,
monitoring data will need to evaluate whether the wastes are behaving in line with
expectations. This will encourage the development of new realistic models and
datasets to complement the conservative models and data used in the present
generation of performance assessments.

A further uncertainty in quantifying radiological risk over the long timescales
associated with radioactive waste management is the need to make assumptions
about future human behaviour. These assumptions become progressively harder to
justify as one moves further into the future. In consequence, there is increasing
consideration being given to additional means of indicating levels of safety and
building confidence in repository performance.

4. Building confidence in the overall concept
Confidence is a key goal of dialogue. This includes developing stakeholder
confidence and trust in experts and in the performance assessment and establishing
the level of expert confidence in the performance assessment. Together, these will
determine confidence in the overall concept of a proposed facility. Confidence
building requires a broader vision than provided in a risk based performance
assessment. Recent international work acknowledges the need for "safety cases"
comprising the output of an assessment and a statement of confidence in those

5findings

Increasingly attention is being focussed on the use of multiple lines of reasoning". In
terms of complying with regulations, both qualitative and illustrative demonstrations
of safety have their place. as well as consideration of a wide range of quantitative
safety indicators to provide alternative perspectives 7 Examples of safety
demonstrations include comparisons with natural analoguesix and the creation of
demonstration facilities19. Recent international guidelines indicate that greater
consideration should be given to the protection of the natural environment itsele-".

These exemplify issues that are more tangible to a wider range of stakeholders than
the quantitative assessment of risk on very long timescales. Their incorporation into
performance assessments would increase its accessibility to a wider audience. This
raises the issue over whether the framework of a risk-based assessment can
incorporate multiple lines of reasoning and additional safety indicators in a
meaningful way, or whether a new approach to performance assessment may be
required. Also, there is a need to address the factors that influence the perception of
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risk such as catastrophic potential, familiarity, dread, trust in institutions, equity and
reversibility".

Performance assessment is only one component of the material necessary to present a
comprehensive case for repository development, covering such topics as principles
and criteria, present day environmental impacts, and economics. Such factors have
been incorporated in a 'Supporting Arguments' section of the recent status report for
the Drigg Post-Closure Safety Case 22 . Alternatively, recently, national programmes
have been developing the idea of incorporating performance assessments within an
Environmental Impact Statement23,24.

Confidence in the disposal concept is related to confidence and trust in the proponent
of the concept. Therefore the manner in which organisations and experts engage in
debate is important. Succinct messages have real power in building confidence.
Developing these messages without glossing over uncertainty is a challenge. It will
be important to ensure that the performance assessment remains comprehensible, as
well as comprehensive. The structure and presentation of the performance assessment
may need some rethinking if it is to make a manageable contribution to dialogue.

Such dialo-ue can be facilitated by effective communication techniques. For example
the 'Visual Language' described by Horne 21 integrates words, images and shapes into
a single communication unit, and the pioneering work of Tufte 21.21,21, on the effective
visual presentation of quantitative information has many potential applications in
repository perfon-nance assessment. To quote Tufte 28:

"When we reason about quantitative evidence, certain melhodsfor displacing and
analyzing data are better than ohers. Superior methods are more likely lo produce
truthful, credible, andprecisefindings. The difference between an excellent analysis
and afaulty one can sometimes have momentous consequences. 11

In particular there is merit in using what Tufte calls 'small multipes', essentially a
series of graphics showing the same combination of variables, indexed by changes in
another variable. For example, this technique is effective for illustrating alternative
patterns of spatial variability, the evolution of radionuclide migration plumes, and
visual storyboards that illustrate the evolution of the repository system at various
scales.

The use of such techniques is facilitated by the spectacular advances over recent
years in software and hardware for generating and presenting visual infori-nation. One
idea is to develop documentation using web-based technology that allows readers
with a specific topic in mind to more easily navigate a personalised path through a
comprehensive set of safety case reports, rather than having to read them in the order
chosen by the authors. Moreover, internet technology allows the incorporation of
computer simulation within a document, thus allowing readers to test for themselves
the impact of different options and parameter values.

It is also important to recognise that dialogue and confidence in the overall concept
will develop over successive stages of a repository development programme.
Performance assessments are used to support decisions made at various times. The
level of confidence required will be determined by the decision in hand. However,
repository development programmes are of a long duration, in particular where
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extended monitoring and retrievability is under consideration. Stakeholder
confidence will be enhanced by demonstrating a strategy for:

• ensuring continuity in the development of performance assessments throughout
the repository development programme;

• accommodating technological advances;

• enabling succession planning and the transfer of expertise.

Of course, the best form of communication is face to face, because body language is
the most universal and powerful language. However, the visual techniques mentioned
above can considerably enhance the effectiveness of presentations and discussions.
Finally, since "seeing is believing", the power of demonstration facilities should not
be underestimated.

5. Conclusions
There is scope for developing the role of post-closure performance assessment to
support wider dialogue between experts and other stakeholder groups. Primarily this
involves developing the more conceptual and qualitative areas of the performance
assessment in order to complement the quantitative calculation of risk over very long
timescales. Increasing the emphasis on these areas of the performance assessment
will provide stakeholders with the opportunity to engage in discussion with experts.
This will support an ongoing process of dialogue by enabling other stakeholders to
contribute to the development of the performance assessment (i.e. identifying
important issues, scenario development) and to reassure themselves about the
integrity of the assessment and of the experts involved in its development.
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A regulator and its confidence

Judith Melin, Director General, Swedish Nuclear Power Inspectorate

According to Swedish law, the Swedish Nuclear Power Inspectorate - SKI, should
make clear what demands there is on the owners of the nuclear power plants to have
full control of its activities concerning safety of production, waste management and
non-proliferation.

The supervision by SKI should create confidence that the licensees have complete
control and follow the requirements of the regulator.

SKI should actively push for a development of safety standards and non-proliferation
activities both nationally and internationally.

The government requires SKI to actively inform the public about the work on the
fields of nuclear safety activities in general.

During the 90:ies it has become more and more obvious that a regulator has to show
more transparency in its decision making process. In Sweden the government urges
the regulator, SKI, to actively inform the public on activities in the country
concerning risk and management of nuclear technology. This commitment concerns
reactor operation as well as waste management.

Regulating nuclear power is now a well-known activity and it has been possible to
establish various measures for improving transparency. One example is the local
safety committees formed in communities with nuclear power installations where
local politicians meet the regulators and the power company to discuss development
and safety.

Investigations on the public opinion in these communities show that the confidence
in the regulator is high. By people living in the vicinity of' nuclear power plants the
regulator by far are considered the most reliable source for information about the
plant.

The Swedish nuclear programme has during its existence met considerable changes
in the public's attitude. From a reluctant view in the beginning to a strong opposition
that lead to a general vote where a majority wanted to abolish the nuclear power
when alternatives was available.
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Today the views has changed again and a large part of the population want the power
plants running until their lifetime has been reached as long as the safety is
maintained.

Why?

Well, one of the answers might be that environmental impact from different energy
sources has been focused and nuclear power is not the only black sheep.

Another explanation might be that reactor safety and reactor construction are here
and now. You can communicate experiences and technical solutions. Malfunctions
can be evaluated and understood. The work for safety is visible and transparent.

Waste management is another issue.

The goal of the Swedish strategy for waste management is to elaborate technical and
economical solutions that prevent the transfer of any burdens to the future generation
of Swedes.

An extensive programme by the Swedish Nuclear Fuel and Waste Management
Company, SKB, is in force to develop solutions for a deep rock repository. The
regulators, SKI and SSI, follow the programme and make regularly assessments.

We see four challenges:

• The economical, which is solved through a fund raised by fees on the electricity
generation.

• The scientific: to identify all possible factors to be considered in the safety- and
radiation protection analysis of the repository.

• To ensure that the technical solutions and the development of them have the
quality necessary to fulfil the requirements in the safety analysis.

• And finally, the democratic, to create ways of achieving transparency and
involve politicians on all levels and the public in the decision making process

I will take the opportunity to elaborate a little about this last challenge.

As we see it we need acceptance for the regulatory requirements with respect to
nuclear safety and radiation protection. The requirements have to show that the
technical solution is god enough for protection of man and environment during a very
long period.

We need acceptance in general for the selected solution, deep rock repository. We
have today a debate on other alternatives like transmutation. SKI as well as the
government has declared its believe that the method now developed, the so called
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KBS-3 deep rock repository, will be able to meet the regulatory requirements. But
still remains the acceptance from local decision-makers and the public.

We also need acceptance both locally and in the parliament for the location chosen
by the SKB.

We still have many steps to go but I am confident that this stepwise transparent
process is effective in creating a solution accepted by a majority of the Swedes and
by the population in the areas where a deep rock repository can be located.

In the early years of SKB developing activities in the company's search for a suitable
community the regulators kept distance to activities awaiting the time for a safety
evaluation of he waste management programme.

But it became obvious that the activities of SKB would be impossible if the regulator
did act so passive.

It was necessary lo explain the process and how the regulator would fulfil its task as
defender of the public.

Today polls show that a majority of the population in several communities where
SKB has been actively working at least accepts drilling and evaluation of possible
sites. In the communities chosen for further research between approx. 70 and 80 of
the population in polls say that they can accept a deep rock repository in their
community.

Such figures show a great confidence in the process and a fifth challenge for SKB
and the regulators is to maintain this confidence through the continuing process.

It is my firm belief that this can only be reached by independent and competent
regulators hat act as experts on behalf of the public.
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Usually, when values in risk assessment are discussed, e.g., within RSCOM and
VALDOR, it is said, that there are values behind the risk assessment by the experts
and that these values are hidden within the basic assumptions made and are not easily
visible, especially to the higher-level decision-makers. It is shown in this paper, that
the opposite can also happen: the decision-makers, those that set the standards, may
not be aware of the all the relevant facts or they may ignore them because of how
their institutional role and mandate are framed. In particular, it is important to realise
that while nuclear power by-products are indeed specifically recognised for their
radioactive hazard, radioactive products, by-products and "wastes" also arise from
practices other than nuclear power generation. As the threshold radioactivity levels
for classifying a material as waste - or, what is the same, for allowing it for free
release - become lower and lower, a larger and larger amount of by-products of
human activities become concerned by the question "is this radioactively dangerous
material?" and how to deal with it. A holistic look at radioactivity both of man-made
and natural origin needs to be implemented in order to claim and achieve consistency
in the protection of public health and avoid issues of intra- and intergenerational
equity.

1. Introduction

Radioactive materials as well as radioactive waste are also often perceived as specific
to nuclear power. It is important, however, to realise that while nuclear power by-
products are indeed specifically recognised for their radioactive hazard, radioactive
products, by-products and "wastes" also arise from practices other than nuclear
power generation. In particular, more than about 280 million tormes of coal ash (fly
ash and bottom ash combined) are produced annually world-wide. These are
contaminated with low levels of radioactivity. Table I illustrates some of the
Technologically Enhanced Naturally-Occurring Radioactive Materials (TENORM)

226 -life of 1600 years is by far the
arising annually in the United States. Ra with a half
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most important rdionuclide. More or less comparable quantities of TENORM arise
in Europe, with similar concentrations of radioactivity.

Table 1: Some TENORM Quantities in the US (Summarised from 111)

Waste Prod. rate U + Th + Ra
Stream Million ton/yr Bq/g

Phosphates 50 up to 3700

Petroleum Production 0.26 up to 3700

Water Treatment 0.3 up to 1500

Mineral Processing 1000 up to 1100

Coal Ash 61 up to 2

Slightly contaminated materials arising from the nuclear installations and candidate
for re-cycle and re-use are in the order of 30 to 80 thousands tons per year (Europe 
USA). The critical radionuclides are Mostly 60Co and 131CS, with 6-yr and 30-yr half-

life, respectively.

Whereas there exists significant uniformity of views for dealing with materials and
situations where radioactive contamination is substantial and these materials are
regarded as waste, there is no common view regarding radioactivity levels at which
materials can be released, e.g., for disposal in non-nuclear waste sites, recycle, or re-
use. The same general situation is true for the release of fon-ner nuclear sites. On the
other hand, as the threshold radioactivity levels become lower and lower, a larger and
larger amount of by-products of human activities become concerned by the question
"is this radioactively dangerous material?" and how to deal with it. Indeed, regardless
of its origin, the same radioactive dose leads to the same damage and, in principle,
similar approaches should be undertaken to management of all slightly contaminated
materials. On the other hand, this is not necessarily the case, and the unequal
treatment of radioactive materials from different sources leads to issues o intra- and
intergenerational equity, sustainability of energy choices, and consistency in the
protection of public health.

2. Terminology

In connection with the regulation for dealing with slightly contaminated materials,
the following words are conventionally in use within the system of radiation
protection to denote specific conditions:

Exclusion covers activity sources not amenable to control, such as K-40 in
the human body, cosmic radiation, etc.
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• Exemption denotes radioactive materials that never enter the regulatory
regime because it is considered that they give rise to low risks, and control
would be a waste of societal resources

• Clearance refers to materials that have been regulated earlier but is now
released from regulatory control.

It is to be noted that the above are "legal" jargon, and that both "exempted" and
.'cleared" materials have, at the same activity levels, the same radiological impacts.

3. Radiological Impact of NORM and TENORM

A characteristic of NORM is that, because of their wide distribution from many
sources, they give rise to a collective radiological doses to the public that is relatively
large in comparison to those caused by the nuclear industry. This is vividly illustrated
in a study, made in 1990, by the radiation protection authorities from the five Nordic
countries, on the annual collective dose to their populations from natural radioactive
sources, including some TENORM-related ones. A pie diagram (Figure was
prepared in connection with the report, showing the respective contributions of the
various sources and comparing them with the collective dose taken by the Nordic
populations during the first year after the Chernobyl accident as well as with the
annual collective dose from the operation of the 16 nuclear reactors in Sweden and
Finland.
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Figure 1: Average annual collective dose to population in Nordic Countries
from natural radioactive sources (person-Sievert/yr). For the
purpose of comparison, also given are the collective doses from the
Chernobyl accident rst year) and from normal operation of

nuclear power plants in the Nordic Countries, i.e. from Sweden

and Finland.
Source: NKS Nordic Nuclear Safety Research RAS 430 (1990)

Most striking is the large increase in collective dose from concentrating radon in

houses (23 000 person-Sv/year), which results from the practice of sealing them to

save heat. This is a recognised TENORM problem by the National Academy of

Sciences [2].

On closer examination, the comparative impacts of some of the NORM-related

industries are even more significant than shown.

The 20 person-Sv/year from the operation of the nuclear reactors is

mostly occupational doses to the operating personnel. The total collective

dose to the general public from plant emissions is less than I person-

Sv/year.

The annual 50 person-Sv dose shown in the figure coming from artificial

fertiliser covers only the internal doses taken by the Nordic public,

through ingestion of food produced on the fertilised soil. The external
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doses have not been included. The figure also does not cover the use of
the by-product, gypsum, as a building material. Even a modest use of
gypsum in homes could lead to an annual collective dose of about 100
person-Sv.

The figure of 80 person-Sv/year due to energy production from coal
(mainly in Denmark) and from peat (mainly in Finland) refers only to
radioactive emissions from the power plants. Not shown are the effects of
the use of some of the fly ash in concrete, which increases the external
gamma radiation in buildings and is likely to dominate the total dose from
the use of coal and peat. The report mentions that most of the bottom ash
ends up on municipal tips but does not attempt to estimate the
radiological impact. Coal ash is indeed an important issue as it will be
described later in this paper.

The Nordic study thus shows that the collective dose from the operation of the 16
nuclear plants is I person-Sv, while the use of artificial fertiliser and the operation of
coal and peat for energy production causes at least two to three orders of magnitude
higher collective population doses. The study does not show the dose from the reuse
and re-cycle of materials from nuclear power plants, but, due to the much smaller
amounts and much stricter release criteria for these materials, the impact is likely to
be insignificant vis-ii-vis those already identified. For instance, the company Studsvik
that melts contaminated scrap is allowed to release ingots contaminated at no more
than I Bq/g. These ingots are sent for re-melting at metal producing smelters where
there is a further dilution by a factor of 3 to 10. Thus, the slightly contaminated
materials that are released by the nuclear installations are contaminated at
insignificant levels. This is also illustrated, indirectly, through a quote by the IAEA
that refers to low-level "waste". Namely:

"Low level waste. which consists agely of minimally contaminated
clothing, machine parts and industrial resins, can be placed in
containers and disposed of in trenches covered with soil. The waste
does not require shielding during handling or transportation and can
be less radioactive than the equivalent weight of coal plant fly ash or
even coffee beans, Brazil nuts and fertilizer which contain natural
radioactive material." 4]

The above general results are not confined to only Sweden, of course. A recent study
of exposure in work places observes that dusty working conditions are quite common
and, in situations where the management is not aware of the presence of NORM, this
can easily lead to individual doses to workers of several mSv per year. "The dose to
workers in NORM industries is potentially much higher than in the nuclear industry,
where internal contamination is usually very well controlled."[5]

Another interesting study illustrating the comparative impact of nuclear facilities and
TENORM was published recently in Sweden 6 The dose to individuals in a critical
group from radioactive emissions from three sources were compared:
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• The BarseMck nuclear power plant with 2 x 500 MWe BWRs (each 1800
MWt, 7000 h/year),

• The 50 MWt Materials Testing Reactor, R2, at Studsvik,

• The MWt wood chip briquette burning plant, used for heating office
buildings at the Studsvik site. Even such a source as wood chips has
NORM, which is released during combustion.

The results are shown in the following Table 11.

Table II: Radioactive emissions from various sources
(Calculated annual doses)

Individual
dose to C-14 Generated
critical (calculated) Power nSv/GWh(t)
group nSv GWh(t)

nSv (I 995)

Barseb5ck 37 570 25 200 0.024

R2 6 - 0 -

(mostly Argon)

Wood chip 2.4 14 0.17
plant

At the same site s the R2 reactor and the wood chip plant, Studsvik RadWaste has
an incinerator for burning dry active waste from both nuclear plants and hospitals, as
well as a melting facility for recycling contaminated metal scrap from nuclear power
plants. During 1996, the incinerator gave rise to a dose of 11 nSv to members of
critical group (mostly due to tritium in waste from hospitals and pharmaceutical
manufacturers) and the melting facility, which treated 500 t of metal during the year,
caused a dose of 0.9 nSv.

In summary, per GWh heat generated, the wood chip burning plant at Studsvik
releases 7 times as much radioactivity to the atmosphere and dose to the public than
the two BWRs at the Barseb5ck Nuclear Power Plant. The radioactive emissions
from the wood chip plant ae also almost 3 times that from the neighbouring facility,
which melts contaminated scrap from nuclear power plants.

4. Release of Materials from Nuclear Installations

Figure 2 shows that materials of different nature may be free-released either for
disposal or for re-cycle, or may be released with some restrictions such as for
controlled re-cycling or for disposal under special conditions.
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Figure 2 Example of materials from nuclear installations that may be
considered for release 7]

Project Category Technology

BWR preheater Free release recycling Melting

Driptray-reprocessing Free release recycling Decontamination
plant measurement

Eurochernic pilot Free release unrestricted Measurement
project disposal

Concrete from G3 Free release urestricted Measurement crushing
disposal

Heads of prestressing Free release unrestricted Measurement
cables-G3 disposal

Contaminated soil Restricted release Measurement
authorised disposal

G2/G3 -lasswool Restricted release Measurement
authorised disposal

Nuclear centre scrap Restricted release Decontamination
controlled disposal melting

Containment and retention of materials that may otherwise be released could imply
significant economic penalties, as shown by a study by a NEA Task group on recycle
and reuse of materials from dismantling of nuclear facilities.[7] In particular, how the
material is categorised will affect the ultimate disposal cost. In the USA such costs
could range from I to 10 cents per pound, if it can be disposed of in a landfill, to up
to 10 dollars a pound if it has to go to a low-level waste disposal site, such as
Barnwell.

Recycle and re-use (R&R) has evident value from the point of view of sustainability:

• Storage/disposal space is freed up
• Resources are used more efficiently
• No need to incur additional risks in looking for alternative materials
• Lower overall costs

On the other hand, the fear of radioactivity is real, and its delectability at extremely
low levels is a significant deterrent for, say, the steel industry which could find itself
with producing "radioactive" steels, or for regulators who may find themselves
facing an angry public.
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5. An "Empirical" Criterion for Free Release of
Materials

The basic issue behind re-cycling and re-using materials is at what levels can they be
exempted/cleared, and thus, in the end, what is radioactive waste? Society at large
seems to have given a response to this question. By examining practices world-wide
in the free release of large amounts of materials where natural radioactivity is
artificially concentrated, it can be seen that a free release criterion is as follows:

"Radioactively contaminated materials can be exempted ftom
regulation and be fteely released into the general economy and the
environment if'ihey result in individual doses not significantly larger

than I 00 p-Svlyr."

The reference situation for this value is the unrestricted release of coal ash, which
represents one of the largest volumes of slightly contaminated materials produced
yearly world wide. Coal ash concentrates the natural radioactivity of primordial
radionuclides present in coal, and owing to its use in building materials, many people
are being exposed to this radioactive source. Other uses of coal ash also result in
actual doses received by people. The International Committee on Radiation
Protection 3] depicts the situation as follows: "More than about 280 million tonnes
of coal ash (fly ash and bottom ash combined) are produced annually. About 40
million tonnes are used in the production of bricks and cement, and a great deal as a
road stabiliser, road fill, asphalt mix, and fertiliser. Some large users of coal as filling
materials are not included in this figure. ... Residents of buildings constructed with
these materials can incur annual doses of up to several mSv."

To put into perspective this and other figures quoted in this paper, it is important to
remember that and average adult has about 000 Bq of radioactivity of natural origin

in his/her body, which results in a dose of about 300 pSv/yr. Medical X-rays

routinely expose a person to between 100 and I 000 gSv per procedure'.

I Not all those procedures are possibly necessary.
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6. Actual Criteria for the Release of Materials

At present, slightly contaminated materials of nuclear and non-nuclear origin are
dealt with under different legal frameworks and therefore under different institutional
arrangements. Different standards for these two "types" of waste are thus proposed
and/or implemented. We have seen the case of the radioactivity of coal ash, for
instance, which is not even regulated in a nuclear sense. At the same time, different
standards and practices can exist also within the same industry.

Some example practices within the same country: the USA

At the time of writing this paper, the situation in the USA is as follows:

• By choice, no metal with detectable radioactivity is released by the DOE.
The latter does not define "No delectability". This same organization does
have criteria to release other types of materials.

• Site property must be cleared to:

• a 250 �tSv/yr standard, according to the NRC:

a 250 gSv/yr standard plus 40 gSv/yr groundwater standard According to
some States

a 150 gSv/yr standard according to the USEPA

• Draft criteria by the NRC have set clearance and exemption criteria for

the nuclear industry at 10 �LSv/yr. The Health Physics Society endorses
this as does the American National Standards Institute (ANSI). On the
other hand the ANSI's draft guide for release levels of TENORM
(Tectmologically Enhance Naturally Occurring Radioactive Materials) is
based on a maximum of 100 gSv/yr.

• In the US the EPA has exempted from regulation 6 millions tons of coal
ash per year from then-nal power plantS2 . To this effect the NRC has

2. About 61 million tons of coal ash were generated by thermal power
production in 1990 I]. At present, such ash is either disposed or utilised for
various industrial uses (more than half for the production of concrete/cement).
The current distribution between these two alternatives is about 80% disposal
to 20% utilisation. The American Coal Ash Association hopes to ultimately
reverse this distribution to 20% disposal and 80% utilisation. It is pointed out
that such a high utilisation rate is technically achievable, as rates up to 70%
utifisation are not uncommon in Europe. The USEPA has however concluded
that a utilisation rate of about 30% is more realistic. Its exemption of coal ash
from regulation and the radiological consequences should be viewed against
this background [I].
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noted that, in practice, the resulting individual dose to the public can be
about 100 �6v/yr and "could be viewed as a precedent benchmark for
possible NRC release levels"[ 0].

Further still, in the US, materials are being released using the conditions
of the NRC regulatory guide 186 which allows release of materials with
surface contamination of 000 dpm on a surface of 100 square

2centimeters, which is equivalent to 083 Bq/cM .

Similar inconsistencies exist across other national frameworks. [81

Examples of international standards

Present decisions on free release of very low contaminated materials from the nuclear
industry are bsed mostly on an individual dose criterion of maximum 10 [Sv/yr.

In May 1996, the EC promulgated a new Directive with revised basic safety
standards (BSS) for the radiation protection of both workers and the general public
[9]. The Directive covers radioactivity in both nuclear and non-nuclear industries and
was to be ratified by member states by May 2000. In the BSS, industries are divided
into "practices" (where radionuclides are, or have been processed in view of their
fissile or fertile properties) and "work activities" (where the presence of radioactivity
is incidental). Broadly speaking, "practices" refer to the nuclear industries, while
"work activities" to the non-nuclear ones. The latter are large producers of
TENORM, i.e., of materials where the natural radioactivity is concentrated as a side
effect of the idustrial processes. Besides coal ash, other industries with by-products
with significantly enhanced radioactivity are petroleum processing, mineral
processing, phosphate production, geothermal plants and paper mills.

The table of exemption values in the new EC-BSS covers only practices and are
based on the lOpSv/year/practice individual dose constraint. The exemption values
for work activities are not explicitly given. It is not clear in the BSS what is proposed
for the TENORM industries. However, both in Germany I and in Holland 12] the
level of I 000 pSv/yr individual dose is being used.

The current international recommendations for the exemption of radioactive material
from being regulated and the clearance (release) of such material already regulated
are both based on criteria laid down by the IAEA Safety Series 89' regarding
individual doses and collective doses. Clearance values are set to 0 pSv/year.

About 30 million tons of coal ash are generated in Europe every year. If the
American Coal Ash Association is correct, about 2 million tons are utilised.
What are the resulting individual doses to the public'? Have the EC made any
studies?

This document is presently under revision.
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Exemption levels are a factor 10 higher. The explanation is that exemption from
regulation is intended to be applied to moderate quantities of material (say 1-10 ),
while clearance (release) concerns large quantities (10 000 t/year used in European
studies). By contrast, we have seen as well that - e.g., for coal ash - the quantities
that are released into the general economy or in the environment are huge, in the
order of tens of millions of tonnes per year, and the de facto exemption level is of
several thousands pSv/year.

7. Some Issues to be Dealt with

There must be consistency in what should be considered as radioactive waste and
disposed of in special facilities. This consistency is required on several grounds.

Intragenerational equity. Doesn't this state of affairs translate into a waste of
resources that could be more usefully dedicated to other causes?

Public health and protection of the environment. Why should every-day refuse or
foods, which may be more radioactive than radioactive waste', not be checked
against radioactive release criteria? Alternatively, is the public correctly protected if
the radiological protection criteria are not applied uniformly across the board?

Sustainability. Some industries appear to be favoured by a dual standard regarding
release levels of radioactivity. Thus, the nuclear industry may become less favourable
as an energy choice on faulty grounds, and its sustainability put in question, which
may deprive future generations of alternatives for their development. Isn't there an
issue of intergenerational equity?

Inslituiionalfirames. There exist, within the same country, different legal Acts and
therefore different institutions and even internal bureaucracies in the same
institutions dealing with materials of nuclear and non-nuclear origin. Are the bases
for these legal frameworks and institutional arrangements consistent with the
nowadays holistic approach to environment protection?

These issues are not unknown and will be addressed more and more in the coming
years, which is a reason of optimism. It is already admitted, for instance, that the
current system of radiation protection is incoherent and not providing the degree of
consistency that is desirable 13]. Reasons for optimism are that:

• A large number of initiatives are afoot on inventories, costs, dose
assessments, etc., which implies that more and better basic data will be
produced.

• The issue of risk governance is becoming dearer to governments, which
implies a larger role for the public at large and specific stakeholders.

3 Recall the "coffee-beans" example of the IAEA (section 3.

46



Hopefully, this will force the discussion of issues from all angles, and not only a
debate on "numbers".

8. Conclusions

There is a heightened awareness in society of the possible adverse environmental
impact of the exploitation of natural resources and, particularly, of energy sources
with emphasis on conservation of resources, long term protection of the environment,
and sustainable development. There is also increasing awareness of the scale of the
remediation problems to be faced as a result of some former, unsafe practices
regarding the management of various forms ofwaste that may lead today to the need
of intervention. This applies to contamination of both chemical and radioactive
nature.

Usually, when values in risk assessment are discussed, e.g., within RISCOM and
VALDOR, it is said, that there are values behind the risk assessment by the experts
and that these values are hidden within the basic assumptions made and are not easily
visible, especially to the higher-level decision-makers. It is shown in this paper, that
the opposite can also happen: the decision-makers, those that set the standards, may
not be aware of the all the relevant facts or they may ignore them because of how
their institutional role and mandate are framed. A holistic look at radioactivity both
of man-made and natural origin needs to be implemented in order to claim and
achieve consistency in the protection of public health and avoid issues of intra- and
intergenerational equity. In particular, consistency is needed of regulatory frames
within and amongst countries in accordance with modern principles of environmental
protection.
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Abstract

Acceptance of risk is a value-based decision; that is, the acceptance of risk by a
person or group of persons depends on the values of the person or the shared values
of the group. In the case of nuclear waste management, the nuclear industry, the
regulators, and the general public approach risk from entirely different perspectives,
dictated by the separate value systems held by each. The utilities producing
radioactive waste view risk assessment as a part of a business decision that involves
costs and benefits. The values that drive public acceptance of a national nuclear
waste management policy are very different. As stated by Peter Montague of the
Environmental Research Foundation:

The only people I know who are enthusiastic about quantitative risk
assessment are people who want to gain permission to expose other
humans to dangerous chemicals so someone can make money. Risk
assessment has proven to be an effective way to gain the necessary
permissions. [1]

Between the industry and the public are the regulators. Most national governments
require regulatory agencies to establish rules that provide adequate public safety
while allowing industries, whether nuclear or other producers of public commodities,
to profitably do business.

The general population has always had a fragile relationship with nuclear proponents.
There is an atmosphere of mistrust based on the understanding that the values that
matter to the general public differ tremendously from those purported by the industry
and regulators. The general public is more interested in worst case scenarios; that is,
what is the most severe negative consequence to their safety and the safety of their
children that could result from nuclear projects. There is no cost or benefit more
important to the general public than the health and safety of their families.

The rift in values creates a great disparity in proposed solutions to the nuclear waste
question. Regulators regard public acceptance of a risk-informed policy as the basis of a
solution. Using probabilistic risk assessments, regulators often make the false
assumption that the key to public acceptance of the risk is a mathematical calculation
that shows the pobability of a negative event so low that consequences need not be
considered. The error in this thinking is that the values of the public are focused on
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consequences. This paper will discuss the public=s expectations regarding government
policy decisions involving health and safety.

1. Introduction

Throughout the world there is public concern regarding the safety of food, medicine,
chemicals and waste materials that can harin human health and the environment.
Technology continues to advance so rapidly that most of the population has little real
understanding of the scientific wonders that are reported almost daily in the media.
We are bombarded with scientific breakthroughs and they seem very much like the
scripts for science fiction films. There are now food crops that can fight off their
own predators, and grow without seeds--one generation at a time. Irradiated food
that promises to be fresh for extraordinarily long times with no harmful bacteria is
advertised to be more affordable than the clean, garden -fresh foods that we prefer.
Animals can be given feed with honriones and additives that kill or prevent their
diseases and that get them to market sooner and at greater weight.

The public is seldom asked if they accept or reject any of these risks. In many cases
the risk is imposed and it is considered the public's job to prove that a product or
project is harmful. When people become ill or die as a result of a food additive or
chemical exposure, the burden of proof is very often placed on the victim.
Consumers do have the ability, when faced with confusing and complicated decisions
about food or other products, to refuse to buy. But this can only happen if people
know about the products. Serious harm has occurred because of re-used waste
products which no one knew about until it was too late.

Many waste industries are claiming scientific breakthroughs that allow materials that
would otherwise need expensive disposal methods to be recycled back to the
consumer. This means using slightly radioactive metals for consumer goods or waste
animal parts for new feed products. When it was reported that animal parts were
being used to make beef feed, the beef industry and growers of genetically altered
crops were heavily impacted by public boycotts of their products. In this way the
public can have a direct effect on the profits of a company and rapidly change the
practice.

2. Who Benefits and Who Takes the Risk?

Public acceptability assumes that the public has a choice to accept or reject a risk-
that the risk is voluntary. Unlike a meteor falling to the earth or a severe storm,
which some insurance companies label acts of God, this is a discussion of risks that
a-re man-made. Hence a choice exists; whether or not citizens feel the risk is worth
the benefit of the technology.
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Influencing public opinion is a multi-billion dollar industry. Advertising campaigns
to sell products and political candidates confront us every time we turn on a radio or
television set and from billboards and newspapers. In the U.S. Congress, a major
issue currently being argued is campaign finance reform. Millions of dollars are
spent on elections with most of the money buying campaign advertising. It is a well-
known fact that people who do not have access to tremendous amounts of money will
have a very difficult time winning elective office. One of the primary concerns
behind the reform movement is that major donors to campaigns receive favors and
access to decision-makers in exchange for campaign contributions. This has led to
public suspicion hat elected officials could provide more access to industry officials
who are major campaign donors, and agree to eliminate or reduce necessary safety
standards. If this were to happen, the right to impose a risk on others would have
been purchased by those who benefit.

Historically the public has been subject to involuntary risk during wartime.
Countries that created chemical, biological and nuclear weapons still have facilities
that pose serious threats to the communities nearby. The material is very difficult to
manage and dispose, remaining dangerous for years. Likewise, the legislation and
official mind-set that created it lasts for generations. In the infancy of the arms race
between the Soviet Union and the U.S., the Atomic Energy Act of 1946 was passed
giving sole ownership and control of nuclear materials to the government. The Act
was later amended to promote the commercial development of atomic energy and
made no mention of public safety. In answer to public demands for environmental
protection, the Commission was split into two entities. One has evolved into the
Department of Energy (DOE) and the other is the Nuclear Regulatory Commission
(NRC). Both still function under the 1954 Atomic Energy Act-the same law that
promotes nuclear power.

Congress selected Yucca Mountain, Nevada as the sole site to be investigated for a
high-level nuclear waste repository in 1987. After the DOE had studied the site for
about a decade it became obvious that meeting the statutory "General Guidelines for
the Recommendation of Sites for Nuclear Waste Repositories" would be impossible.
They announced a proposed rule-making which would remove qualifying and
disqualifying conditions and replace them with an assessment of the system
perfort-nance at Yucca Mountain. Following that action the NRC proposed new
regulations that eliminate sub-system requirements and employ "risk informed,
performance based" decision-making. It appears that the investigating agency and
the regulator are acting in concert and the public is left with the risk. The decisions
are made based on computer modeling and probabilistic analysis rather than
compliance with absolute benchmarks. But most disturbing is the fact that analysis
and determination of risk is done by the party that stands to benefit and the regulator.
Public interest organizations have raised serious concerns regarding these proposed
new rules. People came in large numbers to hearings and provided comment and
testimony opposing the proposals. Hundreds of environmental groups have signed
on to petitions and letters expressing opposition to the enactment of the new rules
because it appears that the public gets the risk and the industry reaps the benefit. At
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the present time the new rules are still just proposals but the DOE and NRC are
rapidly approaching site recommendation and submission of a license application.

2.1 The Element of Trust and Historical Precedent

Many people are uncomfortable living near nuclear reactors and most communities
do not want to become the home of a nuclear waste facility. In order for an
agreement to be reached between the nearby residents and the builder/operator of the
nuclear waste site, there must be trust. The people accepting the risk must also see a
benefit-not necessarily a tangible one such as money, but perhaps one based on
patriotism or a similar value. The most difficult part of the agreement is likely to be
the trust element.

Gaining trust requires an historical evidence of worthiness. Such a track record does
not exist near Yucca Mountain, the proposed location for a U.S. high-level nuclear
waste repository. It is located adjacent to the Nevada nuclear weapons test site where
atmospheric atomic testing was conducted in the 1950s and '60s. Residents were not
told what the test site was until it was necessary to disclose the information because,
when a bomb exploded, the flash was equal to or brighter than the noonday sun. A
resident of a town just east of the test site, Gloria Gregorson, described the first
explosion. "I remember the day nuclear testing started in Nevada ... the first blast
came without warning. No one was informed that it was going to happen. The flash
was so bright, it awakened us out of a sound sleep. We lived in an old two-story
home, and when the blast hit, it not only broke out several windows, it made two
large cracks in the full length of the house." 2 During her life, Gloria Gregorson
contracted six forms of cancer and died at the age of 42.

It is unlikely that a sufficient amount of trust could be established, during the lifetime
of current Great Basin residents, to gain public acceptance for a high-level nuclear
waste facility. An old saying goes: Fool me once, shame on you. Fool me twice,
shame on me. This view is typical of the western U.S. attitude, especially toward the
federal government.

This reluctance to trust is certainly not a phenomenon found only in the U.S. Great
Basin region. Efforts are being made in Europe to encourage people to resume eating
beef after the widespread fear of bovine spongiform encephalopathy (BSE),
commonly nown as mad cow disease. The fears associated with radiation and mad
cow disease are quite similar in that infection or exposure is not detectable, and the
incubation period is a very long time.

The question of which risks are acceptable depends ultimately on where the person
passing judgement stands in relation to those risks. Under our current regulatory
system, the risk of chemical exposures is usually passed on to the people who suffer
those exposures. If 10 or 20 years later they come down with cancer or their children
suffer health problems, identifying the cause-let alone proving it in a court of law-is
virtually impossible. Companies find this arrangement profitable, and it certainly
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encourages technological innovation, but the cost to others can be considerable, as
the tobacco industry and the makers of leaded gasoline have tragically proven. 4]

3. Communicating With the Public

The public has always been at a financial disadvantage when opposing government
programs. Public advocacy organizations and citizen groups have used ingenuity and
community commitment to compensate for lack of resources. It was once common
for the same public speaker to present very different messages about a single subject
to various groups of people and it was unlikely that one audience would ever now
what had been said to another. Advances in communication technology have made it
harder and harder to isolate one audience from another.

Even the smallest advances in communication technology have huge impacts on
public awareness. One instance, forty years ago, was when the U.S. Atomic Energy
Commission (AEC) attempted to gain public acceptance from a native village in
northern Alaska to detonate six thenrionuclear bombs as an "atoms for peace"
experiment called Project Chariot. The bombs ranged in size from 100 kilotons to I
megaton and would be used to blast out a harbor. The residents were not in favor of
the project so public relations people from the AEC went to meet with the people of
Point Hope on the faraway coast within the Arctic Circle. Unbeknownst to the tree
AEC representatives, in about 1960 tape recorders had become an Eskimo fad. Since
they had no written language and their culture was oral, by 1962, at the time of the
meeting, more than half of the households had tape recorders and regularly
exchanged tapes with other villages. At the meeting the people were told: ". . . the
nuclear tests at the Pacific Proving Grounds had not contaminated fish with radiation
. . . radioactive fallout from the Chariot blast would be so little that it would
probably not be measurable with radiation detection equipment; the harmful
constituents of fallout would for the most part be gone from Ogotoruk Creek in a
matter ot'hours; people at Point Hope would not feel the seismic shock of the Chariot
detonation thirty-one miles away; a study of cattle in the Nevada desert offered
evidence as to harmlessness of fallout moving through an Arctic ecosystem;
American nuclear testing had not harmed "Indian" people anywhere; and that once
Japanese survivors who received "very great exposures" recovered fom radiation
sickness, they suffered no further effects." And the Eskimos got it all down on tape.
[31 This was an eventuality that the officials sent there never expected. All of the
claims made by the three spokesmen were false. Ultimately, the opposition was
successful in defeating the project.

As technology has advanced and become more difficult for the public to understand,
public communication has increasingly become more accessible and efficient. The
Internet has allowed people around the world to transfer information instantaneously
and inexpensively. Just as the communication technology is changing on a moment-
to-moment basis, so, it seems, is the DOE message. Rather than telling the public in
a straightforward fashion how a repository at Yucca Mountain would work, the
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suitability of the site and project are presented through complicated probabilistic risk
assessments which are then put trough a risk-informed, performance-based decision
making licensing process.

When the people of Point Hope, Alaska were told direct lies, they did not know if the
facts were true or false but they sent the tapes to people who could advise them.
When Nevadans are given the graphs and tables resulting from the computer
modeling that goes into a Yucca Mountain total system performance assessment, they
can go to -Iexperts" to see if the conclusions are accurate and in many cases, the
answer will depend on who the expert is. When the high levels of uncertainty are
considered, many answers could be right. Therefore, it amounts to guess work. The
Yucca Mountain proponents have told Nevadans that "science will decide." But the
question is: whose science? With the more statistic-based approach DOE is now
taking, it appears more likely that mathematics will decide. Mathematical
computations are already being used to screen out features, events, or processes that,
according to the numbers, are too improbable or inconsequential. One example is
seismicity. Nevada residents experience earthquake jolts every few years.
Regardless of the modeling results and engineering fixes, they do not believe that
Yucca Mountain should be recommended as a repository site because it is located in
a seismically active location.

There now exists a jumble of over-lapping and inter-acting computer models
combined with expert judgement to analyze probability, consequence, risk and
radiation doses. While that work is being done the same federal agencies providing
the analysis are creating the rules that the results will have to comply with. The
public, with good reason, believes that when all of the data, mathematical
probabilities and expert elicitations have been analyzed, results which can be attained
will determine the rules.

Throughout the life of the project public audiences have asked DOE officials, "what
could you find at Yucca Mountain that would disqualify the site?" Within the last
year the answer has become "nothing."

4. Acceptable Public Policy

There is probably no population more educated in the subject of risk and probability
than the citizens of Nevada, residents in the gambling capital of the world! Even if
you do not gamble yourself, as a Las Vegan you see the crowds that gather at the
casinos to test the very high odds. The casino industry calculates its profit through
probability and the customer gambles on the consequence and the belief that if there
is a chance of winning a jackpot, regardless of how small. You do not need math to
know that unexpected good fortune can occur and you could be the winner but Las
Vegans will tell you with a smug smile that the town was not built on winners.
Nevadans are accustomed to industry painting an urealistically bright picture of
benefit vs. risk. It is not surprising, therefore, that Nevadans believe that if there is a
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chance of being exposed to radiation from a repository, the surface facility or a
transport vehicle, they could be the loser. Math will not convince the average person
that improbable, deadly accidents and /or incidents will not happen. What were the
odds of an American Naval submarine suddenly surfacing directly beneath a
Japanese fishing boat?

Many Nevadans and millions of other people choose not to gamble in casinos. Polls
indicate that 75 percent of Nevadans oppose Yucca Mountain and refuse to gamble
with high-level nuclear waste. Both choices should be their right.

Many countries, including the U.S. are not ready to embark on a nuclear waste
disposal project. Before any successful program can be initiated, the will of the
public must be known. You cannot determine if public acceptance exists without
knowing people's expectations regarding a disposal program. And you cannot claim
to have adequately factored in public acceptance or refusal without an accurately
informed public. Perhaps the only point of agreement at this time is that the material
is very dangerous and must be isolated from the biosphere.

5. Conclusion

For an individual. group or community to accept a risk, they must be informed and
this requires established basic principles. For instance, there must be consistent,
truthful, and understandable communication about the nature of the proposed risk. It
must also be clear to those considering the risk that to do so would be compatible
with community values. The DOE uses the language of benefit versus risk in its
arguments for the proposed repository. The question of risk acceptance is a question
of choice. In order to make the choice of whether or not to take a risk, you must
know exactly what that risk is in terms of the consequences of a potentially harmful
event, and the likelihood it will occur. It seems that the public understands this basis
premise as clearly recognized in a recommendation in a recently published report by
the University of Nevada-Las Vegas on the issue of political and moral legitimacy of
the proposed repository at Yucca Mountain:

"It is an inalienable principle of a democratic republic that all
government derives its just powers from the free and informed
consent of the governed. Any act or policy proposed without that
consent is illegitimate, in principle. If the people choose to ignore an
act as having little or no consequence, or not worth their concern,
they have little ground for complaint. But when a large number of
people, virtually an entire affected population, rejects a policy as
politically tyrannous and morally illegitimate, as having been made
without just distribution of benefits-to-burdens, then that
government, for the sake of its soul, is obligated to withdraw that act
or policy and return to the basics, and seek some other policy which
can acquire the free consent of the governed."[5]
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It must be remembered that, if people are kept uninformed of dangers they are
exposed to, they are not accepting a risk: They are being victimized.
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1. Introduction

Increasing openness, public participation and transparency are considered important
for decision-making in public issues. Transparency serves two purposes; for the
awareness of decision-makers and for public insight and influence. However, the
increasing complexity of today's society, the complexity of decision processes and
the complexity of the underlying factual basis are all factors that work against
transparency and participation.

Furthermore, the decision-making context in controversial issues is not only set up
by the factual basis provided by the experts, but also by stakeholder pressure groups,
lobbyists and extensive media coverage. The seemingly unlimited availability of
information on the Internet and the continuous information low in TV channels
does not make it easier for the layman to get insight and clarity. These problems with
democracy in the information age have been described in social and political
sciences, se e.g. Mayhew [I] and Zolo 2].

This paper starts with a discussion about the expert role, a definition of transparency
and three rationales for public participation. The two areas of nuclear waste disposal
and biotechnology are then used to illustrate problems with transparency, but also
initiatives for improving the situation. Frameworks for the evaluation of participative
processes are described, as well as the role of media in making complex issues
transparent. A central theme in the paper is the need for a shift from the experts-
agenda paradigm" to the "values-first paradigm". We end up with suggestions for
how transparency and public participation can be enhanced for the sake of
democratic development.
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2. Transparency for informed decisions

2.1 The expert role

Ideally, as most of us see how democracy should work, the politicians take their
decisions based on the societal values they are elected to represent. Politicians
consult scientists in accordance with practical needs, and the experts provide the
factual material to the decision-makers. However, the expert role is not always so
clean as one would expect. Experts may put their own values into their assessments
or rather the underlying assumptions in the assessments. Experts may also have their
own interest in the assessment results. Therefore, in a transparent decision- making
system, the public must have a possibility to evaluate the arguments of the experts,
and if the experts are credible. As described by eg. Steven Brint 3 expert influence
depends on how issues are framed - it tends to be maximized when experts
successfully define matters of substance as narrowly technical issues.

Mrgen Habermas has discussed three models for decision-making 4 the
decisionistic model, in which the expert role is limited to making new technologies
available, the technocratic model in which the initiative for decision-making is
passed to scientific analysis and technical planning, and the pragmatistic model in
which there is intense interaction and communication between scientific experts and
the decision-makers. According to Habermas this communication must be rooted in
social interest and value orientations in society.

In today's society we mostly operate within the technocratic model, in this paper
called the experts-agenda paradigm, whereas we need to change to the pragmatisctic
model, here called the values-first paradigm for reasons being obvious throughout
the paper.

2.2 The RISCOM model for transparency

In the old view, the experts-agenda paradigm, transparency meant explaining
technical solutions to the stakeholders and the public. Transparency was a matter of
packaging technical information. However, major decisions on complex issues
involve both technical/scientific and value-laden elements. The decisions will
improve in quality if it is made clear to the public and the decision-makers how the
two elements interact.

The RISCOM model for transparency 561 was originally developed from problems
in risk assessment and nuclear waste, but should be generally applicable. The model
includes three basic elements: technical/scientific issues, normative issues and
authenticity. TechnicalIscientific issues can be clarified with scientific methods.
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They relate to questions like "Is this true?" or "Are we doing things right? Normative
issues reflect what is considered fair and acceptable in society, what is legitimate. In
an expert dominated area value-laden issues are often not openly explored. Instead
they are discussed "under the surface", often hidden in expert investigation.

Authenticity is what builds trust; it has to do with consistency between the actions of
a person (or an organization) and who the person (or organization) is, or the role in
the decision-making context. If a stakeholder considers an organization to be
authentic, he is more likely to trust its views and decisions, thus reducing his
demands for technical details.

To achieve transparency there must be appropriate procedures (transparency
channels) in which decision-makers and the public can validate claims of truth,
legitimacy and authenticity. The procedures should allow stretching, which means
that the environment of e.g. the implementer (of a proposed project), the authorities
and key stakeholders is sufficiently demanding and that critical questions are raised
from different perspectives.

3. Public participation - why?

Which are the rationales for public involvement in decision-making? It is perhaps too
easy to just state, without explaining why, that more democracy, public involvement
and engaged citizens is for the common good. It could be argued that in a society that
builds on representative democracy the decision-makers by definition represent the
values of their voters.

However, the values involved in specific issues do not automatically become
apparent - for this to happen transparency must be secured by procedures that
involve members of the general public. Transparency and public participation are
thus strongly inked: transparency needs public involvement - and meaningful public
involvement can not take place without transparency in procedures. Thus if we want
decisions with the best possible political and societal awareness, it follows that we
also want citizens participation.

On a more common ground, we can state three rationales for the desirability off
public involvement. The first rationale is ethical and means that the public should be
involved because they are the ultimate source of values in society, and these values
should be expressed in decision-making. In other words, we should respect citizens
right for self-determination and autonomy. The second rationale is political. This
means that public involvement strengthens the stability of decisions. When the public
is involved it follows a broader responsibility for the decisions.

The third rationale is about knowledge. The public should be involved because they
possess knowledge, which is different from the knowledge by experts and politicians.
This lay-knowledge is often of essential importance for the issue considered, at least
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it means that the knowledge base becomes wider. When considering local projects, or
local effects of regional, national or global issues, it is usually the case that local
residents possess important knowledge, however, usually neglected by decision-
makers 7].

4. The case of nuclear waste

4.1 The role of value-laden arguments

So far experts have dominated the decision process in the nuclear waste area. In
Sweden this has occasionally has been criticized. In the R&D Programme of 1995
[8], it was said by SKB that "scenario selection, or the selection of premises for
different scenarios, is done by experts." KASAM 9] criticized this; "The selection of
scenarios is not a science but a question of deciding which hypothetical future events
need to be included in the safety assessment. This is a decision which cannot be
considered to be reserved exclusively for 'experts'."

The choice of overall approach to the long-term management of high level nuclear
waste must rely on a number of value based considerations. The very question
whether to act in our lifetime for a final solution, typically including a deep
repository, or to wait for a possible technical and economical breakthrough for new
technologies, such us transmutation, is maybe the most obvious value-laden issue.
Another example is retrievability which leads to a repository that may be left open
for an undefined period of time - then one values flexibility over final solutions to
the extent that the consequences for future generations can not be foreseen.

The selection of a site for a repository involves more value-laden aspects than is
normally acknowledged. In the Swedish situation the selection of a site in the north
versus the south, and in the inland versus at the coast, is primarily a matter of values
and ethical considerations [10]. In the UK, the MADA (Multi-Attribute Decision
Analysis) analysis, leading to the selection of Sellafield as the preferred site for
underground investigations, had similar site selection factors as SKB in the Swedish
process. Nirex assigned weights to all the factors and arrived at "the best site" [II].
However, it was demonstrated during the planning inquiry 121 that another
weighting could lead to another site. Value judgements were hidden in a seemingly
technical assessment.

In a report for SKI and SSI 13] value-laden factors were used to analyse the
inventory of arguments in the review process for SKB esearch and development
programs. The arguments could be derived from a number of factors that have been
shown important for people's risk assessment: type of damage and area affected, time
distribution of damage, freedom of choice to take the risk, controllability of
consequences, social distribution of risk and probability of damage.
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4.2 Value-laden arguments are implicitly expressed - if at all

SKBs site selection

In a recent report 14] SKB has, based on results from feasibility studies in six
municipalities, selected tree areas for site investigations, which include an extensive
drilling program. The areas are within the municipalities of sthammar, Tierp and
0skarshamn.

The SKB site selection can be seen as a well structured process, divided in specific
steps of which some are purely based on geological grounds (e.g. the feasibility
studies) and others on industrial and socio-economical grounds (the final selection of
areas for site investigations). Compared to the Sellafield case, the SKB
argumentation for the site selection is less "technocratic". Fore example,
transportation factors and distance to nuclear facilities are outspoken factors dealt
with in a qualitative way.

However, not all the comments on the site selection from the involved municipalities
are positive. For example, there is criticism against the SKB having modified the site
selection factors at a late stage 151. One gets the impression that SKB, having felt
forced to act within the experts-agenda paradigm, have not been able express early
enough the role of the non-geological factors.

Hearings held by SKI and SSI

Hearings were orgamsed by the regulatory authorities SKI and SSI in the
municipalities during the review of the SKB site selection. The design of the hearing
format was done using the RISCOM model. Since most of the hearing participants
had the expert agenda framing, extra efforts were made during the preparations to
stimulate the re-framing of issues. The outcome of the hearings are now being
reviewed by the European RISCOM 11 project, but some preliminary observations
can be made here. The hearing format was quite successful with respect to the
RISCOM model. Still, though, the values inherent in the problems were more
implicitly than explicitly expressed.

The work in Oskarshamn

The Oskarshamn model for public participation attempts to apply the RISCOM
principles for transparency in practice 16]. The overall goal has been to prepare the
municipality or a decision if SKB should be allowed to start site investigations. To
get an independent review of the process an "ethical and democratic audit" has been
conducted by professor Carl Reinhold Brdkenhielm, Department of Theology,
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Uppsala uiversity 17, 11. Although Brdkenhielm in general comes out with a
positive evaluation of the Oskarshamn process, he also remarks that the value-laden
issues have been dealt with implicitly, whereas they in fact could have been more
explicit.

These experiences from recent events in the Swedish program, with actors devoted to
transparency and participation, reflect strong barriers against breaking the extremely
strong framing within the experts-agenda paradigm which has taken place during a
period of twenty years.

5. The case of gene technology

The case of nuclear waste disposal serves very well to illustrate the role of expertise
and ethical considerations in decisions on risk related matters. For the future,
however, the huge challenge most certainly comes from gene technology, which
already provides us with many applications where both scientific risk assessment
and value-laden issues are at stake.

One particular area, where we already can see that early expert agenda setting has not
been in congruence with the needs of the general public is genetically modified
crops. According to the experts agenda, GM foods would be acceptable if it can be
shown that they are safe to eat and do not give rise to unacceptable environmental
risks 19], whereas the general public may have other concerns of ethical and
political nature. Furthen-nore, it can not be taken for given that acceptability of
biotechnologies among citizens increases with increasing knowledge 191.

According to a recent briefing by the ESRC 20] and Wynne 21] it can also be
questioned whether the safety and acceptability of GM agriculture can be settled by
current scientific methods. Referring to Stirling and Mayer 22], the briefing
emphasizes the importance of ensuring that a broad spectrum of values and interests
are represented in the early framing of an issue such as GM food. And most
probably, the general public has a broader spectrum than mere technical risk criteria
in mind. There are thus striking similarities between the nuclear waste and gene
technology areas in the sense that experts have set the agendas too narrow.

Another crucial area is genetic testing as a new media] technology, which can be
used for informing the parents about eventual genetic disease of their unborn child or
about the predisposition of a person to a certain serious disease, such as cancer.
Gaivoronskaia and Solem 231 discuss the difficult decision problems for the
individuals. The technique will most certainly also raise a number of questions for
political decision-making, such as the use of genetic testing for insurance purposes.
Will insurance fees in the future be set following genetic maps of the respective
individuals, or their willingness to accept such testing?
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6. The emergence of new participative processes

The need for more influence by citizens and for better understanding about public
attitudes in controversial issues, has caused a number of participative and deliberative
processes to emerge. As pointed out by ESRC 20] their aim is usually to capture
values through the creation of small public spaces where citizens can discuss the
issues with each others, scientists and decision-makers. Some of these processes
result in recornmendations to the political decision-makers.

In order for us to understand how these processes can contribute to more informed
decision-making they need to be mapped and evaluated. Clearly, with the philosophy
developed in this paper, one evaluation criterion should be how the processes meet
our requirements for transparency channels (the RISCOM model). The DECI pre-
study report 24] analyses a number of procedures such as Expert Committee,
Science Court, Team Syntegrity, Dialogue, Science Shops, Consensus Conferences
and Lay Peoples Panel. The report describes each one of the processes and
procedures and map them in the following dimensions:

1) Potential to provide transparency: capacity to evaluate facts, values and
authenticity and stretching capacity.
2) Extent of public involvement; if the procedures are interactive with the public, if
they allow the public to set the agenda.
3) How "the public" is represented, e.g. with individual stakeholders, open to all, or
with political decision-makers.
4) The role in the decision-making process: purely informative, advisory or part of
formal decision-making
5) Consensus building or adversarial in character

Following the same line of approach, there can be other sets of criteria. Renn et.al.
[25] map procedures in the two dimensions of intensity of conflict and degree of
complexity and Beierle et. al. 261 use five social goals. Research to understand the
pros and cons for different participative processes in different situations and using
different criteria similar to these projects 24, 25, 26] should be of particular
importance for the further development of tools for enhancing democratic goals.

7. The role of media

To a large extent, the experts-agenda paradigm also sets the agenda for media
coverage of risk issues. Clearly, it is one of the roles of media to cover the
development in the scientific/technocratic sphere. Maybe even more important
though, is the high priority media give to competing claims of scientific evidence
promoted by different political and scientific actors. It is the responsibility of media
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to report when such opposing evidence occurs. But it also contributes to
fragmentation when the competing conclusions become the most important reference
points for media reporting in crucial issues. And, since in most cases neither
journalists nor their audience have scientific and technical competence, it is relatively
easy for actors and lobbyists to impact the expert driven agenda in public debate.
They can use mass media as a means to influence members of the public as well as
public opinion and thereby political decisions.

However, media are not only part of our problem, but also a necessary part of new
and better procedures. Journalists themselves and political scientists emphaize the
critical function of mass media to challenge and supervise the elites and defend the
interest of the individual. Mass media is expected to form an arena for public
discourse.

Transparency for the general public can never be achieved without access to mass
media. The RISCOM model demands "transparency channels" for its application. It
is doubtful that academics in natural and social sciences can provide such channels.
In fact media and journalism must play a role, since without them public awareness
can hardly be improved in modem society. This means that we need to find new
working fon-nats for interaction between scientific and journalistic skills.

8. A new paradigm - new organizational structures

We have since the second world war developed societal decision-making according
to the experts-agenda paradigm. Kuhn 28] has described how the need for a new
paradigm emerges in science and the way a shift in paradigm takes place. He also
describes similarities with how political and social changes take place. Following a
paradigm means strong framing of current practice. With time, signs ("anomalies")
emerge that question that the paradigm is workable. Decision-making in risk related
issues with the experts-agenda paradigm shows such signs:

• the politicians are supposed to guard the interest of their voters, but are in
the hands of experts, and are exposed to pressure from lobby groups who
can use the overflow of information for fragmentation and have little time to
extend their views.

• the experts are supposed to be objective but they are captured in their own
framing. They also have strong positions and may therefore have a vested
interest in keeping things as they are.

• the public is supposed to be well informed, but is overloaded with
information, and have a limited space for quality review. The internet does
not solve the problem but rather adds to the information overflow.
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the media are supposed to be the power reviewers, but have to act in the
information market, are subject to lobbying and have limited resources for
in-depth analysis.

One reaction to a crisis for the prevailing paradigm is numerous modifications of
practices in order to eliminate any apparent conflict. The participative processes now
emerging can be seen as such modifications within the experts-agenda paradigm. One
reason is that the value-laden issues are only dealt with implicitly in many cases -
another is that the majority of the participative processes are only advisory to
decision-makers.

A special modification of decision-making is the emergence of "second order
experts". We now involve ethical experts and moral philosophers more in the
decision processes. For example, ethical groups give recommendations on nuclear
waste management. Biotechnological companies employ philosophers who give them
advice on which techniques and applications may be accepted in society. These new
groups of expertise should be increasingly involved, since their aspects have been so
much neglected. But their role would be to help in making the value-laden aspects
visible and transparent rather than to be involved in the political decision-making
itself. There are basic ethical values shared by society at large. Often though, there
may be conflicts between them or they can not give the desired practical guidelines.
In such cases the solution is a matter of political decision.

Sooner or later a new paradigm takes over if the crisis can not be solved otherwise. In
our case this may lead to new forms of interaction between decision-makers, experts,
the "public" and the media. We may be catalysts for this transformation by designing
new transparency channels and by being proactive in the way we deal with decisions
on complex risk issues.

9. Conclusions

From the above the following conclusion can be drawn:

I We must have a multi-perspective starting point. Participants in
participative processes should represent a broad spectrum of views. People
must hear each other out to achieve common understanding that there are a
variety of legitimate perspectives to consider.

2. The RISCOM model has been shown both innovative and workable in the
nuclear waste area. We should extend its application to other areas,
biotechnology being one primary candidate.

3. Experiences from participative and deliberative processes should be
evaluated using the RISCOM model and other criteria - this may open a
newfrumeworkfor research.
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4. The arenas for public discourse (transparency channels) must be impartial -
intellectually neutral as to ideology and politically neutral to party. All
viewpoints must be given opportunities to participate.

5. Without access to the mass media, public discourse is impossible in
modern society. Finding new ways to achieve this in collaboration between
journalists and scientific experts may be one of the most critical issues in
developing new transparency channels.

Finally, in practising all this we should have in mind the coming shift from the
experts-agenda paradigm to the values-first paradigm, being prepared to catalyst the
change.
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Abstract

Public participation has received increasing attention in environmental
policyrnaking world wide. Yet research has been inadequate to answer fundamental
questions about how successful past programs have been, what factors lead to
success, and where efforts to improve public involvement should focus.

To address these questions, we examine the case study record of public
participation efforts in the United States over the last 30 years. We evaluate the
success of numerous examples of public participation in environmental decision-
making and identify the factors that lead to success. The paper deals with a number
of themes, including:

• The extent to which participation can incorporate public values into decision-
making, improve the substantive quality of decisions, reduce conflict,
increase trust in institutions, and educate and inform the public;

• What can be expected from different approaches to public participation, such
as public meetings, advisory committees, and mediation;

• The relative importance of the participatory process vs. the context in which
participation takes place;

• Procedural features of particular importance; and
• The relationship between participation and implementation.

The paper provides general results that can be used to guide the improvement
of public participation programs, support assessment of innovative methods, and
advance the theoretical understanding of public participation.
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Introduction

The role of public participation in environmental policymaking has led to
much discussion in recent years, accompanied by some cheering, some hand-
wringing, a great deal of speculation, and always a recognition of its growing
importance. Over the past 30 years, participation has moved to center stage in the
play of influences that determine how the environment will be protected and
managed. In doing so, it has evolved considerably. Traditional public hearings and
public comment procedures have been joined by a broad array of more intensive
approaches to participation that emphasize face-to-face deliberation, problem-solving,
and consensus building. Policy dialogues, stakeholder advisory committees, citizen
juries, formal mediations, and a variety of other processes are now familiar
components of the public participation mix. The amount of influence the public can
wield has changed as well. In the United States, agreements made among interest
groups in regulatory negotiations, for example, actually determine the content of
proposed environmental regulations.

Describing how well public participation has performed in its central role in
environmental policyntaking is the goal of this paper. We report the principal results
of an evaluation a large number of cases of public participation conducted in the
United States over the last 30 years (Beierle and Cayford, 2001). The evaluation
utilized data on 239 published case studies of public involvement in environmental
decisionmaking. The thousands of cases where the public has become involved in
environmental policy decisions over the last three decades have produced many
hundreds of documents describing what happened in one case or another. We
identified case studies from an extensive review of journals, books, dissertations,
conference proceedings, and government reports. We read and coded each case for
over 100 attributes covering its context, process, and outcomes.

The criteria for the evaluation are five social goals that embody many of the
hopes and aspirations for how increased involvement of the public can improve
environmental decisionmaking (Beierle, 1999). They are:

• Incorporating public values into decisions,
• Increasing the substantive quality of decisions,
• Resolving conflict among competing interests,
• Building trust in institutions, and
• Educating and informing the public.

We should note that these cases cover only part of what
might be considered under a broad definition of "public
participation." We do not, for example examine voting,
lobbying, citizen suits, market choices, protest, or other
methods by which citizens can make their preferences
known.
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The research had two main objectives. First and foremost was to develop an
understanding of the social value of public participation by evaluating cases against
the social goals. The second objective was to understand what made some processes
successful and others not. Of particular interest was how different approaches to
public participation-from public hearings to formal mediations-differed in their
accomplishments.

The analysis produced a positive view of public participation. As viewed
through the case study record, most cases of public participation generated quality
decisions in which public values and nowledge made important contributions. In
most cases, participants were able to resolve conflict, increase trust, and increase their
knowledge of the issues under discussion. The nature of the participatory process-
from the type of approach to more subtle procedural features-played the largest role
in determining success in achieving the social goals. The importance of process
allowed us to develop an approach for project planning that starts with the
justification for public participation, proceeds to the specific goals of the process, and
ends with a consideration of specific process design features.

Evaluating Public Participation Case Studies

The larger study on which this paper is based sought to identify what public
participation processes were accomplishing and to identify what factors led to
success. In this paper, we describe the principal conclusions of the study. First,
however, we briefly summarize the evaluation framework used in the larger study and
its methodology.

The criteria for evaluating public participation efforts derived from the
increasingly high expectations for what public participation can accomplish in the
modem environmental management system. As participation has become more
integral to the substance of environmental decision-making, it is also being called on
to achieve a variety of social goals on which traditional approaches to decision-
making have fallen short. These new expectations translate into five social goals
which we use as criteria for evaluating public participation (Beierle, 1999).

The goal of incorporating public values into decisions is fundamental to
democracy and has been the driving force behind challenges to a more managerial,
expert-led model of decisionmaking. The risk perception and communication
literature, for example, outlines dramatic differences in the way that the lay public and
experts view risks (Slovic, 1992; NRC, 1996). Differences between experts and the
public over values, assumptions, and preferences imply that direct participation by the
public can better capture the public interest than can traditional bureaucratic processes
alone.

The second goal, increasing thesubstantive quality of decisions, recognizes
the public as a valuable source of knowledge and ideas for making decisions
(Raffensperger, 1998; Morino, 1990; NRC, 1996). The public may improve the
substantive quality of decisions in a number of ways, such as identifying relevant
information, discovering mistakes, O generating alternative solutions that satisfy a
wider range of interests.

70



The third goal is resolving conflict among competing interests. The
environmental regulatory system in the U.S. was born of conflict between
environmental and industrial interests, and conflict has persisted as the system has
matured. Substantial amounts of money and energy have been consumed by court
battles and other kinds of conflict while environmental problems are not being solved.
One of the principal arguments for dispute resolution is that collaborative, rather than
adversarial, decision-making is more likely to result in lasting and more satisfying
decisions (Susskind and Cruikshank, 1987).

In addition to resolving conflict, public involvement can create opportunities
for building rust in institutions. This fourth goal is based on the need to address the
dramatic decline in public trust of government over the last thirty years (PRC, 1998;
Ruckelshaus, 1996). It recognizes that such a loss of trust is a legitimate reaction to
government mismanagement and that a healthy dose of skepticism is important for
assuring government accountability. As trust in the institutions responsible for
solving complex environmental problems decreases, however, the ability to solve
those same poblems is seriously limited. Research suggests that one of the few ways
agencies can try to rebuild trust is through greater public involvement and influence
over decision-making (Slovic, 1993; Schneider, et aL, 1997).

The goal of educating and informing the public addresses the need to build
capacity by increasing public understanding of environmental problems. Education
here should be interpreted as something more than science lessons. It is a more
fundamental education that integrates information about the problem at hand with
participants' intuition, experience and local knowledge in order to develop shared
understandings and a collective perception of solutions.

To gather information on how well public participation has met these five
social goals, we collected data from a large body of case studies on public
participation. We screened over 1800 case studies-drawn from journals, books,
dissertations, conference proceedings, and government reports-and identified 239
cases with sufficient information to be included in the. Data from the cases were
derived using a "case survey" methodology in which published case studies were read
and coded for over 100 attributes (Lucas, 1974; Yin and Heald, 1975; Bullock and
Tubbs, 1997; Larrson, 1993).'

Coded attributes covered a wide range of data on the cases. They were based
on a conceptual model that looked at public participation as a combination of context,

2 Each case was coded by one of three researchers, or by pairs
of them. In order to ensure consistent coding among
researchers, a process of inter-coder reliability testing and
training was used. This involved pairs of researchers reading
and coding the same subset of case studies independently,
and then comparing codes. The standard required was that
coders consistently achieve two-thirds agreement, a level of
reliability regarded as satisfactory in the literature (Larsson,
1993). Around 10% of cases were used in this inter-coder
reliability process, which is described in greater detail in
Beierle and Cayford 2001, forthcoming).
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process, and results. The tree categories and their component elements are shown in
Table 21.

Table 21: Conceptual Model of Public Participation

CONTEXT PROCESS RESULTS
1) Type of Issue 1) Type of Mechanism 1) Output

• Policy vs. site-specific * Selection of participants 2) Relationships
• Pollution vs. natural o Type of participant e Among public

resource e Type of output * Between public
• Category of issue 9 Use of consensus and aency

2) Pre-existin Rlationships 2) Variable Process Features 3) Capacity
• Conflict among public o Responsiveness of lead Knowled�e
• Mistrust of uoverriment agency

3) Institutional factors e Motivation of participants
• Level of "overnment * Quality of deliberation
• Identity of agency * Degree of public control
• Policy complexity
• Involvement of lead

agency

The context category refers to features that a participatory process confronted,
such as the type of issue under discussion, the pre-existing relationships among
parties, and the institutional setting. The cases covered a wide variety of planning,
management, and implementation efforts carried out by environmental and natural
resource agencies at many levels of government. More than 80 percent of the cases
dealt with decisions that were specific to a single site or geographic feature. Forty-
four percent of the cases dealt with pollution-related issues and the rest concerned
natural resources, such as wildlife, forests, mining, and agriculture. Relationships
among parties ranged from congenial to openly hostile. In 55 percent of the cases,
state and local agencies took the lead, and the federal government took the lead in
most of the remaining cases.

The process category covered what actually happened. The most important
feature of the process category was the type of process it was. Twenty-one percent of
the cases involved public hearings, meetings, and workshops. Fifty-six percent of the
cases concerned the work of advisory committees. (In about half the advisory
committee cases, consensus was the principal decision rule, and in the other half, it
was eschewed in favor of voting or the presentation of competing sets of
recommendations.) The final 23 percent of cases dealt explicitly with negotiations
and mediations. Across types of processes there was wide variation in the
responsiveness of the lead agency, the motivation of the participants, the quality of
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the deliberations among participants, and the degree of control that the public had
over the process.

Context and process combined to produce a set of results. What we meant
by "results" is probably broader than intuition would suggest. Of course, it included
the specific output of the participatory process, such as a report. But results also
meant changes in the relationships among parties to a decision. and increases in the
public's capacity to understand and resolve environmental problems.

It is to the results category that we applied the social goals as evaluation
criteria. We measured success according to how well the participants in the process
achieved the five social goals. Each case was assigned a score for each goal-usually
low, medium, or high. Each score was also given one of three weight-of-evidence
indices, ranging from "solid evidence" to "best informed guess." (Data with the
lowest weight of evidence were not used in the analysis.) The scores were
accompanied by a written entry describing the attribute in qualitative terms.

The case survey approach is not new to the public participation literature
(Berry, et aL, 1984; Yin and Heald, 1975) but much refinement of the methodology
comes out of the business and management literature (Jauch, et al., 1980; Mintzberg,
et al., 1976; Larsson, 1993). Despite its appeal and track record, the case survey
approach is still somewhat experimental, and accordingly there are a few important
caveats to mention about the method and its application here. The quality of the data
used in a case survey is only as good as the quality of the case studies from which the
data come. Since different authors will report on different aspects of a process, there
are inevitable data gaps, and no case had data for absolutely every attribute.
(Throughout the rest of the paper, reported percentages need to be understood as
relative to the total number of cases with relevant data.) Finally, there is always the
threat that the sample is biased in some way. The analysis accounted for these
problems somewhat by drawing on enough cases to overcome problems with data
gaps, and also by dropping scores with the lowest weight-of-evidence index. An
extensive analysis of bias is described in Beierle and Cayford 2001) where it was
found that, although there is some selection bias toward successful cases, it does not
change any of the major conclusions contained in this paper.

Results and Discussion

We present and discuss the results as a series of "lessons learned":

Lesson 1. The majority of public participation cases were highly

successful in achieving the social goals.

In the majority of cases in this study, public participation was not only making
decisions more responsive to public values and more substantively robust, it was also
helping to resolve conflict, build trust, and build public knowledge about the
environment. Although the conclusions were not without important caveats, public
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participation appeared to be meeting the challenges laid out for it by the modem
environmental management system. Some of the results included:

o The public created or substantially changed decisions in % of the cases,
o Public input improved the ideas or infon-nation incorporated into decisions in

68% of cases,
o The process of participation resolved conflict in 61 % of cases and increased

trust in lead agencies in 45% of cases, and
o In 77% of cases, the process of participation significantly increased

participant's understanding of the issues.

Lesson 2 More intensive participatory processes were most

successful in achieving the social goals among participants, but not

in engaging the wider public.

More intensive participatory processes-such as negotiations, mediations,
and consensus-based advisory committees-were clearly more effective than less
intensive processes at achieving the social goals, but only among the actual
participants The more intensive processes often succeeded in making decisions that
were responsive to participants' values and more substantively robust; they were more
likely to resolve conflict among participants, build trust between participants and
agencies, and increase participants' knowledge about the environment.

However, more intensive processes were less successful than other forms of
public participation-such as public meetings, hearings, and non-consensus advisory
committees-in engaging or representing the wider public in decisionmaking.
Participants in more intensive participatory processes were more likely to be socio-
economically uepresentative of the wider public. Efforts to draw wider public
values into decisionmaking or provide educational outreach were more limited in
more intensive processes. In many cases, participants in more intensive processes
reached their goal of consensus partly by excluding certain parties and leaving out
particularly contentious issues.

The findings suggest that different mechanisms should be selected to
accomplish different things. That is, the choice of an approach to public participation
has to consider not just how effective a group of participants can be, but also how
broadly the benefits of participation need to be spread among the wider public.

Lesson 3 Regardless of the type of participatory process, three

features-agency responsiveness, participant motivation, and the

quality of deliberation-were consistently related to success.

Regardless of the overall type of process used, some specific features played
a strong role in determining how successful participation will be. Cases were most
successful when lead agencies were responsive, demonstrating active commitment to
the process and fluid communication with its participants. The motivation of
participants, encompassing the optimism and ambition they carried into the effort,
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also played a large role in success. Finally, high quality deliberation among
participants generally led to a successful process.

Lesson 4 Public participation was successful in even the most
challenging decisionmaking contexts.

The context of participatory decision making had little direct influence on its
ultimate success. Success was not consistently related to the type of issue under
discussion, the pre-existing elationships among the parties involved, or the
institutional context. The finding suggests that public participation, given the right
kind of process, can be successful across all kinds of decisionmaking contexts.

Two interesting results did emerge regarding the role of pre-existing mistrust
and conflict. First was that project planners appeared to be adapting processes to
meet the challenges of these pre-existing relationship. Cases in which there was a
history of conflict among interest groups or a high degree of mistrust of government
were more often addressed with more intensive mechanism types, such as mediations.

Second, the pre-existing relationships appeared to play a much more
important role in determining outcomes when the participation process was less
intensive. There was a much greater likelihood that the relationships would remain
unchanged over the course of a less intensive process than over the course of a more
intensive one. This suggests that the less intensive processes were having much less
influence in changing the pre-existing level of conflict, whether it was bad or good.

Lesson 5. There was only weak evidence linking good public
participation to more effective implementation.

One of the most popular arguments for involving the public in
decisionmaking is to make it easier to implement the decisions that were reached.
However, we found only a tenuous link between good participation and
implementation. Moreover, the link weakened as implementation progressed from
changes in laws and policies to actual actions on the ground.

Public participation is clearly a part of the mix of what determines whether
programs are implemented or not. But it is a complicated mix, and the degree to
which public participation is an important ingredient may be small. A number of
other factors affect implementation, and they are only indirectly related to
participation at best. Persistent disagreement, avoided issues, excluded interests, the
presence of formal programs, political involvement, and changing circumstances can
all influence the path to implementation. The relationship between participation and
implementation is a fertile field for additional research that examines the linkages
between participation and the other political, social, and economic forces that
influence how environmental policy gets made and acted upon.

Lesson 6 The design of public participation programs should
follow a strategic process, starting with the rationale and goals for
participation and then moving to design.
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The analysis suggested a three-step process for designing public participation
programs. The first step is asking whether there should be public participation at all.
Analysts have identified three kinds of rationale for public participation (Fiorino,
1990; Perhac 1996). Each can be turned into a series of questions planners can use to
identify why public participation might be needed:

• Instrumental rationale argue that public participation facilitates policy
fori-nation and implementation. Planners should ask whether resolving
conflict, building trust, or developing "buy-in" through participation is
required for making progress toward implementation.

• Substantive rationale argue that public participation leads to objectively
superior decisions. Planners should ask whether the public is likely to bring
valuable information a deeper understanding, or creative thinking to bear in
solving a particular problem.

• Normative rationale argue that public participation is botb a right of citizens
and a route to a more healthy civil society. Planners should ask, for example,
whether the issue at hand one is one where traditional decision tools are not
likely to capture the range of public values in play.

The second step involves identifying the specific goals of the participatory
process. What do decisionmakers want to get out of public participation? What does
the public want to get out of it? When a process is over, how will "success" be
defined? Any process is going to have some specific goals, such as solving a
particular problem or producing a set of recommendations. But some or all of the
social goals discussed through out this paper are also likely to apply.

The third step is designing a process that meets the goals. This requires
answering four questions:

• Who should participate? In most types of participation processes, planners
will have to choose whether participants should be "average" citizens,
representatives of interest groups, or both. While average citizens may be
better at reflecting public values, representatives of interest groups often
bring greater experience and capacity, as well as political influence that can
smooth the path to implementation.

• What type of engagement should here be? Participation processes differ in
whether they are for information-sharing or more active deliberation.
Information sharing can be a good technique for identifying public
knowledge about a particular issue, but is generally insufficient for achieving
a wider range of goals. Deliberative processes a-re much more appealing for
problem-solving and improving the quality of relationships among parties.

• What kind of influence should the public have? The amount of power
agencies share with the public can varies widely across cases-from
accepting public input, to asking for recommendations, to seeking
agreements. Deciding on the right level of influence needs to consider how
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much power sharing is necessary to motivate participants and overcome
barriers created by mistrust.
How, involved should a lead agency be in the process? The degree of
agency involvement is a balancing act between commitment and control. On
the one hand, active involvement and commitment are quite important for a
successful process, particularly as it relates to trust in the lead agency. On
the other hand, too much control-to the extent that the public's ability to
impact decisions is circumscribed-undennines successful participation.

The answers to these four questions will dictate what types of processes are
most appropriate, whether it be a public meeting or a formal mediation. Project
planners are likely to find that no single type of participatory process suits all of their
needs. Fortunately mechanism types are not cast in stone-they are simply
conglomerations of different design choices. They can be modified or combined in
ways that can help meet all of the goals of the participatory effort.

Conclusion

This paper described what public participation can accomplish and what can
make it successful. The lessons come from a systematic examination of the case
study record. It is unlikely that resolving environmental problems is going to get any
easier in the future or that the participation of the public will become any less
prevalent. In that light, the findings of this report are, for the most part, good news.
The picture of public participation that emerges is of a complex social process that,
while often frustrating and time-consuming, is a potent tool for making good
decisions and overcoming the contentious politics of environmental policyrnaking.
Much further work is needed to fully understand the dynamics of the participatory
process and its relationship to implementation and an improved environment, but this
paper, and the research on which it is based, are steps in that direction.
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1. Introduction

As part of the evaluation of Canada's proposed nuclear fuel waste disposal concept,
the Federal Environmental Assessment and Review Panel (FEARP) undertook an
extensive, nation-wide public hearing process. The hearing process itself was
contentious and has been criticized on numerous grounds. It is our contention that
the fundamental weakness of the FEARP process was that it was designed as an
information-based forum, as opposed to a value-based forum.' Our observations and
analyses of these hearings indicate that the FEARP envisioned a different purpose
and a different outcome of this process than the public in general. As a result, public
acceptability for the Concept or even the assessment process itself was not garnered
due to a failure in the process to identify, address and incorporate values. To address
this, we proposed a seven-step value elicitation process specifically designed to
assess public acceptability of the disposal concept 2].

An unfortunate consequence of the flawed public consultation process employed by
the FEARP is that it is unclear exactly what it is the public finds unacceptable. Both
from discussions and observations, it is difficult to ascertain whether the
unacceptability lies with the Concept itself and/or the process by which the Concept
was to be assessed. As a result, there is uncertainty as to what questions should be
asked and how should the "unacceptability" be addressed. In other words, does
Canada need a new concept? Does Canada need to develop a mechanism for
assessing the public acceptability of the Concept'? Or both? The inability of the
current process to answer such fundamental questions demonstrates the importance
of developing an effective public acceptability and consultation process.

' We define an "information-based forum" as a process that addresses a factual
dispute. A factual dispute can be resolved by acquiring and assessing data that
addresses the factual issue in dispute. We define a"value-based forum" as a process
that addresses people's core beliefs or guiding framework for determining right and
wrong. A value-based dispute cannot be resolved by acquiring data, because the
disagreement results from differences in the interpretation of the data due to people's
core beliefs or guiding framework[ I .
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We submit tat, to create an acceptable public participation mechanism, it is
necessary to found the construction of such a mechanism on the principles of
effectiveness, transparency and fairness. Moreover, we believe that the larger
decision-making process must adhere to these same principles to the extent that the
public participation process is impacted. As outlined in our earlier work 3], we have
designed a value elicitation process based on the principles of effectiveness,
transparency and fairness with the ultimate goal of improving the decision-making
process through the incorporation of public participation. In this paper, we have
identified a number of procedural concepts from this value elicitation process that are
applicable to other decision-making processes involving primarily value-based
disputes. We begin with a discussion of the definitions of the principles and proceed
with a discussion of how these principles can be incorporated into and transfonn
public participation processes through value elicitation.

2. Definition of Principles

To understand the rationale informing the design of the value elicitation process and
thus, the transferable concepts inherent within it, it is essential to know what is meant
by the principles of effectiveness, transparency and fairness. An "effective process",
by definition, is one in which it does what it purports to do. Although this assertion
may sound trite, designing such a process is often quite challenging, because many of
the issues, concepts or matters that people wish to assess are difficult to gauge or
quantify. Consequently, surrogates are often measured as an approximation for
impacts relevant to a particular matter of concern. The strength of the relationship
between the actual matter or issue of concern and the surrogate predicates the
accuracy of the assessment assuming that there are no other confounding factors.

In the context of a value-based dispute, we define an effective pocess as one that
successfully identifies all the values, their role and their interplay in the dispute. In
our experience, current public consultation processes examine the facts of an issue
and the perceptions of the public with respect to the issue rather than the values or
value systems that underpin those opinions and perspectives. Since it is unlikely that
an information-based forum will be effective in addressing value-based issue, it is
important first to identify accurately the nature of the dispute and then formulate a
process accordingly.

We define "transparency" as that characteristic of a process whereby: any participant
has free and full access to all relevant information, all steps involved in the entire
decision-making process are clearly stated, the roles of participants are clearly
defined, and a means for participants to see how their participation contributed to the
final decision. Thus, transparency requires that both the value elicitation and the
decision-making processes must be explicitly described and presented prior to
commencing. Both the implementation of the value elicitation pocess and its
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evolution must be open to public scrutiny. Transparency is a pre-condition for
fairness, since fairness cannot be effectively assessed without transparency.

The process must be fair, as well as be perceived as fair to incorporate effectively
public participation into decision-making processes. Without at least the perception
of a fair process, members of the public are unlikely to participate. Moreover,
members of the public are even less likely to agree with the results of a process
which they believe is unfair. Fairness is a subjective, context-specific evaluation.
We believe that the goal of fairness for the purpose of designing a process is that,
even though parties may disagree with the final outcome of the process, they should
agree that the process was fair.

An important consideration in assessing fairness is the application of power. The
decision-maker must not have, or be perceived to have, unbridled control over the
process or its outcome. It also means that members of the public must be empowered
to participate in the process and thus, contribute to the decision-making process in a
meaningful manner.

3. Procedural Concepts Based on These Principles

To incorporate a meaningful public participation mechanism into a decision-making
process, it is our contention that the following procedural concepts could be applied
when addressing a value-based dispute. For the purposes of describing these
procedural concepts, the term "convenor" is used to refer to the entity that is
responsible for managing the assessment of the issue in dispute and, consequently,
engaging in a value elicitation process.

3.1 Initial Information Dissemination

Prior to the commencement of the value elicitation process,, information pertaining
to the issue in dispute as well as the process itself should be disseminated to all
members of the public. Members of the public need to be provided with the
necessary information to formulate a judgement on the issue. Since it is difficult to
predict what information would be required, the best approach might be to provide a
background package, of reasonable length, in language that is understandable to
members of the public. Additional, supplementary materials should also be available
to provide more detailed information on all aspects of the issue and process.

For an effective and successful process to be attained, members of the public need to
be informed about both the process itself and their role in the process. In describing
the process, it is important to explain and emphasize how the participation of
members of the public will be incorporated through the mechanisms of value
elicitation, as well as how the outcome of the entire process will be used by the final
decision-maker. Informing members of the public about the process encourages
hi-her levels of participation collectively and enables them to participate more
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effectively individually. One of the advantages of informing the broadest public
possible about the issue and process is that it provides additional assurance that
important values are not missed in the assessment. The information about the issue
and process should be presented in a neutral manner in order to enhance trust and
credibility 4].

3.2 Value Elicitation and Mapping

Members of the public should be provided with the opportunity to express their
concerns, interests and values regarding the issue in dispute. As the process seeks to
identify values held by individuals, members of the public will be able to express
themselves freely without the constraints of boundaries generally proscribed by
Terms of Reference. In other words, the participants define the boundaries according
to their perception of the issue. The submissions would be interpreted by a panel of
experts in value elicitation with a broad range of expertise in such relevant
disciplines as ethics, anthropology, sociology, psychology and alternative dispute
resolution. The panel of experts would then create a collective mapping that will
identify the types of values in play, their roles and their frequency [5].

3.3 Value Representation

Before members of the public present their values, groups or organizations would be
given the opportunity to present their concerns, interests and values regarding the
issue in dispute. The panel of experts would analyze and record the values presented
by each group or organization. The panel would then select a predetermined number
of groups2 that best represent the values of the public as expressed through the
collective value mapping. Since representation includes types of values, their role
and frequencies, the selection of groups should take all three of these factors into
account. Regardless of the pre-determined format to select the parties, a rationale for
the choices should be made public, so as to adhere to the principle of transparency.

3.4 Negotiations

The representative parties determine what needs to be examined in order for
members of the public to assess the issue in dispute. More specifically, the goal is to
agree upon actions that should be undertaken to examine how particular values may
be impacted by the issue in dispute. The parties should set the boundaries of the
negotiations. This effectively empowers the parties to scope the issue in dispute. In

2 The convenor should select the number of representatives based on balancing
various considerations, such as the effectiveness of the number of participants in
negotiating against the number of participants' ability to represent the various values

expressed.
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accordance with the principles of effectiveness and fairness, the convenor will select
a neutral intermediary to facilitate these negotiations. In addition, the convenor will
set deadlines for the negotiations such that sufficient time is provided to come to a
meaningful agreement without countenancing excessive delays or filibustering.

Since each party will represent a segment of the population's values, each party has
legitimacy and decision-making authority to negotiate to the extent that they act in a
manner which is consistent with the values that they represent. Ultimately, the
groups' and organizations' credibility is on the line for the actions taken in the
negotiation, which would be publicized to further increase accountability, as well as
keep members of the public informed. Thus, the actual individuals who participate in
the negotiations must have decision-making authority for the group or organization
that he or she is representing.

3.5 Undertaking Negotiated Actions

Once the parties come to an agreement on what needs to be done to assess the issue
in dispute, the group will implement these actions. Since these actions are the
product of negotiations with self-delineated boundaries, the agreed upon
undertakings could be almost anything. However, at least a portion of the
undertakings is likely to be a form of 'joint fact finding'. To facilitate an effective,
transparent, and fair process, a rationale for the negotiated actions should accompany
a description of what was undertaken and the results of its implementation, which
should be made readily available to the public in an accessible form.

Once all the agreed upon results have been collected, the parties should write an
assessment regarding the findings of the undertakings as they relate to the issue in
dispute. Parties would have the option of writing individual or collective
assessments, which would be made readily available for public scrutiny, as well as
being submitted to the convenor. If consensus or even a partial consensus were
reached, it would exert a stronger influence on the convenor's decision.

3.6 Public Participation Through Value Elicitation

Having been provided with information about the potential impacts on particular
values, a subsequent and separate value elicitation hearing should be undertaken in
order that individual members of the public may express their values. These public
hearings would provide a forum for individual members of the public to assess the
issue in dispute, as well as the process that was undertaken to examine it. Public
participation would, once again, emphasize value elicitation, in order to avoid
contorting a predominantly values-based dispute into an information-based dispute.
A separate panel of experts, distinct from the first panel, would assist in these public
hearings to avoid the potential conscious or unconscious biases of confirming their
earlier work. The value elicitation experts would submit their report to the convenor
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and make available to members of the public a report on the issue in dispute based on
their analysis of the public values.

3.7 Input by Convenor to Decision-Maker

Ultimately, the convenor would submit its recommendation to the decision-maker.
The convenor would have explicit material regarding the issue in dispute and should
describe in detail the rationale for its recommendation. The convenor's explanation
of its decision would increase the process' transparency and, thus, its credibility. As
a result, the process may be perceived as being fairer, which, in turn, might increase
the desire of members of the public to participate in the process and consequently,
make the process more effective as it would be a more complete assessment of the
public's values.

Although the convenor may only be able to submit its recommendations to the final
decision-maker, the influence of the recommendations may be significantly greater
due to the political power attached to the product of a more effective, transparent and
fair assessment. In most cases, decision-makers will examine more than one source
on information in their deliberations and, ultimately, weight different sources
accordingly. To foster meaningful public participation in the decision-making
process, it is important that the product of the value elicitation process receive
significant weight from the final decision-maker. Furthermore, if the final decision-
maker concluded that the issue was not resolved, this detailed analysis would provide
a starting point for modifying an existing proposal or designing a new solution.

Conclusion

We believe that the incorporation of these procedural concepts will increase
transparency, as well as enable members of the public to assess the fairness and
effectiveness of a value elicitation process. Moreover, the implementation of such
concepts is ore likely to result in an acceptable process, both as perceived by
members of te public, as well as one that more accurately reflects the values of the
public. It is our contention that an acceptable process is a pre-requisite for an
acceptable solution. However, we also submit that an acceptable process does not
guarantee such a solution. In the context of a value-based dispute, decision making is
assisted by public participation in an effective, transparent, and fair value elicitation
process. It is our contention that the incorporation of these procedural concepts will
assist in the creation of such a process.
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In 1955 it was announced in the British Parliament that the government of the United
Kingdom would develop thermonuclear weapons. This was a risky decision since it
assumed a technical scientific breakthrough that the UK had not yet made. The UK
Atomic Weapons Research Establishment (AWRE) had not at the time discovered the
Teller-Ulam concept of radiative implosion. Therefore the decision to begin a
programme and to announce that she had done so involved an assessment of British
technological capability, the scientific task and the political risks. The advice on
which the announcement was made was necessarily incomplete.
The requirement for a very large yield weapon led to a political drive for what
became known as the interim weapon. The interim weapon would be a boosted
fission weapon rather than a two stage or H-Bomb. It was believed that by adopting
such a technology that a weapon yielding in the Megaton range, that is at least 500
kilotons, could be developed quite rapidly. Similar approaches were followed in the
United States and the Soviet Union. However, this type of weapon posed serious
risks. The weapon required very large quantities of fissile material leading to
concerns about the possibility of a supercriticality accident. So large were the
quantities of fissile material that an explosion to implode the fissile material and
create a super critical mass was not required. The mechanical deformation or crushing
of the sphere or radiation might cause a sizeable explosion.
The UK, therefore, decided to follow two parallel developmental approaches. The
AWRE were asked to develop both a fission weapon, code named Violet Club, and a
two-stage design. Concerns about the risks of the interim weapon were expressed
strongly. However, despite such concerns, the weapon was brought into service
briefly before being replaced.
Senior political decision makers had to evaluate complex scientific advice and make
decisions based on a judgement concerning risk. Whilst it would be wrong to suggest
that a supercriticality accident was likely, there was a low probability of such an
occurrence which could well have had disastrous consequences. Politicians at the
time, however, considered that the political risks were greater than the technological
ones.
In conclusion, we would argue that political decision makers were forced to make
decisions in the adversarial context of the Cold War where uncertainty was a major
driver of defence policy. Further, scientific advice was itself based on incomplete
knowledge and frequently was not passed accurately and effectively through the
political decision making process.
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1. Introduction

Historians stress the need to contextualise decisions to understand how, with
hindsight, what appear to be irrational and risky decisions can emerge. How
individuals and organisations with every reputation for due diligence in
decisionmaking can indulge in risky strategies that appear inconsistent with their
general approach. The decision to develop what became known as the interim weapon
in the 1950s appears by almost any standard to have been an example of risky
decisionmaking. Nor is there any convincing argument that the development of this
weapon contributed in any significant way to the security of the UK, which argument
might be used as a justification for the risks imposed by its possession.
The British governments of the late 40s and 50s were led by politicians and military
leaders who had served in the Second World War, were supported by a scientific
Civil Service that blossomed in that war and supported by senior civil servants with a
reputation for dedication and competence. By any conceivable standard the
governments of this period were more than adequately equipped for calculated risk
taking. They had experience under the most stressful of conditions and had
considerable human resources, both scientific and in terrns of organising major
programmes. The civil service and government moreover, had many critics who
accused it of bureaucratic inertia and red tape, a tendency towards careful and
conservative decision making, of moving too deliberately, of failing to respond
quickly and effectively rather than leaping in to ill-considered initiatives. This is not
the type of rganisation which would be expected to indulge in reckless and ill
thought out initiatives. This paper will sketch in the context, which may explain the
risky course of action chosen as regards the interim weapon. First it is necessary to
understand the history of British involvement in Nuclear Weapon design that
preceded the Interim Weapon programme. The Interim Weapon contained a 'physics
package' or warhead called Green Grass the whole assemblage with fusing and bomb
casing was referred to by the code name Violet Club.

2. Britain and the Bomb

The decision to develop a nuclear weapon was not uncontested within the British
government of Clement Attlee which began the programme. The Chancellor of the
Exchequer the British nance minister and Sir Stafford Cripps the Minister for the
Board of Trade both attacked the decision in the Cabinet sub-committee that studied
the issue. The Foreign Minister Ernie Bevin and the Prime Minister, however,
believed that Britain should develop nuclear weapons. The Prime Minister argued in
1945:

"...A decision on major policy with regard to the atomic bomb is
imperative . .... We recognise, or some of us did before the war,
that bombing would only be answered by counter bombing.
We were right. Berlin and Magdeburg were the answer to
London and Coventry. Both derive from Guernica. The answer
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to an atomic bomb on London is an atomic bomb on another
great city ... Scientists in other countries are bound to hit upon
the secret. The most we have is a few years start. The question
is, what use are we to make of that few years starts?..."'

It has been argued that the UK embarked on a nuclear weapons programme to
buttress her claim to be a great power. If Attlee had already grasped the concept of
the weapon as a deterrent, the Foreign Minister put forward another argument which
appears to be linked to status, prestige and patriotism. Sir Michael Perrin was present
at a vital Cabinet sub committee in late 1946:

"...According to Sir Michael Perrin, one of the surviving
officials, Bevin said; "This won't do at all, we've got to have
this ... I don't mind for myself, but I don't want any other
Foreign Secretary of this country to be talked at or to by a
Secretary of State in the United States as I have just had [sic]
in my discussions with Mr Byrnes 'We have got to have this
thing over here what ever it costs."
Sir Michael remembers Bevin adding 'We've got to have the
bloody Union Jack flying on top of it ....... 2

According to Perrin it was Bevin's patriotic flag waving rhetoric that was decisive in
defeating the Chancellor and Minister of the Board of Trade who opposed the
expenditure required for a nuclear bomb programme. A few months later in early
1947 Bevin states at the meeting which gives the final go ahead for a weapons

programme:
"...we could not afford to acquiesce in an American monopoly

113of this new development...

British status and prestige were factors as was the expectations raised by the British
participation in the Manhattan project as recorded in the minutes of the decisive
Cabinet sub-committee in January 1947.

"...Our prestige in the world ... would ... suffer if we did not
exploit to the full a discovery in which we had played a
leading part at the outset ...... 4

Thus the British nuclear weapons programme it was hoped would both deter attack on
the country ad bolster status. They were twin aims that were vaguely defined and
failed to create it clear basis for future planning in the face of unfolding events.
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3 The H-Bomb

In 1952, the UK tested her first atomic device - a pure fission weapon, in a test code
named Hurricane, in the Monte Bello Islands, off the coast of north west Australia. It
had a yield of 25kt (kilotons), rather larger than either the Hiroshima or Nagasaki
bombs, and in so doing, the UK became the third country to develop and test a
nuclear device. However, whilst Britain's status as one of the wartime 3ig Three'
seemed to be buttressed by the Hurricane test, the achievement appeared diminished
by subsequent US and Soviet achievements. The development of H bombs merely
added a focus, a yardstick to differentiate the two military superpowers as
qualitatively different from all other states. Thus the British A-bomb was
overshadowed when, in the same year, America exploded its first thermonuclear
device. The British announcement of an H-Bomb programme was made prior to the
discovery by AWRE of the technique of radiative implosion, the Teller-Ulam
concept, which made possible a two stage device or H-Bomb.
As with the earlier decision to begin a weapons programme the decision to pursue an
H-Bomb, taken at a Cabinet meeting on the 16th June 1954 appears to have been
influenced by concerns about status as well as military utility. In the Official History
of the RAF deterrent forces, Wyrm quotes a working party of the most senior
scientific advisors:

...... that an increase of stocks of H-bornbs beyond a certain
lin-Lited figure did not 'confer any corresponding military

,,5advantage.' ...

It was probably late 1955 before AWRE rediscovered the Teller-Ulam concept and
tests could not be carried out until 1957. Ministers'eagemess to declare in parliament
that the RAF had an operational capability to drop a megaton weapon led to a stop
gap programme to develop what became known as the "interim weapon". Violet Club
went into service in 1958, was replaced quite rapidly and was of limited military
utility. Readers should be aware that the formerly highly classified papers that
enabled us to write this story were predominantly Air Ministry files. Most if not all
the files relating to the AWRE Aldermaston) in the Public Record Office are still
retained by the Department. The files show that the RAF clearly acted like a customer
who feels they have bought a lemon, but whether they were entirely fair in their
characterisation is a matter of speculation. This hand-written note dated 20 May
1959, sums up RAF frustration:

"...I cannot imagine any commercial rganisation continuing to
buy a device which so patently fails to meet the requirement,
or to be misled without protest as the Air Ministry has so

,,6consistently been by AWRE...
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4. The interim Weapon

The decision to pursue the interim weapon appears to have been decided in October
1956. At this time AWRE were working on H-Bomb designs but had not tested one.

"...If there should be any unforeseen delay in the development of
the true H type thermonuclear weapon we always have a
second string of getting one megaton, albeit uneconomical, by
using the U 235 method ......

The military utility of the interim weapon was always secondary - its real importance,
in our assessment, was to enable politicians to exaggerate the technical capability of
the British armed forces, hence increasing perceptions of British capability and her
prestige. The RAF were clear on this point and on the limited utility of such a risky

weapon:

... We have, of course, always been aware that GREEN GRASS

does not meet readiness requirements: it was introduced as an
interim megaton weapon on political grounds ... The risk of
catastrophe attending pre-arming, bearing in mind that this
could involve aircraft standing with armed weapons for thirty
days ... is such that authority to pre-arm cannot be
recommended ..... .s

The identification of a risk of potential catastrophe was underlined by another officer:
....... unless pre-armed, which would involve a formidable

hazard ....... 9

Thus the RAF which had already reached agreement with the USAF on RAF access
to the US nuclear stockpile, was unimpressed by Violet Club. The first Violet Cub
was completed in March of 1958. The physics package or warhead of the bomb was
code named Green Grass, the warhead assembled with its associated fusing in the
Blue Danube bomb casing was referred to as Violet Club. Green Grass was basically
a very large fission bomb using U-235. In discussion it was decided that a weapon of
about 500 Kilotons would be acceptable. This could then be claimed to be within the
Megaton range which was defined as anything from 500 kilotons upwards. By
describing it its a Megaton range weapon and not indicating that it was not a true H-
Bomb the impression could be created that the UK had H-bombs in operational

service.
The interim weapon decision in October 1956 probably evolved in response to
political pressure both from the RAF and Ministers for an H-Bomb. However, it was
also perhaps a result of the uncertainty of UK capability to make an H-Bomb. This
situation was changing quickly. By late 957 early 1958, it became clear that AWRE
had made and tested a true two stage weapon. Further discussion with the US in 1958
led to exchanges of nuclear weapon design information which made available
American H-Bomb designs. The UK therefore had, in 1958, all the information it
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required to make an H-Bomb. On the 14th February the Assistant Chief of Air Staff
wrote to Bomber Command:

"...I am to say that that the operational limitations of Violet
Club, particularly those affecting readiness are serious.
Nevertheless, it provides a megaton deterrent capability
several months earlier than would otherwise have been
possible ...... 0

5. Violet Club: the Risks

Violet Club was "basically an experimental weapon", it was a device that had only
been partially weaponised. Because the priority was to get it into service, insufficient
time had been spent to ensure that it was a safe and serviceable weapon. It was not
considered safe enough to be handed over to the RAF, but instead AWRE staff
retained responsibility for it. owing to its assorted problems. The weapon was not
cleared by the safety authorities for operational service with the RAF. Thus a curious
arrangement was entered into. The weapon would be the responsibility of AWRE,
but if a state of national emergency were declared, the AWRE would then be able to
assemble it and release it to the RAF.
The RAF were concerned with three main issues. First, there were considerable
concerns about the safety of the weapon and the possibility of an accidental
detonation. Second, the risks associated with the weapon were such that it was not
considered possible to keep it in an assembled state. This meant that a significant
period of assembly would be required before it was ready for flight. So significant
were these flaws that it could only be regarded as 'operational' by a considerable
stretch of the imagination. Third, the weapon's yield was disappointing.
To minimise the possibility of an accidental explosion there was a safety device. The
centre of the fissile assembly was filled with steel balls, about 1,000 pounds of them.
This meant that, before an operational flight, the weapon had to be "de-balled" by a
member of AWRE, and "re-balled" immediately on landing. Given the concerns
about safety the recall of an aircraft with an armed weapon would clearly have
entailed risks as the RAF were aware:

..... 5 A serious operational limitation arises from the nature of
the nuclear safety device incorporated in this warhead. Final
preparation for operational use takes about 20 minutes, and the
weapon cannot therefore be used to maintain a minute
readiness unless pre-armed, which would involve a formidable
hazard. Once the safety device is extracted then the bomb is a
live nuclear weapon. The safety device cannot be replaced in
the air. A high yield nuclear explosion would be possible if the
weapon were jettisoned, or in the event of a crash on return, or
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an accident in de-bombing. These risks would have to be faced
in the event of a recall after a false alarm. AWRE will not
develop the weapon to incorporate in-flight arming..."''

The reason for the concern was:

"...The Green Grass warhead has enough U235 to form an
uncompressed supercritical mass in event of mechanical
defon-nation of the sphere occurring - such as, for example,
might happen if the weapon was exposed to an explosion
occurring within the same storage building or very close
thereto..." 1 2

So the ball bearings were designed to keep the pieces of uranium physically separate
in the event of an accident. Such large quantities of uranium gave other problems too.
The fully assembled weapon was not cleared for road transport on safety grounds and
strict limits were imposed on the proximity of other nuclear weapons. The assembly
and bombing up of aircraft in exercises caused further concern when the RAF knew
that Soviet Medium Range Ballistic Missiles would have flight times from the Soviet
Union to the UK of less than ten minutes. Readiness exercises led to further
protestations front the RAF. Officers pointed out that in Operation Mayflight, a test of
operational readiness, some aircraft carrying Violet Club had taken ninety minutes to

get off the ground.

6. Conclusions

It is difficult not to see the development of Violet Club as an unacceptably risky
weapon. Any modern risk assessment of the weapon would raise serious questions
about the project. The catastrophic consequences of a supercriticality accident are
potentially so great that exceedingly low probabilities of a catastrophic failure might
well be deemed unacceptable in light of the cost. The benefits of the project appear
with hindsight to be negligible. In case of a nuclear war in which the US was
involved, it had been agreed that the RAF would have access to the American nuclear
stockpile. The value of Violet Club in deterring a Soviet attack on the UK when the
US was not ivolved appeared marginal. It took so long to assemble and load on the
aircraft that it was very vulnerable to a Soviet pre-emptive strike from Medium Range
Ballistic Missiles.
The destruction of Hiroshima and Nagasaki illustrated the capability of weapons
yielding kilotons rather than Megatons. Since the RAF had a significant number of
such weapons it is difficult to see why the addition of a few megaton weapons would
make a significant difference to their deterrent capability. The most convincing
explanation is that the Violet Club project was motivated by its political rather than
its military value. Politicians wanted the cachet, the status ot'having the most modern
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most powerful type of nuclear weapon available. The vulnerability of experienced
and careful policy makers to irrational action should not be underestimated. In this
case the secrecy of nuclear weapons may well have concealed from senior policy
makers the well founded concern of those tasked in the RAF with responsibility for
operating these weapons.
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Safety and environmental openness in Defence issues and decision making
Openness is not an attribute one normally associates with issues involving national
defence, indeed the general perception is quite the opposite. The traditional view has
been that Governments in so far as defence issues are concerned are secretive and on
the whole avoid public interaction. The purpose of this paper is explain what steps
the UK Ministry of Defence(MOD)(1) has taken to change its culture in the area of
safety and environmental issues and to achieve greater involvement of stakeholders
outside the MOD in decisions concerning the environment and safety.

The paper outlines UK Government policy on openness and considers the impact the
impact of future legislative changes such as the Freedom of Access to Information
Act. These changes will serve as major drivers in further promoting a culture of
openness and transparency in MOD.

The way in which the traditional barriers to openness and transparency such as
national security, commercial confidentiality, cultural inertia and resource
implications are being addressed are discussed. It is recognised that greater public
confidence in MOD decisions and policies, and the need for effective communication
with the public, need to be key objectives for the MOD.

The impact on MOD of technologies such as the Internet are discussed in the context
of providing the public with timely information and as a means for the public to
communicate their views to MOD.

Examples of how the MOD has moved towards a culture of openness and
transparency are described. These will include civil regulation of Defence sites and
the consultation with the public on authorisations for environmental discharges.
MOD involvement in:-
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• the Safegrounds Learning Network "Best practice for the remediation of Nuclear
Licensed and Defence Sites",

• the ISOLUS consultation on alternatives to afloat storage of decommissioned
nuclear submarines, MOD evidence to the UK CEED National Consensus
Conference, and

• participation in the National discharge strategy and Local Liaison Committees at
MOD nuclear sites

is discussed

Historical Background
There has in the UK been a tradition of decide, announce and defend in relation to
decisions involving environmental issues. Good examples of this were

(a) the decisions taken in 1985 to establish a low level radioactive waste disposal site
at Elstow in Bedfordshire and the failure of that decision to be carried through, and
(b) the subsequent decision by NIREX(21 to site a low intermediate waste repository
near Sellafield in Cumbria.

As a first practical step in establishing this waste repository was to be the building of
a "rock characterisation facility" (RCF). This proposal was subject to a public
enquiry and intervention by Minister, which ultimately lead to the refusal of planning
permission for the RCF. This refusal in March 997 marked a turning point in the
approach taken about the process of making decisions involving the disposal of
radioactive waste. It also lead to a major reappraisal of national policy on this issue,
and inevitably meant that there was a need for a period of reflection.

The House of Lords Select Committee on Science and Technology
With the rejection in 1997 of the Nirex planning application for a RCF
characterisation facility at Sellafield, the United Kingdom was left with no practical
plan for the disposal of most of its nuclear waste. This prompted the House of Lords
Select Committee on Science and Technology to enquire (31 into the management of
nuclear waste in the United Kingdom. During the course of their enquiries the
importance of public acceptability was widely recognised. It was noted that however
well founded the safety case in the view of experts, no progress could be made
without public acceptability. The Committee also concluded that the public will
accept the decisions of Government and institutions if it feels confident in placing its
trust in the individuals, the organisations and, critically, the process that leads to
those decisions. The organisational structure must be one in which the public can see
that its interests are well protected, and all the elements of that structure must be seen
to be operating fairly. Establishing such trust is difficult and takes time: if it is lost,
regaining that trust is likely to be even harder and to take much longer. With regard
to the Perception of risk it was felt that disposal of nuclear wastes has almost all the
negative characteristics as far as its perceived risks are concerned. These are:-

• The risks are not voluntarily accepted at the level of the individual;
• the benefits and the costs are not seen clearly alongside each other;
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• the nature of some of the risks (e.g. cancer) have a dread factor; to which the
public has a particular aversion and

• the degree of risk is subject to uncertainty,

A key requirement in any programme intended to address these concerns and
increase public trust is openness.

The Government's response to the House of Lords Select Committee on Science and
Technology Report on the Management of Nuclear Waste (4) recommended that that
the Government should develop a fully comprehensive policy for the long-term
management of all nuclear waste. The policy should have explicit endorsement by
Parliament, as well as a large measure of public acceptance. Consequently the policy
has to be the subject of wide-ranging consultation.

The primary rneans of consultation is to be the issue of a Green Paper which states
the problem, the possible solutions and the principal means for implementation of
that policy, including, for deep repositories, the site selection process. Consultation
on the Green Paper should involve as many sections of the public as is feasible. At
the end of the consultation the Government should publish a White Paper and report
the results to Parliament. This would eventually result in a Bill to establish the policy
and the institutional framework for implementing it.

The Ministry of Defence
So far the majority of the public are concerned the Ministry of Defence has always
been viewed as a conservative and secretive rganisation. This perception has been
reinforced by the very real need to safeguard nuclear information on the grounds of
national security. It has however been recognised within the Ministry of Defence that
there has been over the last decade a fundamental change in the social landscape and
the way in which MOD interacts with society. In response to these changes the
Ministry of Defence is committed to greater openness in its work, in line with
procedures set out in the Code of Practice on Access to Government Information
introduced in 1994 and updated in February 1997. The Code sets a minimum
standard for Government openness for all parts of the MOD, including the Armed
Forces, Agencies, and Non Departmental Public Bodies. These must, as a matter of
policy, take a positive approach to the release of information and work on the
assumption that information should be made available wherever possible.

MOD and Open Government
A Defence Council Instruction, or a DCI is a short paper written by an MOD branch
and can be viewed as a tool used by the MOD to communicate an instruction or
policy to a lrge proportion of MOD civilian and military staff. It is a piece of
internal guidance and can be on almost any subject considered to be of use to
colleagues. DCI GEN number 223 of 1999 223/98) is MOD's internal guidance for
staff on the Code of Practice. It provides additional information for members of staff
who deal with requests from people outside of the department for information, such
as private individuals, academics, journalists and MPs.
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The UK Government is committed to the introduction of a Freedom of Information
(F01) Act in fulfilment of a manifesto pledge, and as one aspect of its programme of
constitutional reform. In May 1999, the Government published a draft Freedom of
Information Bill and Consultation Document for public consultation and pre-
legislative scrutiny. An amended Freedom of Information Bill was introduced into
the House of Commons on 18 November 1999 and is currently going through the
legislative process. The aim of the Act is to encourage more open and accountable
government by establishing a general statutory right of access to official records and
through culture change throughout the public sector. For MOD, it will replace a
variety of non-statutory best practice arrangements, in particular the Code of Practice
on Access to Government Information. The proposed FOI Act will apply to the MOD
as a whole, (including the Armed Forces, Agencies, and Non-Departmental Public
Bodies). Examples of MOD moving towards a more open and transparent culture in
the communication of information and decision making include :-

Independent review of MOD's radioactive waste management practices
Periodically inviting the Government's Radioactive Waste Management Advisory
Committee 15, (RWMAC) to independent review of MOD's radioactive waste
management practices publish in the public domain. RWMAC are currently engaged
in their latest review, the report of which will be published later this year. MOD feels
that these reviews are an important means of engendering public confidence in
MOD's waste management practices and providing an indication of how well MOD
performs.

Contractorisation of the Atomic Weapons Establishments
The contractorisation of Atomic Weapons Establishments(AWE)(6) brought these
major nuclear facilities under civil regulation. The regulators are fully independent of
MOD. The recent review by the Environment Agency of the Authorisations to
discharge radioactive waste was subject to formal public consultation. The
Environment Agency decision over Authorisations, made partly on the basis of
response to the consultation is now subject to judicial review in the courts. In
common with our MOD nuclear sites a "Local Liaison Committee" has been set up at
AWE. This provides a forum for MOD and its contractors to discuss the concerns
raised by local stakeholders and to provide to provide them with information.

MOD Participation in the Consensus Panel
Consensus conferences were developed in Denmark in the 1980s as a form of
participatory technology assessment. In a consensus conference, a panel of lay people
comes together to conduct an investigation into a particular science or technology-
related policy question. The lay panel undertakes a preliminary review of the
question in order to define its research agenda, after which it selects and then
publicly cross-examines experts about the question, and it produces a report of its
findings. The aims of a consensus conference are to stimulate informed public
debate, and to contribute to public policy-making. During the 1990s, this distinctively
Danish model of public consultation has been adopted by a growing number of other
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countries. The first UK National Consensus Conference on Plant Biotechnology was
held in 1994. After a somewhat surprising gap of almost years, a second British
consensus conference on the issue of radioactive waste managements took place in
May 1998. MOD felt that the were benefits from taking part in the consensus
conference on radioactive waste management. These were that MOD issues could be
addressed alongside civil nuclear operators, MOD would benefit form being see to be
more open than it had been in the past about radioactive waste management issues. It
was hoped that this would engender greater public understanding and confidence.
MOD provided the following expert witnesses to appear before the Panel together
with supporting evidence

Dr John Connor Chief Environment and Safety Officer Ministry of
Defence
Captain Mike Graves RN Ships Support Agency Ministry of Defence
Captain Peter Hurford RN Chairman Naval Nuclear Regulatory Panel
Ministry of Defence

It interesting to note that Citizen's Panel report concluded that

• at present there is a lack of trust and understanding and public awareness must
be raised.

• The public needs to be fully informed of the poblems and solutions available.

• Decision-making must be open and transparent.
• Radioactive waste issues should be made part of the Government's education

strategy.
• That while the industry has in the past had a well-deserved reputation for

secrecy, we have in the course of the conference noted a welcome shift in culture
and a new feeling of openness in dealing with these difficult issues.

"Safegrounds" establishing national best practice for the management of
radioactively contaminated land.
The Ministry of Defence is an active participant in the SAFEGROUNDS'8'Learning
Network which was established in September 1999. It was born out of a feasibility
study undertaken for the Safety Issues Task Force (a UK Department of Trade and
Industry committee) to investigate the need for best practice guidance about the
management of contaminated land on nuclear licensed and defence sites. This study
found that guidance was needed for different sectors of the nuclear industry, the
regulators and the public. The study also recommended that a Learning Network was
the best means of providing this guidance and advice, in a way that could be updated
in response to changes in legislation and improvements in standards.

The purpose of the SAFEGROUNDS Learning Network is to deliver a rolling
programme of best practice guidance about the management of contaminated land on
nuclear and defence sites. The Network was initially a collaboration between nuclear
liability holders and the regulators, contractors and consultants to the nuclear industry
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but, as it progresses, it will increasingly involve other stakeholders representing
public and wider environmental interests.

SAFEGROUNDS is currently conducting a consultation about key principles for the
selection, implementation and validation of the preferred options for managing, and
particularly remediating, contaminated land on nuclear-licensed sites and defence
sites. These key principles will be the backbone of the SAFEGROUNDS best
practice guidance on this subject.

SAFEGROUNDS provides MOD with an indirect avenue for stakeholder input into
establishing best practice guidance about the management of contaminated land on
defence sites.

Alternatives to afloat storage of decommissioned nuclear submarines ISOLUS
(interim Storage of Laid up Submarines)
Proposals for the safe storage on land of the Royal Navy's decommissioned nuclear-
powered submarines have been announced by Defence Minister Dr Lewis Moonie at
meeting of NGs and other interested parties. A study by the Ministry of Defence
has confirmed that the current practice of storing submarines afloat at Devonport and
Rosyth remains safe. But the difficulty of identifying suitable alternative afloat sites
for further submarines means that interim storage of radioactive components on land
would provide the best overall solution in the longer term. No land storage sites have
yet been chosen. In the next phase of the study, lasting about three years, industry
will be invited to submit proposals, and the best acceptable land storage method and
potential suitable sites will be identified. No decision will be taken on the most
suitable land storage option or site until the next phase of the study has been
completed, which will include full consultation.

This is one of the best examples of MOD involving stakeholders in decisions about
projects with a environmental impact. The project is called project ISOLUS and is
being managed the Ship Support Agency part of the MOD. MOD is well aware of
stakeholder interest in this project and to ensure that the project gains the widest
stakeholder support has embarked on a consultation process. The shape of this
process may follow the pattern described as follows: -

Steering Group
The initial steps involves setting up a Steering Group representing Key Stakeholders
including the Project Manager. The Steering Group will be made up of six to eight
people and include representatives from the key stakeholder area. A major element of
the overall Steering Groups objectives will be to oversee the consultation process and
ensure that all stakeholders who want to be involved have the opportunity to do so,
and decisions made throughout the project take their views into account.
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Kev Stakeholders
Non-government Organisations
Local Government Representatives

The media
Industry
The Regulators and other Govemment Departments

Stakeholder Workshops
Stakeholder workshops will provide a means of identifying the concerns of a
variety of institutions to express an interest and/or to be formally involved in the
development of plans into the alternatives to afloat storage of decommissioned
submarines. Workshops provide the opportunity for discussion of issues, and
when structure to achieve particular ends, can generate recommendations and
innovative solutions. Not least workshops enable a greater understanding to
develop between parties, and (again when properly structured) participants can
identify clear ways forward. This eliminates some of the poblems that are
likely to occur if discussion and mutual understanding are absent.

Focus Groups
A number of Focus Groups will be established covering a range of locations and
demographic variables. These will serve to identify factors specific to particular
localities (including knowledge of an industry or activity. Socio-econornic
relationships and other variables) which important influences on public views

Citizens Jury/panel
These will be run over several days with 12 members of the public. The Panel
will be selected to represent a range of demographic variables. The Panel will
met for a briefing on the topic, an initial facilitated discussion, and identification
of the questions they wish to raise with the expert witnesses. The Panel will then
have the opportunity to hear presentations and pose their questions to the expert
witnesses selected to provide particular expertise and to represent different
stakeholder viewpoints and relevant issues. Findings from the Focus Groups and
Stakeholder workshops will feed into the identification of the relevant witnesses
and topics. The panel will deliberate on the issues, informed by the expert
witnesses and produce a report, conclusions and recommendations assisted by a
facilitator.

Website
The suite of methods outlined above does not allow ordinary members of the
public to express their views, and to address this an interactive website will be
set-up. As well as the report from the Citizens Panel a report will be prepared
detailing the process, identifying key areas of discussion, analysing the
information component of the process and making recommendations on the
content of the information likely to be required in later stages of public
consultation (this part of the report may also draw on the analysis of the focus
groups). This report will also draw conclusions and make detailed

recommendations for advancing the project as a whole.

101



Conclusion
The forthcoming national consultation on the management of radioactive waste will
almost certainly call for far greater public involvement in the development of
solutions for managing the UK's radioactive waste, Changes to the regulatory
regime, including the impending Radioactive Contaminated Land Regulations; will
change and potentially limit the radioactive waste management options available.
These both will serve as a major drivers in furthering a culture of openness and
transparency in MOD. The examples given in this paper demonstrate that MOD is
already a considerable way down the path of involving stakeholders in decisions that
have environment impacts. This process is being facilitated by the use of electronic
communications.
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Public Participation in the Hallandsa's Tunnel
Project

Olov Holmstrand
Scandiaconsult Sverige AB
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1. Introduction

The railway across the Hallands�s ridge is a part of the west-coast rail link between
G6teborg and Malm6 and also a link between Oslo and Germany. Extensive work
has been done to modernize the old-fashioned single-track line into an up to date
double-track line. Constructing a tunnel through the HallandsAs ridge (horst in a
geological sense) started in 1992 as a part of this modernization. Two parallel, almost
9 km rock tunnels should replace the undulating and curving single-track line through
the valley Sinarpsdalen across the ridge. According to the legislation valid about
1990 the tunnel project got a permit by the Water Rights Court to drain maximally 33
litres/second. No other environmental licensing was done.

The tunnel construction was stopped on 6 October 1997 as a consequence of the use
of an acrylamide based grouting chemical, Rhoca Gil, having poisoned cows
drinking water drained from the tunnels. The workers in the tunnel were found to
suffer from peripheral damage on the nervous system. Acrylamide monomers were
also detected in streams and wells in the area and in the groundwater of the rocks
surrounding te tunnel sections grouted with Rhoca Gil. When the construction was
stopped the rainage of groundwater to the tunnels had exceeded the permitted
amount considerably since about 2 years.

At the sopping about one third of the tunnels were constructed and the work was
substantially delayed due to a number of practical difficulties and also a change of
contractor. The first contractor failed to use an unshielded tunnel-boring machine
JBM) and canged to conventional drill and blast tunnel construction with great
difficulties to prevent groundwater drainage. The second contractor got even bigger
difficulties with the ground water drainage.

This paper has been written from the perspective of the Environmental Analysis
Team (EAT). Since October 1997 the author has taken part of EAT as responsible for

103



geohydrology and consultations. The paper is based on several EAT reports and
memos. A complete list is included in [I].

2 A Problematic Project

The general attitude to the tunnel project before start was positive. Railway transport
is considered environmentally friendly and the tunnel should facilitate this kind of
transportation. However, when the tunnel construction was stopped a number of
negative factors had embarrassed the project.

• The first contractor initially failed to use an unshielded TBM completely
unsuitable to the geological conditions at HallandsAs. The machine had to be
abandoned after only a few meters of drilling. Then the constructing continued
conventionally both from the north and the south of the ridge, eventually with a
new contractor.

• In order to speed up the work, the National Rail Administration, being the
purchaser, then wanted to establish a new, earlier not planned, working tunnel
from the middle of the ridge. At first the municipality of BAstad categorically
objected this due to the great natural values of Hallandsds. However, the
municipality later accepted the working tunnel, when the National Rail
Administration in co-operation with the National Road Administration in
compensation promised to build some roads in the area.

• From 1996 the water drainage to the tunnels considerably exceeded the licensed
33 litres/second. This dried a large number of private wells. The groundwater
draw down was maximum about 100 meters at the north tunnels. The local
people also claimed ecological effects, dried up surface water, and diminished
crops.

• The dangerous grouting chemical acrylamide was used when conventional
cement grouting could not reduce the ground water leakage good enough. Rhoca
Gil was thought to give the best sealing and was used in a large scale in 997.
Due to insufficient polymerisation at the grouting operation large amounts of
poisonous monomers contaminated the leakage water from the tunnels. As
mentioned, acrylamide monomers were also found in the ground water in the
rocks surrounding the tunnels.

• The Water Rights Court had approved 35 litres/second/km or 33 litres/second
total drainage from the tunnels. However, the Rail Administration claims 33
litres/second irrespective of distribution, while several others including the local
people assert that this is a misinterpretation. Anyhow, the drainage was more
than 33 litres/second for a long time before the construction stopped.
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The local people consider the communication with the project to have been very
defective at least until the construction stopped. They had experienced dried
wells, acrylamide contamination, emergency slaughter of cattle, resistance to
crop sales, and not least a strong mental nuisance. The tunnel project
representatives found it difficult to handle this and are generally accused by the
local people to have denied or minimised the environmental consequences and to
have treated the local people generally badly.

To sum up, when the construction was stopped on 6 October 1997, these
circumstances had made the credibility of the tunnel project and the involved
authorities etc very low, in practise non-existent, at least in the eyes of the local
people. This was expressed at a demonstration with several thousand participants 12
October 1997, demanding that the tunnel construction should stop definitely.

3. Measures Taken Following the Construction Cease

As a consequence of the events causing the construction stop the municipality of
BAstad put its emergency plan into operation October 1997. This is very unusual in
Sweden. A crisis team was put up and was given the authority to take decisions faster
than normally admitted 2 The actions included water analyses in municipal and
private wells, extensive information, and appointing risk areas.

To handle the situation practically the National Rail Administration established an
independent review group, the Environmental Analysis Team (EAT) as a credible
actor capable to take up standpoints, suggest actions, and start restoring the non-
existent credibility of the tunnel project. See further below.

The Government appointed an official Tunnel Committee 10 October 1997. The
Committee should analyse the decision process and the responsibilities in connection
with the tunnel project. The Committee published two reports 2] and 31 describing
the course of events, analyzing the grounds, and giving advise for the future based on
strong criticism of the general handling of the project.

A police investigation has been going on. In February 2001 no trials have started,
however a number of persons have been summoned on charges of suspected breaches
of environmental and working environmental legislation, of the Water Act, or of the
Act on Chemical Products before the construction was stopped.

Several authorities were engaged in analyzing the situation and giving advice on
actions, primarily the County Administrative Board of Skane, but also the Swedish
Environmental Protection Agency, the National Food Administration, the National
Board of Health and Welfare, and the Geological Survey of Sweden. Risk areas were
defined by the Food Administration to prevent that water from wells was used.
According to the Tunnel Committee 2] the Food Administration and the Board of
Health and Welfare did not agree on interpreting analyze results and giving advice on
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actions. Without consulting the Food Administration the Board of Health and
Welfare claimed that using acrylamide polluted water for shower was as dangerous
as drinking it. This disagreement contributed to the anxiety of the people directly
affected.

To sum up the administrative handling and the large number of actors involved
reflect that the situation following the construction cease was regarded very serious
by both authorities and the public. Decision-makers were demanded fast and far-
reaching actions to eliminate the immediate danger as well as the long-term threats.
However, initially the sometimes hasty and contradictory messages contributed to the
mistrust of the project, at least at some of the people most affected.

4. The Environmental Analysis Team (EAT)

The situation at the construction cease was characterised by too much ground water
leakage to the tunnels and poisoning of surface and ground water. To handle this in
practice the Rail Administration assigned the consulting company Scandiaconsul to
organize an independent group, the Environmental Analysis Team (EAT), to review
the tunnel project environmentally. In Swedish the group is named
Milj6granskningsgruppen (MGG). EAT should make a comprehensive analysis of
the environmental consequences of different engineering actions. The work should be
accomplished openly and independently. The credibility of EAT has been
complicated by the financing of the National Rail Administration.

The EAT consists of a number of experts with high integrity within the engineering
and environmental topics of the tunnel project. Independence and transparency in
order to balance the financing of the Rail Administration is further guaranteed by a
reference group directed by professor Leif Bjelm, Lund Institute of Technology. The
reference group is composed of representatives of the municipality of 135stad and
some of the authorities.

From the beginning the EAT got three main tasks: I Describe the present situation. 2
Estimate the possibilities to clean up. 3 Evaluate the possible continuation of the
project. These tasks have been completed from October 1997 to November 2000,
when a final report on continuation of the tunnel construction was compiled I .

The EAT activities have been published openly in a great number of memos and
three comprehensive reports. The memos and reports are under the principle of
public access when left over to the Rail Administration. In addition to this, advice
memos on current matters have been handed over to the Rail Administration. A lot of
report copies have been distributed on demand to individuals and organizations.

At least to some extent the establishing of the EAT fulfilled a strong local demand
that responsibility of the tunnel project should be taken over by some actor not earlier
involved in the project. However, especially at first the EAT was met by suspicion
from several local people in BAstad. In their view it was improper that the Rail
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Administration should establish and finance the independent review team. The local
people rather wanted the group to have been commissioned by someone not involved
in the tunnel project. Initially the local people also demanded to be represented in the
group. However, the Swedish state had commissioned the official Tunnel
Commission and no other actor capable of financing the group could be identified.
The Rail Administration has the overall responsibility for the project, also
economically. Therefore it is reasonable that the Rail Administration also should
finance the EAT.

The credibility and integrity of the EAT has been acknowledged gradually, but still
some of the local people find it annoying that the activities of the group is guided and
delimited by the financing of the Rail Administration. However, in case of a
continuation of the tunnel construction both the municipality of BAstad and the local
residents in he influenced area have requested that the EAT should continue as
independent reviewer of the tunnel project.

5. The Local Population Actors

Many people living on HallandsAs and along the stream Vadbdcken, which got
polluted by acrylamide, have been directly affected by the tunnel constructing. This
includes dried or contaminated wells, deteriorated water quality, problems with water
tanks, problems to sell agricultural products from the area etc. An even larger number
of people have been affected by anxiety about water supply, environmental impacts
etc. Demands on compensation, viewpoints on the project etc have been given
individually, by solicitors and through groups of different kinds. Some groups
actively in contact with the EAT are described shortly below. People living at the
south part of the tunnels and along the stream Vadbdcken have no organized co-
operation. This state of conditions has reduced their ability to express viewpoints
orally or written at consultations, considerations etc. To some extent committed
solicitors have compensated for this.

5.1 Three Villages

The countryside area above the north part of the tunnels is divided into three small
villages, Finsbo, Mdshult, and Lya, with about 50 households and 100 inhabitants.
This area is most affected by the groundwater draw down. The people have organized
an informal group, Three Villages. Their basic demand is the restoration of water
conditions and environmental damage. The group has collected information on
impact on ells, ponds, springs etc. People of the group have participated in
meetings, sent written communications to authorities etc. Three Villages as a group
has not taken position in favour or against a continuation of the tunnel project,
however many of the people in the area are against a continuation. Three Villages has
a home page: www.tunnel.nu.
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5.2 Bjiire Society for Nature Conservation

The Swedish Society for Nature Conservation has a local branch in BAstad acting on
nature protection and care based on a very good knowledge of the area. The Society
has formed a special tunnel group, which arranged a series of seminars in 1998, has
taken active part in the investigations on nature impacts, and has participated in many
meetings. The Society has not taken final position to the continuation of the tunnel
project, however it is generally in favour of the continuation. The Society has a home
page: www.baare.snfse.

5.3 The Action Group Against the Tunnel Through Hallandsis

The Action Group was founded in connection with the big demonstration 12 October
1997, after the tunnel construction had ceased. The Group set seven demands to the
government including construction stop, full economic compensation, independent
supervision etc. Several of these demands have been fulfilled at least to some extent.
The demands are presented on a home page (home.sverige.net/mot.tunnelbyggetl),
which not seems to have been updated for a long time. The activity of the Action
Group has obviously been low since the start, but people engaged in the group have
taken active part in meetings etc.

5.4 The l3jUre Party

The Bjdre Party is a local political party in BAstad. Before the 1998 election they had
only one seat in the municipal council, but increased to four, probably due to
resistance to the tunnel project. The party has promoted rebuilding the existing
single-track line across Hallandsds to a double track line instead of completing the
tunnels and also demands that the tunnel project should be approved as a whole
according to the Environmental Code. This is based on the fact that the legislation
has changed and the party considers a continuation to be a new project.

6. Initial Consultations

The EAT tasks initially included establishing contacts with the local people in
Bdstad. Early contacts with some groups led to several meetings from November
1997 to September 1998 with Bjdre Society for Nature Conservation, the Action
Group, Three Villages, and people living along the stream Vadbdcken. At most of the
meetings only EAT staff took part, but in some case also Rail Administration staff.
The following conclusions were drawn from these initial meetings.

0 The people at the meetings generally were positive to the initiative, to the
information given and to the fact that the EAT had been engaged by the Rail
Administration. I was very clear that most people thought they had not been
given adequate information earlier by any part.
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• Contact persons and people at the meetings did not trust sampling and analyses,
and the delimitation of risk and influence areas. They related criticism on the
project before it was stopped and considered that this criticism had been ignored
to a large extent.

• Contact persons and groups were willing to take part in collecting information.
Especially they pointed out information on nature changes due to disturbed water
balance, . g. dried up springs and wetlands.

• People at the meetings wanted continuous contact with the EAT and the Rail
Administration, both to get information and to give views on the project. This
should occur for instance at further meetings.

• The water balance disturbances were considered a bigger and more long-term
problem than the spreading of acrylamide, but of course the people insisted upon
cleanup of the damage due to the bad use of Rhoca Gil.

• The continuation of the tunnel project was discussed thoroughly at the meetings.
A majority of the participants seemed to have an open view on this, meaning that
they could accept a continuation. Distinct demands were put on recovering the
environmental damage and that a continuation of the tunnel project should be
permitted only at specified ("guaranteed") conditions. It was very important to
restore the ground water level in the influenced areas in order to admit normal
use of the dried wells again.

7. The Forum for Consultations

In January - February 1998 demands were made that the public should be
represented in the EAT. Simultaneously mass media passed on the opinion that the
public did not get any insight. The first demand was difficult to fulfil for practical
reasons. Instead, different models for more intense information were considered. This
could be realized either by open meetings announced to anyone or limited meetings
based on announcing primarily to organizations that had shown interest on the
project. The latter model was chosen after thorough considerations and was
successively supported at the meetings. An evaluation 4 was made after 
meetings and was also discussed with the meeting participants. It should be pointed
out that beside the Forum meetings also a number of open meetings have been
arranged by the Rail Administration an others.

About ten groups were invited to the first meeting. Representatives of most of these
groups have participated regularly at the meetings together with people with no clear
affiliation to any group. No restrictions for participation have existed. Invitations
have only been sent by post to earlier participants or other people who have ask for it.
At present the invitation list comprises about 60 people. Between and 30
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participants have attended 21 meetings from March 1998 to November 2000. Every
meeting has been described openly in a memo by EAT. More recent memos have
been published on the home page (www.bastad.se) of the municipality.

The Forum for Consultation meetings might best be characterised by the intense
discussions. This has made it difficult to balance between strictness and more or less
free debate. At several occasions this has prevented prepared information to be given
due to lack of time. However, the discussions are very important because one of the
aims with the meetings is to get reactions and views from the people most affected by
the tunnel project. At many times the criticism against the Rail Administration has
been ruthless and hit persons who had entered the project after the criticised events.

The Forum for Consultations was established primarily to meet the demands from the
affected people to get better information and possibilities to influence the project.
This goal seems to have been fulfilled, but some claim that criticism has dominated
too much. However, the Forum must also be allowed to act as a safety valve for
opinions that can not be stated somewhere else. If the opponents of the tunnel project
do not have any other possibility they must be allowed to express their views
somewhere.

8. Conclusions

By very extensive consultations, contacts, interviews etc the EAT has got a picture of
the relations between the tunnel project and the local people. The people most
affected by the project have the experience of a prolonged personal violation, even if
the remaining effects of the tunnel project seem rather small to an outsider. These
feelings of the local people are a reality and must be respected. It might also cause
future antagonism difficult to avoid completely between the tunnel project and the
local people.

The local people can not and will not forget completely what has happened earlier in
the project and thus they a-re particularly sensitive to whatever might occur in the
future. Therefore, the history of the project does not admit performance in the same
way as a new project without the same history. Accordingly, this might be expressed
that the local people's tolerance for experienced environmental effects is low as a
consequence of the project history.

However, experience shows that the antagonism diminishes, when the nearby effects
have ceased. The people living along the stream Vadbiicken have got municipal
water service to replace their polluted wells and have been guaranteed that the stream
is clean and should not be polluted again. Therefore the criticism generally is not so
hard. The people living in the north part still experience the obvious effects of ground
water lowering and thus they criticise more and are more sceptical to the project.

110



A general observation, obviously also valid in this area, is that people prefer water
from their own wells before municipal water almost irrespective of the quality. The
feeling of having total control of the situation has great importance. This cause even
very generous offers for municipal water to be experienced as negative impact with a
touch of over-protection or even oppression.

Many times the promoters of the tunnel project have shown a too "technical" attitude.
Furthermore, most of the people working in the project lately were not engaged when
the most serious things happened. These project people sometimes feel violated,
when they repeatedly are accused for their predecessors' mistakes. Of course this
depends on te local people's difficulty to separate between the rganisation and its
representatives.

To sum up, these observations imply that it will be difficult to avoid antagonism
totally if the project goes on. Therefore it is vital that local people and the project
representatives are given the opportunity to find some understanding for the other
parties role ad motives in order to avoid hard antagonism or confrontation.
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Context
Contra Costa is a heavily industrialized county located near San Francisco, CA,
USA. The industrial base includes several refineries and petrochemical plants. Over
the years there have been a number of industrial accidents, with many worker
injuries and fatalities. Some of these accidents produced large fires with flame and
smoke and some involved toxic chemical releases.

Over the years acceptable business practice has improved. Citizens and county
government have found a number of ways to apply pressure to industries, especially
those with bad performance records. Accidents rates have decreased. CAER,
Community Awareness Emergency Response, is a part of this process. CAER is a
non-profit corporation paid for by industry with membership from government,
citizen and environmental groups. The CAER mission includes coordination of
industrial safety responses, community warning and community education. CAER
sponsors regular coordination and training sessions for industry and public
emergency response personnel. Coordination includes procedures for dispatching
emergency equipment from the entire area. "Mutual Aid" provides specialized
equipment, thereby minimizing duplication of stockpiles of special gear or
specialized chemicals.

One major function of CAER, and the primary focus of this paper, is building an
emergency warning. The primary approach is "Shelter in Place". In the event of an
accident or release persons are to remain indoors and are to shut off vent systems that
normally bring outside air into buildings. "Shelter in Place" is the only option
available in this highly urbanized area. Evacuation is essentially impossible due to
traffic congestion.

Development of the Contra Costa Community Warning System was funded by local
industry. The system is now in the process of transfer to County Government. This
system is believed to be the largest "alert and notification system" of its type in the
world.

Information about an incident is communicated in several ways. The most direct
warning is provided by 40 sirens located throughout the industrial corridor and
arranged so that they can be heard by people living in the vicinity of major facilities.
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The sirens can be set off by signals triggered from any of about 25 locations at
industrial facilities and County Emergency Response Centers. Specific information
on the nature of the emergency is provided by text which can be displayed on local
television channels and by radio broadcasts. One of the most interesting
communication techniques makes use of the national weather system radio network.
This system continuously broadcasts weather inforination to special weather radios.
The radio system is designed so that emergency signals can be used to trigger an
audible emergency alarm. Since the system is national, users would be overloaded if
the alarrn were to go off whenever an emergency occurs anywhere in the nation.
The system allows localized coding which triggers radios to localized regions.

Involving the public
An effective system requires three elements:
0 Technical warning capability
0 Institutional response - emergency responders must know what to do
0 Public response - the public must know what to do

One of the first real-life uses of the system is illustrative. About 230 in the morning
on a summer day in 2000 a fire broke out in a plastics recycling facility in Richmond,
CA. The facility recycles plastic from old computers and is generally considered
state-of-the-art. It had not been considered a candidate for a toxic fire. One worker
was killed. By the time the Richmond fire department arrived there was a large cloud
of smoke blown over neighboring houses.

The County Health Department was notified, and about 5:00 AM the warning system
was activated. This includes use of the sirens, plus a telephone "ring-down" system
to automatically call phones in the vicinity.

In the weeks following public concern over how the incident was handled lead to
several public meetings. The community adjacent to the facility is low income, with
a large Mexican/Chicano population. Many of the neighbors speak little or no
English. The public meeting made use of a translator. It quickly became clear that
the delay in sounding the alarms was not acceptable. People wanted the alari to
sounded fast. In fact, the agreed-upon guidelines for using the system required
immediate sounding, but the absence of adequate training lead to confusion among
the responding agencies. Neighbors were also concerned about the absence of
announcements in their language either on radio/TV or on the automatic telephone
system..

To be effective the emergency warning system must be responsive to the public.
CAER has a program designed to help with this problem. A number of ideas are
being considered. Special programs are being held for schools. These are designed
to make teachers and students aware of the warning system, and to help them
understand what to do. Emergency radios will be located in each school. School staff
will be trained in how to shut down air-intake systems to schools in the event of
emergency. Announcements will be made when the emergency is over.
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Response modalities must be tailored to specific groups. The County population is
extremely diverse. Several dozen languages are spoken [e.g. Spanish; Mandarin;
Cantonese; Vietnamese; Cambodian; Tamil; Tagalog; Japanese, and Russian].
Ethnic groups have differing needs and differing goals. Public meetings will be
scheduled to communicate with some of these groups and to try to deten-nine how to
respond to their needs. One idea is to establish "telephone trees". Bilingual
individuals would be called first by the telephone "ring-down" system. These
persons would also have emergency radios. They would call other leaders who would
in turn place warning calls in their own language, eventually covering everyone.

Conclusion
The CAER system is, so far as we know, the furthest developed of any in the United
States. The system requires both technical and institutional components. Some of
these, such as emergency responder coordination, are relatively straightforward and
are essentially in place. Community involvement is much more complex. CAER is
learning that an effective community involvement program must be tailored to local
needs.

Emergency response cannot simply be put in place and left alone It requires
substantial sustained effort and major community involvement.
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1. Introduction

Russia is one of a few nuclear power states obtaining the whole number of nuclear
fuel cycle (NFC) components - from mining of uranium and on-site electricity
production, from NPP spent nuclear fuel processing and extracted fissile materials
and radionuclides, which a-re available in industry, in medicine and in other relevant
areas, to radioactive waste processing and disposal. For this reason it is very
important to solve the problem of nuclear fuel cycle safety as it is a single system
task with an adequate approach for all cycle components.

The problem is that NFC facilities are technologically various and refer to different
industries (mining, machinery engineering, power engineering, chemistry, etc.).
Besides, the above facilities need the development of various scientific bases. The
most NFC facilities is directly connected with peaceful use of nuclear energy and
with military nuclear industry, as the defense orders stimulated the development of

NFC.

The specific attention to safety problems at the beginning of nuclear complex
foundation adversely affected the state attitude towards the risk in nuclear industry, it
has left the traces at present. In our paper we touch upon the problems of risk and the
liability for nuclear damage for the third persons. The problems of nuclear damage
compensation for nuclear facilities personnel and for the owners (operating
organizations) are beyond our subject.

2. Risk Classification

The meaning of "risk" has been widely spread for the last two decades in various
fields of science and technology, in legal and regulatory documents of different
levels, in commercial and financial practice. Each side has its own understanding of
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this meaning while using the above term, its specific components and risk
management. The generalized classification of the tasks of risk deten-nination may
be as follows:

2.1 Task I

There are one or several initial events which may lead to an accident, the
consequences of which are considered a priory as severe ones. The assessment of its
consequences in natural of in money equivalents may be either obvious, or
significantly difficult, but it is not determined as it is not the purpose. Here the "risk"
is "the probability" of the realization of such event and all efforts are directed to the
decrease of this probability (i.e. practically exclude the event).

According to this scheme of "risk" the risk analysis of strength and integrity of the
equipment and constructions of potentially dangerous facilities is performed, when
the rupture of the equipment and constructions operated under pressure is the most
undesirable event. According to the same scheme the "risk" problems of aircraft falls,
train collisions, shipwrecks, etc. are solved.

2.2 Task 2

The determined one or several initial events which may lead to some consequences
are being postulated. The problem of a concrete event consequences decrease is
being solved without the determination of the event probability. The indicator of
"risk" is the scale of "consequences" for the concrete event. The problem of "risk"
assessment from ionizing radiation refers to this problem as the irradiation dose is
being postulated and the effect on human health is being identified.

The scheme of the "risk" decrease is applied in the solution of the problem of a driver
and passengers life preservation in case of a car accident with frontal blow, of a
submarine crew survival in case of a flood, i.e. of all problems of human survival in
extreme situations.

2.3 Task 3

The reviewed facility or process has definite number of events with corresponding
consequences. Various events occur with various probability (frequency) and the
corresponding consequences differ by range (in natural or in money equivalents). In
the properly organized society it is important to consider as frequent, so as rare
events. In this case "risk" is determined as average value of consequences in discrete
or continuous conception.

It is possible to consider more delicate nuances of the established task with more
detailed information of probabilistic "risk" indicators and with a specific attitude
towards frequent and rare events. Such risk must be assessed for the third persons
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insurance from large-scale accidents at nuclear facilities. To solve this problem in
practice is most difficult for nuclear damage insurers and for insurables.

3. Risk Assessment in Nuclear Industry

Severe accidents at nuclear facilities, including large-scale Kyshtym (USSR), Three-
Mile-Island (USA) and Chernobyl (USSR) accidents, demonstrated the need of the
probabilistic safety analysis (PSA).

Since the eighties the works of NPP probabilistic safety analysis (PSA) mastering
have been initiated in the former USSR and then in Russia. At present the
requirement of I st level PSA for newly constructed NPP units is obligatory. There
are regulated values of probability for core damage (10-5 per year) and large-scale
radioactive material release 10-' per year).

At present practically all operating NPP units in Russia to some extent have carried
out probabilistic safety analyses as the obligatory condition for the confirmation of
operation license issued by a regulatory authority (Gosatomnadzor RF). Now we do
not touch upon the discussion of PSA results for operating nuclear units as their
various generations significantly differ by safety systems availability.

We may only note the fact that the obtained results and relevant weak points form the
base for nuclear units modernization and licensing condition for operation in the next
time period. The operating NPP units with VVER-1000 reactor type according to the
obtained results have the core damage probability of 10-5 _ 10-4 per year.

Since the nineties PSA introduction to the various NFC facilities has been
accomplished: transportation of spent fuel and radioactive materials, radiochernical
plants, etc. But we can not analyze nuclear complex as a whole from the obtained
positions.

Unfortunately, the PSA development level in Russia and all over the world is not still
sufficient for acceptable exact determination of nuclear accident probability
(frequency) ad its scale. In particular, practically all large-scale accidents at nuclear
facilities are the consequences of actions defined by "human factor".

Recently the works on comprehensive investigation of nuclear facility accident risk
and damage from its consequences have been initiated in Russia. It was necessary for
nuclear damage insurance. Different approaches to nuclear facility insurance have
been proposed 1].
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4. Legal Aspects of the Third Person Insurance from
Nuclear Risk in Russia

4.1. Federal Law "On the Use of Nuclear Energy"

Partial or complete damage from radiation accident was previously completely
compensated by the state. It was so after the well-known Kyshtym, Chazhmin and
Chernobyl accidents, e.g. by resettling of the inhabitants from the radionuclide-
contaminated areas to other regions, treatment, payment of compensations for
,.clean" food purchasing and so on.

The basis of liability for nuclear damage was legally formulated when the Federal
Law '-On the Use of Nuclear Energy" was adopted in 1995. Different aspects of
nuclear damage insurance are presented in the Law (Articles 15, 53-60).
Liability for damage and injury of juridical and physical persons due to radiation
during the works in the use of nuclear energy is carried upon an operating
organization.

The kinds and limits of operating organization liability for damage and injury of
physical and juridical persons according to the type of nuclear facility are deter-mined
by relevant legislation.

Financing provision of the liability limit of an operating oganization for damage
includes the state guarantee or other guarantee, own financing and insurance policy
availability.

The Government of the Russian Federation provides the financial compensation for
damage, which exceeds the operating organization responsibility imit.

The license for a nuclear facility operation is given by a regulatory authority to an
operating organization only it' it is able to confirm its possibility to compensate
nuclear damage.

4.2 The basic Legal Documents of Nuclear Damage Liability

The basic legal document of the considered problem will be the federal law "On
Guaranteeing the Financing of Liability of the Operating Organization for Damage
and Injury due to Radiation". The State Duma has given the bill to the first reading of
the Law. At present it is under consideration in the State Duma.

Some principal provisions of this draft law are as follows:

Definitions are given to such specific terms as "nuclear damage", "nuclear
insurance" and "nuclear facility". Under "nuclear damage" along with radiation
impact we mean accompanying chemical, toxic, explosive and other impacts.
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• Compensation for damage to the nuclear facility itself and its personnel is not

touched upon.
• Maximum damage liability of the operating organization per an incident at

nuclear facility is fixed in the amount of 15 million of minimal labor
remuneration in Russia 2001) or approximately 50 min US dollars.

• The same or a nuclear incident in transportation of nuclear materials,
radioactive substances and radioactive waste is fixed in the amount of million
of minimal labor remuneration or approximately 17 mn US dollars.

• Damage compensation expenditures are ascribed to the cost of products and
services.

This Law must be the direct action law. A delay in the Law implementation is
explained, in particular, by the need to develop approximately twenty regulatory
documents of the legitimate level.

At the same time a Decree of the Government of the Russian Federation in being
prepared for establishing of the insurance system. The main objective of the
document is to designate the limits of financial liability of the operating organization
and kinds of financial guarantees depending on the type of nuclear facility and on its
operating conditions.

According to the draft, four types of insured nuclear facilities are defined:

• Nuclear reactors of various thermal power;
• Nuclear facilities with irradiated nuclear fuel, depending on the quantity,

presence Of pU, 235 Uof various enrichment;

• Nuclear acilities with non-irradiated nuclear fuel, depending on the number of
isotopes Of pU, 235U;

• Radiation-dangerous nuclear facilities depending on activity.

5. Economic Aspects of Insurance of Nuclear Damage
Liability

It is proposed, that the Federal insurance supervisory authority will establish a

procedure for nuclear insurers to form special insurance reserves, which are required

to cover long-term liability on nuclear damage compensation.

Insurers may establish partnerships of nuclear insurers (nuclear insurance pool) on

the grounds of cooperation agreement.

Operating organizations may establish reciprocal nuclear insurance society on the

basis of appropriate regulatory document on reciprocal insurance.
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For complete compensation of nuclear damage above the limits of liability of the
operating organization, a federal fund could be established for nuclear damage
compensation.

Insurance reserves of Russian insurance companies included into the Russian
insurance pool are significantly limited, so at present they cannot provide financial
guarantees of the international level. Risk reduction through reinsurance of nuclear
facilities by foreign insurance pools, which own significant insurance reserves, is still
problematic for Russian insurers due to delay of the Vienna Convention ratification
and to the lack of the Federal law on nuclear insurance.

In this situation the insurance rate for Russian operating facilities is defined by two
main factors:
need to ensure rather quick accumulation of insurance reserves;
terms of nuclear risk re-insurance including international re-insurance and not
probabilistic actuarial calculations being very inexact at present.

Russian nuclear complex includes belonging-to-the-state hundreds of nuclear-
dangerous facilities, such as NPP units, research and industrial-type reactors,
transport nuclear power installations and others.

Difficult situation of Russian economy leads to the problems of nuclear facility
insurance. Thus, the liability limit of NPP unit insurance in 2001-2002 is 100 mln
rubles O approximately 35 mln US dollars. Taking into account the acting rate in the
amount of 0,5% to 1,5% of the insurance sum per ensured unit, it makes up 09 min
US dollars. This fact does not contribute to attraction of significant number of
Russian and foreign insurers in the conditions of nuclear risk uncertainty.

At present the state, as an owner of such facilities, is the dominating factor
guaranteeing nuclear damage compensation.

The state share in financial guarantees of nuclear damage compensation could be
reduced in case of significant extension of potentials of Russian nuclear insurance
community and also for the account of involvement of foreign insurance
organizations.

In condition of extra-budgetary guarantying by the Russian state or by any concerned
state of the insurance reserves of the companies, participating in nuclear insurance, a
variant, which could be attractive for Russia, seems to be investment of insurance
funds into the equipment and services on extension of the operating NPP service life
and on commissioning of the units owning large reserves with definite benefit level
of such investment.

Approximately 350 m1n US dollars are needed for commissioning of two most
complete Russian NPP units. At present more than 90% of investments for
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completion are comprised from the NPP funds: amortization charged to operation
and target investment assets included in the electricity rate bonus.

Moreover, spare assets of the insurers and their profits could be increased due to the
growth of the absolute values of insurance parameters and also by broadening of the
insurance field. Reliability of the nuclear facility insurance will be qualitatively
increased [1].

It should be specially underlined, that introduction of the feedback "insurance rate -
target investment assets" makes it possible for the Russian insurers to speed up
accumulation of asset for real guarantees of nuclear damage compensation and it will
be more attractive for Russian insurance organizations and Russian representatives of
foreign insurance organizations to participate in nuclear insurance.

It is not less important, that such insurance scheme is beneficial not only for the state,
but also for insurance companies, both national and private.
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The Chernobyl post-accident context

The living conditions in the contaminated territories

European surveys undertaken in the context of the EU/CIS co-operation programme
to evaluate the consequences of the Chernobyl accident 1991-1995), provided an
extensive assessment of the social and psychological effects of the accident on
liquidators, relocated populations and inhabitants of contaminated territories. Further
investigations carried out in Uraine, Belarus and Russia revealed strong social
disturbance and stress phenomena amongst the populations of the contaminated
areas. In these areas, the environmental contamination was a basic concern for most
of the ihabitants and was creating a climate of widespread anxiety, focused on the
health effects of the Chernobyl accident and especially that of the children (1), 2).

The inhabitants of the contaminated territories experienced an overall depreciation
of many different types of values: social, economic, aesthetic, symbolic, ethical,
political, etc. The quality of life was perceived as being irreversibly affected: some
people expressed the situation by saying that "Nothing will be the same again,"
when speaking about their lives "before" and "after" the accident. The feeling of
insecurity, the lack of trust of the population in the scientific, medical and political
authorities and the impression of being deprived of means to avoid radiological
hazards perceived as all-pervasive in everyday life, created the general feeling of a

' The ETHOS project is supported by the uropean Commission: from 1996 to 1998
by the Nuclear Fission Safety Programme of DG Research, and since 1999 partly by
DG Environment.

2 This paper is presenting a synthesis of the 1996-1998 report of the ETHOS project
in Belarus, from H6riard Dubreuil G., Lochard J., Guyonnet J.F., Le Cardinal G.,
Lepicard S., Ollagnon H., Pupin V., Rigby J., Schneider T. December 1999 Ref
ETHOS(99)-RP(l)
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loss of control over the situation. The consequent individual loss of self confidence
also appears to be related to the disappearance of social trust. In this context of
distrust, experts playing down the situation were perceived by the population as
denying the risks, thus reinforcing mistrust and anxiety 3). As a consequence of
social distrust, the CIS countries affected by the Chernobyl accident experienced an
overwhelming "post-accident crisis" at the political, social and economic levels.

Inhabitants of the contaminated territories had already been exposed for centuries to
many natural risks and possessed the know-how necessary for self-protection. As
regards contamination, radiological protection and radioccology, the local
inhabitants found themselves completely ignorant and helpless without any means to
cope actively with the situation. While experts issued general recommendations on
measures to take, the population lacked a minimum radiological culture and
technical means to understand on its own "What to do and why to do it? and to be
able to act in a rational and autonomous manner and also to optirmse the use of
available protection resources in its own context.

The remaining unsolved problems of the post-accident context

Several unsolved consequences of the Chernobyl accident were, nine years after, at
the origin of the searching for new innovative strategic approaches such as the
ETHOS project. A specific feature of the post-accidental situation was the
multiplicity and the interdependency of the objectives at stake, among them: the
radiological protection of the population, the population health care, the restoration
of acceptable living conditions and the long term economic rehabilitation of the
contaminated territories. The post-accident situation was therefore characterised by a
high degree of complexity making difficult any attempt to solve the problems
encountered according to one particular dimension. Since each expert or
administrative body addressed only one dimension of the situation, the problems
remained unsolved or progress achieved was unstable or lead to side effects. This
was the case for instance with the progress achieved after the accident by the CIS
authorities in providing the rural population with cheap clean food while halting
private farm production. With considerable inflation, the rising economic crisis in
Belarus 1992, 1993) led to the private production of contaminated food
recommencing, with a consequent significant decrease in radiological protection of
the populations concerned.

The determination of an acceptable level of radiological risk exposure in the
contaminated areas remained a challenge to the long term post-accident strategies.
While, for instance, in an acute situation the radiological protection needs to be
given absolute priority, it also resulted in a strong depreciation of the living
conditions where people continue to live in the contaminated areas. This situation
associated with a very centralised administrative post-accident management made it
extremely difficult to fix a reasonable level of protection taking into account other
priorities such as quality of life and economic constraints. Centralised decision-
making processes were therefore encountering many difficulties in fixing an
acceptable level of radiation protection. In such contexts the radiation protection
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objectives needed to be balanced with other dimensions according to the priorities of
the population.

While a main objective of the initial rehabilitation strategy was to achieve a "return
to normality" 4 it became obvious in the years following the accident that
rehabilitation could by no means signify a return to the initial situation as the
ecosystem contamination would last for at least several generations. At the same
time it also became gradually clear after 1994 (5) that the remaining inhabitants of
the contaminated zones would not accept relocation. A new issue for the post-
accident management was therefore to provide those remaining people with
acceptable living conditions. Since removing the contamination was not possible, a
new challenge for post-accident management was to improve the living conditions
of the local population in the contaminated territories.

Another important challenge for post-accident management was the consideration of
the long term. Most efforts to improve the local situation in the contaminated
territories were financed by budgets originating from resources external to the local
communities in the contaminated zones such as the national budgets or international
humanitarian support. National or international solidarity not being limitless, the
improvement of the productivity of the local economy remains vital considering the
long term perspective. This made it necessary to solicit the population's efforts in
order to improve on the productivity by any available local means.

The involvement of the local population in decentralised decision-making processes
appeared to be the only way to reach reasonable and accepted decisions balancing
various and sometimes conflicting objectives such as radiation protection, quality of
life and economic rehabilitation. Moreover the involvement of the local population
in the risk management also appeared to be a way to improve the efficiency of the
resources allocated to protection according to the specific nature of each context. In
conclusion, the long terin post-accident rehabilitation required new decentralised
approaches involving local conummities and individuals in the decision-making
process as well as in the implementation of rehabilitation strategies.

* The ETHOS project

The objectives of the ETHOS approach

ETHOS is a pilot research project supported by the European Commission.
Observing the shortcomings of the successive post-accident strategies implemented
in the eight years following the Chernobyl accident, the ETHOS project was
proposed as an innovative strategy for post-accident rehabilitation in order to better
cope with the main features of the post-accident situation, notably with the long term
social and economic dimensions. A main goal was to create conditions for the
inhabitants of the contaminated territories to enable them to become more
autonomous actors in a rehabilitation process embracing the improvement of the
local living conditions as well as increasing radiological safety. The recovery of self
confidence and control among the population as well as the restoration of social trust
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were also key objectives in the ETHOS approach as they were considered as a
necessary component in the rebuilding of safety. The ETHOS approach was
therefore based on a strong involvement of the population and surrounding
community. A specific feature of the ETHOS approach was to avoid the dissociation
of the social and technical dimensions of the post-accident management. In order to
better take into account the observed complexity of the post-accident situation, an
interdisciplinary approach was adopted.

Another characteristic of the ETHOS approach was to develop radiological safety as
part of a more general improvement of the quality of life. This emphasis emerged
due to several reasons, among them the observed social dynamic of loss and
restriction resulting from the strategies focusing solely on risk reduction. Since
many factors affected the progress in radiological safety, for example the economic
recession, another motive for aiming at a global improvement of the quality of life
was to achieve solid and durable progress, but also to facilitate the balancing
between adiation protection and other priorities in the local decision making
processes. The ETHOS approach dealt with all the day-to-day aspects that were
affected or threatened by the contamination among them: health, food, safety at
home, professional life, social life, environmental quality, leisure time, economic
value of local production, the future in the contaminated territories, individual and
collective identities and culture.

Initiated at the beginning of 1996, this three year project was implemented in the
Republic of Belarus. The ETHOS project involved an interdisciplinary team of
European researchers from the following institutions: the Centre d6tude sur
I'Evaluation de la Protection dans le domaine Nucl6air - CEPN (radiation
protection, economics), the Institut National d'Agronomie de Paris-Grignon -
INAPG agronomy, nature life management), the Compi�gne University of
Technology (technological and industrial safety, social trust) and the Mutadis
Research Group (sociology, social risk management) which was in charge of the
scientific co-ordination of the project. The Belarussian partners in the ETHOS
project included the Ministry of Emergencies of Belarus, the National Chernobyl
Committee of Belarus as well as the relevant regional and local authorities
concerned with the implementation site.

A first mission in Belarus was organised in April 1996 in order to select the
implementation site. An important selection criteria was a voluntary commitment of
the local community. A total of six districts were visited in the contaminated
territories of Southern Belarus, and the broad outlines of the project were presented
to the local authorities. After discussions and negotiations with local, regional and
national authorities, the candidate village of Olmany in the district of Stolyn (Brest
region) was selected. According to the Belarussian law 1991) the village of Olmany
is located in a "voluntary relocation zone" where the estimated average annual
individual exposures range from I to mSv, the ground caesium contamination

ranging between 185 and 555 kBq/m 2. This settlement appeared to be a suitable site
for the implementation of the project given its characteristics. Among the criteria
taken into account for the site selection was the location of the settlement in a zone
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which, according to the Belarussian law, was not dedicated to a complete relocation
and where the rehabilitation of the living conditions was therefore necessary.
Another criteria was the existing social network including families with children,
and the clearly expressed willingness of the population to participate in the project.

The ETHOS methodology

Among the principles elaborated by the participants was the absence of a unique
model to represent the local situation in Olmany. Although stating that a systemic
and interdisciplinary understanding of the situation was needed, the participants also
acknowledged the absence of a ready-made methodology given the complexity of
the local post-accident situation. In order to cope with the real situation and also to
benefit from a continuing interdisciplinary analysis of the problems at stake, the
participants decided not to set any a priori detailed methodology but on the contrary
to build the action from the confrontation with the local situation and from its
interactions with the local actors troughout the three years of the project.

Having set a co-operation framework with the Belarussian national, regional and
local authorities, the next step in the project was to engage a dialogue with the
population of the village in order to encourage co-operative actions with the local
inhabitants and to involve them in the project. A general public presentation of the
project to the population was organised in the village in July 1996 with the
participation of some one hundred and fifty inhabitants. It gave rise to many
questions from the audience, and two main concerns were raised by the population.

The first question raised to the European team was: "Do you think we can live here
with our children? Are there any risks to our health? Should we leave this area or
can we stay?" Taking into account the difficulties created by the population's
distrust in experts, the research team expressed its ethical position as refusing to
make decisions in the place of the people confronted with the contamination while
proposing to help those having decided to stay in the village to improve their safety
and their quality of life. This response led to questions from the population such as
"What would you do? Would you come and live here with your children? which
were then answered by each team members on the basis of his personal feelings
towards the situation.

The population then expressed a feeling of "being treated like guinea-pigs" by
scientists, "without any kind of benefit for the inhabitants in return," and a kind of
scepticism about the potential benefit to be expected from the project for their
village. This made it necessary for the research team to commit itself to adopt as a
main goal the practical improvement of the real local situation in the village of
01many during the lifetime of the project. To adopt the objective of studying the
situation in 01many for proposing future improvements after the end of the project
in 01many as well as in other contaminated villages would have been a very
different option. As a matter of fact all the actions taken by the research group in
01many had to aim directly at a concrete improvement of the living conditions in the
village within the lifetime of the project. In the later stages of the project this
commitment appeared to be a key methodological option in the ETHOS approach
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since it involved reshaping the objectives of the actions engaged according to the
views expressed by the population with regard to its priorities and concerns

The rehabilitation process

From the contact established by the research team with the population during the
first six months several working groups involving local volunteers were created.
Each working group was dedicated to a specific objective according to the concerns
or priorities expressed by the local population, such as: the radiological protection of
the children, the production of clean milk, the marketing of privately produced food,
the diffusion of a practical radiological culture at school, the involvement of young
people in the preparation of a video presenting the life in the contaminated territories
and the management of domestic radioactive waste.

The first step in the working groups methodology was a process of collective
learning and assessment of the local situation. In each working group, volunteers
and researchers started to work together on limited tasks contributing to a concrete
improvement in the quality of life while integrating a radiological dimension (for
example: "to provide the children with non contaminated milk"). The relevant
aspects of the radiological situation were assessed locally by means of
measurements anaged directly by the population with training and assistance from
the research team. Each working group volunteer participated in the collection of
information. The existing data was examined collectively and checked according to
European scientific standards.

During this collective investigation of the local situation the population and the
research team drew a common picture of the situation and validated collectively
each piece of information. The research team did not make its own assessment to be
communicated afterwards to the population. This approach created a context in
which the radiological appraisal made sense for the local population with regard to
possible concrete improvements (with available resources). A progressive
assessment and better characterisation of the possible solutions were then
elaborated. The participants' understanding of the situation switched from an
average gloomy and fuzzy vision of the general situation to a more contrasted
reliable (common) picture of the problems at stake. Participants were for instance
surprised when discovering a place they thought very contaminated was in fact
rather clean. They also confirmed or discovered more serious problems such as for
instance the contamination level in private milk production or the contamination of
ashes from domestic stoves.

The second step in the methodology of the working groups was a process of
reconstruction and improvement. The creation of reliable common pictures of the
radiological situation made it possible to investigate possible ways of improving the
local situation. According to each specific situation the initial goal of each group
was reshaped taking into account criteria such as the preferences of the participants,
the practicability of each solution, the available means, techniques and resources and
the cost-benefit of each option. During this second step, the participants have
discovered real potential, although limited, for improving the situation by their own
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with the available resources when they thought it impossible. The lack of resources
was previously considered by all participants as a definite obstacle to an
improvement in the radiological situation. These emerging local indications of
improvement are all the more important given that the present lack of resources will
remain a real problem in the future given the political and economic context. The
discovery of possible improvements was of primary importance in the restoration of
self government and self confidence in the involved population.

These means of improvement result from different factors such as examining the
problems in their real context rather than generally, and with average measurements.
Using average measurements in the local management leads to conceal the real
problems as well as the available solutions. In many cases, the exposure has to be
assessed in an individual way in each specific context. Opportunities for progress
also arise when the local population is provided with new techniques or methods.
They appear in the working groups when individuals and institutions (stakeholders)
work together to achieve common goals of high priority (such as the health
protection of the children).

While starting with a few local volunteers aiming at one specific task with limited
resources, each group progressively extended or modified its goals and actions to
improve the situation and involved more stakeholders according to the nature of the
problems at stake. The group including new stakeholders then pursued the revised
goals. This process was a sort of dialectic between the structure of the group (the
social system) and the proposed goals of the group (the project) thus making it
possible to gradually restore normal interactions (economic, political, cultural) in the
social network that had been shaken or broken by the post-accident situation. In the
course of the project, the groups progressively involved different individuals having
a personal or professional interest in the task of the group. This included the
inhabitants themselves but also representatives of the local, regional and national
administrations as well as representatives from different social and economic
networks such as: public health, agriculture, industry, retail business, etc. Enlarging
the participation in the group was identified by the research team in the progress of
each working group and called a "clipping process". The complexity and the
interdependency of the situation appeared as soon as a starting group had reached
maturity in the characterisation phase. This statement made it necessary to involve
the relevant concerned actors in order to reach significant and durable
improvements.

The progressive involvement of new stakeholders also made it possible to propose
some concrete acceptable changes with regard to the radiological situation by taking
into account not only the radiological risks but also the other stakes the different
categories of actors involved had in the actual situation. For instance, political
leaders may dread the release of new information on risk assessment to the
population, local ihabitants may not accept radiological measurements of their
products and rather preferred to sell unmeasured products, etc. Not taking into
account the various issues at stake would have led to strong resistance to change,
making it impossible to improve the situation.
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At the end of the project 6), six different groups (mothers, clean milk, meat quality,
young people, pedagogy, firewood and ashes) involving local inhabitants resulted in
a concrete improvement of the living conditions in the village. The ETHOS
approach in 01many resulted in the improvement of the quality of the milk and the
improvement of the radiological situation of the children during the project. The
radiological quality of the private milk production in the village was improved as a
result of a better co-operation of the private farmers, the local authorities (collective
farm), the District authorities and the national administration (Ministry of
Emergency Situation) within the ETHOS project. The production of milk with
contamination below III Bq/1 has increased from 25 to 55 for the winter
production and from less than 10 to 80 for the summer production between
1996 and the end of 1998. As a consequence, the milk from Olmany was again
purchased by the District dairy in 1999. This re-access on the market, which was
interrupted after the Chernobyl accident, is a potential source of income for private
fan-ners. The process has also encouraged among the people involved, the
acquisition of a radiological risk culture and allows, today, the involved mothers of
families to anage the radiological exposure of their children with some significant
improvements in critical cases (families where the levels of exposure were superior
to the average for the population). With regard to education, 6 projects were
performed by the teachers of the school allowing the pupils to get knowledge of the
radiological culture developed in the working groups. A seminar involving the
education staff at the District level as well as teachers from other schools (from the
other villages located in the contaminated areas) in the District was organised in
1998 and provided the scheme for a potential extension of the approach in other
villages. The young people in the village took benefit of the training with video
techniques for preparing a film presenting the life in contaminated territories. It was
an opportunity for them to become aware of the situation and to express their
concerns. Potential for further progress were aso pointed out during the project,
concerning the improvement of the radiological quality of the meat produced in the
village and the management of the contaminated ashes from wood burning.

* Conclusion
The ETHOS project ended in December 1999. Twelve missions representing about
600 man-days of the European participants have been performed. But the project
also entailed a considerable involvement of the local population as well as from the
local, regional and national authorities. The assessment of the outcomes of this
project has been undertaken by the research team with its Belarussian partners.
When considering globally the village of Olmany a first question was to determine
to what extent some global objective changes have been observed with regard to the
quality of life in the village and notably radiological protection. Although different
according to the context of each working group, it was stated that the changes
caused by the ETHOS project are all characterised by a context where the
stakeholders having identified common concerns and rebuilt elements of mutual
trust through adopting a co-operative attitude resulting n concrete outcomes. Some
15 of the adults in the village were actively involved in the project. But the

129



actions undertaken have in some cases resulted in global changes benefiting to the
whole population of the village (such as for instance the summer milk production
improvement). Some actions have demonstrated the existence of a potential for
future improvement.

The contribution of the ETHOS project to the quality of life in the village is
characterized by the fact that the involved inhabitants have regained control of the
radiological situation and discovered significant means to reduce their radiological
exposure external and internal) and notably the doses to children. Private fanners
have identified actions to improve the radiological quality of their production
(notably milk) through a better use of resources (clean and improved pastures,
ferrocene, clean hay, etc.). The project has also contributed to improve the economic
value of the local products and resources. Among the outcomes of the project has
been the establishment of a practical radiological safety culture relevant to the day-
to-day life in the village. The inhabitants together with the research team have built
common representations of the radiological situation prevailing in the village, such
as the food contamination process, the contamination pathways in the environment
(pasture, forest), the ambient dose rates and the resulting external doses, etc. The
involved inhabitants made for themselves radiological measurements such as
ambient dose rates and food contamination and they have a better understanding of
the basic radiological concepts. This radiological culture was also disseminated in
the village by the school institution through practical pedagogical modules.

The assessment of the project eventually addresses the long term issue including the
question of the durability of the progress achieved on the one hand and the
transferability and reproducibility of the approach on the other hand. The question
concerning the diffusion of the ETHOS approach beyond the village of Omany has
become a major issue, ever since the first positive results were recorded. The initial
thoughts in this area were essentially concentrated on the setting up of mechanisms
of replication of the approach, to be undertaken by volunteers. In this perspective,
two seminars were organised in February 1998 at the regional and national levels,
where the Belarussian authorities expressed their firm interest in this approach.
More recently, the ETHOS team has developed a strategy for the diffusion (the
ETHOS 2 project) which is currently taking place since 1999 and will terminate at
the end of 2001. It appears in fact that, consequent upon its success, there has
already been a natural spreading of the approach as is observed by the progressive
involvement of the local and regional administrative bodies such as the district
agricultural department, the healthcare services, the pedagogical authorities. For
example, the improvement of the radiological quality of milk by the farmers has
made it possible to revive trading with the intervention of the local and regional
agricultural authorities. In the same way the healthcare system is now involved into
the ETHOS approach aiming at the development of a concept of co-operative
monitoring of the children's health in partnership with the mothers involved in the
project. The pedagogical authorities are also developing a new concept of practical
education of the school children to the specific aspects of life and risk management
in a containinated area. The objective in terms of diffusion is now to promote the
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synergies that are developing, accompanying the measures in order to favour a
sustainable extension of the approach.
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The preparation of guidelines was initiated by FAO in order to develop a
framework for ecological hazard identification of herbicide and insect
resistant crops. Two main scenarios were considered: The crop is to be
released in 1) agricultural systems where there are wild relatives or weed
species hybridising with the crop, including the centres of origin or
diversity of the species and 2 an environment where there is no risk of
gene flow to other species. Five decision keys were developed to help
regulatory authorities in developing countries identify relevant hazards of
introducing herbicide or insect resistant crops.

1. Introduction

Many countries in the developing world have not yet established procedures to
regulate the release of genetically modified crops (GMC). In 2000 the total area with
genetically modified crops was approx. 44 million ha, of which 99 percent were
planted with herbicide and/or insect resistant varieties [1].

The Cartagena protocol on Biosafety a supplement to the Convention on
Biological Diversity, aims to prevent export of genetically modified organisms
(GMOs) without consent of the importing country and to build the capacity to
perform a national risk assessment prior to their release 2 At present, 87 countries
have ratified the protocol, and the capacity building has only just been initiated but
the area with GMCs is rapidly increasing also in the developing world. It calls for an
urgent need for risk assessment procedures of GMOs for countries that have not
currently developed appropriate regulations.

To support the establishment of risk assessment procedures, FAO initiated the
development of a set of guidelines on how to identify potential ecological hazards.
The guidelines describe the process of analysis and assessment of hazards associated

132



with the introduction of herbicide resistant crops (HRQ or genetically modified
insect resistant (e.g. with genes coding for endotoxins from Bacillus thuringiensis)
crops (IRC). Furthermore, the guidelines propose responsibilities for governmental
authorities, applicant or permit holders and farmers growing HRCs and IRCs; these
aspects, however, will not be discussed here. In the final process, the guidelines went
through a revision process by international experts.

Several authors have proposed the use of decision keys to assess ecological
and aronomical risks associated with GMCs and/or pesticide use. Rissler and
Mellon 3] developed a framework for experimentally assessing weediness and the
implications of transgene gene flow to relatives of the crop. Rotteveel et al. 4]
developed a system that identified several categories of risks of developing resistance
in pests against pesticide applications and later Gressel and Rotteveel 5] elaborated
this concept to risk associated with herbicide resistant crops only. In the guidelines,
however, we do not attempt to rank hazards instead we propose simple decision keys
to help identify the relevant hazards. The decision keys are therefore, targeting the
first step of a risk assessment, i.e. the identification of hazards, which may occur in
the given scenario.

2. The Process of Hazard Assessment

The main objective of an ecological hazard assessment of HRC/lRCs is to identify
possible adverse effects on the environment from growing these crops. According to
FAO/WHO hazard identification is only the first step in a conventional risk
assessment, the other steps being hazard characterization (magnitude of the hazard),
exposure assessment (in our context, an estimation of likelihood or frequency of
identified hazards) and finally risk characterization. The risk characterization step
takes into account the results of the previous three steps in order to provide an
estimation of the likelihood by which the adverse effects occur combined with their
magnitude 6]. This risk assessment may be a quantitative or a qualitative estimate.
The latter has prevailed in pevious cases with approval of genetically modified
organisms, because the complexity of biological systems makes it difficult to pursue
a quantitative approach.

Useful information for a risk assessment can be obtained from practical
experience with traditional crops growing in the same environment, as would the
modified crop to be introduced, but in some cases further experimentation is needed
particularly regarding gene flow and fitness.

Most of te established regulatory procedures of HRC/IRCs require the applicant
to deliver the relevant information upon which authorities may then base the
evaluation combined with expert opinions and, sometimes, public hearings involving
scientific institutions, consumer organisations, non-governmental organisations
(NGOs) and the general public.

The guidelines list relevant information that should be delivered by the
applicant, which encompasses information on the HRC/IRC, details about the genetic
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modification process, the inserted genetic material in the HRC/IRC, the environment
in which the crop will be grown, the foreseen interactions between the modified crop
and the environment, its potential environmental impact, the conditions for
experimental release or required information in the case of notification for placing in
the market, and pertinent information on monitoring and control of release.

2.1 Hazards associated with HRC/1RC

The guidelines are confined to deal with ecological hazard assessment of HRC and
IRCs based on a strictly scientific and technical approach. The hazard assessment
must be performed on a case-by-case basis and adapted to the local conditions and
agricultural production system. Other relevant aspects related to HRC/1RCs such as
food safety, pleiotropic effects associated with transgenes, ethical concerns and
socioeconomic consequences are not considered in these guidelines.

The assessment of potential hazards of growing HRCs/IRCs concerns both the
crop and its impact on the wild flora. Consequently, understanding the interaction
between the modified crops and all compatible relatives is crucial for a realistic
hazard assessment. Consideration may also be necessary to the fauna associated with
the crop, especially both insect pests and beneficial organisms. Possible hazards are:

• The HRCARC itself may establish beyond its agricultural boundaries and
growing season and become a weed in adjacent areas or succeeding crops.

• The HRC/IRC may pollute the gene pool of unmodified relatives growing in the
same or adjacent areas, depending on cross pollination characteristics and agents
such as wind or insects. In some instances where the population size of native
relatives is low, genes from the transgenic crop could dominate the native
population and lead to their extinction. The compatibility between the HRC/1RC
and non-target species is critical in this regard.

• The HRC/IRC may have botanically identical or closely related species that can
hybridise with the crop, either in the adjacent ecosystems or in the agro-
ecosystem. Hybridisation could lead to pollution of non-transgenic crops, gene
stacking in volunteer plants and transfer of the resistance trait to weedy or wild
species.

• The continuous use of HRCs with their associated herbicide over large areas for
several years may change the composition of the weed flora by selecting for
naturally tolerant weeds. This is particularly important in monocultures or in
cropping systems with limited crop rotation or minimum tillage.

• Intensive use of HRCs/1RCs may have a detrimental effect on the populations of
non-target organisms (e.g. birds, pollinating insects, soil fauna or other
organisms associated with the crop plant). In particular exposure to insecticidal
toxins from IRCs over long periods could affect predators, parasitoids and other
non-target organisms associated with the target organism, however, these side
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effects of IRCs producing insecticidal toxins may be difficult to assess because
of limited local knowledge. Thus, scientific expert consultation may be required
on a case-by-case basis.

• In case of IRCs, the engineered traits may increase fitness of volunteers or
weedy hybrids, thus making a crop turn into a weed that may interfere with
future crop production or aggravating the negative impact of existing weed
species. The incorporation of resistance into a non-target species may also alter
its competitive ability and displace other native species but probably only if
exposed to the herbicide.

• Intensive use of IRCs may select insect strains resistant to the oxins produced
by the plant as a result of the genetic alteration.

2.2 Hazard assessment

In assessing hazards associated with the introduction or planting of HRCs/IRCs in a

particular area or country, a starting point will be to identify the scenarios (agro-
ecosystems) under which the crop will be released and select the appropriate

procedure to assess the specific hazards associated with it. Whatever approach is
used to identify hazards, care should be taken to consider hazards to both agricultural

and natural ecosystems.
As indicated before, any assessment of hazards and risk requires a case-by-case

study and is location-specific. Specific local conditions would determine the relative
importance of each type of hazard. For example, cropping patterns and landscape
could have an important role in the possible escape of transgenes a process that
involves hybridisation followed by the subsequent establishment and persistence of
the hybrid. The likelihood of GMCs and wild relatives forming hybrids is
particularly pertinent in the centres of origin and diversity of crops, thus hazards
derived from gene flow should be the priority in assessing the overall risk of release
of GMCs in these areas. Another special case is that of a crop that has conspecific
weeds, which increases the risk of gene movement from the GM-crop.

The final decision on releasing HRCs and IRCs is ultimately a balance between

science, economics, ethics and values, local benefits and public interest.

Consequently, the perceived hazard sometimes reflects conflicts of interests. The use
of assessment keys should facilitate arriving to a decision based on scientific

knowledge rather than on perceptions, although a quantitative approach has not yet
been developed. The keys presented below were designed only as a guide in

assessing the ecological hazards based on the most likely relevant scenarios. They

have limitations and should be considered carefully according to local conditions and
experience. The keys are a useful method to initiate the process of the hazard

identification and assessment for IRC/HRCs, but do not themselves provide the user

with a conclusive description of the implications of planting IRC/HRCs. The

135



questions in the keys have been arranged according to increasing magnitude of the

hazards, where these rankings of hazards were possible. Two main possible
simplified scenarios are considered:

Scenario I

The HRC/IRC is to be released in an agricultural system where there are compatible
wild relatives or weed species

When a HRC is to be released into an area where there are compatible wild or weedy
relatives there is a possibility that the transgenes will escape and introgress into those

compatible species. As a result, the wild or weedy relatives (congeneric or

conspecific) could become resistant to the herbicide, making them a more noxious
agricultural or environmental pest. There is also the possibility that the competitive

ability of wild relatives might be altered especially if IR-genes become established in
native populations. This possibility is of particular concern when the RC is to be

released into its wild progenitors centre of origin or diversity, which serve as a

particularly valuable source of genes for plant breeding. Useful and irreplaceable

genes might be lost if introgression with transgenic crops results in the replacement

of native genes. Under these conditions, assessment should consider all the
corresponding keys below.

Scenario 2.

The HRC/IRC is to be released in an agricultural system where there is no likelihood
of gene flow to other species

Under this scenario, there are tree main concerns to consider. Weeds could evolve

resistance to the herbicide that the HRC withstands because of the selection pressure

imposed by its use. Secondly, management of HRC volunteers in succeeding

plantings of the conventional crop or in rotation crops could become increasingly

difficult. Finally, there is the possibility that insects could evolve resistance to the

insecticidal toxin produced by the IRC because of increased selection pressure.

Initiate the assessment by considering key 3 and key 4 or 5, which address potential
problems with volunteers and the build-up of resistance.

Key I.: Likelihood that the competitive abilities of wild relatives occurring in
wild areas will be altered by hybridisation with transgenic crops

1. Is the crop only se4f-pollinating�'
If no: Go to No. 2 If yes: Stop, go to key 3.

2. Can viable hybridsform between the crop and wild relatives?
If yes: Go to No. 3 If no: Stop, go to key 2
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3. Do these wild relatives occur in the proximity of the crop?
If yes: Go to No. 4 no: Stop, go to key 2

4. Do the crop and the wild relatives overlap inflowering periods?
If yes: Go to No. If no: Stop, go to key 2

5. Do hybrids survive and reproduce in the native habitat
If yes: Go to No. 6 If no: Stop, go to key 2

6. Does HR11R trait give hybrids or introgressants afitness advantage in wild
habitats?
If yes: Likelihood of If no: Stop, go to key 2.
producing new, more
competitive native
species

Key 2 Likelihood that a new type of arable weed will be produced by gene flow
between transgenic crops and its relatives

1. Do hybrids occur between the crop and any weedy1wild relative?
If yes: Go to No. 2 If no: Stop, and go to key 3.

2. Do these weeq�,Iwild relatives occur in the proximity of the crop?
If yes: Go to No. 3 If no: Stop, and go to key 3.

3. Do the crop and the weedy/wild relatives overlap inflowering periods?
If yes: Go to No. 4 If no: Stop, and go to key 3.

4. Are the hybrids andlor introgressanis highly competitive in arable
environments?
If yes: Go to No. If no: Stop, and go to key 3.

5. Are hybrids or introgressants herbicide resistant or insect resistant?
If HR: Go to No. 6 If IR: Go to No. 

6. Can HR hybrids or introgressants easily be controlled by other means
besides he herbicides associated with he HRC?
If yes: Likelihood of If no: Go to No. 7
losing one herbicide

7. Is the same herbicide used in succeeding crops?
If yes: Likelihood of If no: Stop and go to key 3.
losing the only weed
control option
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8. Does the JR trait confer an increasedfitness in the wild/weedy relative
compared to non-JR relative 9
If yes: Likelihood of If no: Stop and go to key 3.
increased weed problems

Key 3 Likelihood that the transgenic crop will become a volunteer problem on
arable land or wild areas

1. Is the crop known to leave volunteers in succeeding crops 
If yes: Go to No. 2 If no: Stop. There should not be a

volunteer problem. Assess hazard of
evolution of herbicide or insecticide
resistance (keys 4 and )

2. Does the crop have weedy trails?
If yes: Go to No. 3 If no: Stop, and go to key 4.

3. Is the volunteer plant expected to be herbicide resistant or insect resistant?
If HR: Go to No. 4 If IR: Go to No. 6

4. Can the HR-volunteer easily be controlled by other means but he herbicides
associated with HRC?
If yes: likelihood of If no: Go to No. 
losing use of one herbicide

5. Is the herbicide usedfor control of non-transgenic volunteers in succeeding
crops?
If yes: likelihood of losing If no: Stop, and go to key 4.
the weed control option
(herbicide)

6. Is the JR-volunteer crop able o establish ielf in he wild9
If yes: likelihood of If no: Go to No. 7
escapes into wild habitats

7. Can the R volunteer easily be controlled insucceeding crops?
If no: Go to No. If yes: Stop, and go to key .

8. Does he R trait confer an increasedfitness in the volunteer compared to non-
transgenic volunteers 9
If yes: Likelihood If no: Stop, and go to key .
of increased weed problems
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Key 4 Likelihood of build-up of HR-resistant weeds

1. Are resistance cases to the herbicide that the HRC withstands or herbicides
belonging to he same chemicalfamily or having the same mode of action or
degradation known to occur, or is geneflow possibleftom HRC to related weedy
species, or is the herbicide a new chemical?

If yes: Go to No. 2 If no: Stop. There should be a low
hazard of evolution of herbicide
resistant weeds, especially if integrated
weed management is used

2. Is the cropping system primarily a monoculture or the HRC is or will befully
rotated with oher crops?
If monoculture: Go to No. If fully rotated: Go to No. 3

3. Is weed management primarily based on an integrated s1ratqT or on chemical
control?
If chemical control: If integrated strategy: Stop. Very
limited hazard of Go to No. 4 herbicide resistance evolution

4. Is the mode of action (MOA) of the herbicide used in HRC crop similar or af�fferent
to that used in he other rotational crops?
If same: consider likelihood If other: Stop. Very limited hazard of
of selection for resistant weeds herbicide resistance evolution

5. Is weed management under the monoculture system primarily dependent on
herbicides?
If yes: Go to No. 6 If no: Stop. Very limited hazard of

herbicide resistance evolution

6. /s he herbicide o he used in the HRC a new persistent compound or a chemical to
be used twice or more in cropping cycle 9
If yes: consider the If no: Go to No. 7
likelihood of selecting
new resistant weeds

7. Does the herbicide used in HRC share A0A with ohers in use?
If yes: Risk of aggravating If no: Stop. Limited hazard of herbicide or
speeding resistance problems resistance evolution
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Kev 5.: Likelihood of build-up of resistant insects

1. Does the IRC comprise a major proportion of the local area planted with non-
transgenic varietie o thai crop?
If yes: Go to No. 2 If no: Stop. Limited hazard of insecticide

resistance evolution

2.: Does the JRC express only a single orfew insecticidal-toxin(s) active against
the harmful insect?
If yes: Go to No. 3 If no: Stop. Limited hazard of insecticide

resistance evolution

3. Is expression of the IR trait confined to a short-lasting selected growth stage of
the crop?
If no: Go to No. 4 If yes: Stop. Limited hazard of insecticide

resistance evolution

4. If resistance in insects occurs, is expression of the IR rait associated with a
significantfiiness penaltyfor the resistant insect?
If no: Go to No. If yes: Stop.

5. Are resistant insects easily controlled by oher control measures?
If yes: likelihood If no: likelihood of losing the IR trait
of losing effect of and specific-toxin based biological
the IR trait pesticides

3. The Revision Process

Comments and suggestions received after the initial draft, were distributed to several
scientists worldwide with expertise in weed science, entomology, biotechnology and
risk assessment were compiled. Responding scientists emphasised and appreciated
the importance of maintaining the guidelines as simple as possible and the
consultation process initiated by circulation of the draft. In September 2000 a two-
day workshop was held in Copenhagen to discuss the improved draft. Sixteen
scientists and regulatory authorities from Africa, Middle East, South East Asia, the
Americas and Europe participating in the workshop thoroughly discussed the
components of the guidelines: the definitions of terms, delimitations, responsibilities
of authorities, applicants and farmers, the basis for a hazard assessment of a herbicide
or insect resistant crop and the suitability of the decision keys for identification and
characterisation of hazards. Upon approval by the proper authorities, the final
guidelines will be published by FAO and made available to users by appropriate
means including the FAO web-site.
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4. Conclusions

The decision keys serve as a framework for identification of relevant hazards in a
given scenario with HRC or IRC. The decision keys should be used on a case by case
basis and may help identify which hazards are relevant in the particular environment
and agricultural system into which the crop is intended to be released. Hazard
assessment is only the first step in a risk assessment that requires an estimation of the
magnitude of the identified hazards and of their likelihood. Although the overall risk
assessment is beyond the scope of the guidelines, we believe that the simple approach
proposed here may facilitate the initiation of a regulatory framework where this has
not yet been implemented.

References

1. James C. Global review of commercialized transgenic crops: 2000. ISAAA
Briefs No 2 : Preview SAAA: Ithaca, NY, 2000

2. Secretariat of the Convention on Biological Diversity. United Nations
Environment Pogramme. Cartagena Protocol on Biosafety.
htti)://www.biodiv.orp-/biosafety/. March 2001

3. Rissler J. Mellon M. The ecological risks of engineered crops. The MIT Press,
Cambridge Massachusetts, 168 pp. 1996

4. Rotteveel T.J.V. de Goeij J.W.F.M. van Germerden A.F. Towards the
construction of a resistance risk evaluation scheme. Pesticide Science 5 1, 407-
11. 1997

5. Gressel, J. Rotteveel T. Genetic and ecological risks from biotechnologically-
derived herbicide-resistant crops: Decision trees for risk assessment. Plant
Breeding Reviews 18, 251-303. 2000

6. FAO/WHO. Application of risk analysis to food standard issues. Report of the
joint FAO/WHO expert consultation. Geneva, Switzerland 13-17 March 1995

141



21111101111
SE0300383

Use of Multimedia for Enhancing Transparency
in Radioactive Waste Disposal

Evaluations

Jerry McNeish Loril-ong
John Avis Sean Lemons

Geoff Freeze TRW, Inc
Debbie Miller 6001 Indian School Rd, NE
Duke Engineering and Services, Inc. Albuquerque, NM 871 
1180 Town Center Drive USA
Las Vegas, NV 89144
USA
(702)-295-6858
Email: Mcneish�)notes.yrnp.gov

Abstract

The U.S. Department of Energy and its contractors are currently evaluating a site in
Nevada (Yucca Mountain) for disposal of high-level radioactive waste. The project
is technically and politically complex, has multiple stakeholders, as wet] as schedule
constraints. All of these factors contribute to a difficult environment in which to
provide a transparent (clear and understandable) documentation of the analyses of the
site. This paper describes the development and use of multimedia to present a
summary of the results of the recent Total System Performance Assessment of the
repository system in a transparent fashion, accessible to a variety of audiences.

Transparency includes imparting a high level of understanding to the stakeholders,
many of whom are not technically sophisticated in the nuances of radioactive waste
disposal.

The technical complexity of radioactive waste requires evaluation of uncertainties in
the processes and rates that will occur in the disposal system in the future.
Forecasting the performance of the system with models attempts to establish the
limits of the possible perfon-nance outcomes of the disposal system. The forecasting
is limited by available data and our current ability to assess what might happen to the
disposal system through time. Coupled processes add uncertainty to the behavior of
the system through time.

The overall approach to developing the multimedia summary of the recent TSPA
involved coordination of technical specialists, graphic specialists, multimedia experts,
and technical editors. The ultimate product is contained on a single CD, with a single
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entry point, that allows the user full control in navigating trough the information on

the CD.

1.0 Introduction

The transparency of the TSPA analyses has been an ongoing issue within the Yucca
Mountain project. The analyses are complex. There a-re multiple models involved
with a large source of background information supporting those models. Describing
the analyses requires care in defining the appropriate level of information for the
particular audience. Some audiences are more technically informed than others.
Some have less risk analysis background. Presentation of the recent TSPA was
intended to reach a technical audience, but also provide clear background material for
those not knowledgeable about the repository project. To that end, a summary
multimedia presentation was envisioned that could be utilized on a standard personal
computer and provide interactive capability to allow the interested audience to
navigate wherever they chose to collect the information they desired. The product
was developed over the course of the latest TSPA iteration, with numerous reviews,
and provides a summary of the analyses documented in a 1200-page technical report.

2.0 Description of Multimedia Product

The product is based on information contained in the Total System Performance
Assessment for Site Recommendation 1], with a goal of being consistent with that
document. Many of the graphics in the product were initially developed for the
technical report. The results are simply extracted from the document. However,
general text, virtual photo tours of the site, and additional animations to depict the
processes that could occur in such a repository system have been developed for
incorporation in the product. The product is created in Macromedia Director. Many
of the initial graphics were developed in Adobe Illustrator and Photoshop, then
imported to the Director file.

The product was designed to be fluid on a personal computer with a 400 MHz
processor. There are no special requirements beyond that, though the product is
certainly faster and easier to use at greater processor speeds. Another key design
feature was to allow the user to easily move from component to component within the
product.

The entry screen for the product is shown in Figure . The basic structure of the
product is to provide an introduction to both the project and to the science of TSPA.
This is supported by component model descriptions at a level below the total system,
and results from both this component level and from the total system level. An
example screen for the component model is shown in Figure 2. Numerous animations
(not presentable in this paper) are also incorporated into the product to assist the
audience in understanding various features and processes of the repository system.
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However, an example screen from the virtual tour of the engineered baff ier system is
shown in Figure 3.

3. Key Issues in Design and Development of the
Product

Definition of the audience for the product is truly a difficult task since the variety of
audiences and stakeholders for the project is nearly endless. A one-size-fits-all"
type of product was not a viable option, given the resources and time available. So, a
subset audience had to be selected. For the repository project to gain necessary
approvals, the regulatory agencies and technical review boards must be able to
understand the depth of information available on the repository. Additional public
presentation is also necessary. How much time the audience has available to absorb
the information is also factored in. The audience selected for the product was an
educated, but not necessarily project-educated, audience who might be more willing
to get at the information in an interactive, high-graphic-content CD, rather than a
large technical report. Of course, once the product is released to various audiences,
they always have ideas on other information that could be included to reach even
other audiences. Or, they may take the opposite stance and suggest that the whole
product is too simple and should be omitted. We received both comment sets during
review of the product.

The ease of use of the product is another key issue. With the design of the product in
a layered information approach, the audience can stay at a general information level,
or delve deeper into topics that are of more interest or importance to them. The
product attempts to provide that layered information approach and links to a
significant body of infori-nation well beyond the information contained on the CD.

How simple to make the multimedia presentation was another issue. Though this was
partially solved by defining the audience for the product, there are still questions
about whether or not to go to another level of simplicity with the graphics in order to
provide the desired transparency. This issue was further resolved by relying on the
TSPA technical document as a starting point, which itself had requirements to be
transparent for the audience. But animations were defined where appropriate to
expand the level of transparency beyond that available in the technical document.

4. Product Presentation Results

The product has been utilized at various general conferences and specific meetings on
radioactive waste disposal as a communication tool for presenting the results of the
recent TSPA analyses as well as the general system involved. The multimedia
product has been well received as an aid to transparency, though there are always
suggestions on improvement. The product is viewed as a useful tool for providing
training to those new to the project or new to the subject of radioactive waste
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management. Many have asked whether the product could go on the Internet. In fact,
it could be made Internet-ready without major modifications. Some of the animations
would need to be shortened or otherwise modified. The tool also has promise at
Science Centers as a standalone product for interested visitors to use as a learning

tool.

5. Future Plans

The multimedia product is being utilized in presenting the TSPA analyses to various
audiences and is currently undergoing modification to incorporate additional features
suggested by the U.S. Department of Energy and other reviewers. The product has
been viewed as being more universal if it provides increased linkages with other
project documents. This is one potential expansion of the breadth of the product.
Additionally, the product is envisioned to be linked to a TSPA trainer model that
would allow the audience to explore the effects on repository perfortriance of varying
certain aspects of the model.
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1 A problem?

This paper is focussed on how municipal elected leaders in three Swedish feasibility
study municipalities - Nyk6ping, Oskarshamn and Tierp - have tried to ensure that
future decisions by their respective municipalities will be based both on factual
knowledge and on existing opinions held by he general public. These efforts have
contributed to an empowerment of the legitimacy of municipal decision-muking
within the nuclear waste management field and, probably, also served as a factor
contributing to trust building with regard to these issues. The three cases show three
ways to handle the problem, although there are also common features.

The municipalities of Nyk6ping and Oskarshamn have been facing these issues since
1995. In the case of Tierp, the municipality was confronted in late 998 with the task
to choose a strategy for its involvement in the site selection process and then,
immediately, implement that strategy.

A decision to construct a final repository for spent nuclear fuel has an obvious local
dimension. It is not enough that an implementer is capable of developing a method
that is considered to be safe enough by the regulatory authorities and by the
Government. Nor is it enough that the implementer has succeeded to choose a site
that these institutions consider to be suitable. A vital condition for a successful result
is also that the general public, especially people living close to the site, have trust the
process leading up to the decision - and of course also that the general public is
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confident that the implementer and the regulator have agreed on a sound technical
solution of the disposal problem.

In other words, decisions in this area by Government and regulatory authorities do
not only have to comply with existing legislation (obviously decisions by such bodies
have to be Aegal')-, they also should have a democratic legitimacy.1�

In a representative democracy like Sweden, with high voting participation, it may
seem self-evident that the municipality's elected politicians, i.e. particularly members
of the municipal council and the municipal board, should be regarded as the
legitimate representatives of the municipality, and hence the representatives of the
population. But is this 'forrnal' approach enough when deciding on issues connected
with the establishment of a final repository for spent nuclear fuel? Which means of
interaction between the elected representatives and the public can be initiated in order
to ensure that decisions by the fon-ner will reflect dominating opinions within the
latter - thus contributing to creating trust in the decision-making process? How do the
elected representatives handle a situation where concerned groups of citizens, acting
alongside the more or less established political parties, claim to reflect a more true
picture of the public attitude than what is presented by the ordinary municipal
politicians?

2. Some facts

2.1 General

During the period of 1995 - 2000, The Swedish Nuclear Fuel and Waste
Management Co (SKB)' has been carrying out feasibility studies in six Swedish
municipalities, in preparation for siting a final repository for spent nuclear fuel. Two
of the municipalities concerned, 6stharnmar and Oskarshamn, are hosting nuclear
power reactors and a third, Nyk6ping, is hosting a research reactor. Two of the
remaining municipalities, Tierp and Alvkarleby, are situated close to 0stharnmar and

2one, Hultsfred, is a neighbour of Oskarshamn .

The aim of a feasibility study has been to identify areas that might be of interest for
further investigations. Based on the results from all feasibility studies and from other

The nuclear industry, acting through SKB, has a legal obligation to act as the implementer
for nuclear waste management and final disposal in Sweden.
2Between 1993 and 1996 SKB also carried out easibility studies in two municipalities in
northern Sweden (Storuman and Malil). Municipal referenda were held in 1995 and 1997
respectively, and resulted in a majority or NO to further investigations. As a result, SKB has
declared that these municipalities will not be considered as candidates or site investigations.
SKB has also reported that the company has had more detailed discussions concerning the
possibility of carrying out a feasibility study in about a dozen more municipalities. For the
names, see the enclosed map (appendix 2)
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material, SKB concluded in November 2000 that the company would like to start site
investigations including borehole drillings during 2002 in tree areas, situated within
the municipalities of Oskarshamn, Tierp and Osthamma-r. It is understood, although
not being a legal obligation, that SKB will only realise these plans given a municipal
approval. SKB hopes to obtain such an approval in late 2001. The future results of
the siting investigations are expected to form the basis for a formal application to the
Government to start detailed investigations for the construction of a final repository
for spent nuclear fuel at a certain place somewhere in Sweden. SKB plans to be able
to present such an application and to obtain the necessary permits during the period of
2006-2008 as a basis for a stepwise construction phase.

Municipalities that are concerned by SKB's siting activities are entitled to limited
economic support from Government sources'. This support should be used for
information activities and for competence development among the general public and
their elected representatives. Competence development includes encouraging public
debate on all issues connected with nuclear waste disposal. Municipalities may also
use such economic support for encouraging the activities of local concerned groups'.

2.2 Nyk6ping

The municipality of Nyk6ping was approached by SKB in the first half of 1995. The
reaction by the elected municipal leadership was in essence the following: It is not
required by law for SKB to acquire a permit by the municipality or by the
Government to carry out a feasibility study. Given this fact, the elected municipal
leadership did not see any reasons for the municipal council or for the municipal
board to deal with or even to discuss this matter at this stage. But the municipal
representatives told SKB that they were not negative towards the company's plans.
They also anounced that they intended to set up some sort of working group with the
task to follow SKB's work and to review the results. - This reaction could be
characterised as a passive consent.

The municipality set up an Information and Review Group. All members of this
group were representatives of each political party represented in the municipal
council. The task of the group was to represent the municipality towards SKB. The
person who chaired the group was an elected representative for the leading political
party and was given a sort of political accountability for the municipality's
involvement in the project.
A preliminary report of the feasibility study was presented by SKB in May 997. The
municipal answer to SKB appeared more than two years later, in December 1999.
SKB presented its final report in early November 2000.

3The Government may use means from the Nuclear Waste Fund (to which the nuclear utilities
have to pay a fee per kWh to cover all costs for nuclear waste management) for this purpose.
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In the announcement by SKB in November 2000 concerning siting investigations in
some municipalities (see section 21) it was also clearly said that SKB did not at
present plan any new borehole drillings within the municipality of Nyk6ping. But,
based on results from drilling investigations during the early 1980's, SKB stated in
the same announcement that there exists, within the municipality, one geological
formation of particular interest. Although further studies of non-geological factors to
determine the suitability of that site were announced by SKB, it seems clear that SKB
would prefer other options than Nyk6ping if such options will be available.

2.3 Oskarshamn

When the municipality of Oskarshamn was approached by SKB in 1995, the political
leadership had to take into account some facts that made the situation for the
municipality very special. Among these facts were:
0 The municipality had already in 1978 agreed to host SKB's interim storage for
spent nuclear fuel from all Swedish nuclear power plants (CLAB; in operation since

1985).
0 In the late 1980s the municipality had agreed to host SKB's underground hard
rock laboratory, provided that this laboratory would never be used as a repository in
the future.
0 SKB had presented plans in 1992 to enlarge the existing CLAB facility and to
construct an encapsulation facility immediately adjacent to CLAB.

SKB's plans for enlargement of CLAB and for constructing an encapsulation facility
led the municipality to decide to build up municipal competence to deal with the
nuclear waste management issue. The municipal strategy was to create a situation in
which municipal experts could match the experts of the company, at least by being
able to discover possible weak points in arguments put forward by the company.
After applying to the Government for economic support for this initiative, the
municipality was given a grant in 1994 and started a project called Local Competence
Development.

As a result, both elected politicians and their staff possessed thorough knowledge
about nuclear waste management. Therefore they were prepared to cope with the
situation when SKB approached the municipality in May 1995 about a feasibility

study.

The municipal answer to SKB was prepared carefully. The elected municipal council
started by arranging information meetings for the public during the summer of 1995.
The council was ready for a decision in October 1996. SKB was 'allowed' to carry
out a feasibility study in the municipality provided that certain conditions were met.
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Based on considerations, which were allowed to take almost one more year, a
municipal feasibility study rganisation was set up.' The municipal council and the
municipal board head this. Experts within the Project Local Competence
Development mentioned earlier should serve as resource persons to six separate
working groups (about 68 members) for different subject matters. The expression "to
stretch SKB- was used. It illustrated conscious efforts to obtain clear answers by the
company on every issue raised at different meetings. It is obvious that SKB has
worked with an ambition to respond positively to this 'stretching'.

In June 1999, SKB presented a preliminary feasibility study report to the municipal
council. The municipal review work was done by the municipality's feasibility study
Organisation.

Based on an interaction with different parts of the community, the municipal council
decided on a response to SKI3's preliminary report in March 2000. The municipality
stated clearly that if SKB would wish to regard Oskarshamn as a candidate for an
encapsulation facility or a site investigation, the municipality would demand a clear
EIA-process a clear decision-making process, and a solid basis for decision-making.

In November 2000 SKB announced that a preferred alternative for site investigations
within Oskarshamn was a geologic area starting west of the small peninsula of
Simpevarp, which is the location of the nuclear power plants and the CLAB facility.

2.4 Tierp

As a cose neighbour of Osthammar, the municipality of Tierp was well aware of the
feasibility study that SKB was conducting. In April 1998, the municipal leadership
was infon-ned by SKB that it might be interesting to study some areas close to the
border of Osthammar. Further discussions during the following weeks led to a formal
letter, in which SKB asked Tierp about the municipality's attitude towards a possible
feasibility study covering the entire municipality.

The elected representatives of Tierp acted quickly. As early as June 1998 the
municipal council voted unanimously for a positive reaction. No conditions were
attached to the decision.

During the rest of 1998, the municipality drafted a 'plan of action' on the issue. In
February 1999 the municipal council adopted the plan. A municipal 'feasibility study

4The municipal feasibility study rganisation stills exists, although adapted to
changing circumstances. The current task is to review SKB's proposal for a site
investigation in Oskarshamn and to prepare the municipal response to SKB's
proposal.
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Organisation' was set up, consisting of the working committee of the municipal board,
a political coordinator and a reference group of 14 members.

As SKB produced a number of different reports during less than a year, intensive
discussions took place between the reference group and SKB. The company's
preliminary report from the feasibility study was published in February 2000 and the
municipality was asked for comments. Based on an analysis by the reference group,
the municipal council decided on a review statement in late November 2000.

This statement is very critical in its tone and demands a 'fare more comprehensive
and unbiased feasibility study' than the preliminary version. The formal decision by
the municipal council to adopt this statement was made some week after SKB had
announced it plans for a site investigation in an area within the municipality (see
section 2 1).

3. Elected representatives and the voters

3.1 Nyk6ping

Most of the elected representatives of the political parties in Nyk6ping saw no
reasons to have the issue of SKB's feasibility study under discussion in the municipal
council. Their position seem to have been that the issue should first be put on the
council's agenda when and if SKB concluded that the company wanted to carry out a
site investigation within the municipality.

The inhabitants of Nyk6ping have so far shown limited interest in SKB's feasibility
study. Some opposition has, however, been noticed from a couple of local
organisations. The most active group - R�idda Fjdllveden (Save the jdIlveden area) -
was set up more than fifteen years ago in order to prevent SKB from exploratory
drilling in the area. Another rganisation, which has shown an active critical interest
in SKB's feasibility study, is a local regional historical society, based in one of the
areas that have been pointed out as a possible candidate for a future siting. These
groups are very critical towards both SKB's siting activities and towards the
municipality's acting in this matter. R5dda jiiliveden has requested comparatively
extensive economic support by the municipality for their own information activities,
but their requests have been turned down, with the exception of some minor funding
in connection with meeting arrangements. They have made complaints to regulatory
authorities and the Government regarding the decisions by the municipality, but
neither the authorities nor the Government have found reasons to intervene.
Representatives of these opinion groups have accused leading local politicians of
handling the matter of the feasibility study in an undemocratic way by not putting the
issue on the agenda of the municipal council. People from these groups have declared
that they have no trust whatsoever in the established municipal politicians.
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At present it is difficult for an outside observer to assess whether these very critical
voices reflect the feelings of a substantial part of the population in the municipality of
Nyk6ping (cf. section 4 However, it is a fact that there exists a deep mutual distrust
between the municipal political establishment and these opponents. SKB has not in
any way referred to this fact when they have explained their motives for the
November 2000 announcement on site investigations (cf. section 2 1).

3.2 Oskarshamn

When representatives of the municipality explain the motives for the deep municipal
involvement in the nuclear waste management issue, their arguments can be
surnmarised in three major points.

The municipality has a very special situation, as the spent nuclear fuel
from all Swedish reactors will be temporarily stored at CLAB. If no solution or site is
found, the fuel will remain in the 'municipality back yard'. The problem cannot
simply be voted away.

0 An active participation will contribute to a better programme. The
industry and the licensing authorities have numerous experts in natural sciences - but
their understanding of public reactions and what forrns this particular local society is
limited. Local political leaders and the public itself are far better suited to evaluate
their current and future needs. Only with the active participation of representatives of
the municipality can this knowledge be shared by implernenters and regulators, and
thus included in the overall basis for future decisions.

4, An important bonus effect is probably an increased respect for the
political system in general and its ability to handle multi-facetted societal problems.
According to the local politicians of Oskarshamn a passive municipal strategy would
be detrimental, as it might lead to mistrust of the ability of the representative
democratic system.

In particular the last point illustrates a conscious intent to avoid a situation where
bconcerned' groups of citizens could argue that their arguments are not taken
seriously or, even worse, they are not even listened to. The local politicians of
0skarshamn seem to be able to act from a position of trust among the voters (cf.
section 4.

3.3 Tierp

A critical opinion group, SOS-Tierp, was formed soon after the municipal decision
to let SKB carry out a feasibility study. Inhabitants of a small community close to one
of the identified areas of potential interest have also demonstrated a clearly critical
attitude towards SKB's work.
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The SOS-Tierp opinion group has kept a high profile from the beginning. In
September 1999, the group applied to the municipal board for substantial economic
support for a local information project on the nuclear waste management issue. After
some considerations, the board granted the necessary funds to SOS-Tierp.

The written motivation for this decision can be summarised as follows: SOS-Tierp
reviews SKB's plans for a disposal method and for the site selection process starting
from a critical attitude. By doing so, the group is actively contributing to a
comprehensive feasibility study. The group is guided by commitment and by
knowledge, and is thus playing an important role in forming public opinion within the
municipality.

It should be noted that one of the most elaborate review statements to the
municipality on SKB's preliminary report was produced by SOS-Tierp in September
2000. There are clear similarities between this statement and the official municipal
statement decided in November 2000. Representatives of SOS-Tierp have publicly
commended he municipality for its statement. However, it remains to be seen if the
critical attitude of SOS-Tierp also is spread among the voters of Tierp (cf. section 4.

4. Who is representing the general public?

Discussions on public participation and public involvement in major projects
frequently give raise to questions such as: Who is the public? Who should participate
in the planning and decision-making processes? Who are the 'true' representatives of
the public? Sometimes public participation is even regarded as something that has to
take place outside the 'ordinary' or 'traditional' political system of a country.

The tree examples from Sweden presented in this paper show that there are different
ways for the representative democracy on the local level to handle issues concerning
nuclear waste management in a manner that also creates trust and respect from critical
groups. All the three municipalities have made considerable and admirable efforts to
tackle local problems connected with information and building up knowledge in
issues relating to nuclear waste management and final disposal. There is a clear
commitment to give both the elected representatives and the public a solid basis for
making informed decisions.

Municipal efforts are facilitated by the fact that SKB is consciously sending top
management and/or senior personnel to all meetings with the municipalities. Of equal
importance has been SKB's attitude in recent years to approach the municipal
representatives - with no ready-made 'solutions' but with ideas, which require
common further discussions in order to find a solution. 'Dialogue' seems to have
replaced information' as a key strategy for SKB's relations with concerned

municipalities.
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The fact that the regulatory authorities gradually have realised that they have to be
active and visible in the local arenas has probably also strengthened the position of
municipal representatives. The activities of the authorities are not limited to
occasional information, but mean current contacts on senior staff level. The regulators
are actively demonstrating that they are in the service of the citizens and accountable
to them.

It seems clear that the elected politicians in NyUping have worked with the intention
to create an open decision making process and to ensure that all views are carefully
considered. But in Nyk6ping elected politicians have been met by more distrust by
local critics of SKB's activities than has been the case in the other two municipalities.
A few of these local critics have chosen not to co-operate within the group set up for
advisory purposes by the municipality. In stead they have forwarded their arguments
through the local media. This seems to have resulted in a growing cleavage between
them and the 'established' representatives of the municipality. Requests for
comparatively extensive economic support have been made, municipal
representatives have decided to turn down such requests - and the gap has increased.
At present, chances to improve the prospects for a dialogue seem to be limited.

How deep and how widespread this distrust is and why it exists can only be
determined by a more thorough analysis. Opinion surveys in late 1999 and in May
2000 indicated that more than two thirds of the population in Nyk6ping would accept
further investigations. But the attitude of elected representatives to refrain from
having a public discussion in the municipality council about the involvement in a
feasibility study, may be vulnerable to criticism.

In Oskarshamn there seems to be no debate at all about who should be considered to
be the 'true' representatives of the public. The deep involvement of the municipality
does not seem to have been questioned by anyone.

A possible reason for this is the fact that the municipal attitude has been one of
addressing the nuclear utilities with firm and distinct demands and of accepting only
satisfactory responses to those demands. The municipal attitudes to the nuclear waste
management issue is also characterised by a strong commitment to openness in the
decision making process. But commitment to openness and respect has also gradually
become a characteristic of SKB's attitude towards municipal representatives. This
open attitude has given the elected representatives an opportunity to show their voters
that views and opinions from the municipality in fact have influenced behaviour and
decisions by SKI3.

This fact may have contributed to a situation where the public has trust in their
elected representatives. Another contributing factor may have been the fact that, once
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the decision of 'allowing' a feasibility study in the municipality was made, all
political parties have agreed not to make local party politics on this issue. The result
seems to be tat the matter of democratic legitimacy for elected representatives is a
non-issue in Oskarshamn.

It is worth mentioning that opinion polls in late 1999 and in May 2000 indicated that
over four fifths of the inhabitants of Oskarshamn seem to be positive to further
investigations by SKB in the municipality. This represents the highest proportion of
all feasibility study municipalities.

Representatives of the municipality have described the 'Oskarshamn model' by the
following seven points':

• Total openness and participation - real influence.
• The EA-process is our tool - we co-operate on discussing which material is needed
for making decisions, but we make our decisions independent from other
stakeholders.
e The municipal council is our reference group - members of the council are
competent and are answerable to the voters.
e The general public is a resource - a distinct decision-making pocess and concrete
proposals result in commitment and influence.
e Local environmental groups are a resource - these groups and their experts are
giving important contributions to the work.
e SKB is 'stretched' for clear answers - we must have knowledge in order to be able
to formulate te difficult and relevant questions.
9 The regulatory authorities a-re our experts - the authorities participate during the
whole process and we make our decisions after listening to their views.

The activities of Oskarshamn have been internationally acknowledged.
Representatives of the municipality have been invited to seminars and conferences to
give presentation.

Relations in Tierp are characterised by the existence of two fields of forces. One is
the elected politicians who are anxious that their municipality continues to be
concerned by SKB's site selection process. The other is a dedicated opinion group,
which questions both the municipal involvement in SKB's site selection process and
basic parts of SKB's scientific work. But these two fields of forces seem to have
succeeded in having a working relationship.

5 It should be oted that this approach has been applied to an actual licensing case: In 1998,
the municipality ol'Oskarshamn gave its formal consent (required under Swedish law) to the
extension of the CLAB interim storage acility, after an EIA-process that was more extensive
than required by the legislation in force at that time.
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Opinion polls in late 1999 and in May 2000 indicated that more than 70 percent of
the population favoured further investigations. But, in contrast to the situation in
other feasibility study municipalities, the support was somewhat weaker in May 2000
than six months earlier.

It seems clear, in the case of Tierp, that the 'concerned' group so far feels that the
elected representatives have treated it fairly and with respect. The issue of the
legitimacy of the elected representatives has therefore not been on the agenda.
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Abstract
Since the early research activities in the mid seventies related to a final repository for
spent nuclear fuel and other radioactive wastes, much has changed in a direction that
allows a more open and transparent decision-making process. Important changes have
been noted in the legal framework - including EIA and financing - and in the roles of
the Swedish authorities, local politicians, NGO's, and media.

Trust and credibility is of course crucial for all actors in the decision-making process,
but the ways to gain tust is different depending on which role to play in the process.
A higher degree of trust in the different actors, and in the process itself, could be
gained from a better distinction between facts and value judgements, but also if the
roles of different actors are better clarified.

To understand the roles of the different actors, it is important to define each actors
.. arena" in terms of responsibilities, goals, standpoints etc. in several dimensions.
These dimensions could for example be geographic or the base for decisions
(scientific - political).

The roles of the different actors
The nuclear industry/SKB has the technical and financial responsibility for selecting a
site and to develop and construct a final repository. They shall provide information on
their activities and consult those affected of the site selection. Since the start of the
active site selection process in the 1990's SKB's attitude to public participation has
changed from an "informative approach" towards a more transparent and
communicative approach.

SSI and SKI has to ensure that the nuclear industry live up to their responsibility. The
authorities must also clarify the safety and radiation protection requirements for final
disposal. SKI and SSI earlier considered site selection a task essentially for SKB and
the municipalities that volunteered. The reason for this was the belief that the
regulators independence and credibility could be lost by an active participation in the
site selection process. Since about 1995, due to increasing demands from the
municipalities, SKI and SSI have become much more active in the site selection

160



process, participating in public meetings, seminars, the development of the decision
process etc.

All concerned municipalities participate in the site selection process on a voluntary
basis, and hve established organisations for monitoring and providing input to
SKB's studies to inform the local populations about the feasibility studies and to
engage in dialogue with people. The municipalities receive stakeholder funding from
the state, which has been of great importance for the site selection process.

Local interest groups are very active in some municipalities and are almost absent in
others. The interaction between local interest groups and the municipalities' site
selection organisations differs in the concerned municipalities, but in general the
municipalities have paid certain activities arranged by the local interest groups.

National NGO's rarely engage in the site selection process. There are for example
financial limitations for their ability to engage extensively in the site selection
process.

The County Administration Boards are requested to assist the implementer in
identifying stakeholders and to facilitate consultations and exchange of information.

Individuals that might be directly affected by a final repository (e.g. landowners) are
not possible to identify during the feasibility studies. When the site selection process
proceeds and possible areas for site characterisation are identified it will be possible
to identify those directly affected. The approach taken by both SKI3 and the
municipalities is to reach out to the public widely in order to prepare for the next
phase in the site selection. Also SKI and SSI participates, in collaboration with the
municipalities, in activities directed towards the public.

The process
Since the beginning of the 1980's the legal framework in the field of environmental
protection has successively changed in a direction that allows a more open and
transparent decision-making process. Today there is a higher degree of understanding
by the legislator that the decision-making processes not only have to consider the
needs of the implernenter and the regulator but also the requests of the concerned
public and NGO's.

In Sweden, the EIA instrument has became more elaborate and well defined when the
Environmental Code came into force 1998. With EIA, there is also a comprehensive
view built-in in the environmental legislation. The development of the more
transparent decision-making processes has been inherent with an insight of the SSI
and SKI to be more out-turned and visible for the concerned public in the
communities involved in the site selection process for a final repository for spent
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nuclear fuel. For the process to be widely accepted, the involved actors/stakeholders
must feel that their questions and interests are taken into account - which means that
there should be adequate "arenas" for different types of questions.

The nuclear waste arenas
The field of nuclear waste could be seen as a combination of the following arenas:

S u bj ect: Geographic:
• Radiation protection a International
• Technical a National
• Political 0 Regional
• Economical 0 Local
• Ethical

• Juridical ...

Each actor has of course different roles in the different arenas, which has to be
clarified. As Swedish authorities, SSI and SKI should not involve in the political
decisions (the political arena), except as experts for the political decision makers. But
the borderline between political and technocratic decisions is not always fix, as
described by Sundqvist 1991).

Municipalities involved in the feasibility studies, site investigations etc. are - often on
the local arena - focusing on the KBS-3 method, which is a prerequisite for the site
investigations, while NGO's are more interested in comparing other final disposal
methods to the KBS-3 method. A problem in the earlier efforts to fori a National
EIA forum for nuclear waste disposal was to reach a consensus about the size and
form of the arena, but also to clarify the different roles of the actors.

When using the method of hearings as an additional component in SSI's and SKI's
review of SKB's latest RD&D programme, the hearings were performed in two parts.
The first day focused on the method chosen by SKB, and the second day focused on
the site selection process to accommodate for different interests/arenas.

Trust
The evolution of a more transparent decision-making process, together with a more
communicative approach from the industry, regulators and concerned municipalities,
has increased the trust in these actors and in the process itself.

Ortwin Renn 1998) defines the components of Trust (institutional trustworthiness)
by the four factors:

Competence Openness Faimess Empathy
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Another definition of factors in assessing tust and credibility by Vincent Covello
(1993) is based upon the following four factors:

• Competence and expertise 0 Honesty and openness

• Dedication and commitment 0 Empathy and caring

Common with these and other definitions of trust is that the actual competence
/expertise is the only component that is "ha-rd"/associated with technical-scientific
skills, where the other components is "soft"/ associated with social-psychological

skills.

Trust (firm reliance on the integrity, ability, or character of a person or organization)
is of course crucial for all actors, but the ways to gain trust is different depending on
which role to play in the process. People seem to rely on the scientific knowledge of
the regulators, but are more sceptical about the commitment in the work of the
regulators. Concerning NGO's, people seem to rely on the commitment of the
NGO's, but a-re more sceptical about the scientific knowledge in the work of the

NGO's.

Value judgements
A good example to show how different facts, expert judgements and value
judgements interacts is partitioning & transmutation.

SSI has (since 1992) stated that partitioning transmutation should not bee seen as
an alternative method to the KBS-3 method. Two reasons for SSI's standpoint are:

1. Transmutation is a project for research father then a realistic alternative for
management of high-level waste.

2. Partitioning transmutation will entail large-scale nuclear activities that
will increase doses to workers and the public.

A broader approach for the argumentation for or against transmutation could be put
up in the following way, to demonstrate how different value judgements interact to
form a basis for an opinion or decision:
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[Partitioning transmutation] = [Time schedule]*[Research]"[Radiation
protection]*[Waste handling]*[Economics]*[Energy politics]*[Site selection]

Subject Judgement
I I Tme schedule Delayed programme (good or bad?)
2 Research Uncertainties if it will be possible to perform transmutation

in a large industrial scale

3 Radiation protection Increased doses during operation to workers and the public.
Less risks in the far future

4 Waste A final disposal of waste is needed for:
I Bulk waste: about 1000 years, and
2) For some long lived waste that will still exist

5 Economics The cost for the program is unknown and could be very high
6 Energypolitics A new generation of nuclear energy installations (good or

bad?) are needed which is not allowed by Swedish legislation
7 Site selection Site selection of the facilities for partitioning transmutation

Will be a huge task

Each of these factors includes value judgements, and the overall evaluation is a value
judgement in itself.

SSI's arena - radiation protection - is partly outside the nuclear waste arena, but it is
important for SSI to use the whole arena to show a transparent comparison between
different radiation risks. Defining SSI's arena makes it easier to show SSI's base for
decisions and judgements on facts and values. Other related fields where SS] then
should be able to improve communication concerns for example depleted uranium,
electromagnetic fields, mobile telephones and radon problems. This should then be
beneficial for the risk communication etc. in nuclear waste arena.
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As it is well known, an accident with a teletherapy source made of 137CSCI with an
initial activity of 59 TBq occurred in Goiania, in September of 1987. This paper will
discuss the decision-making process, and the struggle that followed the decision to
build the final repository for the remnants of the Goiania accident.

1. Introduction

In September of 1987, an accident occurred in oiania with a teletherapy source
made of 117CSC, with an initial activity of 59 T13q. When considering the spread of
the broken source and the recovery of wastes, which were kept in a temporary
repository site, one can estimate that one billion fold increase in volume actually
occurred. However, in the temporary repository more than 95% of the initial activity
was contained in less than 1.5 of the volume recovered 1]. The final estimate
showed that 83 ± 4 percent of the total initial radioactivity was recovered and kept in
a total volume of 12 x 10' in the temporary repository.

The decision making process concerning the construction of a final repository to
house the remnants of the accident which occurred in Goiania was complex and
considered to have consumed a great deal of time, at the time one was living the
process itself. However, when viewed again a long time after, as it can be viewed
today, the decision making process can be considered expeditious and fairly simple.

The decision-making process which led to the construction of the final repository for
the Goiania accident was essentially based in a comparison of risks. The tangible and
intangible risks, including those political and related with maintaining credibility of
a new administration, of just not doing anything besides keeping the temporary
repository in good shape, were compared, to the extent possible, with the qualitative
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and quantitative risks associated with the decision of making a final repository
specific for the remnants of the Goiania accident.

Here one should bear in mind that, in the case of the Goiania accident, the amount of
radioactivity contained in a volume considered as wastes was known to have an
upper limit, 59 TBq 137CS, which was the activity of the source term. However, the
overall volume considered as wastes would depend on the set of criteria adopted at
the time of the decontamination procedures.

Radiological criteria on which decontamination criteria could be based were
summarized as such 2]:
a. to set limit values of concentrations or doses above which the risks to the

public are deemed to be unacceptable;
b. to select as a goal a risk so low that even if it cannot be achieved, due to

practical considerations, by reaching a level close enough the risk for the
public can be considered perfectly tolerable;

C. to use the best available technology and to ake the best effort in the
decontamination procedures;

d. to continue the decontamination procedures until return to the natural
radiation background; and

e. a mixture of all options mentioned above depending on practical
considerations and not necessary radiological criteria.

When criterion (d) above is adopted, one has the right to expect that the exposure
levels will return to values previous to the accident (i.e. equivalent to the exposure
levels due to the local natural radioactive background). By and large, the local public
and the general public opinion make pressure for the adoption of criterion (d). There
are several problems associated with this criterion, for example: increasing the doses
to be allocated to decontamination personnel; extending the decontamination time;
and increasing the total volume of wastes due to decontamination procedures.
Although in most cases the adoption of criterion (b) above can achieve risks and/or
exposure levels of the same order of magnitude as criterion (d), one should bear in
mind that the two criteria are quite different, in which (d) is bound to produce an
amount of wastes much larger than (b). Moreover, in most cases when criterion (d is
adopted, the decontamination efforts have to be brought to an end by arbitrary
measure, because the baseline of the local natural radiation radioactive background is
usually unknown.

The main decision maker in the case of Goiania decontamination procedures stated
that 3 "the return of the exposure levels to their original values, resulted in an
excessive amount of waste compared with what should be removed to prevent
radiological risks." Such statement is equivalent to choose criterion (d) above. The
logical implication was the decontamination criterion adopted in Goiania was the
production of an excess of more than I X 103 M3 of almost non-radioactive wastes.
However, when one considers today the overall area occupied by the final repository
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of the Goidnia wastes, one has to concede, retrospectively, that the adoption of
criterion (d), in that particular case, was not a bad decision after all.

This presentation will deal with the risks inherent to the initial decision-making
process, the struggle that followed the decision to build, and the lessons learned from
the whole process of making a decision to build the final repository for the wastes of
the Goidnia accident.

2. Risks and risk perception

2.1. Radiation risks and the general public

The evolution of concepts that occurred in the field of radiation protection paved the
route for the debate on risk assessment. However, one must bear in mind that the
system of risk assessment and dose limitation devised by the International
Commission on Radiological Protection (ICRP) 4 is to be used within the
framework of risks versus benefit and cost effectiveness. The systems of dose
reductions recommended by the ICRP and adopted by the United States
Environmental Protection Agency (USEPA) 4, 5], for example, are characterized by
a risk per unit dose around 5 x 10-5 per mSv. This accepted risk per dose value can be
interpreted as a mathematical translation of the linear non threshold (LNT) dose
response curve traditionally used by the ICRP and other organizations.

The origin of the LNT in radiation protection is usually traced back to the classical
work on the relation of the exposure to low levels of natural radioactivity and the
incidence of leukemia in the general population 6] As a matter of fact, the ICRP
suggested a linear relation between risk and dose within the framework of a dose
reduction system by means of the following phrase 7 "As any exposure may
involve some degree of risk, the Commission recommends that any unnecessary
exposure be avoided, and that all doses be kept as low as it is readily achievable,
economic and social considerations being taken into account."

As mentioned by Merril Eisenbud, by the mid 1950's Libby had already estimated in
the order of one in one million (10-6) the risk of developing cancer from exposure to
the low level of radiation from worldwide fallout of the dust from nuclea ad
thermonuclear tests in the atmosphere ]. The concept of acceptable dose closely
associated with the idea to limit risk to an acceptable level is somewhat related with
Libby's estimation, because 10-6 was assumed to be a level of risk that would not
cause most people to be concerned. Later on, a great variety of lifetime cancer risks
corresponding to selected radiation exposures have been adopted by different
regulatory bodies 9]. However, a study [ 10] had concluded earlier that a consensus
on acceptable risk was lacking.

The evaluation of risks for radiation protection purposes has been the subject of a
specific ICRP publication I I . However, the concept of quantitative risk is not easily
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accepted by the general public. One of the main reasons why the public is usually
suspicious of concepts like acceptable fifth order risks or lower (i.e., 10 to 0
deaths or injuries expected in a total population of 106 persons), or unacceptable risks
(higher than fifth order risks) may reside in the fact that those risks estimates are to
be used within the framework of a risk-benefit analysis. When considered per se, the
meaning of quantitative risks for radiation protection is lost. Moreover, comparison
of second, tird, fourth, fifth, sixth or lower order risks estimated for different human
activities make the public perception of isk an elusive subject. After all, what were
the order of risk previously associated with accidents like Three Mile Island, Bophal,
Challenger, Chernobyl, and Goidnia to occur?

Scientists and engineers have to understand that, by and large, the general public do
not have a quantitative formation. The popularity of horoscopes, astrological maps
and hand reading, for example, is based on non-scientific and non-quantitative
perceptions which pervade the minds of the general public. The technical decision
maker, however, should not abandon risk estimates in the decision processes.
Convincing politicians, non-technical associates and opponents, as well as the
general public of the correctness of a decision is another matter. Acceptability of a
decision (not a risk), being imposed on the general public in a non-voluntary basis,
can only be based on credibility. In this matter, non-quantitative decision makers
will have to be subsidized technically to sell a controversial decision to the general
public. Without credibility, there will be no way to convince the majority of the
public.

2.2 Low level radioactive wastes and risks

In a nuclear power plant, for example, it is part of the project to ensure that the risks
of a major release is reduced to a negligible level, within the criteria adopted by the
builders and the regulatory bodies. The regulatory bodies of most countries adopt
annual dose limits which lie between 0.1 and 025 mSv. These limits would
correspond approximately to lifetime cancer risks between 4 x 10-4 and 9 x 10-4 9.

In fact, the average annual radiation dose received routinely by populations living
near nuclear power plants is about 0 I tSv, which means an associated risk of only 4
X 10-7. Is such a risk negligible'?

Few people would not agree that a chance of 4 out of 10 million is a rather low
chance. After all, lottery tickets claim odds much greater than that. People keep on
buying lottery tickets because there is hope to win, in spite of the fact that there is
almost certainty that winning is elusive. At this point it is interesting to quote the
definition of probability given by an old Dictionary of Arts and Sciences (better
known as Encyclopwdia Britannica) 12]: "Probability is nothing but the appearance
of the agreement or disagreement of two ideas by the intervention of proofs whose
connection is not constant and immutable, or is not perceived to be so; but is, or
appears for the most part to be so; and is enough to induce the mind to judge the
proportion to be true or false, rather than the contrary." The appearance of agreement
or disagreement of any distinct ideas is in the realm of perception, which in classical
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logic is considered to be the first and most simple act of the mind. Taking into
account that the other tree elements of classical logic are judgement, reasoning, and
method, one has to concede that perception is just a first step towards what can be
called knowledge or ultimately comprehension.

When one plays games with cards the odds against the player are typically
equivalent to a second order risk. Nonetheless, nobody likes to play cards to lose
every time he (or she) plays. Thus, for example, the probability of taking the ace out
of a heap of thirteen cards of the same color, and then taking the ace of a similar heap
of another color is I out of 169 (a second order chance - or risk); accordingly the
odds against taking the aces are 168 to 1. These kind of odds (or risk) the general
public tend to understand. However, when fifth and lower order risks are to be
considered quantitatively, a kind of simple perception dominates the minds, and no
reasonable judgement takes place.

Residues from several kinds of laboratory research, slightly contaminated objects and
consumer materials, biological materials, scrap metals, and a myriad of weakly
radioactive wastes generated in nuclear reactors constitute the so called low level
radioactive wastes (LLRW). In addition, uranium mill tailings, and wastes from
clean-up of old uranium, radium and thorium processing plants also generate LLRW.

The low risks associated with the LLRW should be taken into account in a
framework of risk benefit analysis. However, these risks are commonly considered
per se by the general public, making the risk perception to be based on intangible
aspects of cognitive dissonance. The risk perception by the public resulted in
unnecessary expenditure for risk avoidance, at least in the United States of America
[131.

Disposal technologies for LLRW are well established in several countries 4] In
each case risk assessment is mandatory prior to the construction of a final repository.
However, in most cases poor communication does not help to change the risk
perception by the general public. This is an open issue!

3. The Goifinia case

3.1 The decision to make the final repository

In the case of the Goidnia accident the radioactivity of the source term became
known soon after the accident [151. In addition, it was known that the only
radionuclide involved was 17CS. Moreover, almost all waste materials were kept in
an interim storage site (SS) nicely designed 161. The ISS was kept reasonably well
guarded and protected three years after the accident.

In 1990 a pre-arranged International Atomic Energy Agency (IAEA) Waste
Management Advisory Program (WAMAP) mission to Brazil was supposed to
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produce clear cut recommendations on what to do with the remnants of the Goidnia
accident, then regarded as wastes, and kept in the ISS near the city of Goidnia. Much
to the surprise of one of the authors (ASP), the IAEA-WAMAP recommended only
that the ISS should be covered, as soon as possible, to decrease the weathering based
corrosion of the metallic recipients which were holding most of the wastes, in
addition to keep the site safe and clean for the time being. A meeting of the few
Brazilian experts in radioactive wastes was called at the Brazilian Nuclear Energy
Commission (CNEN - Comissdo Nacional de Energia Nuclear) immediately after the
departure of the IAEA-WAMA-P mission. The objective of the meeting was to
discuss and analyze the IAEA-WAMAP recommendations, and to hear suggestions.
The meeting was attended by most people who had been involved in one way or
another in the site selection and construction of the ISS 171.

At the meeting there was a general agreement with the IAEA-WAMAP
recommendation. However, one of the participants (ATF) suggested that the time and
money to be spent to cover the ISS could be better used to start building the final
repository for the remnants of the oiania accident. This suggestion was promptly
accepted by the then decision maker on the subject (ASP) in a private meeting with
author of the suggestion, under the condition that he would be directly involved in
the process of building the final repository. The condition was accepted, and
arrangements were made to transfer ATF from his job to CNEN.

Later on, another person (JJR) was invited to join the initial team (ASP, ATF, and
JJR). This team ted initially to convince themselves of the feasibility of building
the final repository, and to start selling the idea offeasibility to other authorities and
to the public. Here it is worth mentioning that JJR was involved in the management
of the Goiania accident since it was first communicated to CNEN [18]. During the
first days of the accident JJR built a favorable reputation with the local community,
press, and television. Detailed descriptions of the first decisions and remedial actions
taken at the accident time can be found elsewhere [ 18].

At this point a struggle to build the final repository started taking place in Goiania
and other places.

3.2 The struggle to make the final repository

One of the first steps towards the final repository was the site selection. The criteria
adopted had been described elsewhere 19]. Taking into account the site selection
criteria hee candidate sites were preliminarily chosen. The distances of these sites
from the ISS were 100 km, 74 km, and 04 km. The characteristics of each site were
presented to the President of CNEN, so questions not included in the site selection
criteria could be raised. After agreement was obtained, the tree sites were presented
by the President of CNEN to the Governor of the State of Goids for a joint decision
on the site. The final decision had some intangible social-political and economical
components. However, the nearest site was chosen because of tangible arguments,
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such as[19]: minimization of accident risks while transporting the wastes; in situ
treatment and stabilization of wastes before being transported to the nearby final
repository to avoid a large increase in waste volume; Government ownership of the
nearby land plus the option to buy the surrounding areas.

Once the site selection was finished, a proposal was made to build a radioecological
laboratory and a public park in areas adjacent to the future final repository 19]. The
presentation of this proposal helped to gain the acceptance of the lay and scientific
communities concerned with the environmental impact of the repository.

Each member of the team, plus selected members of CNEN, participated in a number
of private and public hearings. However, taking advantage of his favorable reputation
with the local media, JJR had a remarkable role in arranging meetings with religious
groups, elementary and high school children, representatives of the judiciary system,
local politicians, local economical societies, associations of the victims of the
accident, and so on. Without those meetings the construction of the final repository
would not be possible.

One of the often used reasoning in the Goiania public hearings was that the worse
environmental impact scenarios would be not to build the final repository before
corrosion would reach a degree which would allow radioactive contaminated
materials to leak from the metallic dums. The risks associated with such scenario
was not quantitatively evaluated. However, the local authorities and the general
public were aware that these risks were not negligible. The project of the final
repository did not allow for any leakage, at least for the next 360 years after
construction. However, the only way to assure scientists, engineers, and the general
public that would be no leakage once the repository was built, was to let independent
monitoring by universities, research institutes, and nongovernmental organizations
(NGOs). Elementary and high school teachers, university faculty, lawyers,
physicians, and other professionals were little by little convinced that the project to
build the final repository for the Goiania remnants was feasible.

In Brazil, an individual annual dose limitation equivalent to 0.3 mSv was adopted for
the case of Goiania, taking into the proper account the criteria used for LLRW
disposal in other countries [1]. This corresponds to a risk of approximately 4 x 10-4.

The annual dose limit just mentioned led to a 137CS concentration of about 87 Bq.g-',
below which any waste would be exempt from regulatory control 1]. The time
estimated to be elapsed until the total radioactive waste from the Goiania accident
would be below the exempt concentration level was little less than 360 years [1]. So,
the final repository was conservatively designed to last at least 400 years [18]. One
simplifying aspect which helped the design of the repository was the fact that 50% of
the total waste volume was technically below the exempt concentration level at the
time of the beginning of the construction, and within 60 years another 30% would be
below this level 17].
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Of course, the dose limit mentioned above was not supposed to be reached ever.
Thus, when one was ready to admit that at any given time any member of the general
public would receive one tenth of the 03 mSv annual dose limit, one could also infer
that a risk of about 4 x IO-'. Again, one can ask; is such a risk negligible?

For scientists and engineers used to deal with risk estimates, risk comparison and risk
analysis four chances out of 100 thousands can be considered a very low risk, though
not negligible. However, one cannot forget that risk perception, when one considers
the elements of classical logic, is just a first step towards what may be called
knowledge, or ultimately comprehension.

Moreover, when today's risk coefficients for development of fatal cancers are
applied to the world population in the case of repositories for high level wastes,
estimated risks between 10-8 and 10-12 that any one person will die prematurely due
to radiation induced cancer pose an ethical dilemma 20]. Although the ethical
dilemma is an uresolved problem, the ultimate decision maker authority (i.e., the
one who has the legal obligation to take the final decision) ought to be subsidized by
risk evaluation and take the final decision accordingly. This was the case in the
decision to build the Goidnia final repository.

At this point it is worth mentioning that the adoption of a fixed risk coefficient has
inherent ethical considerations, which will have to be dealt somewhere in the future.
See, for example, a recent discussion on radiation risks and ethics 2 

4. The final repository

The Goidnia final repository was built as planned. The two subsurface structures
under the grassy artificial hills hold the overall volume of the remnants of the
Goidnia accident. The near hill holds x 103 m3 of stabilized wastes without
radioactivity, or with very low radioactivity. The far hill holds the remaining 65 x
10' m' of stabilized wastes with low and medium radioactivity. The central part of
each subsurface hill has been shielded by wastes with less and less radioactivity. The
overall fenced area occupies 1.85 x IO' m.

The external radiation levels are similar to the surrounding background, and much
lower than those found in the Brazilian areas of high natural radioactivity 22]. The
site is permanently monitored by independent institutions, including Brazilian
universities, and national and international organizations. As it was mentioned
earlier, the final repository was build to last for at least 400 years.
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5. Concluding remarks

a. Although the initial decision to adopt a too conservative decontamination
criterion in the case of the Goiania accident was bound to produce excessive
amount of waste; such decision proved, retrospectively, not to be bad
because the excess low radioactive waste produced was used as extra
shielding material in final repository.

b. The technical decision maker should not abandon risk estimates, but should
be aware that credibility is the main basis to achieve acceptability of a
decision by the general public.

C. Risk perception should be regarded as only a first step towards what may be
called knowledge, or comprehension of risk estimates, but risk perception by
the general public is still an open issue.

d. The problem of a fixed, or near fixed risk coefficient applied to radioactive
repositories needs to be further addressed, because it is in essence a
translation of the LNT hypothesis.

e. The ecision to make the final repository for the remnants of the Goiania
accident was a successful one, but one has to take into proper consideration,
at et retrospectively, that the decision-making process was facilitated
because the problem of Goiania was much simpler than the case of a
repository for LLRW in general.

Acknowledgement

The authors are grateful to many people, too numerous to be mentioned, who helped
in one way or another to make the decision to build the final repository for the
remnants of the Goiania accident, and to write this paper.

References

1. Paschoa AS. Tranjan Filho A. Rozental JJ. Revisiting Goiania: Toward a final
repository for radioactive wastes, International Atomic Energy Agency Bulletin,
35: 28-31, 1993.

2. Paschoa AS. Tranjan Filho A. Pre-planned versus unplanned decision making in
the case of environmental decontamination, Restoration of Environments
Affected by Residues from Radiological Accidents: Approaches to decision
making. Proceedings of an International Workshop held in Rio de Janeiro and
Goiania, 29 August - 2 September 1994. International Atomic Energy Agency
IAEA-TECDOC- 131, 86-9 1, May 2000.

3. Alves RN. Lessons from Goiania. Restoration of Environments Affected by
Residues from Radiological Accidents: Approaches to decision making.
Proceedings of an International Workshop held in Rio de Janeiro and Goiania,
29 August - 2 September 1994. International Atomic Energy Agency IAEA-
TECDOC-I 131 710, May 2000.

173



4. International Commission on Radiological Protection (ICRP) Recommendations
of the International Commission on Radiological Protection, ICRP, Publication
26, Oxford Pergarnon Press, 53 pp, 1977.

5. United States Environmental Protection Agency (USEPA). Estimating
Radiogenic Cancer Risks. EPA 402-R-93-076. Washington DC, 1994.

6. Lewis EB. Leukemia and ionizing radiation, Science, 125: 965-972, 1957.
7. International Commission on Radiological Protection (ICRP) Recommendations

of the International Commission on Radiological Protection, ICRP, Publication
9, Oxford Pergarnon Press, 27 pp, 1966.

8. Eisenbud M. How Clean is Clean? How Safe is Safe? Cogito Books, Madison,
64 pp, 1993.

9. Goldstein 1313. Eisenbud M. Gesell TF. Ibrahim SA. Kocher DC. Landa ER.
Paschoa AS. Evaluation of Guidelines for Exposures to Technologically
Enhanced Naturally Occuff ing Radioactive Materials. National Academy of
Sciences - National Research Council (NAS-NRC). National Academy Press,
281 pp. 1999.

10. Government Accounting Office (GAO) Nuclear Health and Safety: Consensus
on Acceptable Radiation Risk to the Public is Lacking. GAO/RCED-94-190.
Washington DC. 1994.

11. International Commission on Radiological Protection (ICRP) The Evaluation of
Risk from Radiation. ICRP, Publication 8, Oxford Pergarnon Press, I I pp. 1966.

12. Encyclopwdia Britannica or, a Dictionary of Arts and Sciences, Society of
Gentlemen in Scotland, Edinburgh, 1771 (M.DCC.LXXI).

13. Eisenbud M. Disparate costs of risk avoidance. Science 241: 1277, 1988.
14. Gershey EL. Klein RC. Party E. Wilkerson A. Low Level Radioactive Waste:

From cradle to grave, Van Nostrand Reinhold, New York, 212 pp. 1990.
15. Autos de Goiania. Encarte Especial. Ciencia Hoje, 40, 1987.
16. Tranjan Filho A. Scientific Bases for Decision Making after a Radioactive

Contamination of na Urban Environment: The design of the repository.
Proceedings of an nternational Workshop held in Rio de Janeiro and Goiania,
29 August - 2 September 1994. International Atomic Energy Agency IAEA-
TECDOC 131, 262-269, May 2000.

17. Paschoa AS. Tranjan Filho A. Rozental JJ. Social and Economical Aspects in the
Selection of the Site for the Final Goiania Waste Repository. Proceedings of an
International Workshop held in Rio de Janeiro and Goiania, 29 August - 2
September 1994. International Atomic Energy Agency IAEA-TECDOC 1 13 ,
270-273, May 2000.

1 8. Rosenthal JJ. Almeida CE. Mendon�a AH. The Radiological Accident in
Goiania: The initial remedial actions. Health Physics 60 715, 1991.

19. Paschoa AS. Heilbron Filho PF. Malarnut C. Tranjan Filho A. Waste
Management in Brazil: Basis to buil the final repository for the radioactive waste
from the Goiania accident. Waste Management 93 (Roy G. Post and Morton.
Waks E. eds.) Arizona Board of Regents. Vol. 1: 133-138, 1993.

20. Eisenbud M. Paschoa AS. Environmental Radioactivity. Nuclear Instruments
and Methods in Physics Research A280: 470-482. 1989.

174



21. Jaworowski Z. Radiation Risks and Ethics. Physics Today. 52: 24-29, September
1999.

22. Paschoa AS. More than Forty Years of Studies of Natural Radioactivity in
Brazil. Technology, 7 193-212, 2000.

175



SE0300348

Facts about Nuclear Waste Safety -
How the issue is being treated in Ghana

Glover E T Fletcher J J
National Radioactive Waste National Radioactive Waste
Management Management
Centre Ghana Atomic Energy Centre Ghana Atomic Energy
Commission, Commission,
Ghana Ghana

Abstract

The fear of radioactive discharges and releases particularly from severe nuclear
accidents and radioactive waste is central to public concern about nuclear activities.
This fear was witnessed when Ghana began to suffer shortage in electricity supply
from the hydroelectric power station at Akosombo and debates began on Ghana's
energy mix and alternate options. As in every country, dependable and continuous
supply of electricity is a prerequisite for ensuring sustainable development. The
Ghana Atomic Energy Commission was confronted at that time more than ever with
the problem of public education on nuclear power safety to enhance public
acceptance.

This paper presents what the Ghana Atomic Energy Commission is doing to
communicate facts and education about nuclear waste safety to the Ghanaian public
and to facilitate the comparison of risk from nuclear reactors and disposal facilities
with risks from other forms of technology. The paper also tells of the usefulness of
and difficulties in using Jos Draiger and John Lakey's manual on Radiation and
Radiation Protection to educate pupils in the Ghana Atomic Energy Commission
Preparatory School. The difficulties in communication of facts about nuclear,
radiation and waste safety in Ghana, because of the different languages and dialects
used by Ghanaians in the rural areas of Ghana. As a large number of factors influence
decision making in the energy sector. To assist energy planners, the Ghana Atomic
Energy Commission carried out assessments of alternative energy sources, covering a
broad range of technical, economic and environmental factors. Cost-benefit and risk-
benefit analyses place the nuclear power option on a scale comparable to the other
electricity generating technologies. How come then that nuclear power option has so
much negative publicity?

The conclusion is drawn that literacy in nuclear radiation and waste safety is needed
at all levels of the Ghanaian society. As inadequate perception of radiation risk can
cause negative consequences in the development of a nuclear programme in Ghana.
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Abstract

The Lepse is a ship used for the storage of spent nuclear fuel from nuclear powered
ice-breakers in the Murmansk region. Much of the stored spent fuel is damaged.
While the status of the vessel may be considered reasonably secure for the present, it
is well understood that, at some stage, it will be necessary to remove the spent fuel
from the Lepse, so that the long term safe management of the spent fuel can be
assured.

Plans have been developed for unloading spent fuel from the Lepse. The operations
to do this will be non-standard, because of the nature of the storage facilities within
the vessel and the poor state of the majority of the spent fuel. For example,
specialised equipment will be required for fuel handling, and special arrangements
will have to be in place to avoid or mitigate the consequences of possible accidents.

Regulatory supervision of these unique operations has also to be specifically
provided. Concerning nuclear safety aspects, the Federal Nuclear and Radiation
Safety Authority of Russia (Gosatomnadzor) has developed specific regulatory
documents, with support from the Scientific and Engineering Centre of
Gosatomnadzor and additional support from western agencies. Other regulatory
bodies a-re also involved, concerned with the protection of the environment and other

matters.
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The paper considers regulatory development in the above context, taking into
account:

• the significant risks associated with long tenn continued storage of damaged
spent fuel aboard the Lepse;

• the intrinsic risks associated with operations to recover the spent fuel;
• the multiple dimensions of regulation of safety from different perspectives; and
• the need for public confidence in the whole process.

In particular, consideration is given to the need for a safety case which demonstrates
to regulators that an appropriate balance is achieved between: the need to take action
to make the spent fuel safe in the long term; the short term increase in risks
associated with unloading operations; and the interests of all parties in ensuring that
an appropriate allocation of resources is made to protect human health, of both public
and workers, now and in the future, and also to protect the environment.

Such a holistic approach to problems is relatively new and the challenges presented
to existing regulatory frameworks and the application of radiological and related
safety and environmental assessments are discussed.

1. Background to Lepse Storage Vessel

The Lepse is a ship used for the storage of spent nuclear fuel from nuclear powered
ice-breakers in the Murmansk region. Much of the stored spent fuel is damaged.
While the status of the vessel may be considered reasonably secure for the present, it
is well understood that, at some stage, it will be necessary to remove the spent fuel
from the Lepse, so that the long tenn safe management of the spent fuel can be
assured. Projects to achieve this are under development, which are supported by
western countries.

In addition, there is corresponding interest among all those involved in Lepse to
ensure that unloading operations, etc., are carried out under appropriate independent
regulatory supervision. Western agencies have also supported work in this area.
Interim progresses on regulatory development as well as technical background were
provided in references 1 and 12]. Regulatory documents have now been completed
and discussed at a seminar hosted by the European Commission 3.
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2. Development of Regulatory Documents for Radiation
and Nuclear Safety

2.1 Working methods

Specific regulatory documents are required for Lepse unloading operations because
of the unusual nature of the task. From the outset it was recognised that
responsibility for such documents lies with the regulatory authority. However, it was
also recognised that involvement of other organisations in discussions and exchange
of information should prove beneficial. Accordingly, the work described in
references 1], 2] and 3] has been performed allowing for the type of interactions
indicated in the diagram below.

Model for co-operation between
authorities and industry
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An important example of the kind of co-operation achieved is provided in the report
of a workshop held in Moscow in April 2000 4]. Important feedback on discussion
material was provided to Gosatomnadzor and this, and the related technical
discussions, were fully recorded in the workshop report. This feedback included
comments from other relevant Russian authorities, as well as from industrial
organisations, which will be involved in the industrial project to unload the spent
fuel, eg. the Murmansk Shipping Company. In addition, comments and suggestions
were provided by representatives of westem authorities, as well as other experts,
including representation from the International Atomic Energy Agency. Such input
helps to build confidence that regulatory developments are consistent with best
international practice.

The progress achieved according to this model for co-operation was positively noted
by the European Commission 3].

The overall objective of the regulatory development work was to provide a procedure
or sequence of activities to place before Lepse operators, such that the operators are
aware of the practical steps they have to take and the information they have to supply
to Gosatomnadzor in order to obtain a licence for Lepse unloading operations.
Following the working methods described above, three documents were finally
produced setting out:

• Documentary requirements [5]
• Quality Assurance requirements 61, and
• Safety Analysis Report requirements 7].

2.2 Set of Documentary Requirements

This document [5] has been designed to advise the responsible operator of the
Industrial Lepse Project on what documents are to be supplied to Gosatomnadzor in
support of an application to transfer the Spent Fuel Assemblies (SFA) on board
Lepse to an interim storage facility. It sets out clearly the scope and regulatory
context of the planned operations, and includes separate annexes on separate
activities as follows:

• design of the SFA unloading installation,

• manufacture of the SFA unloading installation,

• construction of the interim storage facility for nuclear materials (casks with
SFA),

• operation of the interim storage facility for nuclear materials (casks with SFA),
and handling of nuclear materials,
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• management of the SFA during their transport from the Lepse storage vessel,
and

• management of radioactive waste during its transfer from the Lepse storage
vessel.

2.3 Quality Assurance Requirements

This document 61 has been designed to advise on what requirements Gosatomnadzor
puts on a Quality Assurance Programme to be implemented by the responsible
operator of the Industrial Lepse Project.

A key feature of the requirements is the clear identification of QA responsibilities,
bearing in mind that a variety of organisations rendering services to the operator will
be involved in the work.

2.4 Safety Analysis Requirements

This document 7 has been designed to advise the responsible operator for the
Industrial Lepse Project on issues to be addressed in a Safety Analysis Report for the
transfer of SFA on board Lepse to an interim storage facility and the structure of such
a document.

It is the largest of the three regulatory documents. Apart from setting out the relevant
principles and safety criteria and describing the safety system components, a series of
annexes provides recommendations on how safety should be analysed and includes a
minimum list of initiating events which should be considered.

3. Other Environmental and Protection Requirements

Discussions among the various interested parties (referred to in section 2 1) led to the
recognition within the regulatory Lepse project that there is an overlap of nuclear
safety, environmental and human health potection issues, all of which affect overall
regulatory supervision of Lepse unloading operations. The co-ordination of these
overlapping issues was seen to be an important but difficult matter, bearing in mind
the wide range of engineering, environmental, radio-hygiene and non-radiological
impact considerations, and the corresponding regulatory frameworks.

The high level principles which lead to these overlapping requirements are discussed
in Smith et al [8]. More detailed consideration is given in Markarov et al 9] to the
different assessment requirements and methods used in 'Safety Assessment', as
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opposed to 'Environmental Impact Assessment'. Reference 9 takes account of
westem as well as Russian experience. Further consideration is being given to
environmental assessment for Lepse within co-operative work between the
Norwegian Radiation Protection Authority and Russian authorities. The involvement
of stakeholders in the environmental impact assessment process is especially
interesting.

4. Implications for Risk Management and Confidence in
Overall Process

The work on regulatory development for Lepse has highlighted some important
issues in risk management which are illustrated in the following diagram.
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If no action were taken to unload Lepse, then in the long term, even with continued
active management of the vessel, the chance of some untoward event occurring
would continue to rise, leading to some kind of significant detrimental consequences.
Actions to unload the SFA and radioactive waste, however, involve operations which
might involve other opportunities for untoward events, ie., short term risks arise in
order to avoid the long term risks. Such risks include individual and collective
radiological risks to workers and the public and to the environment, from accidents as
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well as from planned operations such as planned disposal of radioactive effluents.
The final management of the spent fuel will also involve long term risks. There will
also be non-radiological risks as well as cost and technical feasibility issues to take
into account.

The decision making process includes identifying and then making choices among
feasible options, indicated in the diagram as Action 1 2 or 3 Note that, for example,
the minimum short term risk option may not give rise to the minimum long term risk.
An assessment process is required to inform decisions, which meets the objectives of
inter-generational equity and sustainability, etc.

5. Conclusions

International participation, as well as the technical issues and risks associated with
SFA handling and radioactive waste management, make the Lepse project especially
interesting from a risk management and regulatory licensing point of view.
Experience is growing with environmental impact assessment, including the
involvement of various stakeholder interests, to enable better decisions on issues such
as the Lepse.

The regulatory issues raised here are complicated, but this should not be used to
justify taking no action. Continuing care and maintenance of the Lepse takes up
valuable resources 31 and, ultimately, no action carries the highest risk.

The working methods developed within the regulatory Lepse project have been
particularly effective and can be applied to other radioactive waste management
problems in the Russian Federation. The experience gained is also relevant to
developments in other countries and to the development of international

recommendations.

The regulatory requirements need to be in place before industrial projects start, since

they are part of the industrial project specification. However, these requirements

should not be so prescriptive as to unnecessarily constrain the identification of safe

and practical options. Regulatory development needs to allow for and match the

industrial project development, in stages.

All authorities and operators and stakeholders should be encouraged to take a holistic

view of these difficult problems, and not to manage them on the basis of one issue.

This conclusion is mirrored in the recent observation of J-P Lannegrace of

Frarnatorne [IO]:

,It is a good thing if - in the field - it is the same

department which is in charge of improving safety and

environmental issues.'
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1. Introduction

The disposal of the spent nuclear fuel is approaching one of the significant milestones
in Finland. Social debate on the nuclear waste management is going on aiming at a
decision of principle on future directions of spent fuel management. The research so
far has required no political decision.

This current situation is preceded by preparations for two decades carried out by
Posiva Oy who took over the programme managed earlier by Teollisuuden Voima
Oy, one of the country's nuclear power companies. The preparations comprise site
investigations, technical concept development, research into long-term safety and an
environmental impact assessment. The work carried out by Posiva is under regular
assessment by the authorities. Research programmes are drawn up every year and
reports are published for open review. The preparations in the next years to come aim
at starting the construction of the repository in 2010's and the disposal operations are
planned to be started in 2020.

Various stakeholders in Finland are involved in the decision-making process on the
disposal of spent nuclear fuel. The process started when Posiva as an implementer
applied for the Government's Decision in Principle in 1999. The Government made a
favourable decision in December 2000 on the basis of different considerations.
Among the important bases were the preceding favourable decisions made by the
proposed siting municipality and the regulatory authority for radiation safety. At the
moment the members of the Parliament are discussing the principles of the disposal in
order to be able to vote on the Govemment's decision in the springtime.

186



This paper discusses similarities and differences between the decisions made so far as
regards the deep repository. The objective is to present the significance of the
decisions from the point of view of an implementer of the repository. The Decision in
Principle does not give any consent to start constructing the repository. Licenses for
construction and operation will be applied for the Government in separate procedures

in the future.

2. The Disposal of the Spent Nuclear Fuel and the Site

The national policy aiming at the disposal of spent nuclear fuel was defined in 1983.
This Government decision defines a site selection programme with successive stages
meaning the following: first several sites for preliminary characterisation, then a few
sites for more detailed characterisation and finally one site for repository. It also
states that the site to be selected has to meet the requirements on the long-term safety.
The safety criteria for the disposal of the spent nuclear fuel consist of general
principles and quantitative criteria for the evaluation of the operational and the long-
term safety. The Nuclear Energy Act of 1987 on its part states among other things the
roles and the responsibilities of different parties as well as defines the political
procedures related to the decisions.

Within this ntional framework safety has fori-ned the grounds for all the scientific
work related to the site selection which Posiva is responsible for. In the early 1980's
the goal was to find areas favourable from the point of view of the rock structure.
Later the goal was to collect representative information at the disposal depth on
structural geology, hydrogeology and hydrogeochemistry.

The site selection itself started with a countrywide survey resulting in 100 possible
sites of which five were selected for preliminary investigations in 1987. After five
years of field investigations three areas were chosen for more detailed investigations
in 1992. In 1999 Posiva proposed one of these as the site of the repository.

The focuses of the studies have been on the one hand on the characteristics of a site.
It means the structure of the bedrock and its stability as well as the groundwater at a
great depth together with its' properties like hydraulic conductivity. On the other
hand the site selection has paid attention to the consequences of an interaction
between the site features and the technical concept.

Collecting data at several sites started in 1987 and it consisted of the rock samples of
the boreholes drilled at various depth and the water samples of the boreholes. The
safety analysis has been carried out five times since 1982. The latest one was
published in 1999. The environmental impacts were assessed by 1999.

All the separate studies and the subsequent synthesis have been made following the
principles of science in general: objectivity, validity and reliability as regards
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theories, data and methods. All work has been open for review and criticism meaning
that the anual research programmes, the investigations and their results have all been
published.

Parallel with the site investigations, the safety analysis, the technical studies and the
environmental impact assessment communication with public has taken place. In the
early days the representatives of the local communities were those mainly
participating in the planning process. In the past few years all those whose
circumstances or interests might be affected by the deep repository have participated
in the debate on the environmental and the social impact.

Posiva stated in 1999 that as far as long-term safety and technical feasibility are
concerned, all sites characterised fulfilled the basic requirements for the safe disposal.
Environmental impact assessment envisaged some differences between the sites. The
flexibility of detailed siting, the possibility of minimising the spent fuel shipments and
the coherent social acceptance spoke in favour of the selection of Olkiluoto at
Eurajoki.

3. Receipt of the Proposal

The Radiation and Nuclear Safety Authority (STUK) gave a statement on the
preliminary safety of the disposal. According to the statement the proposed concept
can be used as the basis of the further research and the development of the disposal in
Finland. Olkiluoto is considered as suitable for the purpose as the other site
candidates are.

The municipality itself made a decision favourable for the proposal. The debate
preceding the municipal council's decision dealt with the following issues: the
decision-making system, the impact of the decision on the development of the
municipality and the social acceptance of the decision.

The supervising role of the authorities throughout the whole process was regarded as
probably the most significant. The trust was strengthened when the regulatory body
presented the results of their evaluation of Posiva's application. In addition, the
decision at stake is only one in the sequence of licenses. Also at later stages the
authorities will approve the plans related to the deep repository before proceeding
further.

The members of the local council assessed that the favourable decision offers
possibilities to develop the municipality and the whole region, which stems from the
experiences on nuclear industry. And one of the factors affecting the decision was the
local support for the project i.e. majority of residents in the municipality is willing to
approve if the authorities accept the concept.
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The Government made a favourable decision on the disposal of the spent nuclear fuel
generated in Finland in December 2000 taking into account the preliminary safety and
the environmental impact assessments as well as the municipality's decision and other
statements required.

The Government came into conclusion that the responsibilities of the nuclear waste
management and the framework e.g. schedule outlined in the legislation are still
relevant. To maintain the know-how requires that the investigations and the planning
should go on. The implementer's expertise and relationship with domestic and
international scientific field is mentioned as an advantage. Posiva's proposal fulfils
the requirements stated in the legislation and has least uncertainties from the point of
view of both the short-term and the long-ten-n safety compared to the other solutions
presented. The deep repository can be regarded as technically feasible. No significant
environmental impact including the social impact is expected on the national or local
level, although there might be some disturbances during the construction phase. The
proposed site is suitable for carrying on the investigations. For several technical and
economic reasons it is rational to dispose of the spent nuclear fuel on one site.

In the Parliament, the first debate gives references to those facts to be stressed before
the MPs make their decision. The most significant issues under discussions are the
technical concept, which should include monitoring, and retrieval and the
Parliament's position in the licensing procedures related to deep repository.
Compared to the local level the discussion is lacking aspects on the future
development of the site.

4 Impact of the Decisions on the Implementer

About twenty years of pioneering and enthusiastic investigations are behind and
twenty years are ahead before the visions and the plans of the deep repository can
become true. Finland has adopted a stepwise approach in the long road of managing
the nuclear waste. The current decision does not give any consent to start constructing
the repository. Both the constructing and the operating licenses must be obtained in
separate procedures. Also both the scientific and the political support of the concept
will be needed in the future again.

The Decision in Principle requires that before entering the construction phase a
number of documents must be prepared by Posiva. This documentation comprises the
safety analysis of the short-term and the long-term of the deep repository, the up-
dated environmental impact assessment and above all, the detailed technical plans.

Reliable investigations are required as stated in the Decision in Principle meaning
that they should cover those aspects still having great uncertainties. In addition it
means that the results of the scientific work should be constantly subject to
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assessment. Reviewing of the scientific methods and results guarantees the grounds of
reliable information. The research to be carried out must be trustworthy.

Scientific information is undoubtedly an important factor and a starting point when
e.g. politicians decide on licences for construction and operation of the deep
repository in the future, too. However, practical experience shows that research
results are not enough on their own in decision-making. The reports on the
investigations on the disposal are rather useless for the great majority of people, who
do not have a suitable educational or professional background. Often also the scarcity
of time available affects processing the information. Those who are not familiar with
scientific data simply have to trust on scientists and regulators when they make
decisions on licences of the deep repository

The information has to give answers to the questions posed regardless of decision-
makers' background that, however, have an essential impact on the questions posed.
The implementer needs to pay attention to the variety of questions and proposals. The
implementer has to approve that there are no wrong opinions, only different ones all
stemming from a variety of needs.

If the needs of information are not translated or understood they lead to a situation in
which different parties think they talk about the same thing but in practice they talk
over each other. Inevitably it is the scientific language needing to be translated into
every day language. Those who for some reason understand the topic discuss with
each other while others are left alone with their own thoughts sometimes even
regarded as simple or difficult to understand. In an extreme case those who are not
familiar with the subject are only receivers of information.

According to Posiva's recent experiences, the safety of the deep repository is much
more than the radionuclide transport analyses and the dose calculations or the
probabilities. The safety comprises public concerns about abnormal situations during
the operation of the repository or during the transportation of the spent nuclear fuel as
well as the consequences on living conditions.

5. The Future in the Light of Decisions

The Decision in Principle has an impact on the planning of the future work and its
contents. The objectives of Posiva's work are to verify the present conclusions on the
site suitability, the definition and the identification of the suitable rock volumes for
the repository space and the characterisation of the target host rock for the repository
design, the safety assessment and the planning of the construction. In order to reach
the objectives the detailed research will continue and an underground rock
characterisation facility will be constructed. In the future necessary licenses to
construct and operate the deep repository will be applied for the Government.
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Posiva's work will also further be guided by the legislation. Requirements stemming
from the Nuclear Energy Act still remain. Parallel there are other requirements also
controlling the construction of the underground rock characterisation facility. The
requirements to be fulfilled will be found in the legislation on the environmental
impact assessment, the land use and the construction, which all have at least one thing
in common: they require public participation in planning processes.

The future offers numerous challenges as far as the information to be produced is
concerned. The results of the scientific work should be presented in a way not
breaking the rules of science on the cost of popularity. At the same time the same
information should be easy to understand and discuss. As far as our experiences are
concerned, the safety of the deep repository is understood in a variety of ways of
which none is necessarily wrong. The information should be able to give answers to a
wide range of questions posed by different stakeholders. In order to do so it is
necessary that the communication continues.
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Abstract

The progress of genetics and in particular the successful completing of the Human
Genome Project revolutionise the approach of medicine in diagnosis and treatment of
the diseases. In many cases such applications, as for example genetic testing will
provide for the possibility to switch to a strategy of prevention, however this
development meets with several difficulties. They are determined, among others, by
the fact that decisions related to the availability of tests and of the knowledge from
the tests demand a careful consideration of the interests of all affected parties. To
what extent should the decisions taken be a collective or a personal choice? The
interest of affected parties may be opposite, because depending of the particular
characteristic of the group, some people would prefer not to now the information
contained in their genome and others would like to be informed in order to make
better their projects for the future. It is important in this connection not to put into a
disadvantageous situation people whose health status is already at risk. This implies
that the position of the affected groups should be carefully evaluated, and on this
ground the decisions made about how information from the tests have to be
communicated.

1. Introduction

The progress of genetics and its applications in different fields uncovers a new
dimension for analysis of risks and their balancing against benefits for specific
groups of population. What kind of the impacts can we expect as the result of these
developments? First of all, multiply impacts: to be able to have the information about
ourselves which we are not sure that we want to know (in case of gene testing); to be
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the witnesses to the application of some methods in a filed of medicine that not all of
us approve; to be exposed to certain risks due to the imperfection of the initial
technology assessment or regulation (genetically modified food). It seems, however
very difficult to avoid this confusion of centuries, as U.Beck puts it, when the
challenges of the atomic and genetic technologies are met with the concepts and
recipes from the early industrial society (Beck 1998).
New possibilities offered by genetics and medicine will put difficult questions before
society in the context of the decisions on risk and how the interests of the specific
groups of population should be considered. Will the risk revealed early, for example,
for the people who have the chance to develop serious disease, with turn into benefit
for them? To what extent and what groups will welcome new knowledge about the
possible scenario on their future state of health? These issues are the subjects of the
analysis in our work.

2. When knowledge is desired?

The right to knowledg has become one of the leitmotivs of the public demand for
technological participation. In many cases it is easy to assume that people feel that
their right to know is often violated by modern technological systems (Winner 1992).
This right is especially highlighted in connection with the different applications of
gene technology, for example in consumers' platform regarding genetically modified
(GM) food. Not sufficient knowledge on the long-term effects of GM food has
become one of the important arguments in Norway, when lay people panel suggested
a moratorium on this food (Genialt 2000), to have "the time to get new knowledge".
Not always, however, it is so easy to determine the attitude towards knowledge and
even more difficult to decide how it should be used. The character of the knowledge
is evidently important. It is a well-known fact that in the ancient times, the
messengers who brought bad news were executed. That tells us that people used to
differentiate between good and bad knowledge and that the difference was rather
significant.
Modern society is entering now a new period, when due to genetic testing, the
possibility will be available to provide everybody with the accurate enough
,,prognosis" about his or her health. Ironically at this point the right to know (one's
own genotype) has begun to have a low profile at least for some groups of people and
furthen-nore, the discussion is more focused now on the right "not to know". May be
it is because for many people it makes the difference when the future is predicted not
by oracles, but on the basis of the scientifically developed methods, and with the
explanation of the laws of genetic inheritance. The weight of the scientific proof for
the description of the future is difficult to support.
Gene testing may have the different impacts on different groups of people, but in the
same mnner as other information (also about health) usually has, providing for
example with more grounds for making a choice or taking decisions. It will widen
our possibility to construct our future in the same way which has been suggested for
future studies: assisting to decision-making; preparing people to live in a changing
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world; contributing to science and thought; offering framework for cooperation
(Cornish 1988).
There are several groups of people, who should be unconditionally interested in
obtaining new knowledge from genetic testing, because it may result in creating the
medicines, which will be designed to correct the abnon-nality of the particular groups
of genes related to certain gene disease. These groups include those with the genetic
diseases and those with the farnily history of serious diseases (as cancer) that are
caused, among other things, by the mutations of certain genes. They may be
identified as the affected parties on the basis of the definitions (NAS 996; Chess 
Hance 1994). The participation of the mentioned parties in the process of risk
character-isation or a decision may shape this process as more legitimate and
democratic.

3. Genetic testing and affected parties.

Genetic testing is a powerful medical technology that can be used for a wide
spectrum of purposes and that actually changes the focus from the treatment of
disease to a broader strategy of prevention. According to the latest data, genetic tests
currently exist for 743 conditions, but clinical testing is available for 419 of these
(ASHG 2000). It can be used for providing the information to the parents about
eventual genetic disease of their unborn child or about the predisposition of a person
to a certain serious disease, such as cancer, as well as to confirm the diagnosis for
certain diseases (e.g. Alzheimer's'). Undertaking genetic testing is connected with
the choice that may lead (in case of finding of the abnormal gene) to the discovery of
a disease and hence enlisting to the group of persons which are linked by the physical
harm connected with this disease, and different moral, social, economic and other
issues.
The affected parties were defined by the US National Academy of science as

people, groups or organizations that ma experience harm or benefit as a result of
hazard or the process leading to risk characterisation or of a decision about risk (NAS
1996). The data are available about the positive results for the risk decisions due to
the participation of the affected parties in the deliberation process in contexts of
different technology applications or industrial projects. However, the pace of
scientific progress, especially in genetics and medicine confronts us with the new
reality where it is difficult to apply the previous models.
The case of genetic testing represents a particularly interesting example, because the
risk characterisation process evaluates the potential for eventual hazard programmed
(but hidden) inside individual itself. Different affected parties may be identified when
the discussion on genetic testing is taking place: organisations, research groups and
foundations for the gene research; insurance companies; governmental agencies and
many others. We shall consider here two groups. One, which appears to have sure
benefits in the future as a result of gene testing (those with the genetic disease) and a
second group in a more uncertain situation, the particular affected group - of people
who will stand before the choice to have (or not to have) the genetic test and who
afterwards may find themselves to be in the risk group. We have started the work on
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the interviewing these groups in Norway, but it has to be finished before making the
significant conclusions. If we will follow the identification principles for the affected
parties suggested by (Chess Hance 1994), these groups will be selected at least by
the four questions:
Who may be affected by the risk characterisation?
Who may be ffected but not know that they are affected?
Who may be reasonably angered if they are not included?
Who has wanted to be involved in similar decisions before?

4. Genetic disease groups in Norway.

People with the hereditary abnormalities, influenced by the ardent necessity, were
organised in groups, as early as the medicine described the symptoms and identified
the disease. Such groups in Norway are the part of the large association Norwegian
Association of the Handicapped (Funksjonshemmedes Fellesorganisasjon: FF),
which includes 61 member groups. Among them are 9 groups that are represented by
people with the genetic diseases or syndromes (FF 2000), including Huntington,
cystic fibroses, haemophilia and other. They have on their agenda the diffusion of the
infori-nation about the disease, help to the affected families as well as the defending
the interests of their members.

Disease type quantity of year of

members foundation

haemophilia 366 1966

fragile x-syndrorne 170 1 988

Laurence-Moon-Bardet- 70 1 984

Biedl

Huntington 533 1980

Martan syndrome 302 1990

cystic fibroses 691 1976

neurofibromatose 494 1 987

sickle cell 82 1997

epiloia 300 1985

Figure 1. Norwegian unions of the people with genetic diseases

(FFO 2000)

Recently, the situation occurred when the representative of the FF voted for the
decision, (banning the penatal gene testing in Norway), which did not consider
properly the interests of the other affected groups and in the long run may be not
beneficial for the members of the Union itself. The Norwegian Advisory Body on
Biotechnology (Bioteknologinemnda) suggested recently banning prenatal testing,
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making exclusions only for the cases when the possibility for treatment exists in
uterus or when the condition "is incompatible with life" (Al 2001). This suggestion
was welcomed by the representative of the FF with the comments that such a law will
have as its aim the society where there is a place for everybody. The objection of
those who are disabled to the genetic testing is often based on the grounds that it is
designed to eliminate people like them. This decision, however, if it will be approved
by the Norwegian Parliament, may have dramatic consequences for those couples
who would prefer to make their own choice about this delicate issue. And their
motivation should be attentively considered, be it the choice to abort the embryo with
Down syndrome or, may be the already known family predisposition to some
hereditary pathology.
Unfortunately, the above mentioned decision does not consider the alternatives that
might have been available to the parents to be. One of them is the "so-called" non
disclosing prenatal test, which can be made with a DNA sample from the foetus
(obtained through amniocentesis or chorionic villus sampling) and samples from the
both parents and one of the grandparents. For example in case of Huntington disease
the test can tell with the large certainty, if a foetus is not going to have the disease,
however it cannot tell definitely if the foetus is carrying the gene. The experience
with the offer of the nondisclosing test for the Huntington disease in Venezuela has
revealed the complexity of the choice problem and necessity to consider each
individual position (Wexler 2001).
The above mentioned decision of Bioteicnologinemnda should certainly be discussed
with the direct participation of the affected parties, in this case with the persons (or
couples) who are going to have a children, among them with the representatives of
the families with the known family history of genetic diseases. A good example in
this connection was the consideration in the US of the position of the parents with
regard to prenatal screening for the phenylketonuria, which resulted in the political
decision to begin screening of all infants for this disease (King 2000).
The process of the developing legislation on the different issues of genetic testing
may affect negatively the groups of people with genetic diseases. Their involvement
in the decisions has a legitimate ground. The main reason for it is that such a
decision is related, among other, to the information about the individual
particularities of their genomes and that people should not be discriminated on the
basis of their genetic characteristics. The recent approval by the UK Genetics and
Insurance Committee, of the use of the genetic test for Huntigton's disease (severe
disabilitating genetic disease) for insurance purposes (HDA 2001) has caused
ambiguity in interpreting of this problem. The Huntington Disease Association has
highlighted in this connection the difficulties faced by people with a family history of
the disease in obtaining insurance.

5. Preparing to live in a changed world.

It needed a revolution in genetics to provide for the possibility of genetic testing. One
of the methods used is so called presymptomic testing for genetic disease - informing
people about their chance to get the disease, before they manifest any symptoms. It

196



seems to belong to the modem world: informing people beforehand about danger on
the basis of the available empirical data (as in the case of earthquake), although it
results in the complex decision making and consequences for the different groups of
people. However, it appears to be a much more difficult problem when it concerns
someone's' chance to get the disease, made evident by genetic testing. This put on
the agenda many questions, among them who should be provided with the
information and who should not; who must be involved in the decision; how this
information should be communicated and when. There are yet very few studies of all
mentioned problems.
Information from genetic testing is sometimes considered unnecessary, when the
probability to develop disease is not high or there is no available cure for this disease.
The danger here is represented by the possibility that the accessibility of the test will
be determined by the wrong judgement on the grounds of these parameters and
without the consideration of the position of the affected people. The reliability of the
prediction on the basis of genetic testing will depend on the probability that gene
mutation will lead to the disease and, as well on the methodological accuracy of the
definite test. The first issue is deten-nined as well by the interplay (in most cases) of
several genes with environmental and other factors. The importance of the reliable
methods became evident, when the universal screening of children began in the US
for the phenylketonuria (PKN) a genetic disease that leads to severe mental
retardation (King 2000). The original test identified some children as having the
disease, while they did not and as a result many children suffered (and died) because
of the consequences of the protein free diet, used to treat this condition.
Another important factor influencing such a decision is the available possibility to
control or cure the disease. In most cases there is no treatment as yet to stop the
progression of the disease, caused by genetic abnon-nality. The PKN is an example,
when the early discovery and following strict protein free diet helps to fight the
disease. However, the research designed with the purpose to find treatment for the
particular genetically determined cancers (e.g. some types of eukaemia) has reached
the stage of clinical trials (AA 2000) A changed situation in this field may have
impacts on the decision to have the test.
To undergo some of the presymptomic tests for grave disease or the test for the
mutation that can cause cancer is a very dramatic experience. Nevertheless, there are
some people who are at risk and ask for having the test. Individuals with the family
history of cancer for example see such information as a chance to reduce the risk of
death and to take more informed decisions (Krause 1996). According to one of the
testimonies, the early diagnosis of hereditary cancer due to genetic testing turned to
be the benefit for several members of this family, permitting them to live longer life
than the members of the previous generation, when testing was not available. Such
people are arguing that the iqfortnalion ftom genetic testing cannot be denied to he
people who want and need i underlying the inappropriateness of the thesis "we
should not test until we learn more". It appears from the preliminary results of our
study with some of such families in Norway, that they will encourage their children
to undergo the testing while being in the young age.
In certain cases, as for HD the legal requirements are not existent about the issue to
whom should the infori-nation be communicated and to whom not. Thus,
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professionals offering the test, restrict it to individuals who are age eighteen and
older and who can give infon-ned consent. According to one of the professionals
involved in the testing for the HD, it is the unique case when parents can be denied to
give the medical information about their children (Wexler 2001). Children seem to be
a group, very sensitive to the genetic information, as it was suggested by the
observed emotional stigmatisation in the school children, who were told they were
carriers for the ecessive gene causing Tay-Sachs disease, even though being a carrier
did not harm their health. The consequences of the nowing the results of such tests
depend surely on the severity of the disease and, again on the existing (or not)
possibility of cure. A not available cure makes the task of the communicating
information to the person more difficult.

6. Conclusions

There are several affected groups, whose participation is necessary to consider when
the decisions are taken about the use of genetic testing and of the obtained
information. Among them are people with genetic diseases, groups with a family
history of the diseases with hereditary component (as cancer) and couples who are
planning to have children. The mechanisms for their participation in decision making
should be carefully studied.
The indications exist that people who feel themselves already at risk would like to
know more about their chances to develop the disease, than other people. In some
cases the early nowledge about risk may provide them with the possibility to fight
it, but it is yet quite rare. People with high risk of disease should have an easy access
to the tests.
One of the important future directions for study is how the information from the
genetic testing should be communicated and what kind of the assistance should be
provided in this context.
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1. Introduction

Since prehistoric times man has changed nature: crops and farm animals have
undergone dramatic changes because farmers have selected individuals possessing
certain genetic traits over less desirable types; and the selection for higher yields,
efficient production and quality is an ongoing process. Where plants are concerned,
man has favoured crops over weeds (defined as unwanted plants or plants growing
where they are not wanted) through cultivation, by weeding, and ore recently, from
an historical perspective, by using chemical compounds. Many scientists think of
gene technology as a natural extension of the process of selecting and favouring
individuals with desirable traits. However, whereas in the past successful breeding
has been dependent on sexual compatibility or the survival of vegetative parts of the
plant (e.g. the potato), gene technology allows one to exchange genes between totally
unrelated species, such as bacteria, vertebrates and plants.

Over the past decade a number of genetically modified (GM) crop varieties have
been marketed. In 2000 the total area with GM crops under cultivation was
approximately 44 million hectares. Most of this ground lay on the American
continents [1]. Two main traits, herbicide tolerance and insect protection, constituted
almost all of the area. But worldwide, other traits - such as disease resistance, stress
tolerance, male sterility (for production of hybrid seed), and altered metabolites of
plants which may produce pharmaceuticals, amino acids, lipids (e.g. biodegradable
plastic) or carbohydrates - are being promoted 2].

Despite the promising prospects of this new technology, the genetic engineering of
crops and other food products has been received with widespread scepticism,
especially in Europe. Whereas technologies in the past have normally been
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introduced without existing or simultaneously introduced regulation, gene technology
in an exception. Regulation has in many industrialised countries been developed
along with applications of this new technology. The European regulation is based on
a case-by-case assessment of risks to human health and the environment. It would
appear, however, that the scientifically-based risk assessments that have preceded the
release of genetically modified organisms (GMOs) and the marketing of GM
products do not fully address worries commonly felt by members of the general

public.

2. Public perception in Europe

In Europe, the latest of the large-scale surveys, the so-called Eurobaromelers, from
1999 31 4] showed that genetically modified food together with animal cloning and
GM crops is the application of biotechnology with the lowest level of support.
Support for GM crops has indeed declined since the previous survey in 1996. Support
for most medical applications of modern biotechnology, e.g. the production of
medicines and genetic testing, remains high and does not appear to have been
affected by the controversies over GM crops and foods.

Thus one of the important findings of the Eurobaromeler surveys is that it is not gene
technology as such that causes opposition, but rather particular applications. The
surveys show, moreover, that scepticism is not simply caused by lack of inforination.
Rather the surveys indicate that the relation between knowledge and attitude is
instead more complex, as while more knowledge makes people forin a definite
opinion about biotechnology, this opinion can be for or against [5]. In some
countries, like Denmark and Sweden, the net result is that with an increased level of
knowledge a higher proportion of the population ends up being against GM food.

Significant differences exist here among European states: e.g. a majority of people
living in Spain regards the applications of biotechnology as useful, morally
acceptable, and worth encouraging, whereas people living in Greece hold the
opposite view 3]. In Denmark, the 1996 Eurobarometer showed that 68% of Danes
considered GM food products risky and 61% did not think that this application of
biotechnology should be encouraged 6]. In 1999 74% of Danes said that they dread
the idea of GM food 3]. Local surveys have also shown that 60% of Danes want a
total ban on genetically engineered crops 7] [8].

According to the people behind the Eurobarometer, "usefulness is a precondition of
support for gene technology used outside the medical sphere. Furthermore people are
prepared to accept a low level of risk as long as there is a perception of usefulness.
However moral doubts act as a veto irrespective of views on usefulness and risk" [5].

An unpublished focus group study recently conducted in Denmark suggests that the
moral requirements to be met by GM foods include freedom o choice for the
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consumer, respect for nature, and democratic control over the development and
application of the technology.

3. The ethical framework

The above issues give rise to two fundamental questions: first, what sorts of concerns
are relevant when we are deciding whether or not it is morally acceptable for us to
use gene technology in agriculture? And secondly, how can the different ethical
concerns be weighed against each other? In the light of the first question it will
become clear why dialogue between the different stakeholders may fail. Some groups
of people - in particular, those within science and industry - seem to take it for
granted that, as long as GM crops do not give rise to environmental hazards and are
safe to eat, there are no problems. However, others - including large sectors of the
general public - think that, besides environmental and food safety issues, other
concerns are morally relevant. Recognising that the biotechnology debate involves a
range of distinct concerns is, of course, no guarantee that further discussion will
result in consensus. But the different discussants will at least know what they
disagree about at the fundamental level, and thus gain some sort of understanding of
why other people reject views they themselves take for granted. Matters are further
complicated by the fact that different individuals might agree that specific ethical
concerns are important, but disagree on where the limit separating the acceptable
from the unacceptable is.

As stated above, usefulness is a prerequisite of the public acceptance of GM crops.
At least two definitions could, however, be applied to usefulness: on the one hand,
that the crop is commercially viable; and on the other hand, that it fulfils important
societal needs. In the light of their commercial success in other parts of the world [I],
it may be argued that GM crops are commercially viable. However, when members
of the general public insist that GM crops must be useful they typically seem to have
the second definition in mind: GM crops are only acceptable if they fulfil important
societal needs. It is apparent that a GM crop may fulfil societal needs in several
ways: 1) by giving us more healthy food, 2 by diminishing the environmental impact
of agriculture, 3 by producing raw materials which at present require costly
industrial processing, or 4 by improving the situation in third world countries and
feeding a rising world population 9 To date the usefulness of gene technology in
agriculture has not been obvious to the general public in Europe and to many the
most persuasive argument seems to come from the third world perspective.

It is somewhat surprising that the environmental argument has not gained more
public support in Europe. The 'first generation' GM crops were developed with the
aim of diminishing the impact of chemicals on the environment. These crops were
modified to resist herbicides. It was argued that by using these crops we would
reduce pesticide use and/or be able to use pesticides of an environmentally more
benign kind than formerly. However, the environmental argument has not gained
public support, probably because pesticides are perceived as a highly controversial
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technology: there is widespread public anxiety about their side-effects on human
health and environment. This worry has been reinforced by the many findings of
pesticides and their break-down products in drinking water. Herbicide-resistant crops
are, of course, still based on the use of these chemicals, and many people
automatically regard this strategy as offering a non-sustainable path for the future.

More obvious benefits for the consumer will probably be a prerequisite of wider
acceptance of GM crops. Without such benefits it is difficult to accept the taking
even of very small risks.

Many biotechnologists see gene technology as a precise method by which one or
more identifiable genes are inserted into an organism. This contrasts with
.conventional' breeding methods, where mutations are induced by means of
chemicals or radiation. According to this view, it will only be possible to make
reliable predictions about the effects of inserting genes by genetic engineering.
Opponents of the technology, however, argue, that inserting genes from distant
organisms which would never interbreed in natural circumstances might have
completely uknown effects, and that these may only be identifiable through long-
term monitoring.

Risk-terminology has been adopted in the discourses surrounding GM crops, where
the discourse of regulatory risk has so far been most prevalent. Within the regulatory
discourse, risk is defined either in environmental or in health terms. Both kinds of
risk are seen as a proper object of study and measurement by science. Public
discourse about GM crops, however, is much more diverse. It is associated with
wider perceptions of value and of what counts as a risk [IO].

In this context, we can distinguish between the understanding of risk found among
regulatory bodies and an alternative approach to the assessment of biotechnology in
which morally undesirable features or consequences of the technology are included.
In what follows, risk therefore involves unwanted consequences for human health or
the environment. The alternative ethical or moral approach looks at matters such as
the lack ofusefulness, democratic drawbacks and other socioeconomic impacts.

It is impossible to generalise about the consequences of introducing GM crops. Any
assessment of the consequences will therefore have to be made on a case-by-case
basis, taking into account differences in, for example, local environmental conditions
(climate, species etc.), culture, socioeconomic conditions and farm management
practices.

A GM crop may pose a risk to human health if the crop produces new toxins or a new
or altered compound that turns out to be allergenic I Ifl. Human health could also be
affected if the nutritional value of the plants diminishes as a result of genetic
engineering, which in turn could cause malnutrition in - or especially in - poor
people.
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As for risks to the environment, GM crops may pose a threat to the diversity of
species living on or around farmed land. It has been suggested [ 2 that pollen from
transgenic Bi-protected maize could hann the larvae of the Monarch butterfly.
Furthermore, erosion of the genetic diversity of irreplaceable wild species occurring
in natural habitats is a potential hazard. Finally, the fanner may experience increased
pest problems (from weeds, insects or diseases) in the field; or counten-neasures to
increased pest problems may result in increased pollution from pesticides 13] In
assessing the risks GM crops pose to the environment some sort of baseline is
needed: one possible baseline is the level of risk imposed by conventional fan-fling
practices. It has also been proposed that the risk level in organic agriculture should
form this baseline 14].

Despite the general doubts already mentioned a number of GM crops appear to be
safe so far as ecological risk is concerned, when this is judged by ordinary scientific
standards. Furthermore, from the point of view of health, no serious hazards have
been identified as regards the use of GM crops for food production. However, these
assessments have been met with distrust, first of all because the general public has a
low level of trust in information coming from the authorities performing these
assessments 3 and secondly, because these assessments are often associated with a
large degree of uncertainty about the likelihood with which ecological hazards may
occur.

Many politicians refer to the use of the 'precautionary principle', which within the
European Union makes it possible to ban or delay the approval of products or
processes carrying unacceptable risks - provided that potential hazards have been
identified and that it is not possible to make a scientific risk assessment and thereby
define the risk with adequate precision. However, the precautionary principle has not
yet been used to reject an application for approval of a GM crop.

In accounting for the fact that many people reject GM crops despite the lack of
documented risk, it is important to be aware that the general population and its
spokespeople probably have a broader set of criteria than mere risk criteria in mind
when they assess GM crops. These criteria might involve the above mentioned other
ethical or moral concerns. At any rate they are typically both difficult to quantify and
not included in the existing approval procedures. Since the public apply this broader
set of criteria, they may refuse to accept applications that are not considered risky by
the public authorities.

As for the other ethical and moral consequences, a familiar argument draws attention
to the monopoly enjoyed by multinational agro-chernical corporations. These
companies have bought several plant-breeding companies in order to link seed
production to agro-chemicals; and this monopoly may lead to the loss of traditional
crop varieties and farrn management methods. If this were to occur, then despite the
obvious benefits of new GM crops, the food supply could become vulnerable to
slight changes in the behaviour (e.g. the resistance) of pests such as in pathogens,
insects and weeds. From the consumer point of view, freedom to choose whether or
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not to buy food products, which contain GM ingreedients, is an issue, which lately
has resulted in controversies over the Elabeling requirements of GM-food.
Furthermore, the fact that an approval for marketing of GM plants is valid all over
the member states of the European Union may to some people be perceived as a
threat to democracy at the community level.

Many people see GM food as a threat to the natural order of things, because the
processes, or results of gene technology are somehow 'unnatural' and for that reason
objectionable. There are however, some problems associated with this allegation.
First of all, it will have to be explained what is meant by 'unnatural'. Secondly this
explanation needs to 'filter' the inappropriate kinds of 'advanced' biotechnology
from the more traditional farming methods - methods, which almost everyone
accepts and which cannot plausibly be claimed to be morally dubious, such as the use
of ordinary selective breeding [15] 16]. Even if such a filter could be provided, it
would still have to be shown that the unnatural in the specified sense is also immoral.
This last point is particularly important since, as is well known, throughout history
the characterisation of certain acts or practices as unnatural has often revealed no
more than stubborn prejudice.

A similar objection is that gene technology violates the 'integrity' of nature -
something that can be described as the naturally evolved, unharmed wholeness of an
individual, species or ecosystem. The evolution of various life forms show, however,
that nature is not static and this objection is therefore only valid within a short time-
frame. A similar allegation felt by some people is that 'scientists should not play
God' in the sense that they are trying to modify the work of the Creator and, perhaps,
assuming the Creator's role. Such a standpoint would, if taken literally, force
mankind to stop doing many things that have been essential to human survival. For
several thousand years agriculture has been based on the principle of selection, and
thus on deliberately changing species. Few think this is a bad thing, even if it
involves modifying the work of the Creator, so it is not very clear why more
advanced techniques that aim at similar ends should be considered objectionable
exercises in 'playing God'.

The underlying issue in discussions about naturalness and playing God may,
however, be interpreted in a more down to earth manner. The pleas for naturalness,
and integrity and against playing God may serve to express a general unease about
the consequences of GM crops - consequences especially, perhaps, that are not
captured in existing assessments. This unease may be nourished by a general distrust
in scientists and their ability to judge the long-terrn consequences of innovations.
One step towards bringing the two opposing views come closer to each other would
be to encourage a broader public discussion about the 'nature of nature'. Such a
discussion would surely also reveal very divergent views among members of the
scientific community. Ongoing research indicate, that there is a clear conflict
between the view of nature typically found among molecular biologists and that
typically found among biologists working at the level of the ecosystem. Also there
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may be a fear of a so-called "slippery slope" where by means of a number of small
changes we end up accepting what from our current point of view is unacceptable.

4. Conclusions

Other matters are involved in the discussion about the use of genetic engineering than
what is required by scientifically based risk assessment of the kind performed as part
of an approval process. The general public has a low level of confidence in both the
scientists who developed these products and the authorities conducting the scientific
risk assessments. Furthermore, these risk assessments are based on the assumption
that genetically modified organisms that are not dangerous to human health or the
environment are unproblernatic, which is not a view shared by the general public.
Case-by-case assessments of the benefits and ethically significant features or moral
consequences of genetic modification need to find a place beside standard risk
assessment. This, combined with a freedom of choice for consumers that enable them
to avoid GM products, appears to be a prerequisite of public acceptance. Finally there
is a need for a broader discussion of the 'nature of nature', and of how modern
agriculture can fulfil its potential with respect to this perspective.
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Abstract

The reaction of the UK consumers against genetically modified food in the early
months of 1999 set off a tide of concern across Europe and many other parts of the
world. Though many of the issues were not new, and were often exaggerated or
sensationalised in their presentation, it touched a deep nerve because it brought
together two areas of acute public sensitivity - genetic intervention and food. Along
with Dolly the cloned sheep, "GM" emerged as an icon. They have become
conceptual embodiments for a broad range of underlying value questions about
modem technology and its impact, and about the social and political context in which
it operates. For GM these include human intervention in nature, risk and precaution,
genetic science, agricultural approaches and sustainability, environmental impact,
commercial power in technology, public accountability, food shortage, and global
justice for the poor. These represent a very complex mixture of social, economic,
political and philosophical and theological issues. At the heart of many of these is
the question of risk and the values we apply to it.

The Church of Scotland's Society, Religion and Technology Project (SRT) undertook
a five year study into the ethics of non-human genetic engineering from 1993-8,
whose conclusions prefigured much of the subsequent GM food debate. 1] This
paper draws from this work and subsequent work 2 in exploring the values
underlying the different responses to the risks arising from genetically modified
crops and food, as expressed by a range of groups and commentators in the UK.
These include the study on GM crops of the Nuffield Council on Bioethics, the report
"Selling Suicide" of the development NGO Christian Aid, and the views of the
leading organic agriculture movement the Soil Association, along with the insights of
the SRT Project study itself.
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These reports make a conflicting set of risk evaluations about scientific intervention
in nature, the validity of the regulatory system, the ability to feed a rapidly expanding
world population, the exploitation of Third World fan-ners by multi-national
biotechnology companies, or the likelihood of a transgenic environmental disaster.
These risk evaluations are found to be profoundly influenced by ethical evaluations
of the particular issues and social contexts which they consider to be important. This
reveals some important insights. It is suggested that the judgement that molecular
genetic modification is more risky than selective breeding is primarily value based,
rather than evidential. Similarly, the notion of a moratorium is examined as to
whether it represents a desire to establish a better evidential base for environmental
and health risk assessment of GM crops, or a precautionary value-response to the
rapidity of their commercial development. The opposing judgements about whether
or not genetically modified food is needed to "feed the world" are examined in the
context of the debate about the meaning of the precautionary principle and its relation
to scientific risk assessment. Some surprising conclusions are drawn about which
position may be described as precautionary.

These evaluations point to a need to a wider question of how a society should
respond to and live with uncertainties that may not be solved by scientific data. Two
of the key issues now facing European democracies is which values should inforr a
societal judgement in societies which are now rather plural in philosophical and
religious terms, and how might civil society come to such a judgement. The notion
of a social contract of technological risk is introduced to indicate the conditions
which need to be achieved to establish a workable consensus. This implies a new
approach to biotechnology planning, management and policy making, in order to find
common cause with the wider population, rather than responding primarily to
particular power groups, whether one side or the other of the present GM
controversy.
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1. Introduction

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2.1 The risk issue in radioactive waste management

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

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

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

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

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

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

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

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

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

- The institution of an independent operator, ANDRA.

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

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

2.2 Risk approach: Safety demonstration

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

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

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

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

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

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

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

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

3. Geological risks

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

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

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

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

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

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

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

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

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

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

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

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

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

3.3 Montchanin landfill

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

4. Natural risks

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

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

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

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

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

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

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

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

4.1 Suitable tools for each negotiation

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

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

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

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

4.2 May flood risks be negotiated?

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

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

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

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

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

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

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

5. Risks associated with economic activities

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

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

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

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

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

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

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

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

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

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

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

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

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

6. Discussion and conclusion

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

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

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

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

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

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

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

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

Efforts must not slacken in order for all parties involved to participate in the choices
that concern them directly and to assume them in all fairness.
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Abstract
Public acceptability has been the rock on which radioactive waste management plans
have foundered in many countries. As a response to this, public consultation,
information provision, and transparency have been recognised as necessary elements
for successful development and implementation of management plans. However, the
actual practice of public consultation, in many cases, fails to adequately incorporate
the significance of questioning the ways in which the problem is defined, the issues
that are important, and the overall 'framing' of the problem. Public framing
generally differs substantially from the way in which the problem is understood by
those institutions responsible for its management; further, there are differences in the
ways in which different publics frame issues. These public differences may or may
not be attributable to demographic factors, but are closely related to the problem
context - that is, the history of relationships, structural conditions, and the cultural
resources available to make sense of the issues. I argue that it is crucial that public
framing(s) are adequately taken into account in developing management initiatives,
so that policies reflect these different understandings, and thus have more social
purchase, in line with Grove-White and Wynne's argument that in order for
radioactive waste management to become a solvable problem, it is necessary to
generate social ownership of the problem. However, traditional, and even many
novel, consultation processes do not comprehensively address the issue of framing,
but eproduce assumptions about the nature of the problem and how it should be
addressed. These assumptions are present in, for example, the institutional
arrangements and scientific and technical agendas. I report on a project undertaken
this year with Nirex entitled 'The Front of the Front End' which used repeat focus
groups to directly elicit the ways in which different publics frame the issue of
radioactive waste in the current context of UK society. I present the method as a
useful practical and cost effective way of addressing questions of framing, and go
on to argue that not only is this essential as a first stage of developing policies, but
that framin- needs to be re-assessed over time to enable changes to be mapped and
incorporated into policy. The results of the study show clearly the use the general
public make of their particular cultural resources in arguing towards a position on
what the issues are and how they should be managed, including multiple references
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to other issues which are seen as similar or having similar components. The study
also showed a considerable degree of congruence between different groups,
providing a valuable starting point for the re-evaluation of UK radioactive waste
management policy. The findings are related to other contemporary studies in the
UK, which generally support the overall findings. A problem is identified, however,
in that responsible institutions, with their existing practices of understanding the
nature of the problem, can find it difficult to integrate the both the concept of framing
and the alternatives understandings of the problem which are articulated through
public deliberation.

Introduction

Radioactive waste management planning has proved to be intensively problematic in
most countries where implementation has been attempted. The nature of the problem
has come to be recognised as public acceptability, and the solution to lie in extending
public consultation, often in novel or customised forms. Whilst perceiving the
problem as public acceptability - rather, than, say the conflicting interests of
commercial organisations and the public they purportedly serve, or the failure of
many nuclear companies to demonstrate integrity - is itself questionable, gaining
acceptability trough consultation has become the norin.

A necessary development in the growth of consultation has been the shift away from
the 'decide - announce - defend' approach' (in some if not all quarters) where
decisions are made prior to seeking public views, and then consultees are essentially
informed of those decisions and asked for comment. Instead, there is a growing
movement towards early consultation, prior to the development of specific plans, to
find out public views on, for example, generic concepts and the actual means of
consultation that are seen to be necessary. The implicit or explicit intention is then to
incorporate pubic responses into the production of more specific proposals.

Although this is a welcome movement, I argue that it is still inadequate. The US
National Academy of Sciences have demonstrated how a key issue in disputed
environmental issues is the adequacy of the problem definition, or way in the issue is
'framed', a funding re-emphasised by the UK's Royal Commission on
Environmental Pollution. The concept of framing can be illustrated by asking the
question 'what is this about' and seeing that different groups respond in very
different ways. Radioactive waste can be framed as, for example, a technical
problem, a problem of scientific uncertainty, a problem of production, a problem of
conflicting values, a problem of the social relationships it engenders or requires, a
conflict over the meaning of risk, etc. Whether one framing is 'better' than another,
and/or which framing(s) should be incorporated, is itself a question of the democratic
legitimacy of decisions. During the preparation to the UK Consensus Conference on

1 Or, as it has been characterised, the 'decide - annouce - defend - abandon'
(DADA) approach.
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radioactive waste in 1999, for example, there was an attempt to delimit the
considerations of the panel to exclude the source of, and continuing production of,
radioactive wastes. That this was overthrown and that the panel subsequently
produced a recommendation on the continuance of production demonstrates its
significance and need for its inclusion. That the attempt was made, though, signifies
the continuance of a commitment to a framing of the problem that separates
production and waste management, and perhaps more importantly, presumes that
institutions have a greater right to define the appropriate frame than the public.

Often, though, the way in which a problem is framed is less apparent, as are the
policing mechanisms which reproduce particular framings. The implicit assumptions
in the selection and application of scientific and technical approaches are themselves
the product of particular constructions of the problem. Importantly, these framings
have implications in both the material and social conduct of management practices,
and in the inclusion and exclusion of different voices.

The necessity to construct the appropriate problem framing to enable public
acceptability means that consultation has to do more than take the DAD framework a
step or two backwards in the process to consult on the decisions which make up The
Decision. It means that consultation has to take a conceptual leap backwards in the
process of coming to a Decision, and consult on the fundamental premises faming)
on which that Decision, and the process of reaching it, are based. This is sometimes
referred to as the 'Front End' of consultation, as Elizabeth Atherton describes in this
volume. Yet even a Front End could arguably not go far enough, as there is always
the possibility of going further back to reach the components of which Front End
positions are constructed 2. This problem of infinite regress is perhaps best
exemplified in information: any information carries with it an implicit problem
definition in what it includes and excludes and in what is said, and how, about the
topics it includes. However neutral the intention, it is not possible to produce neutral
information'.

This said, it is possible to identify the different problem definitions of the different
individuals and groups concerned with radioactive waste management, particularly
those differences between public and institutional framings. To follow the logic of

2This is not to suggest that there are somehow deterministic 'underlying' positions,
which then generate particular framings. Rather, like the recent interpretations of the
surprisingly few components of the human genetic code, there may be some
deten-nining factors, but these are bound up with a host of interacting contingencies
which result in particular expressions of framing at particular times.
-3 A possible exception to this is those 'facts' which are commonly believed by all
members of the relevant community - in our case, statements such as 'the earth is
round (ish)' or 'gravity exists' are generally unproblematic. This argument rests,
though, on the premise that all facts are contestable, and whether or not they are
contested is in part a social process, as sociologists and historians of science have
demonstrated.
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the contention that radioactive waste management practices must be publicly
acceptable and that one cause of their unacceptability is that they fail to cohere with
public framings, those public framings should take precedence over those of existing
institutions.

The Front of the Front End Project

Understanding the need for identifying the ways in which publics frame the
radioactive waste problem prompted UK Nirex Ltd to fund the Centre for the Study
of Environmental Change (CSEQ at Lancaster University to carry out a project
entitled 'The Front of the Front End A. The methodology selected was to conduct a
series of focus or discussion groups.

The primary reason for using focus groups was that they enable participants to
engage with a subject - in this case, something that rarely impinges on their everyday
lives and on which they have little knowledge and few pre-fon-ned opinions - and
actively make sense of them. The deliberation that takes place in an appropriately
designed focus group reveals the ways in which publics think about issues, that is,
how they construct and frame them. However, using a focus - or discussion - group
in this way is a particular version of the general method. It is crucial, for example,
that at the start of a session the moderator avoids constructing the issue in any
particular way, and that they avoid giving verbal or visual cues approving or
disapproving elements of the discussion. Rather, the discussion space should be as
far as possible completely open to the claims, considerations and comments of the
participants. Nothing should be ruled in or out, or relevant or irrelevant.

Given the complexity of this process - focus group participants often 'try out' several
positions (in a sense, they rehearse the arguments) before reaching any form of
conclusion or adopting a position - each focus group ran for two hours on two
consecutive evenings. Eleven groups of approximately eight people were held,
covering a range of locations, both near to and distant from nuclear installations.
Participants covered a range of demographic variables (age, gender, income,
ethnicity).

The Publics' Framings

During the group discussions, participants were very obviously engaged in the
process of active sense making. By this I mean that, given that very few people had
considered radioactive waste as an issue previously, they were drawing upon the
resources available to them - things that they did, in some sense, know about or
believe in - to consider, weigh up, and make sense of radioactive waste. These

4The report of the study will shortly be available at www.nirex.co.uk.
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resources are deeply cultural in nature, and are evident in the implicit analogies used
in discourse. By examining the ways in which people make sense of radioactive
waste, it is possible to see the ways in which they are determining what it is about -
that is, the ways in which people are framing radioactive waste - and that these
framings are drawn from a host of cultural and social resources.

A selection of findings are presented here to illustrate both this claim, and the
associated statement that it is crucial to understand - and respond to - public
framings which differ from those of technical, policy and expert communities
(TPECs)'.

The first example is that the initial response to the tenn radioactive waste is to
understand it in relation to the separate terms of 'radioactive' and of 'waste'.
Radioactivity has well documented associations with fear, danger, pollution, leaks
and accidents, bombs, health risks, uncertainties and secrecy. It has an
overwhelmingly negative meaning for most people - radiation is a 'bad', not a good.
Characteristic ways in which TPECs understand radiation is as a controllable hazard,
as a physical phenomenon, and as something which has uses. The publics'
.perception' is in turn perceived by TPECs as irrational and/or ill-infonned, over-
stating the risks associated with radiation in relation to other, accepted risks. These
perceptions lead to exclusion or the assumption that what is needed is infon-nation 6 to

correct the 'mistaken' public view. However, if instead we take the public
association seriously and instead ask why people should feel so negatively about
radiation, we can see that it is perfectly reasonable to be afraid of radiation - it is
after all dangerous, and the majority of scientists adhere to the position that there is
no safe dose - and so on. Radiation is in this sense something we would be better off
not having - that is, it is a bad, and the less of it there is, the better. Additionally,
there is the analysis that radiation is not responded to purely as a physical
phenomenum, but as a complex with social, economic, physical, and political
dimensions. Thus, the mistrust and lack of confidence in commercial and regulatory
institutions (a mistrust in part generated by repeated claims of complete control and
safety which are then followed by reports of accidents and leaks) is part of the way in
which radiation is judged by the public.

In a very different vein, 'waste' is understood in terrns of the material wastes with
which people are familiar. References were made to, for example, landfill sites and
problems of toxic leakage, and forgotten hazardous wastes. By analogy,
underground disposal of radioactive wastes was seen to have similar problems of
leakage and forgetting. Waste was also understood as something which should be
reduced (again, as a 'bad') through minimisation, re-use and recycling. This

5Obviously, there are differences in framing within scientific, technical and policy
communities. However, there is also sufficient homogeneity to be able to present
them as a group when juxtaposed to the public(s).
6The belief that some form of public education or infon-nation provision will correct
the irrational position of the public is nown as the 'deficit model'.
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position then leads to questioning the purpose of and need for production of the waste
in the first place, as well as the search for ways of re-using or recycling wastes. The
idea of final disposal, adhered to in many parts of TPECs in relation to radioactive
waste, is thus rejected by a public who have adopted the premises of waste
minimisation and re-use.

A second example is in the way in which the idea of information is framed. TPECs,
as noted above, often utilise the deficit model, whereby the solution to public
misapprehension is 'correct' information. Information is thereby something which
can be correct, neutral, and somehow above and beyond the everyday social and
political influences which permeate our lifeworlds. In this, the TPEC understanding
of information draws on the associated construction of science as a neutral (i.e. not
socially or politically biased) way of understanding the natural world. The problem
is then one of incorrect infon-nation, misunderstanding, and disinterest. If only the
public knew what the TPECs knew, then they would accept TPEC policy.

By contrast, he public clearly understand infon-nation as something which comes
from a source, and thus something that depends on that source for its validity. Whilst
there is often a call for independent infon-nation, this is generally followed by the
recognition that there is no source of independent infon-nation (universities,
pleasingly and hopefully legitimately, are generally cited as the most independent
source, but even here the public recognise that much research funding comes from
external bodies and this compromises independence). The problem is one of a
recognition that the information presented reflects the interests and agenda of the
presenter, and that no information is ever neutral. The perceived interests of the
presenter are crucial: in the FOFE study, participants repeatedly stated that they
would trust information from environmental groups more than that from the nuclear
industry, not because that information was seen as more accurate (Greenpeace
'getting it wrong' over Brent Spar was a commonly cited instance of inaccuracy), but
because the environmental groups were seen as acting in the interests of the
environment, and this was their motivation for presenting infon-nation in the way
they do - that is, for the 'right reasons'. By contrast, industry was seen as motivated
by profit, and this unden-nined their presentation of information, regardless of
questions of accuracy.

Public frarnings can thus be seen to made up of the problem context, and that context
draws on a wide range of social and cultural experience. This contrasts with TPEC
frarnings, which tend to be bound by institutional practice and to operate over a much
narrower range of considerations.

Change and Iteration
Having to some extent represented the decision process as linear, I am now going to
introduce an iterative dimension. What is publicly acceptable changes through time
partly, at least, in response to further experience in both the personal and public
domains. The alteration in the public acceptability of nuclear power after Chernobyl
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amply demonstrates tis. The nature of the radioactive waste problem, with all its
uncertainties and inherent lack of complete controllability', means also that the
conditions for deliberation are liable to change, both as new nowledge emerges and
unpredicted events take place.

This changing context, and consequent changes of the nature of the problem, mean
that an iterative process of consultation and deliberation is needed. To encompass
dynamic public framing and consequent changes in acceptability, the public need to
be included in the ongoing processes of policy development and decision making.

The Problem of Institutional Responses
Whilst there is an ever-increasing amount of consultation, there is little evidence of a
parallel development in the ways in which institutions listen to and make sense of the
views expressed. The translation of public understanding into material that is useable
by institutions remains problematic. In some cases, it requires an enormous leap of
imagination to be able to see that some views could be 'taken into account'. In
others, the diversity of views means there is no clear path to follow. In part, though,
this is a problem of framing, and the ways in which institutions denigrate and devalue
public framings (for example, by stating that they are 'wrong' or 'misinformed'), as
well as the difficulty of integrating difference into established systems.

Nirex, for example, picked up retrievability as an important issue at the UK
Consensus Conference. They are aware of complexity of the concept, but are
(necessarily, given their expertise) taking an engineering dominated approach to
resolvin- it. Nirex are including the dimension of time in their work, in part at least
because answers to questions such as 'how long should wastes be retrievable' are
needed for engineering design. This is a pragmatic and valuable response, but does
raise the question of whether a deeper sociological understanding, and response, is
needed. In the Front of the Front End study, participants' answers to the question of
for how long wastes need be retrievable was 'until a pen-nanent solution/positive use'
is found - not something that can be measured in units of time, and not something
that is useful for engineering design. What is necessary is the step of translating
,unti a permanent solution is found' to 'indefinitely', which is a more workable
concept in terms of engineering design, implying, for example, the necessity for
maintenance.

If we look at the whole complex of radioactive waste, public acceptability and public
consultation, it is possible to see that, at least from an institutional perspective, the
problem of radioactive waste storage and/or disposal is a problem of public
acceptability. The Swedish, and now the Finnish, experiences are held up as models
of good practice in incorporating public consultation and generating acceptable
solutions. Yet to frame the problem as one of public acceptability reflects an
institutional - not a public - perspective. To the public the problem is not them -
how could it be when they have not been responsible for generating the wastes?
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Rather, the problem is one of the nature of radioactive waste, and of a lack of
confidence in the motivation and practices of responsible institutions. Thus, to
frame the problem in terms of public acceptability may be missing the point.

Only when institutions and public are attuned can there be the shared ownership of
the problem which is necessary to finding the best solution. If the responsible bodies
are addressin- the wrong problem, then the solution is unlikely to be publicly
acceptable.

Hunt and wynne 2000
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Planning and development of rapidly growing urban areas throughout the world is a
complex decision-making process having a direct impact on human health and the
environment both locally and globally. Global environmental problems such as
depletion of the ozone layer, global warming resulting from the production of
greenhouse gases, loss of biodiversity find their roots predominantly in the
cummulative process of global urbanization. The new paradigm of sustainable
development has been formulated in an attempt to reorient and focus the thinking of
communities towards a style of individual and community living, resource
consumption and economic development that allows for a balanced co-evolution of
the economic, physical and social environments within the carrying limits of the
global environment. It is generally recognized that an open participatory for of
governance is a precodition for implementing sustainability.

In Latvia, a country in transition to a democratic and free market form of social order
and economy, the concept of sustainability is only slowly gaining recognition. An
analysis of Development Plans prepared by the largest cities of Latvia indicates
that sustainability is universally presented as one of the guiding principles. However,
a comparison of specific policies against the principles of urban sustainability as
embodied in the Aalborg Charter reveals a great deal of ambiguity and contradiction.
Furthermore, decision-making regarding specific development issues is frequently
completely at odds with adopted sustainable development policies and does not
present opportunities for public input.
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In essence the problem of enlivening of sustainability ultimately is the responsibility
of local government which in Latvia is often least open to and has the least capacity
to meet the challenges of sustainability. Local and even national politics is still the
stuff of personality, local interests and not infrequently vested interest. Values, such
as sustainable development, even if expounded in policies and planning documents,
are ultimately less frequently invoked in decision-making process. Compounding
matters further is the fact that adverse global impacts resulting from local activities
are frequently not self-evident, having no immediate direct impact on human health
and the environment locally, and thus are not issues of relevance amongst experts
(planners) and politicians. In this milieu, in Latvia, urban planning practices that
have been tried and shown to be unsustainable in the long-term in urban areas of
more developed countries are frequently being repeated.

At the municipal level experts (planners) and politicians frequently have insufficient
capacity to address complex planning issues because they lack an accounting system
to gauge whether the long term goals of Development Plans and the principles of
sustainable development are being achieved. As a consequence the broad public is
deprived of the opportunity to assess for itself the process of development is relation
to existing development plans and policies, thus limiting transparency in
development decision-making. Relevant statistical data collected on a regular basis
are required to create sustainability indicators reflecting sustainability issues,
including quality of life, to supplement and replace existing statistical compilations
pertaining almost exclusively to economic growth and consumption - standard of
living. Development and utilization of sustainability indicators by local governments
can be a useful vehicle for promoting the unfamiliar and demanding values of
sustainable development amongst politicians, planners and the broad public and for
enhancing transparency in the decision-making process.
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Economists have argued persuasively that our goals are wider than just risk
minimization, and that they include a prudent weighing of costs and benefits. This
economic line of thought recognizes that our policy goals are complex. As we widen the
range of goals we are willing to entertain, though, we need to check that the methods we
customarily employ are appropriate for the tasks to which we customarily apply them.

This paper examines some economic methods of risk assessment, in light of the
question of what our policy goals are and should be. Once the question of goals is open,
more complexities than just cost intrude: what the public wants and why begs to be
addressed. This leads us to the controversial issue of public risk perceptions.

Introduction: Formal and Informal Judgments

There has been a long-standing and much-debated conflict between the risk
perceptions of experts and those of the public. Many dangers that the public finds most
alarming the experts say are relatively benign, while many others that the experts rank as
most threatening the public treats with indifference. This conflict of perceptions turns out
to be surprisingly intractable. It also turns out to be a rich field for study, lying at the
intersection of larger intellectual, political and cultural conflicts. Great themes like
rationality and interpretation, populism and elitism, efficiency and distributive justice,
and others. all weigh in on this topic of risk perception.

At first, many experts attributed the difference in perceptions to different
information: the public was ignorant of relevant scientific facts, and so misperceived the
situations and the risks involved. However, psychological studies of the public's
perceptions drew attention to many subtle facets of any given risk, facets not considered
by experts. A counter-theory arose that explains the experts' analyses as seriously
distorted by inappropriately narrow methodologies that blind them to the larger picture.
Thus there developed two basic, antithetical attitudes toward the expert/public gap, and
correspondingly different approaches to risk assessment. Roughly, the expert judgments
of risk have been based on quantitative characteristics, such as mortality rates, while the
public considers a whole range of qualitative characteristics, such as how controllable or
dreadful or familiar or insidious or long-lasting a risk is. Rather than different
(quantitative) information, the source of the conflict turns out to be different (qualitative)
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kinds of bases for judgments. The result has been a lively intellectual debate about the
nature of "risk" in all its physical, social, psychological and political manifestations.

Quantitative and qualitative judgments have important practical differences.
Consider the difference between "The station is more than a mile from here," and
"Shakespeare is the greatest writer ever." Anyone who understands the first sentence will
have a pretty good idea of how to decide if it is true or not, and there will be substantial
agreement among people's methods. Such claims are amenable to a formal, technical"
decision process: a process that reliably and consistently produces the same answer, and
the appropriateness of which can claim a strong consensus. The sentence about
Shakespeare is not amenable to any such decision process. People's methods of
evaluating it will vary greatly, and it will be difficult to establish for many methods
whether or not they have been followed. It may turn out, empirically, that people do
reach a consensus on Shakespeare's greatness. Nevertheless, a person asserting such a
sentence cannot reasonably expect this consensus, and when challenged cannot
reasonably take for granted agreement on a method of resolving the dispute. Such
judgments require an informal, "political" decision process (or sometimes "moral",
though perhaps "evaluative" is the general category).

In the first section, we will consider why the public's risk perceptions should matter.
Different democratic theories lead to different views of the pertinence of the public's
perceptions. The second section examines the psychological study of risk perceptions as
a late arrival in the field of decision making under risk. The fact that it is a descriptive
approach in a field dominated by prescriptive (or normative) theory seriously hampers
the acceptance of public risk perceptions as a legitimate basis for public policy. The next
two sections examine formal theory and its claim to prescriptive legitimacy by virtue of
promoting social welfare. We will examine the chain of arguments from its (relatively
uncontroversial) basis in subjective individual preferences to substantive public policy
recommendations. The first of these looks at the important difference between individual
and collective decision akers, and the second at the appeal to markets and hypothetical
markets. Throughout, we will find that formal theory claims to proceed by a technical
process, yet relies at crucial junctures on informal, political judgments that it obscures
and ignores. he result is a failure to address qualitative, political concerns about the
risks we face.

Section 1: Two theories of democracy

Chris Whipple tells an anecdote 1992, 347-8) about experts at a workshop on
quantitative safety goals for nuclear power plants. The experts were trying to take public
concerns about catastrophes into account by weighting the danger of catastrophes
disproportionately heavily. When Paul Slovic pointed out that skewing the weights
necessarily means higher total expected mortality (from catastrophes and non-), the
experts quickly returned to their standard practice of minimizing expected mortality.
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The common-and quite natural-assumption of most experts seems to have been
that our existing decision-making processes are pretty good, and that including the public
should require only marginal adjustments to those processes. Whipple's story illustrates
an important truth: expert methods-unless they are just plain flawed, which is very
unlikely-are generally going to be degraded by marginal adjustments to include the
public. Consequently, though it might be easy to say that the public's perceptions and
concerns should be accommodated in public policy, all the institutional arrangements that
keep the expert processes in place and work to maintain their quality will steadily resist
actually making those accommodations. If the changes required to include the public are
really fundamental, then we will keep unning into mysterious and frustrating practical
difficulties, as we futilely try to integrate deeply opposed perspectives with merely minor
changes. That the conflict is, in fact, fundamental is suggested by the often-noted fact
that by expert standards we are, arguably, safer and healthier than ever before. This
seems to present a prima facie argument that all the expert work on decreasing risk and
on rationalizing priorities and on refining our techniques for assessing danger and its
probabilities is simply irrelevant: if we are already safer and healthier than ever before,
and we are still worried, then it would seem clear that a marginal improvement in our
safety is not going to allay our fears. The point that emerges is that the experts have good
reason to be daunted by the prospect of assuaging an ill-defined public anxiety, since it
apparently requires them to accept that something quite different from greater safety will
be needed. Accordingly, they have good reason to be tempted back to the discredited
idea that the public is just irrational.

This line of thought suggests that there may be unacknowledged barriers to
incorporating public perceptions in risk management. Simply declaring that we should
consider the public's perceptions can mean anything from advocating changing those
perceptions so they agree with the experts' (at one extreme), to advocating dismissing the
experts and setting policy by public referendum (at the other). Holders of these two
extreme positions could agree that the public's perceptions should be considered, and
then produce diametrically opposed answers as to how to consider them.

There are two quite different perspectives (well inside the extremes) on what
democracy requires in terms of respect for the public. The more populist position says
that the legitimacy of government decisions derives from the will of the governed.
Accordingly, the risk perception conflict should be resolved by more direct public
participation in the policy process. Most of the literature on risk perception has
considered this line of thought to be the primary justification for incorporating public
perceptions in policy. There is a competing strain of representative democracy, though,
that specifically advocates caution about the "people's will," until it has had a good long
time to mellow, because of fears of a tyranny of the majority and of undue influence on
the people's will (e.g. from the press). According to this second line, the people's will is,
in the long run, connected to their interest, so it is legitimate to act in their interest even if
that is temporarily contrary to their (seeming) will. This latter is the democratic theory
that supports the authority of experts. Expert processes are typically intended to pursue
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the public interest, and so claim to give the public due respect without directly including

it.
These two perspectives on democratic theory illustrate a central pattern of the risk

perception controversy: the tension between what we do want and what we should want.
Democratic theory recognizes the relevance not only of what the people do want, but also
what they would want if they had all the information, or what they will want when the
hysteria dies down, or what they should want to stay consistent with founding values of
the society, and so on. The general form of this issue is the contrast and tension between
descriptive theory and prescriptive (or normative) theory.

We have ow seen the major warrant that experts have not to accomodate the
public's concerns, as well as some of their incentives. The incentives come from the
great difficulty of the task and its disruption of institutionally supported expert practices.
Tthe warrant is the idea that expert theories are already prescriptively true to the public's
interests, even if not descriptively true to its desires. Those desires, however, have
political power, and insofar as the expert processes resist including the public's
perceptions, political pressure increases to replace the expert processes with some sort of
public participation process. The choice begins to appear a stark one of who decides, the
experts or the public. A more thoughtful examination of the relations between formal
(expert) and informal (public) reasoning might allow for more integration of the two and
a less stark political conflict.

Section 2 Prescription and description

The study of risk perceptions, and the consequent debate over them, generally dates
from Chauncey Starr's 1969 paper, "Social Benefit Versus Technological Risk." Starr
examines the historically accepted risks of several technologies, proposes that these
reveal social preferences, and discovers dramatic differences in our risk tolerances
depending on whether or not the risk is voluntarily undertaken, as is smoking tobacco, for
example. Starr was examining the significance of qualitative characteristics of risks, such
as voluntariness, which are normally ignored by expert models.

Starr's analysis had an intrinsically informal character: "Because this methodology is
based on historical data, it does not distinguish what is 'best' for society from what is
'traditionally acceptable... 183). The contrast he is drawing is with more formal
analyses of decision, which I will group under the generic term "rational actor theory":
analyses that attempt to establish what an actor should do, or what an ideally rational
actor would do, in given circumstances. The long history of rational actor theory
includes strands from various disciplines. Its conceptual roots are in the 17 1h century
works of Thomas Hobbes and Blaise Pascal, but its consistent development dates to 18t'
century studies of gambling and of voting strategies. It reached a new level of formal
rigor and sophistication in the creation of expected utility theory by John von Neumann
and Oskar Morgenstern in the 1930's and 40's.
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Building on Starr's beginning, Paul Slovic and others have studied various
characteristics that affect our perceptions of risks. Slovic, Fischhoff and Lichtenstein
(1979) identify voluntariness, immediacy of effects, knowledge (to the person at risk),
knowledge (to science), control by the person, newness of the risk, chronic effects versus
catastrophic, corm-non and familiar versus dreaded, and severity of consequences. They
also drew attention to the connection between risk perception and the psychological
studies of decision under uncertainty conducted by Amos Tversky and Daniel Kahneman.
Like Starr, Tversky and Kalmeman took an empirical approach: they study what people
actually do in the face of risk, rather than what a rational actor should do. At first glance,
this innovation by psychologists on the field of rational decision theory might seem
unimportant: since people are generally more or less rational, the two will presumably not
be much different. But they are different, and this difference opens the way to a
contentious debate. Here is the introduction to Kahneman and Tversky's major essay
(1979):

Expected utility theory has dominated the analysis of decision making
under risk. It has been generally accepted as a non-native model of rational
choice, and widely applied as a descriptive model of economic behavior.
Thus, it is assumed that all reasonable people would wish to obey the
axioms of the theory, and that most people actually do, most of the time.
The present paper describes several classes of choice problems in which
preferences systematically violate the axioms of expected utility theory. In
the light of these observations, we argue that utility theory, as it is
commonly interpreted and applied, is not an adequate descriptive model and
we propose an alternative account of choice under risk. 263)

Their alternative account they call "prospect theory", which attempts to describe the
processes of infort-nal judgment.

What we see here is the historical and conceptual framework for the risk perception
controversy. The psychometric study of risk perceptions and decision processes has
successfully challenged the descriptive accuracy of formal decision models. What this
means, though, is unclear. It says that we do not make decisions as the formal models
would, but should we?

The relation between descriptive and prescriptive theory here is crucial to the risk
debate. The relation is fairly complex, including both a conceptual distinction between
the two and a practical interdependence. On the one hand, the distinction can serve to
protect prescriptive theory from empirical (descriptive) challenge. Since prospect theory
and all the psychometric studies are descriptive of how people choose, they are
compatible with arguments that people ought not to choose that way. In fact, a
prescription requires some divergence from description to have any interest: there is no
point in telling people to do exactly what they already do do anyway. So, expected utility
theory could tell us what we should do, and prospect theory what we in fact do, and both
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theories could be right. On the other hand, the two clearly do intrude on each other's
territory. Notice in the quotation above that, while expected utility theory is essentially
prescriptive, it is ",applied as", and "assumed" to be, descriptive as well. And in Starr's
methodology, our historical acceptance of risks (descriptive) is taken to "reveal social
preferences," which carry prescriptive weight.

There is an obvious impact of prescription on description, in that the very concept of
"prescribing" implies that we should change the world to match the prescription. There
is also an impact of description on prescription in that we have no examples of
-rationality" other than human behavior by which to gauge the accuracy of a model; God
has given the theorist no other access to the meaning of "rational" besides its descriptive
accuracy to people. The situation is closely analogous to "will" and "interest" in
democratic theory: they can be distinguished temporarily, but democratic theory
recognizes no access in the long run to what the people's interest really is, other than
their will. Despite their distinctness, prescription and description overlap, and can clash.

The contentious question of why rational models differ from live subjects invites two
obvious and competing answers, answers expressive of the two antithetical attitudes
toward the expert/public gap described earlier: the actual choices of people are irrational,
or the model of rationality is flawed. Generally, the argument that formal models must
be flawed will emphasize the practical interdependence of description and prescription,

whereas the argument that the public is iational will emphasize their conceptual
independence.

If we are to understand the barriers to informal public perceptions, we need to
consider the consequences of this argument that prescriptive theory does not intrinsically
require descriptive accuracy. It raises the question of what the power of prescriptive
theory does depend on, which is a practical question. And that, in turn, brings us back to
the practical differences between quantitative and qualitative judgments.

Section 3 The irrationality of collective preferences

Models of rational action are simplifications. They are built on assumptions that
vary in their strength, plausibility, and range of applicability. Judgment is always
required as to whether a given situation is an appropriate one in which to apply a given
model, that is, whether the model's assumptions hold in this situation. Consequently,
some informal easoning is the necessary background for formal reasoning; the two work
together. In this section and the next, I will present some of the misapprehensions that
can result from treating judgments as if they could be the inexorable products of formal
thought alone. We start with the difficulty of identifying a clear public interest.

One crucial issue in rational actor modeling concerns who the "actor" is. In formal
expected utility theory the actor must always be an individual. An individual is "[a]ny
decision maker-a single human being or an organization-which can be thought of as
having a unitary interest motivating its decisions" (Luce and Raiffa 1957, 13). The gist
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of this is that an individual actor has well-defined preferences, meaning a preference
between any two states of affairs, and these preferences are transitive. If pair-wise
comparison and transitivity both hold, then the actor's preferences can in principle all be
ranked in a unique ordering from best to worst. This requirement that preferences can be
ordered-sometimes referred to as "consistency"-is generally considered a weak
condition for "rationality".

By and large the requirement of well-defined preferences seems intuitively plausible
in many ordinary decisions. It does, however, exclude the rational actor model from one
huge class of decision-making problems: collective decisions. The reason is that
collectives, unlike individuals, do not have well-defined preferences. More precisely,
where it may be intuitively plausible that pair-wise comparison and transitivity will hold
for individuals facing many ordinary choices, it is virtually never plausible to think the
same of collectives. The argument is very simple, and is essentially undisputed
throughout the history of rational actor theory.

The basic situation of collectives can be illustrated with three actors and tree goods.
Suppose Alice, Paul and Jonathan are choosing a fruit flavor for a dessert they are
making. The choice is among banana, raspberry, and lime. Each of the tree individuals
has well-defined preferences that are transitive and can be uniquely ordered from best to
worst (i.e. they are "rational"): Alice prefers banana to raspberry, and raspberry to lime;
Paul prefers raspberry to lime, and lime to banana; Jonathan prefers lime to banana, and
banana to raspberry. Now consider the results of a pair-wise comparison of the group's
collective preferences. Between banana and raspberry, Alice and Jonathan prefer banana
but Paul prefers raspberry; between raspberry and lime, Alice and Paul prefer raspberry
but Jonathan prefers lime; between lime and banana, Paul and Jonathan prefer lime but
Alice prefers banana. So if we simply add up the preferences (votes) of the group, two-
thirds prefer banana to raspberry, two-thirds prefer raspberry to lime, and two-thirds
prefer lime to banana. That is, the group's collective preferences are not transitive, they
run in a circle, and so cannot be ranked in order of best to worst (i.e. the goup is not
rational").

A few comments are in order. First, this is not a criticism of rational actor theory. It
merely marks a boundary to the applicability of theories that presuppose "rational"
preferences: collective decision-making is beyond the scope of such theories. The
presuppositions of the theory are plausible for individuals in many ordinary choice
situations, but these presuppositions are implausible for collectives facing even the
simplest choices. Collectives, unlike individuals, do not antecedently have preferences at
all; their preferences must be constructed by some sort of aggregation out of the
preferences of the individuals who make up the collective.

Second, this argument is also not a paradox; it is not meant to imply that collectives
cannot make decisions. We all know Alice, Paul, and Jonathan will choose something,
and probably by some sensible process. Perhaps Alice is allergic to lime, and Paul
detests banana, whereas Jonathan likes all three, so they choose raspberry. There may be
any number of sensible processes, but informal negotiation and subjective judgment will
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be required to select one. That is, a political decision process is required. No plausible
notion of "rationality" dictates the right process, and no process, however it is chosen,
can claim to produce the "preferred" outcome-the highest ranked of the possible
choices-because groups do not have well-defined preferences.

Third, the argument also does not refute all formal theory for social choice. The idea
informally illustrated by the example of Alice, Paul, and Jonathan was rigorously
articulated by Kenneth Arrow. Rather than refuting fon-nal social choice theory, it
articulates the challenge to such theory: "The big bang that characterized the beginning
[of modern social choice theory] took the form of an 'impossibility theorem', viz.
Arrow's 1950,1951) 'General Possibility Theorem'." (Sen 1986, 1074). While the
argument above does entail that there is an inescapable and substantial element of
informal reasoning or negotiation in all social choices, it does not imply the more
extreme conclusion that collectives have no clear preferences at all.

The original ambition of 19'h century utilitarianism was to derive social preferences
from individual preferences by measuring the value (benefit, pleasure, utility) of each
choice to each person in absolute terrns. If we could measure the strength of Alice's,
Paul's and Jonathan's preferences for each fruit flavor, then we could total the social
value of each choice and see which the group prefers. To do this, though, would require
some standard unit of value that could be known to be the same for all people. It is
almost universally agreed that there can be no such measure. This is known as "the
problem of interpersonal utility comparisons," and modem expected utility theory
recognizes that it is insoluble and looks to preferences instead. "It is clear that
utilitarianism uses cardinality and interpersonal comparability of personal utilities. Both
these practices received severe reprimand in the 930's" (Sen 1986, 1073).

Among other problems, interpersonal utility comparisons violate the intuition that
preferences (values) are subjective. The major shift that made the great formal rigor of
expected utility theory possible was the abandoning of that ambition to find an objective
measure, and the placing instead of subjective preferences at the heart of the theory. Von
Neumann and Morgenstern emphasize that preferences are fundamental and "utility" is
constructed out of preferences. The mistake of thinking that preferences are attempts to
articulate some pre-existent utility "is a trap one must be careful to avoid." (Luce and
Raiffa 1957, 16; see also 33-34. use Luce and Raifla because von Neumann and
Morgenstern's work is highly mathematical and did not become widely known or
understood until several general expositions of it were written in the 1950's, Luce and
Raiffa's being a prominent one.)

The dependence of economic theory on the subjectivity of preferences is well-
expressed in this passage:

Individual measures of well-being are premised on a fundamental economic
assumption: that the satisfaction of individual preferences gives rise to
individual well-being. Economists take this assumption as a matter of faith,
and it underlies most if not all of economic theory. Others (many others)
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reject the assumption outright. At its base, the assumption is that
individuals know what is good for them (what will enhance their well-
being), their preferences for actions and outcomes reflect this knowledge,
and they act in a manner consistent with these preferences in a desire to
increase their well-being. (Kopp, Krupnick, and Toman 1997, 793)

An objective measure of utility would be a competing standard to the idea "that
individuals know what is good for them." Expected utility theory does not attempt that,
and it assumes only subjective preferences, from which a notion of subjective utility can
be constructed, but no objective (or "intersubjective") measure. The price of its great
formal rigor is the limitation of expected utility theory to individual choices.

Section 4 Informal intuitions about markets

The risk perception debate concerns public policy, which is collectively decided.
We might think, then, that expected utility theory was irrelevant. But expected utility
theory is ubiquitous in the expert literature on decision making. The constraint that
rational actor theories do not apply to collectives is routinely violated. In this section, we
will consider the line of reasoning that attempts to formally connect public policy
decisions to expected utility theory. It tacitly employs informal reasoning about the
operations of markets, some of it quite dubious.

Zeckhauser and Viscusi's "Risk Within Reason" (Science 248, 1990) will be our
case study, because it is characteristic of much formal theory of risk management. The
authors, two economists, explain the basics of expected utility theory and claim that "risk
management policies should be judged in terms of their effect on expected utility, the
only well-developed prescriptive framework for choice under uncertainty" 559). They
cite the seminal work of Savage as support: L.J. Savage (in The Foundations of
Statistics (Wiley, New York, 1954)) presents a careful axiomatic approach for combining
subjective probability and expected utility into a complete prescriptive basis for rational
choice" (fn2, 563). A reader might imagine that the authors are expressing an innocuous
position, well grounded in economic theory and history, except that-as the story of
Alice, Paul, and Jonathan reminds us-there can exist no consistent ranking of a
collective's expected utility by which to judge risk policies.

Contrary to Zeckhauser and Viscusi's use of Savage as support, Savage's work is
specifically limited to individual choice, as is the work of von Neumann and Morgenstern
that Savage extends. "First, with respect to the possible outcomes of a given situation it
is assumed that they are well specified and that each individual has a consistent pattern of
preferences among them" (Luce and Raiffa 1957 4 introducing the fundamental
assumptions of von Neumann's and Morgenstern's theory). Not only is expected utility
theory not "the only well-developed framework" for risk policy choices, but Zeckhauser
and Viscusi are mistaken in seeing it as a framework for such decisions at all. There is,
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of course, a vast literature in the last 50 or 60 years on expected utility theory, welfare
economics, decision theory, and related fields that understands, grapples with, and refines
these issues. The important point is that none of this work has fundamentally changed
the situation. Collectives are simply not "rational" in the sense required to apply those
paradigms.

Why, then, do Zeckhauser and Viscusi think that policy can be based on expected
utility theory? Here is their description of how it should be done.

This ethod [expected utility theory] assigns each potential outcome a
value (utility) on a cardinal scale, weights these values by their probability
of occurrence, and then adds them together to produce an expected utility, a
summary measure of the attractiveness of an action.... The formulation of
risk policy should then begin by asking what outcomes would result from
well-functioning market processes if individuals behaved so as to maximize
their own expected utility.... To provide the best possible basis for policy
decisions, our hypothetical market should be open to future generations. If
our great grandchildren could compensate the present generation for
preserving resources and the environment, what environmental decisions
would we make today? 559)

So, the claimed connection between expected utility theory and policy goes through
several theoretical steps. The intervening steps are dramatically less rigorous than
expected utility theory-are far from a "careful axiomatic approach" or a complete
prescriptive basis"-and in fact they include some faulty informal reasoning that they
treat as if it were inexorable formal analysis.

A number of strategies have been pursued for dealing with the impossibility of
interpersonal utility comparisons. One of the most prominent appeals to voluntary trades
or markets. The idea is that whenever people make a trade, they prefer the thing they get
to the thing the), give up, so they are better off. If no one ese is made worse off, then we
can presume that the world is a better place, without making any interpersonal utility
comparisons. This is called a Pareto improvement." If a group of people make trades,
then, we can hypothesize that the group is probably collectively better off'. Since we lack
well-defined group preferences among outcomes, we substitute a process that we can
generally presume to enhance satisfaction. This is why Zeckhauser and Viscusi suggest
we "begin by asking what outcomes would result fom well-functioning market
processes."

There are various qualifications and complications in practice, and a market process
cannot be presumed always to improve welfare. One reason is that trades cannot be
presumed to leave everyone else unaffected: each trade may be to a supposedly better
situation, but some other trade may have relevantly changed the world so that what
results is no longer better. A famous illustration is 0. Henry's classic short story, "The
Gift of the Magi," in which Delia sells her hair to buy a chain for her husband Jim's gold
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watch, which he has sold to buy combs for her hair. (Since we are examining here
decisions under uncertainty, we are specifically not assuming perfect information.) The
important point is that the formal model does not logically entail that welfare is improved
by the market process, even if all its criteria for proper functioning are met. Informal
judgment is required as to whether the situation is one in which the formal model is likely
to yield results that match our intuitions of improvements in welfare. In this case, there is
a rough consensus in our society that, by and large, voluntary trades can usually be
presumed to improve things, although many caveats and protections against market
failure are generally recognized. The next step is less well supported.

Zeckhauser and Viscusi take another step, past the presumption that well-functioning
markets improve things. They claim that "the best possible basis for policy decisions" is
not a real market (which may not be feasible) but a "hypothetical market" in which
"future generations could compensate the present generation." They are referring here to
a prominent line of argument that attempts to evaluate social choices in the absence of
real trades. Since we cannot compare the utility of situations to different people, we
might try to estimate how strong their preferences are. Using market theory, we reason
that the trades they would be willing to make indicate the strength of their preferences.
So, if the advocates of a certain policy would be willing to compensate its opponents
sufficiently to satisfy them, then presumably the advocates prefer that policy more
strongly than its opponents prefer not to have it. The key element of this argument, the
aspect that takes it beyond the reasoning that trades improve things, is the claim that
compensation need not actually take place; the reasoning is that if those who reap the
benefits could potentially compensate those who bear the costs, then we can infer that the
benefits outweigh the costs. This is called "potential Pareto improvement" or "the
Kaldor-Hicks compensation criterion" (or sometimes, misleadingly, "Pareto
superiority").

This line of reasoning claims to weigh costs to some people against benefits to other
people, which is essentially a comparison between people of utilities. Since it is
universally agreed that interpersonal utility comparisons are impossible, we know that
this reasoning cannot be correct. Another simple thought experiment will show what is
wrong here. The key point is that we cannot know what the compensation is worth to
different people, without making interpersonal utility comparisons. We know the
benefits are worth more than the compensation to some people, and we know that the
compensation is worth more than the costs to other people, but we cannot infer that the
benefits are worth more than the costs unless we know that the compensation is worth the
same to both groups. This is exactly what the impossibility of interpersonal utility
comparisons tells us we cannot ever know.

Here is a simple example. In considering a proposed noise ordinance, we are trying
to compare my love for peace and quiet with your love for your noisy dog. The
fundamental economic assumption is that only individuals know their own values, and
they express them in their willingness to make trades. If I am willing to pay you 000
to get rid of your dog, then I value my peace and quiet more than 1000; and if you are
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willing to accept the deal, then you value $1000 more than your dog. Now, under an
ordinance banning noisy dogs, I would benefit and you would suffer. But I would benefit
more than $1000 worth to me, and you would suffer less than $1000 worth to you, so I
could potentially compensate you. The compensation argument, on which Zeckhauser
and Viscusi rely, falsely infers that the benefits to me are therefore greater than the costs
to you. Here is the problem. Suppose that money means nothing to me. I use $1000
bills to light my cigars. My peace and quiet might be only the tiniest bit disturbed by
your dog, but I would still pay $1000 because that's pocket change to me. Your dog is
your best friend, more beloved than anything but your children, who are starving because
you're flat broke. The loss of your dog would devastate you, but $1000 could save the
lives of your family, so you would have to sacrifice faithful Tuggles for that much. The
proposed ordinance, of course, does not require me to actually pay you a penny. Its real-
life effects, then, are to benefit me only slightly while it devastates you. That is, it
decreases social welfare.

This simple argument is, again, well known to economic theory, and it does not
mean that the question of compensation is foolish or irrelevant. Just as Alice, Paul, and
Jonathan may sensibly ask how strongly each feels about the fruit flavors, and may
incorporate Alice's time allergy into their decision, the compensation test sensibly tries to
estimate the strength of different people's preferences. The important lesson, though, is
that the estimate requires an informal judgment of the relative worth to winners and
losers of the compensation.

In this case, there is no rough consensus that money means the same thing to
different people. On the contrary, as the example illustrates, we all have a fairly strong
intuition that money definitely has different values to people of widely disparate wealth.
It should perhaps be stated explicitly-because this point is often confusingly presented
in the literature-that this issue has nothing to do with equity or distributive justice.
Rather, the point is a logical one: there is no valid inference from potential compensation
to increased social welfare, because we do not know that compensation has the same
utility to everyone. Equity enters only as a secondary issue because inequitable wealth
distributions create particularly easy counter-examples, cases where the compensation
obviously has different utilities and the compensation criterion would obviously decrease
social welfare. But the fact that the assumption of equal utility is false where there is
inequitable wealth does not mean it is true in equitable situations, or indeed ever. I would
guess that there is no consensus on money's relative values to people of similar wealth
but different temperaments. The formal model stands in need of informal sanction, and
to the extent that our informal intuitions do not support it, the argument for basing policy
on hypothetical markets and potential compensation lacks a reasonable warrant.

The argument for applying rational actor theory to public policy, then, depends at a
number of steps on informal reasoning. First, the claim that expected utility theory
provides a prescriptive framework for risk management policies ignores the fact that that
theory depends on individual actors with well-defined preferences, which a collective like
society is not. As has been demonstrated above-using only arguments that are
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uncontroversial and well known to economic theory-individual preferences cannot be
aggregated into a well-defined social welfare function. Second, the identification of
social welfare with the outcome of market processes introduces a substantial dependence
on informal evaluation to monitor when markets might be appropriate and might
plausibly produce outcomes that match our intuitions of social welfare. The further
identification of social welfare with the outcome of hypothetical markets and merely
potential compensation increases this dependence on our informal reasoning which, while
it often does endorse voluntary trades, does not generally recognize potential
compensation as a consistent measure of social value. At each step, the crucial role of
informal reasoning is hidden, and the authors imply that the rigor of expected utility
theory extends to their whole model, that they are still elaborating "a careful axiomatic
approach for ... a complete prescriptive basis for rational choice" (fn2, 563).

The pattern we see here is a clinging to formal rigor far beyond circumstances where
it might apply. The effect is to exclude informal thought whenever possible, and obscure
its presence when it is unavoidable. Consequently, the expert processes appear to be
more technical and less political than they in fact are, more quantitative and less
qualitative, more determinate and less negotiable.

Section 5: The Declining Marginal Utility of Money

If Zeckhauser and Viscusi are at all typical, as I claim, then cautions and
qualifications well nown to economic theory are typically ignored in expert risk
assessment practice. The problem is not economic theory itself, but the inclination to
make it out to be more formal than it is. A central principal of economic theory will
provide a last illustration of this.

In the early 181h century, economics diverged from strictly mathematical rational
choice theory with the recognition that the utility of money is not proportional to its
amount; utility decreases at the margin as amount goes up. Daniel Bernoulli presented
this as his solution to the clever St. Petersburg Paradox. The problem is to calculate the
value of a certain gamble, a coin toss game with the following rules: the pot starts at one
dollar; if a coin toss comes up heads, the pot doubles and the game continues with
another toss; if a toss comes up tails, the player gets the pot and the game is over. The
question is, how much should a gambler be willing to pay to play this game?

What made this problem interesting is that the expected value of this game is infinite.
The return is 2x dollars where X is the number of heads in a row before a tails. The
expected value is the sum of all possible returns, each multiplied by its probability:
.5(2") + 25(2') + 125(2 2) +..., which adds up to infinity. A profit-maximizing gambler
should theoretically be willing to pay anything to play this game. Nevertheless, common
sense tells us that no rational person would bet everything on such a game. Bernoulli's
historic solution to this puzzle was that rational choosers maximize uility, not profit. It is
this subtle, subjective, variable, and possibly quixotic notion of "utility", tied to human
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preferences and circumstances rather than to statistical calculation, that allowed
economics to ernerge as a social science. What makes this history interesting today is
that the modem practice of cost-benefit analysis seems to have returned to the more
technical practice of profit maximizing.

Any weighing of costs and benefits requires some method of comparing various
costs and various benefits to one another. Toward that end, we typically find some way
to assign a dollar value to all the costs and all the benefits. This is fine, as a first step.
But as we now from Bernoulli a rational decision requires us to assign a uility, not just
a dollar value. Cost-benefit analysis duly notes this requirement, and makes room for it
by allowing a weighling of the dollar values to reflect the differing utilities of different
costs and benefits. The trouble is that standard practice in cost-benefit analysis (CBA)
today is to skip this assignment of weights. "Since there are no equity weights that have
been sanctified through some political process, anonymous aggregation has become the
default in CBA" (Kopp et al. 1997). That is, we treat all dollars as equal (anonymous),
and thereby assume a constant utility for money, just as statistical analysts of gambling
did three centuries ago.

Does this little "default" convenience matter? By employing it routinely in cost-
benefit analysis, economists tacitly assume it does not matter. Although they now that
ignoring the declining marginal utility of money violates fundamental economic theory,
and that it biases their cost-benefit analyses in favor of the wealthy, they assume the
distortion is not very great. This is an informal assumption. Is it plausible? Maybe
sometimes; but in some situations-as the St. Petersburg Paradox shows-the divergence
between the answers yielded by a constant utility and by a decreasing utility is infinite.

Conclusion

We have now examined a number of procedures that experts use to make public
policy decisions. Behind all these issues is always the question of social welfare: what
actions can we take, what policies should we embrace, to make the world a better place?
In many cases, he public and the experts disagree about what the right choice is. In the
first section, we saw a possible defense of the experts based on democratic theory: the
people's participation, and even their will, can be legitimately set aside in the pursuit of
their true interests. If this defense is to work, a great deal of weight rests on the question
of the people's interests and the competence and integrity of the experts' pursuit of it.
But at the same time, social preferences are ill-defined, and so are not good candidates
for rational actor theory. Both the prescriptive legitimacy claim and the very workings
of formal theory we have seen to depend on informal, qualitative, political judgments.
Unfortunately, we have also seen a steady pattern of expert reliance on technical
procedures even when they were manifestly unsuited to the task. The experts seem so
intent on excluding informal thought that they would prefer even a bad quantitative
process to a qualitative one.
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Some may think this discredits these theories and processes, but that response
presupposes that expert processes ought to be free of informal and political elements. On
the contrary, it is that presupposition, that aspiration to technical answers, that is the
problem. One cost of that presupposition is less plausibility for the theories, because
social welfare is quintessentially qualitative, political, and informal. Another significant
cost, though, is an exaggeration of the conflict between experts and the public. Rather
than discrediting expert theories, I would infer the opposite direction: since even the
expert processes must include informal and political elements, there must be some
flexibility here for the incorporation of different informal and political perceptions,
specifically the public Is, the question of how to accomodate public perceptions should be
answered with explicit recognition of the need for informal thought in expert models.
The conflict with the public and the inaccuracy of expert models are both products of
excessive attachment to formality.
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Following the publication of the epidemiological study on the risk of
radiation induced leukemia in the Nord Cotentin region where the
reprocessing plant of La Hague is located, in 1997 by the Professor J.F.
Vie], a pluralistic expertise group was set up by the French Ministries of
Health and of Environment. This group performed an assessment of the
exposure levels to ionising radiations for the children of the region and
the associated risk of leukaemia. The aim of this paper is to point out the
specificity of this pluralistic approach according to its historical context.
After a brief description of the main steps of the evaluation process
adopted and its results, this paper underlines the new perspectives
provided by the experience of the Group in terms of stakeholders
involvement in the assessment and the management of the radiological
risk. Although some members of the Group have expressed restrictions
about the expertise process and the interpretation of the results, this
experience of the Nord Cotentin Radioecological Group is of interest in
the perspective of developing a new management of the health and
environmental impacts associated with the releases of industrial
installations.

1. The Context

In 1995, Professor Jean-Fran�ois VIEL's team at the University of Besan�on
published a study performed in the region of the La Hague reprocessing plant
suggesting an excess of incidence of leukemia among persons less than 25 years old
within the 10 km zone (Beaumont-Hague canton), at the limit of the significance
threshold 4 cases observed between 1978 and 1992 compared with 14 cases
expected [I]. In January 1997, the same team published the results of a "control case"
epidemiological study performed in the same region 2 This second study pointed
out the association between some lifestyle habits - presence on local beaches,
consumption of seafood, living in a granite house - and the development of cases of
leukemia in persons less than 25 years old within a radius of 35 km around the La
Hague reprocessing plant. The authors assumed a causal relation between this
observation and the environmental exposure to ionising radiation.
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The publication of the results in the media caused strong reactions among the local
population, and particularly among mothers of children who took this opportunity to
organize themselves into a group called "Les Wres en Col6re" (Angry Mothers) and
published a manifesto asking for "clear and objective information" about discharges
from the La Hague reprocessing plant as well as the other nuclear installations in the
region and their potential health effects. A nation-wide debate developed around the
work done by Professor VIEL involving scientists, experts, operators and
associations, and extended beyond the French frontiers. In order to contribute to the
many questions raised by the conclusions of this work, the Ministries of Health and
of Environment set up a Scientific Committee in February 1997 to propose a <<new
epidemiological study in the Nord-Cotentin>). Based on the findings of this
committee, two expert groups were created in July 1997 to further investigate the
situation: one dealing with epidemiological aspects and the other one with
radioecological aspects.

The working group on radioecology included experts from authorities, expertise
organisations, operators as well as experts from a number of local and national
associations ad European organisations. The composition of the team, subsequently
referred to as the "Nord-Cotentin Radioecology Group" (GRNC), was defined to
satisfy the objective of creating a toot for in-depth critical analysis of available data
about the Nord-Cotentin radioecological situation. It was agreed that the objective of
the group was not necessarily to lead to a consensus, but to perform the most
exhaustive possible critical analysis emphasizing uncertainties and points of
disagreement between experts whenever necessary.

2. Creation and Operation of the Group

The initial task assigned to the GRNC was to reconstruct doses received from all
industrial, medical and natural sources in order to estimate the risk of leukemia
associated with ionising radiation for young persons less than 25 years old. This was
done assuming as a precautionary approach that a risk exists regardless of the level of
the dose i.e. using a linear no-threshold relationship between the dose and the risk.
Much of the critical effort was made for sources from the nuclear industry present in
the Nord-Cotentin, and particularly the La Hague reprocessing plant. The group
developed a retrospective analysis to estimate the risk associated with ionising
radiation, based on an inventory of discharges from Nord-Cotentin nuclear
installations, and radioactivity measurements made essentially to satisfy the
requirements of the regulatory environmental monitoring.

The GRNC's policy of including pluralist expertise reflects the changes that have
been made during the last decade concerning what is generally and maybe
improperly referred to as communication about risk. In the 1980s, it was generally
accepted that the attitude of the public with regard to activities creating risks was
largely based on the perception of the public towards the people who provided
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information about this risk. Consequently, confidence was seen to depend on the
scientific quality of information and also the integrity of the persons who gave it.

Therefore, in the GRNC, the critical evaluation approach was based more on a
principle of genuine cooperation between the different interests represented in the
expertise than simply on including more participants. This pluralist aspect combined
with the principle of collegial operation was an important factor in the quality and
credibility of the work done.

Members of the GRNC quickly realized that traceability of its activities and
availability of information were the first prerequisites for a transparent debate and
credibility of the group's work. Therefore it was decided that a progress report would
be written following each session of the working groups. Meetings of the plenary
group were typed in full and detailed minutes were written for each meeting.
Summary conclusions were published within 48 hours and helped to identify points
of agreement and disagreement during the sessions. These documents could be used
by any member of the group for any external communication.

As soon as the GRNC was created, it was agreed that any member of the group
would be free to provide any information about the state of progress of the studies
provided that she or he did not give any conclusions about the work being done
before they had been scientifically validated. It was decided that members of the
GRNC would not be governed by any type of confidentiality obligation. Finally, all
mail addressed to the members of the group or to its President were put in common
within the group.

The GRNC has been in regular contact with local organizations concerned by its task.
The GRNC presented a progress report on the groups work to the Special and
Penrianent Information Committee for the La Hague Plant (CSPI) on several
occasions. The presence of observers and the press at CSPI meetings provided an
opportunity to broadly distribute information about progress of GRNC work to the
public. Local groups such as the Wres en Col6re" and national associations such as
Greenpeace involved in the debate that followed the publication of Professor Jean-
Franqois VIEL's study, and that attended CSPI meetings as observers, were informed
about the GRNC's intermediate results and Progress as it was made. Some of their
questions helped to contribute to eriching the critical work done by experts. The
President herself provided direct and regular information to the Wres en Col&e".

3. The GRNC's Work

3.1. The GRNC's Work Groups

The GRNC adopted a two-fold structure to perform the various aspects of its task.
There was the Plenary Group that met regularly 20 meetings in total) and four
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specialized working groups including members of the plenary group and other
experts, each working group being assigned to one of the following subjects:

- a critical examination of discharges declared by operators of Nord-Cotentin
nuclear installations,

- collection and interpretation of environmental measurements made by the
various participants,

- comparison of transfer models of radioactive discharges through the
environment and comparison of the predicted results from models with
measurements,

- estimate of doses received by the public and of the risk of leukemia to the public.

The four groups worked in parallel using an iterative approach for their questioning,
so that the available data or models could be explored exhaustively, or possibly new
measurements could be made. Coordination actions were necessary to achieve logical
chaining between the groups. This type of approach involving pluralist expertise took
a relatively long time, but the result was that the analysis could be made
systematically and new questions could be raised.

The work resulted in the reconstruction of the releases source ten-ns for the nuclear
installations since 1966, including more than 80 radionuclides and taking into
account the incidents that occurred during this period. These results did not cast
doubt on data supplied by operators in terms of released activity, however, they did
help to clarify the composition of discharges necessary to make dosimetric impact
calculations.

Furthermore, about 500,000 measurements of radionuclides concentration in the
environment were collected and analysed. Although most of the measurements made
in the past were provided by the operators, the collection of the measurements
per-fon-ned by the various laboratories (including research and non-institutional
laboratories) were quite useful in order to complement the information for specific
release points. Despite the diversity of procedures, all this work demonstrated that all
results were generally consistent and participants reached a consensus about the
analysis of the variation of radioactivity levels detected in the environment.

As far as the modelling was concerned, the available models were evaluated and
compared. The role of local associations and laboratories was fundamental for
making the selected models as realistic as possible taking local features into account
as accurately as possible.

For the evaluation of exposures, the values of the parameters characterizing the dose-
relevant habits of persons in the exposed cohort were discussed and then validated,
giving priority to the realism. These values were adjusted to local habits based on
enquiries on consumption and input from GRNC experts familiar with local habits
and customs. Then, for the evaluation of the risk of leukemia, the group adopted the
internationally recognized models for dose-effect relationships without any threshold.
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3.2 Main Conclusions of the GRNC

Considering all investigations and results, the GRNC final main conclusions 3]
were:

"Epidemiological studies have shown that the total number of cases of leukemia
expected in the Beaumont-Hague cantonftom 978 to 1996 would be of the order of
2 if the occurrence rate of this disease was the same as the value observed nationally.
Four cases were observed Nevertheless, this difference is not statistically sgnificant.

The reconstruction of exposuresftom nuclear installations, as was done by the Nord-
Cotentin Radioecology Group, has led to a calculated number of 00014 case of
radiation-induced leukemia during the 978-1996 period This number is low
considering the incidence of leukemia observed by recent epidemiological studies.

However, this result is an average estimate and at his stage it should be emphasized
that margins of uncertainty, have not been quantified Due to these reservations, some
members of the group are of he opinion that it is impossible at this stage to conclude
that it is unlikely that discharges from nuclear installations contribute to the
incidence of leukemia observed in the Beaumont-Hague canton. 

4. Prospects Arising from the GRNC's Experience

4.1. The Point of View of Experts from Associations

The experts from associations who participated in the group's work were questioned,
after the work had been completed, in order to get a good understanding of what they
thought about the procedure and the lessons that they had learned from it for the
future 4 The fact that these experts wanted to explicitly express reservations about
the final conclusions clearly demonstrated differences in the interpretation of the
results, and also the method adopted by the group.

Among the comments of the experts, it should be noted that they were generally quite
interested in participating to this experiment of pluralistic expertise and they had the
opportunity to ask questions about the models and assumptions adopted for the
assessment. Nevertheless, they expressed their difficulty caused by their participation
as independent experts in the GRNC within their own association as well as outside
their association. They had to clearly stated that participating in the work done by the
group did not mean agreeing with everything done by the group.
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They generally considered that the results still include large uncertainties, and thus
expressed reservations about the conclusion, and the need for further investigations,
especially to better take into considerations the specificity of the local habits.

Moreover, one of the association represented in the GRNC did not want to be
associated with the GRNC`s conclusions, as far as this expert considered that it was
not possible to find solutions to fundamental differences according to the deadline for
providing the conclusions of the group. Especially, he considered that the evaluation
was far from being complete and he would have like a clearer statement of the
GRNC members on limitations of the results.

Further aspects regarding te need for vigilance in the future with regards to
discharges of nuclear installations were also quoted by members of the associations
as well as the importance of introducing a debate on the quality of the environment
now and in the long term and the legitimacy of these discharges.

Some of them considered that the widened composition of the GRNC was beneficial
in that it increased the range of the debates and that this type of method should be
extended to other situations. However, they underlined the need for additional means
(human and financial resources) in order to improve the efficiency of the
"independent" expertise.

4.2. The point of view of the Wres en CoWe"

The "Wres en Col�re` group was created in February 1997, shortly after the second
study by Professor VIEL was published, and played an important role in the
procedure that resulted in setting up the GRNC. Although the Wres en Col&re" did
not participate in the GRNC directly, fairly regular contacts were held with the
President who was careful to infonn the group about developments in the work
throughout the process.

For the Wres en Col�re", setting up the GRNC was an important step in the process
to obtain infon-nation about discharges from Nord-Cotentin nuclear installations. The
work done by the GRNC provided the first elements of an answer to their worry, and
the results about the risk of leukemia were received with some relief, since there had
been real anxiety among the population and particularly families with young
children. Especially, the participation of experts from non-institutional organisations
in the GRNC contributed to the confidence they had in the quality of the work
performed by the group. However, the GRNC's evaluation did not nearly answer all
questions raised by the Wres en Col�re" as the GRNC work progressed, and the
work in general was followed with a great deal of attention. The group considered
that although no direct relation between the four cases of leukemia observed in the
canton and discharges from installations could be established, the work done by the
GRNC provided no new information about possible health effects other than
leukemia caused by radiation. Furthermore, the Wres en Col�re" considered that
because uncertainties were not estimated doubts remained and therefore that
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investigations should be continued for other potential risk factors and particularly
chemical discharges.

Members of the Wres en Col&e` decided to continue the GRNC's work "in their
own way" to understand what is happening in their direct and daily environment. In
this respect, they organized an international assembly of mobile radiological
laboratories at Autunm 2000 [5]. It was the opportunity for them to get information
on the routine discharges from nuclear installations and natural radioactivity of
granite by making measurements on sites identified by inhabitants.

5. Conclusion: The GRNC, an Innovative Pluralist
Expertise Process

Broadening of the GRNC beyond the traditional framework of discussions between
operators and representatives of expertise organizations has contributed to improving
the quality of the work, and undoubtedly its credibility. The presence of
representatives of non-institutional organizations and foreign experts has enriched the
work by adding complementary skills and sensitivities essential for a critical analysis.
In return, the joint work over the long term and a comparison of sometimes very
different points of views has undoubtedly assisted the stakeholders in reaching a
better understanding of each other's logic and values, and eventually contributed to a
better mutual understanding.

From the point of view of the public, setting up a pluralist expertise is undoubtedly a
guarantee of better quality results, requiring more than ever before a clear statement
of the issues and debates to which the different parties can contribute. It is now
accepted that an expertise, although founded on nown scientific facts, inevitably
involves more or less implicit choices made particularly to get around scientific
uncertainties and gaps in knowledge. Bringing together experts representing different
interests of the public, and experts in different disciplines, helps to highlight these
implicit choices and therefore make a better distinction between what actually
depends on science and engineering and what depends on values and firin
convictions 6].

It is obvious that the presence of experts within associations who can hardly be
suspected of concessions to operators, authorities and institutional experts, can only
help to ensure that nothing is swept "under the carpet" and avoid what some
considered to be dead ends harmful to the credibility of the entire evaluation process.

Setting up a forum enabled the different groups of experts involved firstly to estimate
their mutual credibility, which is a prior requisite for debate. Thus, a consensus was
gradually set up about the quality of measurements made by the various participants.

254



The existence of a structure including experts from different social backgrounds
allowed the group to deal with points of disagreement or even controversies, without
the use of invective. This provides a setting for a common search for solutions.
Moreover, by incorporating local components and interests, a pluralist expertise is a
mean of eriching evaluation models based on better nowledge of local habits.

Finally, one of the important question that emerged from the GIZNC work is to
identify the objective of the environmental monitoring. The vast majority of the
500,000 measurements resulting from routine monitoring of the environment were
made to detect possible malfunction in these installations. However, there were far
fewer measurements that can be used to give as much as possible a realistic and an
exhaustive reconstruction of doses received by the public. Furthermore, these
measurements concerned not only radionuclides released by the installations, but also
radionuclides present in the environment (natural radioactivity, fallout from tests and
the Chernobyl accident, etc.). Therefore, in order to get an idea about the future of
radionuclides in the environment and their contribution to exposure of the public,
measurements other than routine measurements have to be envisaged. This type of
measurement would also participate towards the effort made to monitor the global
quality of the environment, in the same way as measurements made on non-
radioactive pollutants and health monitoring of the public. These two types of
measurements are undoubtedly justified and complementary.
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1. Introduction

At present, nuclear waste and spent fuel management becomes the most
important component of the nuclear fuel cycle. This situation is associated with the
ageing of nuclear power plants, considerable accumulation of spent fuel and other
radioactive materials originated in the course of NPP's exploitation in numerous
inten-nediate storages.

2. Uncertainties in Safety Assessment for Final RW Disposal

The main problem with the spent fuel and long-lived radioactive waste
disposal is the necessity of maintaining radiation safety over extraordinary long
periods of time (thousands of years), during which climatic, geological,
demographic, and social changes may occur at disposal sites. Considerable efforts are
taken in different countries to predict by means of modelling the possible
consequences of environmental and social cataclysms on the radionuclide dispersion
from aged disposal sites. The specific feature of all model forecasts is a very large
degree of uncertainty in predictions for long time periods (over few hundred years).
It must be admitted that the final burial of spent fuel and long-lived radioactive
wastes is an action with vague consequences for humans and the biosphere.

3. Contradiction with the Concept of Sustainable Development

The modern concept of sustainable development of mankind and safety of
the biosphere recognizes as highly undesirable any systematic environmental
impacts, the consequences of which are vague and potentially hazardous. So, there is
a contradiction between the concept of sustainable development and the concept of
the final disposal of highly radioactive and long-lived materials.

Common public has a clear feeling that the results of environmental
assessment concerning the potential safety of final RW and SF disposal are actually
very uncertain; that's why proposals to construct a final disposal site at any particular
place are faced with negative response of local population.
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4. Principle of Conservatism in Spent Fuel and RW Management

It is necessary to follow the principle of conservatism in the policy of the
management of spent fuel and radioactive wastes. This means, that actions with
vague or irreversible consequences should be avoided as much as possible. The
management of spent fuel and radioactive wastes is a relatively new branch of
technology, and experience in this field is gained by trial and errors. Therefore it is
extremely important to have a possibility to correct eors without serious
consequences for the environment and humans.

As a possible alternative to the concept of the final RW disposal the concept
of retrievable storage of spent fuel may be accepted. Spent fuel possesses large power
resources, which can be effectively utilized in the future. It is preferential to store
spent fuel in its natural form as a concentrated material of the known structure and
composition without immobilization in glass or ceramic matrixes. In opposite to
spent fuel management, mixed radioactive wastes of heterogeneous structure, which
practically cannot be used any more, are to be treated to reduce their volume and the
content of non-radioactive waste constituents, and then immobilized by biturninizing,
vitrifying, etc.
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Background

Sustainable development, defined by the Brundtland Commission as "development
that meets the needs of the present without compromising the ability of future
generations to meet their own needs" [1], relates to a number of issues such as
population, health, food, species and ecosystems, energy, industrial development,
urbanization, societal issues and economy, and how these global challenges could be
met within a long term strategy.

It is not obvious how the pinciple may be applied to final disposal of radioactive
waste, but the global scope of the principle suggests that no sector in society should
be exempted from scrutinizing its practices in the light of the challenge presented by
sustainable development.

Goals for management of radioactive waste

Waste management, as pointed out by the International Commission on Radiological
Protection, ICRP 2 cannot be seen as a free standing practice in need of its own
justification. The produced waste cannot be seen separately from the other
components of nuclear production. However, the existence of very long-lived
radioactive nuclei in the spent fuel warrants a careful examination of this sub-
practice.

258



International consensus on general principles

International consensus concerning important ethical principles for waste
management is expressed in the "Collective Opinion" concerning the environmental
and ethical principles of geological final disposal prepared by the Radioactive Waste
Management Commission 3 and in the International Atomic Energy Agency's
(1AEA) publication on basic principles for waste management 4].

The most important criteria or principles for the post-closure phase of a repository are

Principle 1: Protection of human health.
Radioactive waste shall be managed in such a way as to secure an
acceptable level of protection for human health.

Principle 2 Protection of the environment. Radioactive waste shall
be managed in such a way as to provide an acceptable level of
protection of the environment.

Principle 4 Protection of future enerations. Radioactive waste shall
be managed in such a way that predicted impacts on the health of
future generations will not be greater than relevant levels of impact
that are acceptable today.

The first two concern two important principles relevant to sustainable development
and the third principle, No. 4 in ref 4 contains an important commitment to protect
humans in the future as we do today. This principle implies a clear commitment for
regulators.

Referencing the future

Assumptions about the future

If human health as the endpoint in a perfon-nance assessment, PA, how may we
describe man and the biosphere in a distant future? The answer of this problem relates
to the very purpose of the repository and the purpose of the goal and criteria in force.
It can therefore never be given a complete scientific answer separated from its
philosophical-political context. It must fit in with the view of the future in other areas
of jurisprudence.

It may safely be deduced that humans in the future are not much different from
humans today in terms of need of water and foodstuff. They would otherwise simply
not qualify as "humans". Apart from that, however, all assumptions seem easy to
challenge. No one knows the future.
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The main problem in this domain is related to the biosphere's changes in the future,
both natural and anthropogenic, and the different possible ifestyles. The possible
developments include both changes near the repository site, and global changes of the
biosphere.

The need of regulatory decisions in this area has been seen and addressed in several
national nuclear waste programs. In these programs it is recognized that the existing
society is a valid test case for performance assessment, as in the following examples
of regulations:

From the US - EPA

Performance assessments shall assume that characteristics of the future
remains what they are at the time the compliance application is prepared,
provided that such characteristics are not related to hydrogeologic, geologic or
climatic conditions [5].

From Sweden - the Swedish Radiation Protection Institute

The description shall include a case, which i based on the assumption that the
biospheric conditions which exist at the time that an applicationfor a license to
operate the repository i submitted will not change 6].

Both cases point to today's biosphere as a reference biosphere. In the Swedish
example, the comments to the regulations explain that changes such as land uplift,
which stems from geological conditions, should be included in the assumptions on the
biosphere.

The decisions from the re ulators in the examples above does not eliminate questions
about man and the biosphere, but they both cautiously avoid the mistake of forcing
the implementer into unlimited speculation about society's development during
thousands of years.

The total burden in the future

The second problem is to allow for resources for future generations, so that in
Brundtland's words "development that eets he needs of the present without
compromising the ability ?ffuture generations to meet their own needs [I].

This is an area where there is no consensus internationally, not even an awareness of
the problem. The issue, is demonstrated by the following line of reasoning,
formulated bluntly:
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We have in Sweden a limit on 0.1 mSv/year for releases to individuals of the
public. Tis limit has been set to prevent a total yearly dose in excess of I mSv.
Assume now that there will be no nuclear production after 2010 in Sweden
(ever). In that case, we might allow higher releases, since there is no combination
of the releases today with those of the future.

The argument can be generalized to any waste producing activity and could be
presented as follows:

Since we don't know the future it is inappropriate to make assumptions about
how it might develop. For this reason, it is better to assume the future does not
exist. From this, in turn, follows that we can pollute relatively freely. We must
think of the consequences of our activities tomorrow, but we don't have to take
into consideration the fact the society tomorrow has its own pollutants on the top
of what remains from ours.

Sustainable development and existing criteria

As mentioned above, health based post-closure criteria or standards for long-lived
waste, usually make use of the concept of partitioning dose limit. ICRP recommends
that individuals in the public do not receive a yearly dose in excess of I mSv as a
result of releases in connection with activities involving the use of ionising radiation,
and that any single facility does not generate a dose burden to individuals in excess of
a fraction of this value. For an operating facility, this fraction is normally at least a
factor of three.

By definition, operational changes are not possible for a closed repository. It follows
from this that the partitioning has another function. One interpretation is that it can
allow for the simultaneous use and burdens of future generation's activities. Both the
Swedish and the proposed US criteria and from EPA and NRC, as well as standards
from Canada, UK and others make use of partitioning or have sufficient margins to
incorporate the proposed aspect of sustainable development.

Conclusion

International guidance is sufficiently protective to allow for sustainable development
in the context presented here. Taking sustainable development into account does not
necessarily iply that the partitioning value should be the same for all, or that
differences in national legislative systems should not be recognized. Instead, it is an
aspect to be taken into account as protective systems develop along with other parts
of resource and risk management for the future.
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Since a radiological environmental impact assessment typically relies
on limited data and poorly based extrapolation methods, point
estimations, as iplied by a deterministic approach, do not suffice. To
be of practical use for risk management, it is necessary to quantify the
uncertainty margins of the estimates as well. In this paper we discuss
how to work out a probabilistic approach for dealing with uncertainties
in assessments of the radiological risks to non-human biota of a
radioactive contamination. Possible strategies for deriving the relevant
probability distribution functions from available empirical data and
theoretical knowledge are outlined.

1. Introduction

The current radiation protection system is focused on controlling and reducing risks
to man from exposure to ionizing radiation. When it comes to protection of the
environment, the system postulates that if a radioactively contaminated environment
is safe for man, then it is also safe for other living organisms [1]. Since humans are
one of the most radiosensitive species this assumption is likely to be valid in many
situations, although it has not yet been fully verified. However, in some
circumstances the exposure of non-human biota to radiation could be higher than the
exposure of man. One example is when radionuclides are accumulated in
environmental media that are not part of human exposure pathways.

A system that considers explicitly radiological risks to non-human biota is needed; on
this it seems to be consensus. It is remarkable that since only a few years national
regulatory authorities and international organisations (International Commission on
Radiological Protection, International Atomic Energy Agency) have engaged in the
development of such system. Two major problems have arisen in this undertaking:
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• Due to the very high environmental variability innumerable combinations of
types of biota and habitats need to be considered.

• Due to lack of knowledge about effects of low radiation doses on living
organisms and about the environmental behavior of radionuclides it is necessary
to deal with very large uncertainties.

Several simplifications for dealing with the environmental variability have been
proposed 2 basically by focusing risk assessments on the most exposed,
radiosensitive and ecologically significant organisms (reference organisms). The
basic notion is that if the reference organisms were protected, then other organisms
are also protected.

An approach frequently used to sort out the uncertainties (here called the
deterministic approach) is to compare the exposure against a single conservative
reference value. The main advantage of this approach is its simplicity, which
facilitates carrying out screenings with a minimum of information. However,
problems arise when the conservative reference values are actually exceeded or
might be exceeded, as in the case of potential exposures, and when the costs for
realizing the reference values are high. In those cases the lack of knowledge on the
degree of conservatism involved impairs a rational weighing of possible radiological
risk to biota against other interests. Furthermore, due to the biodiversity and
variability of exposure pathways and radiation effects, it might be impractical to use
a single conservative reference value for risk characterization.

Since a radiological risk assessment typically relies on limited data and poorly based
extrapolation methods, point estimations, as implied by a deterministic approach, do
not suffice. To be of practical use for risk management, it is necessary to quantify the
uncertainty margins of the estimates as well. Hence, in the definition of standards for
risk estimation, the quantification of the uncertainties involved is essential, and a
probabilistic approach is the natural way of dealing with it.

In this paper we discuss how to work out a probabilistic approach for assessing the
radiological impact of a radioactive contamination of the environment on the non-
human biota. Our first aim is to delineate the probabilistic approach in comparison
with the deterministic approach and to define the entities involved and their
relationship. The second aim is to identify possible strategies for deriving the
relevant probability distribution functions from available empirical data and
theoretical knowledge.

2. Deterministic approach

The central concept of the deterministic approach is to characterize the risk to biota
as a quotient (RQ) of the estimated exposure value (EEV) and a reference value
(RV), where value is dose rate to the biota or concentration in the environment (soil,
water, sediments, air, etc).
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RQ= EEV
RV

Values of the dose rate or environmental concentrations below which it is unlikely to
observe adverse effects in the biota are used as RV. If the calculated risk quotient
(RQ) is less than unity, then there is some assurance that the risk is low. If very
conservative values are used for the EEV and RV, then there is high assurance that
the risk is low, i.e. the probability of the toxic effect is very low.

If concentrations ae used in equation (1), then the RV (here called RV(Q) can be
derived from the RV expressed in terms of dose (here called RV(D)) by the following
general expression:

RV(C) RV(D) (2)
BF DCF,, + DCT�,

where,

RV(C) is the reference value expressed in terms of concentrations in a specific
environmental medium,
RV(D) is the is the reference value expressed in terms of dose rates to the reference
organism,
BF is a bioaccumulation factor expressing the relationship between the
concentrations of the radionuclide in the environmental medium and the
concentration of the radionuclide in the reference organism,
DCFj, is a dose conversion factor expressing the relationship between the
radionuclide concentration in the reference organism and the internal dose rate to the
organism,
DCF_ is a dose conversion factor expressing the relationship between the
radionuclide concentration in reference media and the external dose rate to the
reference organism.

In the deterministic approach, normally, conservative values are used for all these
factors. Given the multiplicative nature of the model a substantial magnification of
the conservatism may take place. For this reason, values of RQ close to or above I
will carry very little information about the risks. As common way to deal with this
problem is to carry out assessments in tiers. This means that if a conservative
assessment yielded RQ > , then more detailed, realistic quotients will be estimated.
This approach could be seen as a simplified version of a probabilistic approach. In
any case the interpretation of the results would require knowledge about the
distribution EEV and RV. For example, using mean values in equation (1 is
meaningful if EEV and RV follow a normal distribution, which is rarely the case.
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3. Probabilistic Approach

In the probabilistic approach the EEV and the RV are considered as random variables
with probability density functionsf ( andf(s) respectively. From this it follows that
RQ is also a random variable. Hence, a deterministic RQ value calculated with
equation (1) can be seen as a single point estimate belonging to the universe of all
possible RQ values.

The probability (R) that RQ exceeds unity equals the probability of the relevant toxic
effects and it can be estimated with the equation 3):

EEV
R=P( > 1 = f (f f (1, s)ds)dl (3)

R V

where,

f(ls) is the joint probability density function of the random variables EEV and RV.

In the case when the EEV and RV in equation 3 are expressed in terms of
concentrations, the probability density function of the RV(C) can be estimated by the
following procedure: i) the values of RV(D), BF, DCFi, and DCF, in equation 2)
are substituted with the corresponding probability density functions, ii) by means of
Monte Carlo simulations an array of values of RV(C) is generated, iii) these values
are processed statistically to derive the probability density functions of RV(Q.

The probability distributions of BF, DCFi, and DCF,, are needed even when the EEV
and RV are expressed in terms of dose rate. In this case they are used for estimating
the EEV in terms of dose rate from calculated or measured radionuclides
concentrations in the environment.

The general acceptance of the probabilistic approach hinges on sufficient support
from data and knowledge to obtain the necessary probability distributions. A
discussion on possible strategies for deriving the probability density functions of
RV(D), BF, DCFin and DCF, as well as the probability distributions for the
radiobiological effectiveness (RBE) of high-LET radiations follows herein.

The probabilistic approach could, in principle, be implemented gradually. This
means, that probability distributions are incorporated in the RQ as they become
available and are successively improved by incorporating new information and
knowledge. The probabilistic approach is more robust than the deterministic in the
sense that new information and knowledge would lead to less dramatic changes in
probabilistic risk estimations. Another advantage of the probabilistic approach is that
it pem-iits deriving screening values of RQ with the desired level of conservatism.
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3.1 Reference values in terms of dose, RV(D)

Laboratory and field experimental data on the effects of exposure to radiation have
been reviewed by several international agencies with the purpose of identifying
radiation dose rates below which effects on populations of organisms would not
likely occur 3 4 5]. This information has been used by teams of experts to derive
radiological protection standards in terms of dose rates to biota that would ensure
protection of the populations. These standards are expressed in terms of single dose
rate values for terrestrial plants, terrestrial animals, aquatic organisms, etc.

The above standards are to some extent equivalent to the Critical Toxicity Values
(CTV) widely used in ecotoxicology. The CTV is an estimate of the low toxicity
effects in a population and is the numerical value at which small fraction of an
exposed population is expected to be affected 6]. The values that are usually used as
RV for estimation of the RQ are the so-called Estimated Non-Effect Values (ENEV).
The ENEV is defined as the level at which no biological or ecological effects are
expected to be observed in the receiving population. The ENEV is calculated from
the CTV using application factors based on the quality of the data used to obtain the
CTV and to take into account the interspecies extrapolation and extrapolation from
laboratory to field. The application factors are usually in the range from 10 to 1000.

The wide range (various orders of magnitude) of doses and dose rates reported to
cause effects in non-human species makes the recommendation of a single numeric
value of the CTV difficult. This supports the consideration of the CTV as random
variables as it is implicit in the probabilistic approach. Empirical probability
distributions for different effects and types of organisms may be obtained by
statistically processing existing experimental data, which is rather extensive.
Subjective probability distributions could also be obtained through elicitation of
experts in the field. This would be especially useful when sufficient experimental
data for deriving empirical distributions is not available.

Attempts to use probability distributions as an alternative to application factors
between the CTV and the ENEV have been reported for other types of contaminants
17,8]. To obtain these distributions ratios between observed CTV were computed and
statistically analysed. Another possible approach is to develop "default" probability
distributions for the application factors, which can progressively be improved as new
information becomes available. The procedure consists of postulating a certain
distribution type, commonly lognormal distributions, and assuming that a certain
application factor correspond to a certain percentile of the distribution, i.e. the 99'h
percentile 7]. Often it can also be assumed that the application factors cannot be less
than I and hence unity could be considered as the lower bound of the distribution.
Similar procedures can also be used for obtaining ENEV for radionuclides.

The background radiation is another possible point of reference for estimating the
probability of adverse effects is. If we postulate that any dose above normal
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background doses may lead to additional unspecified adverse effects, then the
probability of the effects could be estimated with the equation 3). The difference
between the background dose rates (B) and a predefined background level,
considered as a normal background dose rate (NB), would serve as RV(D). Since the
background dose rate (B) is a random variables, the RV(D = B-NB will also be a
random variable. The value corresponding to a chosen percentile of the distribution
of background dose rates could be used as NB. Multiples of (B-NB) could also be
used as RV(D) in equation 3). This way the gap between the background dose rates
and the ENEV could be filled.

3.2 Radiobiological effectiveness, RBE

The RV(D) are usually expressed in terms of absorbed dose rates and have been
mainly derived from studies of radiation effects to biota resulting from exposures to
photons having a low linear energy transfer (LET). For exposure of biota to alpha
particles, i.e. high-LET radiation, these values are usually increased by a factor
representing the relative biological effectiveness (RBE) of this type of radiation as
compared with the low-LET radiation.

The probability distributions of the RBE could be obtained by statistically processing
available experimental data. Given the wide range of RBE reported in the literature
(<I to 300) it might be necessary to derive several probability distributions
depending on the type of exposure chronic or acute). Most likely combining
empirical and subjective probabilities will be necessary.

The probability distributions of the RBE could also be estimated by generating a

vector of quotients of the values of the linear energy transfer (LET) in water for x
particles with energy up to 10 MeV, and the LET values for electrons with energies
in the range of 0.01 to 2 MeV A deterministic variant of this method using minimum
and maxim values of the LET in order to estimate extreme values of the RBE is
outlined in 2].

3.3 Bioaccumulation factors, F

Probability distributions of bioaccumulation factors can be obtained from
radioecological empirical data, currently extensively available for many
radionuclides and environmental components. Combining probability distributions
using Monte Carlo simulations can easily make this. In many cases well-known
simple distributions are available and therefore they could be combined by simple
analytical procedures. When experimental data are not available for a given
radionuclide, sometimes the bioaccumulation factors can be estimated from data
available for their chemical analogous.

Empirical bioaccumulation factors are usually calculated from measured data under
the assumption of equilibrium. Another implicit assumption is a linear relationship
between the concentrations in different media. For example, the widely used soil-to-
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plant concentration ratio (CR) presumes a linear relationship between the
radionuclide concentration in soil and the plant with a zero intercept. This has been
discussed extensively in the literature, and it can be shown that linearity is not always
the case 9,101 and may only rarely be the case. To conserve simplicity the deviation
from linearity is considered a component of the variation in CR. In this sense using
probability distributions is more consistent than using single conservative values.

Probability distributions of bioaccumulation factors can also be obtained by making
probabilistic simulations with radioecological models of the radionuclide migration
in the environment. Radioecological models of various ecosystems are available for
some radionuclides, which could also be adapted for other radionuclides. This
approach was applied in [11] to estimate bioaccumulation factors to riparian and
terrestrial animal receptors using kinetic/allometric models.

3.4 Dose conversion factors, DCFin and DCF,,

Due to the large heterogeneity and variability of the environment, it seems
overoptimistic to expect that realistic dose estimations can be made using a single
value of the DCF. The approach that has prevailed so far is to estimate dose
conversion factors using dosimetric models simplified through very conservative
assumptions 111,121. The degree of conservatism of the assumptions made is,
however, unknown.

As pointed out by Pentreath and Woodhead 2 physical descriptions of the
processes by which energy is transferred from a and particles, and from Y and X-
rays, have already been developed theoretically from first principles, and these have
been expressed athematically. But due to the energy-dependent and stochastic
nature of the processes involved, they are not easy to apply to environmental
situations. The application of these theoretical descriptions in combination with
Monte Carlo simulations is a promising method for resolving the stochastic nature of
the system and would allow obtaining probability distributions of the dose
conversion factors. Some rationalisations are, however, almost mandatory for
reducing the number of calculations needed to a reasonable amount. For example, to
reduce the range of geometries considered some idealisations of geometries of
organisms and the environment could be made 2]. Furthen-nore in many cases it
would be sufficient to use simple dosimetric models in the simulations, like those
outlined in 13].

4. Conclusions

A probabilistic approach is a natural way of dealing with uncertainties in estimations
of risks to biota rom exposure to ionising radiation. This method is more flexible,
robust and informative than the more commonly used conservative deterministic
approach. The advantages of the probabilistic approach become more evident when
the risks are not trivial. The general acceptance of this approach hinges on sufficient
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support from data and knowledge to obtain the relevant probability distributions. In
this paper we have shown that this is workable approach and have outlined some
possible strategies to derive the required probability distributions. A gradual
implementation of the probabilistic approach is possible. Probability distributions
could be incorporated in the risk quotients as they become available and could
successively be improved as new data and knowledge are obtained.
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ABSTRACT

The move toward risk-informed, perfon-nance-based regulation of activities involving
radioactive materials is becoming wide spread and broadly applied. While this approach
may have some merit in specific applications in which there is a considerable body of
experience, its strict application in regulation of geologic repositories for highly
radioactive wastes may not be appropriate for this unproven and socially controversial
technology.C,

The U.S. Nuclear Regulatory Commission describes risk-informed, performance-based
regulation as "an approach in which risk insights, engineering analysis and judgement
(eg. defense in depth), and performance history are used to (1) focus attention on the
most important activities, 2) establish objective criteria based upon risk insights for
evaluating performance, 3) develop measurable or calculable parameters for monitoring
system and licensee performance, and 4) focus on the results as the primary basis for
regulatory decision-making."

Both the risk-informed and performance-based elements of the approach are problematic
when considering regulation of geologic repositories for highly radioactive wastes - an
activity yet to be accomplished by any nation.

In investigating potential sites for geologic repositories there will always be residual
uncertainty in understanding the natural system and the events and processes that affect
it. The more complex the natural system, the greater will be the uncertainty in both the
data and the models used to describe the characteristics of the site's natural barriers, and
the events and processes that could affect repository waste isolation. The engineered
barriers also are subject to uncertainties that are important to the repository system.
These uncertainties translate themselves into a range of probabilities that certain events or
processes, detrimental to waste isolation, will occur. The uncertainties also translate to a
range of consequences and magnitudes of consequences, should the event or process
occur. Because of the nature of the uncertainties, some of which can not be eliminated or
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reduced, the perfon-nance assessment results could broadly span the established
performance standard. If the regulator considers the results to be useable, the resulting
regulatory conclusion then can lie with which statistical parameter, eg. mean, median,
95'h percentile, etc., the regulator chooses as a basis for compliance determination. The
regulator's values then will have been imposed on the affected population, generations
into the future.

Risk, when applied in the geologic repository context, has two faces. First is the
possibility that the repository will not contain the waste in the manner projected by the
performance assessment, even if the performance assessment indicates that the
established individual dose limit will not be exceeded. And second, application of the
risk-informed, performance-based approach results in masking the high dose
consequences of low probability events. An example illustrating this effect is described.

In the case of geologic repositories, the risk informed, performance based approach to
regulation can result in the regulator embedding its risk acceptance values into the
compliance decision in unexpected ways that likely are at odds with the values of those
who are placed at risk. The uncertain nature of repository performance assessment is the
dominant source of risk in the risk informed, performance based regulatory approach. For
this reason, performance assessment, alone, should not be relied upon to determine a
geologic repository's regulatory compliance methodology.

1. Introduction

Regulatory decision-makino is becoming increasingly reliant on the understanding and
quantification of risks associated with proposed activities. The U.S. Nuclear Regulatory
Commission (NRC) began shifting its emphasis toward this objective in 1995, with
adoption of its Probabilistic Risk Assessment (PRA) Policy Statement' which states, in
part, "The use of PRA technology should be increased in all regulatory matters to the
extent supported by the state of the art in PRA methods and data, and in a manner that
complements the NRC's deterministic approach and supports the NRC's traditional
defense-in-depth philosophy." The policy incorporates the so-called "risk triplet", which
describes risk in terms of the answers to the following three questions: "What can go
wrong?"; "How likely is it?"; and, "What are the consequences?"

Since the PRA Policy Statement, the NRC has been incorporating its objectives into its
regulatory pro-ram in the form of risk-informed, performance-based regulation. A NRC
staff White Paper describes risk-informed, perfon-nance-based regulation as "an approach
in which risk insights, engineering analysis and judgement, and perfon-nance history are
used, to (1) focus attention on the most important [to health and safety] activities, 2)
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establish objective criteria based upon risk insights for evaluating performance, 3)
develop measurable or calculable parameters for monitoring system and licensee
performance, and 4 focus on the results as the primary basis of regulatory decision
making."(21 In this statement, risk has the traditional meaning of the consequences of
events and processes (in the repository case, the individual radiation dose), weighted by
the probability that the event or process will occur. The White Paper notes that the risk-
informed, performance-based approach is appropriate for nuclear waste repository
licensing regulation.

The NRC policy of risk-informed, performance based regulation is implemented in its
proposed site specific high-level nuclear waste repository rule for Yucca Mountain,
Nevada (10 CFR Part 63).The rule, although not finally adopted, is being applied by the
U.S. Department of Energy (DOE) in its suitability and safety analyses of a potential
Yucca Mountain repository. Also, the NRC is applying the proposed rule in its review of
the sufficiency of DOE's work for a repository license application. The proposed rule
requires that the calculation of expected annual doses to individuals, due to repository
releases, be carried out through the use of a total system performance assessment (TSPA)
process. The TSPA is constructed as a probabilistic analysis, in keeping with the NRC's
policy of risk-informed, performance-based regulation. The TSPA result will be used by
the NRC as the basis for its regulatory decision regarding whether there is reasonable
assurance that the repository will meet established health and safety standards.

While the risk-informed, performance-based regulatory approach may have merit in
specific applications in which there is a considerable body of experience and knowledge,
its use in regulatory decisions regarding geologic repositories for highly radioactive
wastes may result in misleading, and sometimes false conclusions about the safety of this
unproven and scientifically and socially controversial technological endeavor. Because of
the complexity of the TSPA process and the need to project safety protection far into the
future, there are many decisions that ultimately affect safety embedded in the regulatory
process that are not immediately apparent in a final licensing decision. These less-than-
apparent decisions have the effect of imposing the regulator's risk acceptance values in
ways that are unexpected and likely at odds with the values of those who would be placed
at risk. In the cse of the regulatory approach to a geologic repository at Yucca Mountain,
it is clear that the regulator's and public's view of risk acceptance differ.

Both the risk-informed and performance-based elements of the approach are problematic
individually when applied in repository regulation. The problems are compounded by
their combination in risk-informed, performance-based regulation.
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2. Performance-Based - Uncertainty Reigns

In practice, the TSPA is a set of calculations of projected annual dose to an individual in
the vicinity of the repository, plotted against the number of years after repository closure.
A large number of calculations is performed, based on the variability of parameters, eg.,
infiltration of precipitation due to the projected range of climate change scenarios, and a
statistical sampling of values within a range that bounds certain parameters, such as rock
permeability, wich among other things affects the infiltration rate. Once a statistically
dependable set of dose-versus-time curves is generated, curves for the mean, median, 95"
and 5h percentiles, etc. annual dose can be calculated. The resulting statistical curves will
have been modified by probability, because of the probabilistic sampling of parameter
values used in their generation. This is a reasonable approach if the range of parameter
variability and distribution of values is strongly supported by physical data.

In addition, the TSPA method provides a quantitative basis for understanding the
uncertainty associated with the result. But, the NRC has cautioned as follows:

"The concept of uncertainty in risk when expressed as a distribution of
aggregate risk estimates must be understood to correctly use the risk results.
The distribution represents the uncertainty in the parameters and the models of
the PA [performance assessment]. The method by which the PA is performed
influences the results because the assumptions, inputs, and models used in the
PA may introduce numerical artifacts into the analyses. Defining parameter
distributions that are narrower than the data warrant can significantly bias the
results of the PA, even when the mean of the distribution remains the same. In
particular, threshold phenomena may lead to relatively high doses, which
could not be reflected in the TSPA output if parameter ranges are defined too
narrowly. Although the mean estimate of the risk is used to implement the
quantitative objectives of the regulation, the Commission has indicated that
license applicants must quantify and understand those important uncertainties
involved in risk predictions." 31

DOE's current TSPA relies on the projection that none of the approximately 12,000 metal
waste containers in a Yucca Mountain repository would fail due to corrosion and release
radionuclides during the 10,000 year compliance period. However, at 00,000 years,
when 50% to 100% of the containers are projected to have failed, the uncertainty range in
individual dose calculations is approximately orders of magnitude, with the mean at
about 0 millirems per year, the median at 10 millirems per year, and the 95" percentile
at about 300 millirems per year. The waste package and weld corrosion parameters,
especially the general corrosion rate, dominate this large uncertainty. If the waste
packages are neutralized in the TSPA calculation (i.e., all are assumed to have a 300cm 2
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breach at the time of emplacement), the uncertainty is reduced to two orders of
magnitude at 100,000 years. The mean projected dose is about 100 millirems/year, with
the median at about 80 millirems per year, and the 95 hpercentile at about 600 milfirerns
per year.4

In this waste container neutralized scenario, the peak dose is projected at about 100
years after repository closure, with the projected doses being similar to those calculated at
100,000 years after closure. The mean calculated annual dose is 100 millirems, with the
median at about 40 millirems per year, and the 95" percentile at about 700 millirems per
year.

With uncertainty in the long-term performance of the waste container largely driving the
uncertainty in the total performance of the geologic repository, the risk-informed,
performance-based TSPA approach alone is not a satisfactory means of measuringZ,
repository compliance. In this case, sole reliance on the TSPA hides the questions of
whether the repository can meet the safety standard drough a combination of other
barriers, if the waste container does not perform as well as projected.

At least one formal reviewer of the DOE's TSPA has pointed out his concern about the
overwhelming influence of uncertainty and reliance on the waste container in evaluating
performance. Rodney Ewing said, "As I looked at the performance assessments I became
very concerned that the uncertainty in them was so large as to make them unuseable. He
added, "It's just a pity that for geologic disposal, geology matters so little."(5)

As noted above, the NRC will make its regulatory compliance decision based on the
mean projected dose. This is a value judgement in which the at-risk public had no
informed involvement. Had the public known of the reat uncertainty that would reside
in the calculations, and the great range of dose projections included within the calculated
statistical parameters, there likely would have been considerable objection to the choice
of the mean dose projection as the regulatory compliance indicator. This is an example of
a hidden risk decision that ultimately imposes the values of the regulator on the at-risk
public, and greatly differs with the public's notion of acceptable risk.

3. Risk-Informed - Can Distort the Safety Assessment

The TSPA provides a statistical parameter represented by the mean projected annual
radiation doses, weighted by the probability distribution of the contributing physical and
model parameters. Thus, the result is "risk informed" in the intended sense. However, in
the case of low probability events, where the probability is a fixed number, but not so low
as to exclude their occurrence from being quantitatively analyzed in the TSPA, the
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method applied to "risk inform" the analysis leads to distortion of the result, to the extent
that it is meaningless and misleading. Such is the case with the TSPA analysis of igneous
activity for the Yucca Mountain potential repository site.

In its proposed new licensing rule for a Yucca Mountain repository (10 CFR Part 63, the
NRC has set a probability of occurrence of one chance in 100 million per year (10-8 per
year) as the lower limit for events and processes that must be quantitatively analyzed in
the TSPA.

The NRC staff views volcanic disruption of a Yucca Mountain repository to have a
probability of occurrence of one chance in 10 million (10-7 /year), during the 10,000 year
compliance period. In order to "risk inform" the TSPA, the NRC has stated, "Under the
proposed 10 CFR Part 63 rule, the expected annual dose is used to determine compliance
with the proposed perfon-nance objectives. Expected annual dose is the dose weighted by
probability of event occurrence (i.e. risk), with the maximum annual risk ital. added]
during the post-closure period used to determine compliance. In order to "risk inform"
the consequence of volcanic disruption the dose calculation is multiplied by the
probability of occurrence, i.e., 10-7.

NRC's sample calculation of the consequence of volcanic disruption, under certain
assumed conditions, indicates a peak probability modified "expected annual dose" (risk)
of about I millirem (.001 rem) per year at the time of the volcanic disturbance. If the dose
modifying factor, the 10-7 probability of occurrence, is removed, the expected annual
maximum dose is 10,000 rems (104 rems). The Environmental Protection Agency has
proposed an all-pathway maximum individual dose (not risk) of 15 millirems (.0 1 5 rems)
per year for a Yucca Mountain repository upper compliance limit, which is to be applied
in NRC's consideration of a Yucca Mountain repository application. (7)

DOE has followed this calculation approach in analyzing the effects of volcanic
disturbance of a Yucca Mountain repository. They believe the probability of occurrence
to be smaller (1.6XIO-"/year) than the NRC's 10-7/year. Some experts disagree with both
the NRC and DOE on the probability of volcanic disruption at a Yucca Mountain
repository, believing the probability to be greater than either of these two estimates. But,
takino into account some other calculational differences, DOE's result is similar to
NRC's, with a maximum annual dose of about 1,000 to 10,000 rems per year, after the
"risk informing" probability of occurrence has been factored out!")

Both the NRC and DOE present the results of their performance assessments, relative to
volcanic disruption, as expected annual individual doses, when, in fact, they are
calculatin- the annual risk (dose times probability). In the case of low probability events,
it is misleading to interchange dose and risk, because it is not the risk that is of primary
concern to the public - it is the magnitude of the consequence, should the event actually
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occur. Public ecisions regarding levels of acceptable risk must first be informed by a
rigorous and credible analysis of the consequences. In the case of the volcanic disruption
TSPA analysis, NRC and DOE have imposed a value decision into the analysis that is not
immediately apparent to a reviewing member of the public, i.e., misrepresenting a low
risk consequence as a low dose consequence, when in fact the effect of such an event,
however improbable its occurrence, would be an unacceptably large dose by any
standard.

The remedy is to delete the risk information (probability of occurrence) from the
calculation of the dose consequence of volcanic disruption of a Yucca Mountain
repository. The estimated probability of volcanic disruption should not be ignored by
decision makers, but at the same time, it should not be used to thwart understanding of
the calculated magnitude of the dose consequence, should the event occur.

4. Conclusion

The National Research Council Committee on Technical Bases for Yucca Mountain
Standards clearly and correctly stated: "The level of protection established by a standard
is a statement of the level of risk that is acceptable to society. We acknowledge that
determining what is acceptable is not ultimately a question of science but of public
policy. Whether posed as "How safe is safe enough" or as "What is an acceptable level of
risk?", the question is not solvable by science alone."(9)

New environmental and radiation protection standards are now in the process of being
established by EPA for a Yucca Mountain repository. The standards will then be
implemented by NRC, if DOE submits a license application. Public comment has been
made on the proposal, providing a "societal" element for the regulator's consideration.
However, once a standard is in place, ideally reflecting societal values about acceptance
of risk from a potential repository at Yucca Mountain, the public should have reason for
confidence that regulatory decisions will be in keeping with the spirit of the public policy
adopted.

The discussion in this paper points up the need to be vigilant in examining the regulator's
implementation of the standards, because important decisions affecting the level of
protection and risks to public health and safety are embedded by the regulator in the
implementation methodologies. In the case of the TSPA analysis, the NRC has chosen to
use the mean (or average) value of the probabilistic distribution of annual doses over the
period of time analyzed in the calculation. With the broad range of uncertainty embodied
in the TSPA, which is driven to a large extent by uncertainty about the degradation and
failure rate of the waste containers, the use of the mean dose value to make compliance
decisions does not fairly represent societal values about acceptable dose levels. Use of the
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95 percentile, which has a traditional basis in scientific endeavor, would provide a much
more understandable response when the at-risk individual compares the projected risk
from a repository to the notion of an acceptable risk to society, as set out in the standards.
Also, policy makers, who ultimately must decide whether to go forward with the
repository need to have a clear representation of the answer to the prudent question,
"How wrong can it go?"

In the case of volcanic disruption of a Yucca Mountain nuclear waste repository,
application of the risk-informed, performance based approach, through manipulation of
the meaning of dose and risk, results in the appearance that regulatory compliance is
achieved, when, in fact, if the reference event were to take place, the compliance limit
would be exceeded by a few orders of magnitude. Masking the dose consequence of such
an event from those at risk, and from policy makers is iesponsible. The difference
between risk and dose values, because of the very large dose estimates, is literally the
difference between life and death for the radiation exposure victims of the reference
volcanic event.
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1. Introduction

During the period 1952 through 1957, about 100 ground level and above ground nuclear
weapons tests were conducted at the Nevada Test Site (NTS), releasing substantial
quantities of the radioactive isotopes of iodine. In support of these activities a number of
other sites also produced radio-iodine, including facilities at Oak Ridge in Tennessee,
Savannah River, South Carolina, Idaho Falls in Idaho and Hanford in Washington.
Releases from all these sources resulted in iadiation of the thyroids of the American
public, primarily by the isotope 1311. Upper estimates of releases of 3 globally are given
in Table .

2. The Toxicity of Radio-iodine

The radioactive isotopes of iodine have been used as diagnostic and therapeutic agents
for thyroid disease since the 1950s. 131, is the isotope most commonly used. It was
quickly noted that, in the therapeutic context, the absorbed dose necessary to ablate the
thyroid with 131, was several fold greater than that for external irradiation with x-rays. In
the 1950's experiments, usually on rats, were conducted to determine the effectiveness, in
comparison to externally generated x-rays, of 1 in inducing thyroid cancer. These
experiments seemed to indicate a lower effectiveness, by up to a factor 10, for 1311. It was
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not until 1982, when a key experiment, performed by the US Food and Drugs Agency,
was published by Lee et. al. [I], which indicated a similar effectiveness for both radiation
qualities, that the belief that 3 was significantly less damaging than x-rays, was
challenged.

In the 1980's human data started to become available from both the therapeutic and
diagnostic application of 3 1. In diagnostic use, where thyroid doses were of the order of
I Gy, studies indicated little or no risk 2]. In 1989 the first cases of thyroid cancer in the
populations exposed to the Chernobyl accident started to appear and by 1991 reports
were being made at scientific meetings to the effect that a substantial increase in
childhood thyroid cancer was occurring in the Belarus and an international group verified
the claims 3 The initial reaction to these claims was skeptical, and it was 1994 by
which time a relative risk of the order of 100 was being observed in the Gomel Region of
Belarus, before the connection to Chernobyl and the release of "'I became fully accepted
by the scientific community.

In 1995 a key meta-analysis of the human data on external x-ray exposure of the thyroid
and thyroid cancer was published indicating the very high sensitivity of the young to
radiation induced thyroid cancer relative to adults 4 The reason why the studies of
patients exposed to diagnostic procedures with 1 3'I had iven so little indication of a risk
was then clear; few children were included in these studies.

It is now clear from further analysis of the Chernobyl data that 31is, for all practical
purposes, as effective a carcinogen in children as are external x-rays. Indeed, the child's
thyroid is among the most sensitive tissues in the body to the carcinogenic effects of
ionizing radiation. X-ray doses as low as IOOmGy induce cancer apparently linearly and
without threshold. At doses exceeding 200 niGy, there is also some indication that
radiation may be effective in producing autoimmune thyroiditis, leading to Hashimoto's
hypothyroidism or Graves disease, a form of hyperthyroidism. Thus, at doses to the
thyroid gland that are below I Gy, radioiodine can induce both diseases of thyroid
structure (neoplasms and cancers) and diseases of thyroid function (autoimmune
thyroiditis) [5].

3. Effects of Radio-iodine on the US Population

As a result of atmospheric weapons testing at the Nevada Test Site, the National Cancer
Institute (NCI 6 estimates that from 14,000 up to 214,000 excess cases of thyroid
cancers would occur 95% subjective confidence interval) among the 160,000,000
Americans exposed to "'I in fallout between 1952 and 1957. These cases would be
sufficiently aggressive as to be entered into disease registries.
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It is estimated that most of the cases of radiation induced thyroid cancer from exposure to
'3'I in weapons fallout would have occurred in the eastern U.S. and would have occurred
predominantly among females who were in childhood at the time of testing 7 The
highest doses received would be to those who consumed fresh sources of milk, with the
peak exposures occurring in young children whose diet consisted mainly of milk from
grazing goats. It is not unusual to find thyroid dose estimates for those on a diet of goat's
milk to approach, and even exceed, I Gy. Thus, for children who were on a diet of goat's
milk, not only is there an elevated risk of thyroid neoplasms, but clearly an elevated risk
of radiation induced autoinimune thyroiditis.

Some examples of dose and risk estimates to representative individuals who were
downwind of the Oak Ridge Facility [8] and were exposed to 'I released from 1944
through 1956, are given for illustrative purposes in Table 2 During that time the Oak
Ridge X-10 facility produced radioactive lanthanum (RaLa) for weapons design and
testing programs at Los Alamos. From 1952 through 1957 the eastern U.S. was also
receiving 3 in fallout from atmospheric weapons testing in Nevada. Both sources of
exposure are taken into account. The full expression of exposure, however, is yet to be
completed because these individuals would have been exposed to other sources of 1311

releases from the Oak Ridge facilities and to 131, that was deposited with Marshall Islands
testing and from testing in the former Soviet Union.

The examples are of females born at different times, drinking milk in differing daily
quantities, either from a cow owned by the family or, in the last case, from a family
owned goat. In the first columns the computed thyroid doses from the two sources of 131,

are given separately and summed, together with a measure of the confidence associated
with the estimate. The 95% subjective confidence interval represents both uncertainty due
to incomplete knowledge and uncertainty due to stochastic variability among individuals
in a group. The next three columns give the estimated excess lifetime risk of thyroid
cancer, again with the subjective confidence intervals. The final tree columns give, for
the combined exposure, the probability of causation if a thyroid cancer was diagnosed at
any time during the individual's lifetime.

Because of the age at the time of exposure of the first example the doses, risks and
probability of causation are low. The second example was four years old when the
exposure commenced and it can be seen that risks are substantially increased. The final
two examples were exposed from birth, the first drinking cow's milk and the second a
small amount of goat's milk. In both cases the central estimate of probability of causation
is above 50%.

In cases where he probability of causation exceeds 50%, it indicates that the disease,
more likely than not, was caused by the exposure. Probabilities of causation in excess of
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50% are often awarded claims in court, because it is clear that the disease, more likely
than not, was caused by past exposure. Currently, in the U.S. there is legislation in place
to compensate present and former radiation workers who have a potential radiogenic
cancer. Compensation occurs when the upper 991h percentile of an uncertain estimate of
the probability of causation exceeds a PC of 50%.

Currently the rules for radiation worker compensation do not apply to members of the
public, but if they did apply, most of the population, who today have thyroid neoplasms
and were exposed in childhood during the 1950s and early 1960s, would be eligible for
compensation and lifelong medical care. For those who were exposed in childhood to
fallout, or who were exposed to multiple upwind sources of 13 1, their thyroid dose can be
less than 100 rnGy and still have the upper 991h percentile of the estimate of the
probability of causation exceeding 50%.

4. The Citizen's Perspective

There has been widespread concern amongst communities living close to facilities such
as the NTS, Oak Ridge and Hanford, regarding the health consequences of exposures to
radioactivity released to the environment 9]. This concern has been triggered primarily
by exceptional case histories of families reporting more than one illness; the foci of
disease which, from the scientist's point of view, may equally be regarded as due to
chance or, alternatively, due to individuals at the top end of the risk range and, thus,
causally related. Citizen pressure on government institutions has resulted in dosimetric
and epidemiological studies which have revealed a wider but less focused pattern of
illness with some causal connection to the exposure. Utah, a State affected by fallout
from the NTS, was one such study, which demonstrated an association in a study
population of more than 3000 persons, of thyroid cancer with dose from 131 1 to the
thyroid [IO].

Such results have, to a degree, been effective in stimulating action at central and State
government levels to further investigate the problem but, unlike the situation for workers
exposed at the sites, where pressure has yielded compensation schemes, so far no
assistance in health care costs, in either diagnosis or treatment, are provided to the public.

Increasing citizen involvement in the processes of organizations such as the US Agency
for Toxic Substances and Disease Registry and the Centres for Disease Control, together
with the National Institute of Cancer, when addressing the issues raised by reports such
as the NCI Report 6] on the doses from testing at NTS has resulted in discussion of
issues such as methodologies of individual dose assessment and screening for specific
related diseases.
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However, citizen pressure on governmental organisations to undertake the task of
computing the combined risks from several sources, as was illustrated for just two such
sources in Table 2 has yet to prove fruitful.

It is also clear that not all "players" are moving in the same direction. The investigation
of thyroid disease around the Hanford facility is a case in point. As a result of citizen
pressure an epidemiological study was conducted covering the populations born near
Hanford between 1940 and 1946. The Hanford Thyroid Disease Study (HTDS) involved
a population of round 3000, similar in size to the Utah study, and was carried out by a
major US institute. It reported that there was no thyroid health hanti. After further citizen
pressure the National Academy of Sciences reviewed the study. The NAS review
concluded that the HTDS investigators, because of lack of statistical power, probably
overstated the strength of their finding that there was no effect attributable to radiation
I I J.

Citizen pressure is not a matter, initially at least, of "waves of public
concern", but rather, of the efforts of a few individuals viewing the situation from the
perspective of their own health problems, those of their family, or of neighbours, who
have been exposed.

5. Conclusions

At the time of weapons testing in Nevada and associated activities elsewhere in mainland
USA, the risks to health associated with fission product fallout were not appreciated in
the way they are today. In retrospect, however, there is evidence to suggest a reluctance
of the scientific community to accept the evolving evidence of harm from 3 11 from the
1980s onwards. Some of this reluctance is based on extensive epidemiological follow-up
of patients irradiated with diagnostic medical applications of 1131, which showed a very
small effect. The epidemiological community concerned with the ... I diagnostic studies
have proved to be among the most resistant to the abandonment of the belief in the
reduced carcinogenic effectiveness of ... 121.

However, as early as 1982 Congress mandated the DHHS to review the doses from 1311 to

the public as a result of public concern for a rising incidence of thyroid disease. The Lee
et a] experiment was published in 1982. The conflict between the results of the Lee et a[
experiments [I] and the earlier studies of the relative carcinogenicity of external radiation
and 1311, led the NCI to take the unusual step, in the mid 1980s, of arranging an
independent evaluation of the work on which the Lee paper was based. The review, the
results of which were not published, endorsed the results given in the paper (ED Williams
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Personal Communication 2001). Finally, the evidence of an increase in thyroid cancer
after the Chernobyl accident was published in 1992 3].

What were the factors that contributed to this resistance by the scientific community to
abandoning an increasingly untenable belief? One factor could have been the use, in the
US, of ... I for medical diagnostic purposes in children and reluctance to accept that this
might have been damaging to health in later life. Another possibility was the recognition
that, in the event of an accident to a nuclear power plant, release of radio-iodine, because
of its volatility, would be very difficult to prevent. It may have been felt that public
awareness of the potential carcinogenicity of 13 1 might cause opposition to nuclear
power. A further factor may have been fear of the costs involved in compensation if
widespread exposures to 3 in atmospheric weapons fallout were acknowledged to
produce thyroid cancer.

The importance of this case history is, therefore, more to illustrate the vulnerability of the
scientific process and hence the importance of the voice of the concerned citizen, al beit
not "scientifically educated". It will be argued that the expense of responding to every
concerned citizen would be prohibitive, and that is why the alternative, of making the
scientific approach work properly, to identify the true health impact of an exposure
situation, is so important.
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Table I

Estimated releases of "'I from locations world wide

Sources of "'I Amount in Dates of release
Bg x 10-18

Hanford 0.027 1944 - 1956
Savannah River 0.002 1955 - 1962
Oak Ridge 0.0016 1944 - 1956
Nevada Test Site (all atmospheric tests) 5.55 1952 - 1957
Marshall Islands thermonuclear weapons tests 277.5 1952 - 1958
Former SSU then-nonuclear weapons tests 444 1958 - 1962
Windscale accident (UK) 0.0007 October 1957
Chernobyl accident (Ulcraine) 1.95 April -May 1986
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Table 2 Examples of thyroid doses, risks and probabilities of causation for combined Oak Ridge and NTS releases
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Abstract

Risk management has become increasingly politicized and contentious. Polarized
views, controversy, and conflict have become pervasive. Research has begun to provide a
new perspective on this problem by demonstrating the complexity of the concept "risk"
and the inadequacies of the traditional view of risk assessment as a purely scientific
enterprise. This paper argues that danger is real, but risk is socially constructed. Risk
assessment is inherently subjective and represents a blending of science and judgment
with important psychological, social, cultural, and political factors. In addition, our social
and democratic institutions, remarkable as they are in many respects, breed distrust in the
risk arena. Whoever controls the definition of risk controls the rational solution to the
problem at hand. If risk is defined one way, then one option will rise to the top as the
most cost-effective or the safest or the best. If it is defined another way, perhaps
incorporating qualitative characteristics ad other contextual factors, one will likely get a
different ordefing of action solutions. Defining risk is thus an exercise in power. Scientific
literacy and public education are important, but they are not central to risk controversies.
The public is not irrational. Their judgments about risk are influenced by emotion and
affect in a way that is both simple and sophisticated. The same holds true for scientists.
Public views are also influenced by worldviews, ideologies, and values; so are scientists'
views, particularly when they are working at the limits of their expertise. The limitations
of risk science, the importance and difficulty of maintaining trust, and the complex,
sociopolitical nature of risk point to the need for a new approach-one that focuses upon
introducing more public participation into both risk assessment and risk decision making
in order to make the decision process more democratic, improve the relevance and quality
of technical analysis, and increase the legitimacy and public acceptance of the resulting
decisions.

1.0 Introduction

Ironically, as our society and other industrialized nations have expended great effort
to make life safer and healthier, many in the public have become more, rather than less,
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concerned about risk. These individuals see themselves as exposed to more serious risks
than were faced by people in the past, and they believe that this situation is getting worse
rather than better. Nuclear and chemical technologies (except for medicines) have been
stigmatized by being perceived as entailing unnaturally great risks [1]. As a result, it has
been difficult, if not impossible, to find host sites for disposing of high-level or low-level
radioactive wastes, or for incinerators, landfills, and other chemical facilities.

Public perceptions of risk have been found to determine the priorities and legislative
agendas of regulatory bodies such as the U.S. Environmental Protection Agency, much to
the distress of agency technical experts who argue that other hazards deserve higher
priority. The bulk of USEPA's budget in recent years has gone to hazardous waste
primarily because the public believes that the cleanup of Superfund sites is one of the
most serious environmental priorities for the country. Hazards such as indoor air pollution
are considered more serious health risks by experts but are not perceived that way by the

public 2].

Great disparities in monetary expenditures designed to prolong life, as shown by
Tengs et al. 3], may also be traced to public perceptions of risk. Such discrepancies are
seen as irrational by many harsh critics of public perceptions. These critics draw a sharp
dichotomy between the experts and the public. Experts are seen as purveying risk
assessments, characterized as objective, analytic, wise, and rational-based on the real
risks. In contrast, the public is seen to rely on perceptions of risk that are subjective, often
hypothetical, emotional, foolish, ad irrational 4]. Weiner 5] defends this dichotomy,
arguing that "This separation of reality and perception is pervasive in a technically
sophisticated society, and serves to achieve a necessary emotional distance . . . (p. 495).

In sum, polarized views, controversy, and overt conflict have become pervasive
within risk assessment and risk management. A desperate search for salvation through
risk-communication efforts began in the mid-1980s-yet, despite some localized
successes, this effort has not stemmed the major conflicts or reduced much of the
dissatisfaction with risk management. This dissatisfaction can be traced, in part, to a
failure to appreciate the complex and socially determined nature of the concept "risk." In
the remainder of this paper, I shall describe several streams of research that demonstrate
this complexity and point toward the need for new definitions of risk and new approaches
to risk management.

2.0 The Su ective and Value-Laden Nature of Risk
Assessment

Attempts to manage risk must confront the question: "What is risk?" The dominant
conception views risk as "the chance of injury, damage, or loss." The probabilities and
consequences of adverse events are assumed to be produced by physical and natural
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processes in ways that can be objectively quantified by risk assessment. Much social
science analysis rejects this notion, arguing instead that risk is iherently subjective 6].
In this view, risk does not exist "out there," independent of our minds and cultures,
waiting to be measured. Instead, human beings have invented the concept risk to help
them understand and cope with the dangers and uncertainties of life. Although these
dangers are real, there is no such thing as "real risk" or "objective risk." The nuclear
engineer's probabilistic risk estimate for a nuclear accident or the toxicologist's
quantitative estimate of a chemical's carcinogenic risk are both based on theoretical
models, whose structure is subjective and assumption-laden, and whose inputs a-re
dependent on judgment. As we shall see, nonscientists have their own models,
assumptions, and subjective assessment techniques (intuitive risk assessments), which are
sometimes very different from the scientists' models.

One way in which subjectivity permeates risk assessments is in the dependence of
such assessments on judgments at every stage of the process, from the initial structuring
of a risk problem to deciding which endpoints or consequences to include in the analysis,
identifying and estimating exposures, choosing dose-response relationships, and so on.
For example, even the apparently simple task of choosing a risk measure for a well-
defined endpoint such as human fatalities is surprisingly complex and judgmental. Table I
shows a few of the many different ways that fatality risks can be measured. How should
we decide which measure to use when planning a risk assessment, recognizing that the
choice is likely to make a big difference in how the risk is perceived and evaluated?

Table 1. Some Ways of Expressing Mortality Risks

Deaths per million people in the population
Deaths per million people within x miles of the source of exposure
Deaths per unit of concentration
Deaths per facility
Deaths per ton of air toxic released
Deaths per ton of air toxic absorbed by people
Deaths per ton of chemical produced
Deaths per million dollars of product produced
Loss of life expectancy associated with exposure to the hazard

An example taken from Crouch and Wilson 7 demonstrates how the choice of one
measure or another can make a technology look either more or less risky. For example,
between 950 and 1970, coal mines in the United States became much less risky in terms
of deaths from accidents per ton of coal, but they became marginally riskier in tenris of
deaths from accidents per employee. Which measure one thinks more appropriate for
decision making depends on one's point of view. From a national point of view, given
that a certain amount of coal has to be obtained to provide fuel, deaths per million tons of
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coal is the more appropriate measure of risk, whereas from a labor leader's point of view,
deaths per thousand persons employed may be more relevant.

Each way of summarizing deaths embodies its own set of values. For example,
.,reduction in life expectancy" treats deaths of young people as more important than
deaths of older people, who have less life expectancy to lose. Simply counting fatalities
treats deaths of the old and young as equivalent; it also treats as equivalent deaths that
come immediately after mishaps and deaths that follow painful and debilitating disease.
Using "number of deaths" as the summary indicator of risk implies that it is as important
to prevent deaths of people who engage in an activity by choice and have been benefiting
from that activity as it is to protect those who are exposed to a hazard involuntarily and
get no benefit from it. One can easily imagine a range of arguments to justify different
kinds of unequal weightings for different kinds of deaths, but to arrive at any selection
requires a value judgment concerning which deaths one considers most undesirable. To
treat the deaths as equal also involves a value judgment.

2.1 The Multidimensionality of Risk

Research has shown that the public has a broad conception of risk, qualitative and
complex, that incorporates considerations such as uncertainty, dread, catastrophic
potential, controllability, equity, risk to future generations, and so forth, into the risk
equation. In contrast, experts' perceptions of risk are not closely related to these
dimensions or the characteristics that underlie them. Instead, studies show that experts
tend to see riskiness as synonymous with probability of harm or expected mortality,
consistent with te ways that risks tend to be characterized in risk assessments. As a result
of these different perspectives, many conflicts over "risk" may result from experts and
laypeople having different definitions of the concept. In this light, it is not surprising that
expert recitations of "risk statistics" often do little to change people's attitudes and
perceptions.

There are legitimate, value-laden issues underlying the multiple dimensions of
public risk perceptions, and these values need to be considered in risk-policy decisions.
For example, is risk from cancer (a dreaded disease) worse than risk from auto accidents
(not dreaded)? Is a risk imposed on a child more serious than a known risk accepted
voluntarily by an adult? Are the deaths of 50 passengers in separate automobile accidents
equivalent to the deaths of 50 passengers in one airplane crash? Is the risk from a polluted
Superfund site worse if the site is located in a neighborhood that has a number of other
hazardous facilities nearby? The difficult questions multiply when outcomes other than
human health and safety are considered.
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2.2 The Risk Game

There are clearly multiple conceptions of risk. Thompson and Dean [8] note that the
traditional view of risk characterized by event probabilities and consequences treats the
many subjective and contextual factors described above as secondary or accidental
dimensions of risk, just as coloration might be thought of as a secondary or accidental
dimension of an eye. Accidental dimensions might be extremely influential in the
fort-nation of attitudes toward risk, just as having blue or brown coloration may be
influential in forming attitudes toward eyes. Furthermore, it may be that all risks possess
some accidental dimensions, just as all organs of sight are in some way colored.
Nevertheless, accidental dimensions do not serve as criteria for determining whether
someone is or is not at risk, just as coloration is irrelevant to whether something is or is
not an eye.

I believe that the multidimensional, subjective, value-laden, frame-sensitive nature
of risky decisions, as described above, supports a very different view, which Thompson
and Dean call "the contextualist conception." This conception places probabilities and
consequences on the list of relevant risk attributes along with voluntariness, equity, and
other important contextual parameters. On the contextualist view, the concept of risk is
more like the concept of a game than the concept of the eye. Games have time limits,
rules of play, opponents, criteria for winning or losing, and so on, but none of these
attributes is essential to the concept of a game, nor is any of them characteristic of all
games. Similarly, a contextualist view of risk assumes that risks are characterized by some
combination of attributes such as voluntariness, probability, intentionality, equity, and so
on, but that no one of these attributes is essential. The bottom line is that, just as there is
no universal set of rules for games, there is no universal set of characteristics for
describing risk. The characterization must depend on which risk game is being played.

3.0 Resolving Risk Conflicts: Where Do We Go From
Here?

3.1 Technical Solutions to Risk Conflicts

There has been no shortage of high-level attention given to the risk conflicts
described above. One prominent proposal by Justice Stephen Breyer 91 attempts to break
what he sees as a vicious circle of public perception, congressional overreaction, and
conservative regulation that leads to obsessive and costly preoccupation with reducing
negligible risks as well as to inconsistent standards among health and safety programs.
Breyer sees public misperceptions of risk and low levels of mathematical understanding at
the core of excessive regulatory response. His proposed solution is to create a small
centralized administrative group charged with creating unifonnity and rationality in
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highly technical areas of risk management. This group would be staffed by civil servants
with experience in health and environmental agencies, Congress, and the Office of
Management and Budget (OMB) A parallel is drawn between this group and the
prestigious Conseil d'Etat in France.

Similar frustration with the costs of meeting public demands led the 104th Congress
to introduce numerous bills designed to require all major new regulations to be justified
by extensive risk assessments. Proponents of this legislation ague that such measures are
necessary to ensure that regulations are based on "sound science" and effectively reduce
significant risks at reasonable costs.

The language of this proposed legislation reflects the traditional narrow view of risk
and risk assessment based "only on the best reasonably available scientific data and
scientific understanding." Agencies are further directed to develop a systematic program
for external peer review using "expert bodies" or "other devices comprised of participants
selected on the basis of their expertise relevant to the sciences involved." Public
participation in this process is advocated, but no mechanisms for this are specified.

The proposals by Breyer and the 104th Congress are typical in their call for more
and better technical analysis and expert oversight to rationalize risk management. There is
no doubt that technical analysis is vital for making risk decisions better informed, more
consistent, and more accountable. However, value conflicts and pervasive distrust in risk
management cannot easily be reduced by technical analysis. Trying to address risk
controversies primarily with more science is, in fact, likely to exacerbate conflict.

3.2 Process-Oriented Solutions

A major objective of this paper has been to demonstrate the complexity of risk and
its assessment. To summarize the earlier discussion, danger is real, but risk is socially
constructed. Risk assessment is inherently subjective and represents a blending of science
and judgment with important psychological, social, cultural, and political factors. Finally,
our social and democratic institutions, remarkable as they are in many respects, breed
distrust in the risk arena.

Whoever controls the definition of risk controls the rational solution to the problem
at hand. If you define risk one way, then one option will rise to the top as the most cost-
effective or the safest or the best. If you define it another way, perhaps ncorporating
qualitative characteristics and other contextual factors, you will likely get a different
ordering of your action solutions. Defining risk is thus an exercise in power.

Scientific literacy and public education are important, but they are not central to risk
controversies. The public is not irrational. The public is influenced by emotion and affect
in a way that is both simple and sophisticated. So are scientists. The public is influenced
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by worldviews, ideologies, and values. So are scientists, particularly when they are
working at the limits of their expertise.

The limitations of risk science, the importance and difficulty of maintaining trust,
and the subjective and contextual nature of the risk game point to the need for a new
approach-one that focuses on introducing more public participation into both risk
assessment and risk decision making to make the decision process more democratic,
improve the relevance and quality of technical analysis, and increase the legitimacy and
public acceptance of the resulting decisions. Work by scholars and practitioners in Europe
and North America has begun to lay the foundations for improved methods of public
participation within deliberative decision processes that include negotiation, mediation,
oversight committees, and other forms of public involvement [10 I I .

Recognizing interested and affected citizens as legitimate partners in the exercise of
risk assessment is no short-term panacea for the problems of risk management. It won't be
easy and it isn't guaranteed. But serious attention to participation and process issues may,
in the long run, lead to more satisfying and successful ways to manage risk.
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1. Introduction

Reporting on the state of the environment often requires policy makers and
regulators to prioritise a range of diverse environmental issues for the purpose of
directing future action on environmental protection and improvement. Information
on environmental issues to inform this type of analysis can be disparate, it may be
too voluminous or even absent. Data on a range of issues are rarely presented in a
common fonnat that allows easy comparison. Nevertheless, strategic judgements
are required on the significance of impacts from various environmental pressures
and on the inherent uncertainties. Prioritising issues forces a discussion among
stakeholders of the relative significance of 'environmental hann' [1] from pressures
acting on various receptors in the environment. Discussions of this sort rapidly
evolve into a discourse on risks and values.

In an attempt to help systerrialise these discussions and provide practical tools for
the analysis of environmental risks at a strategic level, the Environment Agency of
England and Wales has initiated developmental research on strategic risk
assessment 25]. The tools developed under this research use the concept of
.environmental harm' as a common currency, viewed from technical, social and
economic perspectives, to analyse impacts from a range of environmental pressures.
Critical to an informed debate is an understanding and analysis both of the various
characteristics of harm (spatial and temporal extent, reversibility, latency, etc.) and
of the social response to the actual or potential environmental harm 4, 61. Recent
developments in this approach [5] allow a presentation of the analysis in a
structured fashion so as to better inform risk management decisions.

Here, we present recent developments in the strategic risk assessment research tool,
as tested by case studies from state of the environment reporting and the analysis of
a regional environmental plan [5]. We discuss its relative advantages and
limitations and its wider potential role among a range of strategic appraisal tools for
environmental assessment.
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2. The Strategic Risk Assessment Tool

2.1 Overview

The tool is based on qualitatively scoring a set of generic attributes that capture the
physical, social, and economic characteristics of the environmental harm associated
with any risk issue (i.e., a source or potential source of harm). The identification of
the risk issues, the associated harm, and the characterisation, or scoring, of the harm
attributes requires an understanding of the attributes and familiarity with the risk
issues. Therefore, the scoring process should involve a group with expertise that
covers the physical, social, and economic arenas of the environmental harm being
assessed, and should preferably be facilitated by an individual who has experience
of the tool and its application.

The tool can be used to assist in two key areas in the Agency's risk framework 7]:
• Risk Screening and Prioritisation: the attribute scores can be examined in

isolation and in combination using graphs to help identify and prioritise key
risk issues from various standpoints. Different presentational styles can be
adopted to help present and justify decisions for different audiences (e.g.,
senior managers, affected communities, technical groups).

• Options Appraisal and Risk anagement: the attribute scores and graphs can
be used to identify which aspects of each risk issue are of most potential
concern and, therefore, what risk management actions might be most effective.

2.2 Attributes

An initial classification of attributes and their scoring scales was presented in 2.
Each attribute represents a distinct characteristic of environmental harm relevant to
the overall assessment. The grouping of characteristics assists in presentation and
in use of the tool for risk prioritisation and options appraisal. A refined list of
attributes has been developed and classified according to those characterising the
physical properties of the hann (attributes AI to AI 1), and those characterising the
social response or valuation of the harm ( I to 136). Within these two groups, the
attributes can be further categorised:

• Value characteristics
"Stock at Risk" (AI) represents a valuation (either economic or in terms
of numbers of receptors) of the overall harm.
"Knock-on Effects" (A2) reflects that harm to one receptor may affect
the wellbeing (physical, social, or economic) of another receptor.

• Impact characteristics
"Spatial Extent" (A3) denotes the overall area in which exposures to the
hazard that causes the environmental harm are experienced.
"Heterogeneity" (A4) reflects that within the overall area denoted by the
"Spatial Extent", there may be heterogeneity in exposure to the hazard.
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10, "Sensitivity of Receptor" (A5) reflects the proportion of receptors
exposed that exhibit the harm.
The "Severity of Effect" attribute M) defines the general (rather than
worst case) physical effect on an individual sensitive receptor only.

• Temporal characteristics
"Temporal Extent" (A7) denotes the length of time that the
environmental harm will be experienced.
"Latency" M) considers that, although the hazard may already be
present, there may be a period of time before the consequent
environmental harin starts to be realised.
"Accumulation" (A9) reflects that, over the temporal extent of the harrn,
there may be changes in the rate at which the harm progresses.

• Scarcity characteristics
"Reversibility" (AI 0) considers both whether the effects of the harm are
reversible and, if so, over what timescale.

RI -Scarcity" (Al 1) reflects the abundance of the receptor, and is used to
consider the loss of cultural resources, as well as physical environments.

• Concern characteristics
"Dread" (B 1) reflects that society can have an aversion to, or fear of, a
harm that may be largely urelated to its physical nature.

Al "Unfamiliarity" (133) gives an assessment of concern that may arise out
of a low degree of knowledge and understanding of the harm.
"Notoriety" (136) reflects the potential for raised awareness of, and
anxiety about, the harm via the media and other channels of information.

• Discontent characteristics
"Unfairness" (132) reflects the discontent that may arise from the inequity
or unfairness of a harm's distribution.
"Imposition" (134) measures the social value afforded by the degree of
personal control over the harm.
"Distrust" (135) captures the consequences of a lack of trust in the
characterisation of the harm or in those responsible for its management.

2.3 Scoring

The application of the tool is shown as a flowchart in Figure 1. The selection of
risk issues, identification of key receptors, and the basis for the assigning of scores
for each risk issue is recorded in a pre-defined forinat. This allows users to record
and justify the scoring of the attributes and promotes compatibility between
multiple applications of the framework.

It is first necessary to identify which risk issues are to be assessed. The risk issues
should be described in terms of: (a) the hazard (a property or situation that could
lead to harrn), e.g., flooding, radon; (b) the sources or causes of the hazard (to feed
into development of risk management strategies), e.g., traffic, agriculture; (c) the
key receptors that can be harmed by the hazard and the consequences of the harm
(to allow the characterisation of the risk issue).
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Figure 1: Flow chart showing the application of the assessment tool.
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Next, the total value of the damage associated with each risk issue is assessed,
assuming the harm from the hazard is realised (the scoring of Attribute Al - "Stock
at Risk"). Because of a lack of data and partly because of widely varying estimates
of the costs of environmental damage, only a very broad evaluation of the value is
required. Use of a qualitative scale inevitably means that the actual value
represented by "high" or "low" designations will vary between each application of
the tool. Different types of information can be used to place the risk issues on this
scale, such as the economic cost of the consequences of each risk, the number of
people affected, budgetary provisions per year to manage the risk. A scoring report
encourages this information to be recorded offering the potential for a database of
applications and improved consistency with time.

It is also necessary to specify:
• the probability of each risk issue, i.e., the probability of the hazard occurring,

the receptors being exposed to the hazard, and the harm being realised from the
exposure, on a scale of high, medium, and low;

• the overall uncertainty associated with each value estimate, in terms of high,
medium, and low levels of confidence; and

• whether any knock-on (secondary) effects of the harm are included in the value
estimate, or whether a multiplier needs to be applied (the scoring of Attribute
A -Knock-on Effects").

For each risk issue, each of the remaining attributes are given a qualitative score. A
simple Likert scale running from I to has been adopted, where represents a low
level of impact or concern and a high level of impact or concern. A table giving
descriptive guidance on the scoring scale for each attribute has also been developed.

2.4 Presentation

Attribute scores can be presented schematically to assist in the communication and
application of the results. A number of configurations are discussed below.

Probability- Value-Response Schematic
The value of the Probability-Value-Response schematic is in communicating risk
prioritisation to senior decision-makers. In their work 7 WGBU applied a
summary schematic showing the probability of the damage occurring versus an
indication of the overall extent of damage. With this tool, a similar schematic can
be derived showing risk issues in terms of their likely probability of occurrence, the
relative value of the resultant damage, the uncertainty associated with these
measures, and the social response to the risk (Figure 2 The X-axis presents
relative value, calculated from [AlxA21. The Y-axis presents the probability of
occurrence of the risk, as rated on a scale of high, medium or low. The risk issues
are presented as representative areas on the schematic to reflect the uncertainty in
the scoring. The area for each issue is shaded in red, orange or green to reflect the
social response to the issue as presented by its position on the Social Response
schematic (see below).
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Character - Response Schematic
A potentially useful method of showing social versus physical valuation of the harm
associated with each risk issue is to plot the averages of the "B" attribute (social
response) versus "A" attributes (physical character) scores, with error bars based on
the standard deviation (Figure 3 This gives an overall assessment of the scoring
of the harm, and the variability of the scoring. However, the Character- Response
schematic does not necessarily differentiate strongly between risk issues that cause
harm of significantly differing values, and it does not take into account the
probability of the harm being realised.
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Figure 3 Character - Response Schematic

Social Response Schematic
The Social Response schematic is also intended to help users identify risk
management techniques appropriate to social priorities. The B-attributes, are
grouped to eflect the potential level of personal concern ("Dread", "Unfamiliarity"
and "Notoriety" [B]+B3+B6]), and the potential level of discontent ("Unfairness",
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"Imposition", and "Distrust" [B2+B4+B5]). These two groups are plotted on the Y-
and X- axes, respectively. The schematic is divided into areas of low (yellow),
medium (orange), and high (red) response. The area that an issue occupies here is
transposed to the Probability-Value-Response schematic.

Harm Characteristics Schematic
The remaining attributes (A3 to All) can be presented on three Hann
Characteristics schematics, reflecting the three main groups of characteristics:
• The Impact Characteristics schematic plots the coverage of the harm ("Spatial

Extent" x "Heterogeneity" [A3xA4]) against the impact of the harm
("Sensitivity of Receptor" x "Severity of Impact" [A5xA6]).

• The Temporal Characteristics schematic plots the temporal extent of the harm
("Temporal Extent" [A7]) against the urgency of the harm ("Latency" "Rate
of Accumulation" [A8+A9]).

• The Scarcity Characteristics schematic plots "Reversibility" AlO] against
"Scarcity" [AI I].

3. Treatment of Uncertainty

The tool deals with uncertainty in three principal ways:
• through its attributes, some of which are concerned with the variability of the

harm e.g., "Heterogeneity" and "Sensitivity of Receptors";
• through the scoring of the attributes, which can be given an "error" range to

reflect uncertainty in data or in cause and effect; and
• through the assessment of probability of the characterised harm being realised.

A further development would be to introduce an assessment of the lack of
knowledge about each risk issue as an extra dimension. This could act as an
indicator of overall confidence in the characterisation of the harm and be used in
options appraisal to identify where a precautionary approach may be appropriate.

4. Identification of Risk Management Techniques

The characterisation of the risk issues using the attributes and figures described
above can be used to identify appropriate risk management strategies. Both the
assessed level of harm and the nature and range of harrn characteristics ought to be
amenable to reduction by the focussed use of risk management techniques. To
assist in the process, lists of risk management techniques that are appropriate to
reducing the scoring for each attribute/group of attributes have been developed.

5. Advantages and Limitations

The tool provides a basis for comparing disparate risk issues by identifying
common attributes of the environmental harm associated with the risk issues and
scoring these attributes on a common scale. In doing this, the tool helps to
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fon-nalise the strategic analysis of risk issues and provides traceability to decisions.
However, the output cannot be used to prioritise issues "at a glance". Rather, it can
be used by technically aware users to analyse different issues, attach priorities, and
communicate such information to non-expert groups. Furthermore it is but one,
among an array of existing strategic environmental appraisal tools.

The tool favours the advantages of an unweighted and essentially qualitative
approach, although there is the potential for more quantitative expressions of
analyses if the data are available [8]. The tool does not replace, and is not intended
to replace, detailed and more quantitative risk assessment of individual issues.
During development, the complexity of the presentation of the results has increased
from one to several schematics. This reflects a desire to avoid oversimplification
and recognition of the range of infon-nation that needs to be presented to support
decisions on risk management. The additional schematics break out the attributes
into similar groups or types of information, helping to identify the key attributes of
each risk issue that need to be focussed on by risk management programmes. The
underlying documentation justifying the scoring is equally important.

A structured workshop-type approach to using the tool has been tested and was
found to be more time-consuming, but also more deliberative and enlightening than
participants had anticipated. This aspect may be one of the most significant
benefits of applying such a tool.
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Abstract

According to Differentiation and Consolidation Theory (Diff Con), the decision
maker's representations of values and probabilities are interdependent and changing
over time in risky decision making. This is a clear violation of most normative
theories of decision making. The present contribution will present Diff Con and
provide empirical illustrations of how mental representations of values and
probabilities change over time. The paper concludes with a discussion of the
implications of these findings concerning expert and lay people decision making
about risks and hazards.

1. Introduction

The present contribution represents a descriptive approach to human decision
making. Decision making is a mental process that leads to a final decision, and the
purpose of the present paper is to describe this process, as it proceeds through
preliminary evaluations of choice alternatives, towards the final decision and the
processes that follow after the decision. Both experts and lay people use the same
psychological processes but the information processed may differ between the two
categories as well as some characteristics of the psychological processes. Many
decisions are part of adaptation and control in dynamic environments requiring a
sequence of interrelated decisions, but in this paper we shall focus on just one of the
decisions in such a sequence.

When decision theory is applied in the area of risk, it has been the rule that
non-native theories like the Expected Utility Theory and the Subjective Expected

Utility Theory are used (von Winterfeldt & Edwards, 1986; Keeney, 1992). This is
the case not only in normative analyses but also in descriptive analyses, in which, the
normative theory is used as a benchmark to evaluate human or organizational
decision making (Hogarth, 1991).
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From a decision aiding perspective, it is necessary that a decision analyst and a client
can communicate using the same mental models of a decision situation. If the analyst
makes incorrect assumptions about a client's decision process and/or decision
structure and asks for information according to these assumptions, it becomes hard
or impossible to aid the client. To elaborate, if the client answers in his/her own
framework (different from the analyst's) and the answers are interpreted in the
analyst's framework, it is hard for the analyst to give good advice that the client can
use. The experts understanding of the situation is only superficial in this case. To
exemplify the problems in the situation, the analyst may ask for value trade-offs that
the client cannot or does not want to apply. Or the analyst may ask questions about
interval scaling of the utility of attributes that the client can only rank order.

Because of the normative model's domination also in descriptive decision research,
the focus of interest has been on deviations of human and organizational decision
making from normative theory. The findigs have often been interpreted without
deeper analysis or relation to models of the psychological processes leading to the
results. From a psychological perspective, the description of decision making
processes should be as close as possible to the underlying psychological processes
with less attention to the normative aspects. Therefore, the present approach models
human decision making as close to the psychological processes as possible and yet
within a decision theoretic famework. Differentiation and Consolidation Theory
(Diff Con) developed by the first author will be used in this effort (Svenson, 1996,
2001).

2 A descriptive approach to human decision making

2.1 Quick holistic decisions

There are two ways in which decisions can be made. The first of these is in
automated processes leading to a decision very quickly. In fact, most of our daily
life decisions are made in that way. To illustrate, when you buy milk in the
supermarket, you do not always think about the quality of the milk. Instead, you
typically use the color of the container, a symbol or the brand of the milk to guide
your purchase decision. The characteristics of the quick automated processes are
often not conscious to the decisionmaker. Actually, the decisionmaker is often not
aware of having made a decision. The second way of making decisions involves
more elaborate mental processes that take more time. In contrast to holistic
decisions, some characteristics of the longer decision processes may be conscious to
the decisionmaker. To illustrate, the decision to buy a new home is often an elaborate
and timeconsuming process. Decision processes of this kind will be treated below in
the section presenting Diff Con theory.

A quick automated decision can be based on recognition of a decision problem that
triggers an automatic decision response. These automatic decisions are the result of
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prior learning. Therefore, such decisions are rather frequent and they have been
processed in the past in other decision processes or the decisions have been followed
by some kind of feedback guiding the decisiotimaker. It is important that in this case
it is a complete decision problem that is recognized and not just the alternatives In
most of these cases, the decisionmaker does not experience any emotional/affective
reactions. The decision problem is through past learning connected to a solution in
the terrns of a choice.

In such cases, a quick automated decision can be based on quick emotional/affective
reactions to the alternatives. The affect heuristic describes how aternatives in a
decision problem have been coupled with emotional/affect reactions in the past.
Those reactions immediately tell the decisionmaker if an alternative is good
(approach) or bad (avoid) (Zajonc, 1980; Benthin, Slovic, Moran, Severson, Mertz
& Gerrard, 1995; Peters Slovic, 1996; Slovic, 2000; Slovic, Finucane, Peters 
Mac Gregor, 2000;). Damasio's 1994) somatic-marker hypothesis is related to the
affect heuristic, "Somatic markers are special instances offeelings generatedfrom
secondary emotions. Those emotions and feelings have been connected, by learning,
to predicted future outcomes of certain scenarios" (Damasio, 1994, p. 174) A
scenario corresponds to a decision alternative in the present context.

Affect is a strong predictor of many decisions with alternatives that are equal or
similar to alternatives that the decisionmaker knows well before the decision. But,
some of these reactions can relate to e.g., social norms or they can be even be part of
human evolution, such as reactions to snakes and spiders that trigger very negative
affective reactions in some people. The affect heuristic may lead to biases but it is
also a very efficient way of making decisions when fast decision making is required.

2.2 Differentiation and Consolidation Theory

Even though most decisions are fast and requiring little or no conscious attention,
there are decision problems that cannot be readily solved in such quick processes.
Diff Con models the more elaborate processes needed in such situations. Diff Con
also includes quicker processes like those treated above as subprocesses of the more
elaborate processes elicited in difficult decision situations. In fact, many of the quick
holistic decisions have their origin in prior elaborate decision processes.
Differentiation and Consolidation Theory treats both pre- and post-decision
processes (Svenson, 1992, 1996, 2001).

Differentiation is the process in which a preliminarily chosen alternative is first
selected and then differentiated from its competitors to reach the final decision.
Sometimes a preliminary alternative is rejected and replaced by a new preliminary
alternative. The differentiation process may involve initial quick holistic decisions
for selecting a preliminary alternative. To exemplify, the affect heuristic may be used
in this process. Differentiation is performed through applications of different
decision rules, restructuring of the decisionmaker's representation of the alternatives,
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and decision problem restructuring that can generate new alternatives A necessary
condition for differentiation and consolidation is that the decisionmaker is personally
involved in the decision (Svenson, 2001). If the decisionmaker is not sufficiently
involved, there will be no strong incentive to drive differentiation before and after
the decision (post-decision consolidation of the decision).

According to Diff Con theory, the goal of a decision process is to find or create a
sufficient degree of differentiation between a preliminary chosen alternative and its
closest competitor, to enable a choice. It is not enough to select the best option. This
is both because of cognitive reasons (the chosen alternative should stand out as a
"gestalt" or unit against the "background"), and because a sufficiently superior
alternative makes the decision less vulnerable to changes of the decision makers
mind, to poor outcomes and post decision regret. Application of different decision
rules is part of the differentiation process as well as the restructuring of the mental
representation of the decision alternatives. After a decision, follows differentiation
now called consolidation, which continues to support the decision. In some cases the
support is not sufficient and the decisionmaker regrets or changes his or her decision.

Diff Con theory represents decision alternatives (e.g., jobs) through aspects (e.g.,
SEK 15500 per month, 38 hours week) on attributes (e.g., "salary", "work hours")
ordered according to the importance of the attributes for a decision (Svenson, 1996,
1999). However, Diff Con theory does not require all decision alternatives to be
represented by aspects from the same set of attributes for all participants and
alternatives. DiffCon treats the aspects according to the importance of the attribute
to which an aspect belongs. According to Diff Con regularities in decision making
can be found if the attributes are ordered according to their importance for each
individual decisionmaker. Another possibility is to use spontaneous associations to
decision altenatives and to order them according to the order in which they appeared.
That is, all first associations are grouped and treated together in the same way as the
most important attribute etc. The content or "label" of the most important or first
association attribute may vary across participants. To exemplify, one participant may
consider "salary" as the most important attribute and another participant "work
hours" as the most important attribute. In Diff Con theory the ratings from these two
participants on their most important attributes are combined and treated as ratings on
the most important attribute. Diff Con theory research has shown that regularities in
decision making processes, otherwise hidden, can be found if data are treated in this
way rather than according to attribute labels (Svenson, 1996). This is because
decisionmakers tend to process aspects, on what they consider the most important
attribute, in the same way irrespective of what characteristics the attribute represents.

There are four different kinds of differentiation processes, which can be activated in
the process of reaching a decision, namely, holistic, process, structural and problem
restructuring processes. As mentioned above, differentiation that takes place in the
post-decision phase, tis is called consolidation. Consolidation involves the same
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sub-processes as differentiation, with exception for some parts that are not relevant
after a decision has been taken.

(1) Holistic differentiation is a quick non-analytic process that was already
introduced above. It often involves sub-processes that are not conscious to the
decisionmaker him or her self. Emotion/affect can be directly evoked by an
alternative as a whole without specific conscious reference to aspects characterizing
the alternative.

(2) Process differentiation involves the processing of available information using
one or more decision rules (Beach, 1990; Svenson, 1979). To exemplify with the use
of one rule, the conjunctive rule. This rule implies the setting of a criterion level on
one or more attributes (e.g., price) and going through the available alternatives,
rejecting those who fail to pass the criterion level. The lexicographic rule prescribes
a choice of the aternative that is best on the most important attribute (or if this is a
tie on the next attribute in order of importance and so on). Expected utility rules type
rules are not among the intuitively most available rules.

(3) Structural differentiation includes three kinds of differentiation, (a) attractiveness
restructuring, (b) facts restructuring and (c) attribute importance structuring. These
are the kind of differentiation and consolidation processes that will be in focus in the
present study.

Attractiveness restructuring means that, in order to achieve a sufficiently superior
alternative, the attractiveness of the decision alternatives are gradually changed in
support of a preliminary chosen aternative. To exemplify, the perceived beauty of an
expensive carpet may be gradually improved in an attractiveness restructuring
process until the decision to buy the object becomes possible. Different aspects
(images or scenarios) may also appear during the decision process to support a
preliminary preferred alternative. Correspondingly, the same process can be used to
support a final choice in the post decision stages.

Facts restructuring concerns the change of representations of facts to support a
decision alternative. To illustrate, the perceived probability of failure of a preferred
alternative is decreased when a decision has been made.

Finally, attribute importance restructuring means that attributes with aspects
supporting the chosen alternative are given increased importance. For example, the
importance of the probability attribute is gradually increased until the final decision,
when the preliminary decision was based primarily on probability considerations.

(4) Problem restructuring is another type of differentiation, which means that new
decision alternatives are created in processes also involving problem solving. Here,
the set of the given decision alternatives is rejected and new options are created.
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2.3 Empirical illustrations of value attractiveness and probability facts
restructuring

Attractiveness and facts restructuring have been noticed early in decision research
and often been referred to as "biased" information processing. Festinger (957;
1964) introduced cognitive dissonance and the value restructuring of decision
alternatives driven by the dissonance following a decision. Janis and Mann 1977)
extended the interest to cover pre-decision information processing as well. Thus, the
biased information processing started already before a decision was made. Frey
(1986) illustrated this bias in favor of the chosen alternative in his empirical studies.
Biased infon-nation processing has been given many names in the decision theoretic
tradition. To exemplify, "value as a determiner of subjective probability" (Slovic,
1966), "selective exposure to information" (Frey, 1996), "wishful thinking" (e.g.,
Hogarth, 1987), "outcome bias" (Cohen Wallsten, 1992), "desirability bias"
(Olsen, 1997), "value bias" (Yates, 1990), "dominance structuring" (Montgomery,
1983), "comparative advantages" (Shafir, Osherson & Smith, 1989), "constructed
preferences" Payne, Bettman and Johnson, 1992; Slovic, 1995) and "distorted
information processing" (Russo, Medvec & Meloy, 1996).
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Figure I Restructuring of attractiveness differences from T I to T4. For the conflict
groups, the mean values of the attractiveness differences on the two conflict
attributes were averaged to represent the total impact of value conflict on
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attractiveness restructuring (squares). The other attribute with no conflict (diamonds)
was also computed in the same way.

In a study by Svenson and Hill 1977) university students made decisions about their
own futures in terms of what professional direction to choose during their last year of
education. The alternatives were specialization courses in psychology, economics,
personnel administration etc. Svenson and Hill measured the attractiveness of the
alternatives on different attributes 4 times during about months before the students
had started their respective courses. About half of the students had a value conflict
(chosen alternative worse on that attribute) on one of the two most important
attributes. The results showed how the alternatives were restructured during the time
before and after the decision so initial disadvantages were restructured in such a way
that they in the end appeared as advantages supportin g the chosen alternative. This
change on a conflict attribute took place on the two most important attributes (e.g.,
interest). Figure I shows the same -cross over" effect for a group of nursing students
making job specialization decisions - and by that the courses required for a
specialization (Salo Svenson, 2001). The figure shows how an initial
disadvantages of a chosen alternative in the conflict group (bottom curve) was
restructured into an advantage on one of the two most important attributes during the
period before and after a decision. The upper curve represents the nonconflict group.

Salo 2000) asked participants to rate the importance for a decision of the chance to
win attribute. The decision concerned lotteries for a free vacation trip (to Vierma or
Helsinki). Initially, there was a first lottery for those who wanted to go to Vienna. In
this first lottery there was a 33% chance of getting a ticket to the main lottery in
which the Vienna free trip ticket was the prize. For those who wanted to go to
Helsinki (not so attractive) the probability was 100% in the first lottery, so all
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participants who preferred the safe Helsinki alternative could take part in the final
lottery. The chance to get a win ticket was high and equal in the final Helsinki and
Vienna lotteries. Thus, the options differed on the probability dimension. The trips
were real and the final winners were later given money check to cover their trips.

Figure 2 The importance of the probability attribute in a decision before (TI) and
after the outcome of a participant's own decision (T2 and T3). Participants, who
experienced positive outcomes after their decisions, "winners, are represented by
squares and losers" by diamonds. Triangles denote decision makers who preferred
a certain alternative (with a 100% chance of a positive but less valued outcome).

Figure 2 shows how the participants rated the importance of the probability
dimension after their decisions (to go for the Helsinki or Vienna lottery) and after the
first outcome of that decision and two weeks later. For those preferring Helsinki
nothing happened because they were guaranteed a ticket in the main lottery for
Helsinki (open triangles). The figure shows that the importance of the probability
dimension is about stable and greater than the ratings of the other groups. Only one
third of the participants who decided to try to get to the Vienna lottery got a ticket in
that lottery and for them the importance of the probability dimension was stable too.
However, the effect of loosing the chance to get a free trip to Vienna made those
participants devaluate the importance of a decision of the kind they just had made
and the importance of the probability dimension in the evaluation of the Vienna
33%/67% option. Svenson and Mahnsten 1995) asked their participants to rate their
individual chance of winning in a lottery before the lottery was run. They were later
asked to replicate their ratings. Those who won rated their initial ratings higher than
they were in reality, while those who lost rated their earlier ratings as lower than they
were. This result, called the hindsight effect by Fischhoff 1975), has been replicated
in many experiments since 1975.

To conclude, attractiveness values are restructured in order to reach a decision and to
support a decision after it has been made. The effect is very strong and can turn
advantages into disadvantages. The probability dimension is also restructured. First,
the importance of the probability dimension changes from before to after a decision
depending on the decision outcome. Second, the values on the probability dimension
are misrepresented after the outcome of a decision. If a predicted outcome did
happen, then the memory of the earlier probability estimate was increased in
comparison with the actual estimate given earlier. If the predicted outcome did not
happen, then the probability is decreased in hindsight.

3 Implications

Generally speaking humans have made intellegent decisions according to the past
evolution of the species. Those decisions were made in an environment that was only
marginally, locally or very slowly affected by human activity. Presently, the situation
is different because of the globalization of decisions and actions affecting the

311



environment. In this perspective it is interesting to reflect on human decision
processes and risk perception, decisions under time pressure and expert decision
making.

Risk perception is a term used to describe how people mentally represent risky
activities, exposures, events, outcomes etc. In the present context, the normative
definition of risk will be the probability, uncertainty or likelihood that a negative
event will occur. Risk perception is studied when a situation involves normative risk.
Perceived risk depends to a certain extent on the subjective probabability of an
outcome or the belief that it will happen. But in addition, a great number of other
factors make up the quality of a risk and its perceived magnitude (Slovic, 2000).

Affective reactions to risks can lead to a holistic and very quick decision or
judgment. In the risk area the affect heuristic plays a dominating role in litat it can
determine how a risk is perceived in fractions of a second. Paul Sovic and his
colleagues (Finucane, Alhakami, Slovic Johnson, 2000) have shown how affect
can form both beliefs and values in risk perception. This line of research is
elaborated further in Slovic's contribution to this conference.

Decision makers who experience that they have been sufficiently involved in a risky
decision will restructure both beliefs and values. Positive aspects will become more
favorable and negative aspects less negative for the chosen risky alternative. The
belief that the negative outcome will occur will be downgraded and the belief in the
positive outcome upgraded. In addition, the absence of negative outcomes can
support the restructuring process. The information searched and processed is biased
in support of the preliminary or final choice (Frey, 1984). This is part of the
confirmation bias, which means that once we have found a hypothetical solution we
have a tendency to test the solution by searching for supporting information and not
in a search of facts that could falsify the hypothesis.

If a negative outcome happens this will be in sharp contrast with the decision maker's
expectations, and for example, the negative aspects may be denied, ignored or lead
to a total change of the perception of the risk.

Decision making under time pressure takes place when there is a time limit and the
decision maker experiences that the time available is too short for the time he or she
would need for a decision. There are different ways ofcoping with time pressure.
One is to speed up the process, another to change the information search and a third
way of coping is to leave the process when time is out. Time pressure may also
affect the emotional state of a decision maker, but we will not go into that area in this
context. Speeding up the process typically affects the information input part of the
process usually making it more superficial and shallow. Holistic decisions that are
very quick are less affected by time pressure than slower differentiation processes. In
general, the differentiation process is shortened or compressed in response to time
pressure making final decisions more dependent on preliminary choices and aspects
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on which preliminary choices are based. Decision makers are less likely to change
their preliminary choices under time pressure than when given ample time. On the
other hand, decision makers under time pressure have less time to differentiate their
decisions, which makes the decisions more vulnerable to post decision threats and
regret.

Expert decision making is often advocated as a means of avoiding lay people's
representations of risky decision making. In general, expert decision making is better
than decisions made by lay people. Experts who get proper feedback (e.g.,
meteorologists) or have access to more information that they can use (e.g., "inside
traders" on the stock market) are usually superior to the unaided layman. However,
experts who do not have sufficient infon-nation (e.g., those making business cycle
predictions over a couple of years) or feedback (e.g., poor physicians who never see
their patients more than once) do not have the proper environment for developing
real expertise.

Experts often use fewer but more valid cues than lay people when making judgments
and decisions.
Expert decision making is often fast and experts'knowledge about how to use a few
but crucial cues is important for the quality of the decisions. However, experts are
also quicker to arrive at a preliminary judgment or decision than lay people. This is a
valuable asset in the majority of cases. However, when the first preliminary decision
has been made, this alternative will be strengthened in the following differentiation
process and the preliminary alternative will not be easily rejected. Empirical tests
have shown that when contradicting information became available, experts did not
change their initial decisions as fast as relative novices in the same field (Carlson 
Russo, 1999). Probabilities are very well handled by some experts like
meteorologists, and are more difficult for experts dealing with rather or very small
probabilities, e.g., human relative error probabilities. In those situations, structuring
of subjective probabilities may lead to significant biases in relation to normative
theory (Svenson, 1989).
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1. Background

Eight Magnox power stations in England and Wales are currently being operated, or
decommissioned, by Magnox Electric pc. Each power station has two Magnox
reactors, i.e. reactors using uranium metal fuel with magnesium alloy cladding,
having a graphite moderator and with pressurised carbon dioxide as the primary
coolant. These power stations are all of the same basic type, but have significantly
different detailed designs and environmental performance. The five power stations
still running have been in operation for 30 to 40 years and generate around 6 of the
electricity for England and Wales.

In January 1998 the UK Government made Magnox Electric a wholly-owned
subsidiary of British Nuclear Fuels pic (BNFL) by transferring its ownership of
Magnox Electric to BNFL. BNFL is a public limited company owned by the UK
Government. Its activities include Magnox fuel fabrication and reprocessing, and
low level waste disposal.

BNFL now intends to integrate its Magnox related activities more fully by taking
over the operation of the Magnox power stations from its subsidiary and transferring
the staff from Magnox Electric to itself. Before BNFL can operate or decommission
these stations it needs its own authorisations under the Radioactive Substances Act
1993 (RSA 93) to dispose of radioactive waste. UK law does not allow nuclear site
authorisations to be transferred from one operator to another.

The Environment Agency (the Agency) regulates disposal of radioactive waste from
nuclear sites in England and Wales under RSA 93. The Agency has the power to
grant or refuse an authorisation under RSA 93. If an authorisation has been granted,
the Agency has the power to revoke or vary the authorisation at any tme.
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In January 1998 BNFL applied to the Agency for authorisations to dispose of
gaseous, liquid, combustible and solid radioactive wastes in respect of each of
Magnox Electric's power stations. The Agency is currently considering BNFL's
applications. This is the first time that authorisations for radioactive waste disposal
have been considered for all these stations together as a package. It has been a major
task for BNFL to assemble all the relevant information and for the Agency to drive
the process forward through public consultation to the decision-making stage.

2. Decision-making process - before consultation

Historically and in the present case, when considering an application under RSA 93,
the Agency considers whether the practice concerned is justified (i.e. whether the
benefits outweigh the detriments). In the future, decisions on the justification for
practices will be a matter for the UK Government rather than the Agency.

As part of its role of protecting and improving the environment, the Agency is
committed to progressive reductions in radioactive discharges where practicable,
seeking to achieve this through the limits and conditions of any authorisation it
issues. It aims to review nuclear site authorisations on a four-yearly cycle and has
used BNFL's applications as the basis for its review of the Magnox power station
sites.

The Agency carefully scrutinised the applications and obtained additional detailed
information and clarification from BNFL in response to six rounds of questions. The
applications and responses from the company to Agency questions were made
publicly available. They include information on:
- the benefits and detriments of continued operation/decommissioning (as

appropriate);
- the sources and amounts of radioactive waste associated with continued

operation/decommissioning;
- the current levels of discharge of radioactive waste to the environment; and
- the application of best practicable means (BPM) to minimise discharges.

The Agency is considering all the application information and must decide,
separately for each power station, whether an authorisation should be issued to
BNFL. It has consulted publicly to assist its decision making, the objective being to
enable people and organisations to draw to the Agency's attention any matters they
would wish it to consider when reaching its decisions on the applications. Prior to
public consultation, the Agency had not made any decisions on the BNFL
applications. It will not do so until it has carefully considered and has been infonned
by all the consultation responses.

To assist the consultation process, the Agency prepared an Explanatory Document
(about 100 pages long) and draft authorisation (about 20 pages long) for each of the
eight Magnox power stations concerned. These documents were intended to help
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members of the public and other consultees to understand BNFL's applications for
each power station and the Agency's considerations up to the start of consultation.
Each Explanatory Document included a bullet point summary, which was also made
available as a leaflet which could be distributed separately. For the two power
stations in Wales, the text of the leaflet was bilingual, in both English and Welsh.

The consultation documents for each power station included:
the application documents submitted by BNFL;

- questions raised by the Agency on the applications and BNFL's responses to
them;

- information provided in response to statutory consultation with the Health
and Safety Executive (HSE - the nuclear safety regulator) and the Food
Standards Agency (FSA);

- relevant information provided by other Government bodies in response to
Agency questions;

- the Explanatory Document; and
- the draft authorisation.

The consultation documents were provided in two parts, namely a ring binder
containing BNFL's application material, including its responses to the Agency's
questions, and a bound document containing the Agency's Explanatory Document, its
draft authorisation and information provided by other Government bodies. Both
parts were substantial compilations of documentation.

3. Decision-making process - public consultation

Consultation with appropriate local authorities and other public bodies is a statutory
requirement under RSA 93. The Agency also consulted widely with members of the
public, national and local public bodies, interested groups and organisations, the
Agency's relevant Advisory Committees and Groups, and the Local Community
Liaison Council for each power station. This is not a statutory equirement under the
legislation, but it is the Agency's policy to do so in appropriate cases.

The consultation documents provided the focus for the public consultation. The
consultation package for each power station was made available to the public
throughout England and Wales at Environment Agency public registers. Copies were
sent to relevant local authorities, i.e. those local to the power station and those into
whose areas BNFL had applied to transfer waste for disposal, for placing on their
public registers. To facilitate public access to the consultation documents, copies of
the documents were supplied to local libraries within the county where the power
station was located and main libraries in counties within a 25 mile (40 km) radius of
the station. The Agency accepted requests for the consultation documents from
interested persons and organisations by letter, fax, e-mail and telephone. The
documents were distributed in hard copy form and on CD-ROM. Information about
the consultation was made available on the Agency's intemet site. The consultation
period was originally envisaged t Tun for three months. Its start and the availability
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of the consultation package were advertised in the national and local press, and the
Agency issued press notices.

New features of this consultation were the arrangements made in the neighbourhood
of each power station for members of the public to discuss the applications with
Agency staff during the consultation period. Details of the arrangements were
advertised locally. In practice the arrangements consisted of "surgeries", providing
an opportunity for members of the public to have a face-to-face discussion with
Agency staff, and a more formal public meeting with an independent chairman. In
general, the surgeries at a given location were held on two successive weekdays, with
the public meeting on one of the evenings. In all, nine sets of local surgeries and
public meetings were held.

The two public meetings held in Wales were conducted primarily in the Welsh
language, with simultaneous translation into English provided via radio headphones.
All the public meetings were recorded so that points made by members of the
audience could be included as consultation responses.

The Agency's aim was to ensure that questions raised at public meetings could,
whenever possible, be answered on the spot. As well as having its own specialists on
the platform at the meetings, the Agency invited relevant specialists from other
organisations to be present in the audience. The following were represented at each
public meeting: HSE's Nuclear Installations Inspectorate, to deal with issues of
nuclear safety and worker protection; the Food Standards Agency, to deal with
questions associated with the food chain; the National Radiological Protection
Board, to deal with the health effects of radiation; the local Health Authority, to deal
with local health matters; and representatives of BNFL, to deal with questions
associated with the operation of the power station.

Copies of the consultation documents and separate leaflets containing the bullet point
summaries taken from the Agency's Explanatory Documents were made available at
the surgeries and public meetings for people to take away with them.

Consultation responses by letter, fax, e-mail or telephone on BNFL's applications
and the Agency's draft authorisation were invited. A questionnaire was provided
which could be used to respond to the consultation, although a response in any
format would be acceptable. A 3-month period - about I month longer than the
general practice previously - was originally allowed for the consultation, although
later responses would also be accepted for as long as this remained practicable.

4. Decision-making process - after consultation

Each response to the consultation has been acknowledged and, at the time of writing,
is being read and carefully considered by the Agency. The purpose of the
consultation is to help inform the Agency in reaching its decisions on the applications
and no decision will be reached until it has completed this process. Whatever
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decisions it proposes, the Agency will prepare a single document, setting out the
background to, and basis for, its proposed decisions for each of the Magnox stations
concerned. The document will be published and made widely available.

Before issuing any authorisations for the six power stations in England, the Agency
will send its proposed decision document to the relevant Secretaries of State
(Environment and Health) so that they can decide if they wish to exercise their
powers, these being:

to give directions to the Environment Agency;
to "call in" the applications and cause a local inquiry to be held.

For the two power stations in Wales, the same powers are exercised by the National
Assembly for Wales.

5. Experiences from the public consultation

5.1 Consultation documents CD-ROMs

About 300 sets of consultation documents per site were distributed at the start of the
consultation, to local authority public registers, to public libraries and to identified
consultees. Various routes were used by organisations and members of the public for
requesting further sets of documents. The telephone line proved particularly popular
in this regard, with over 70 recorded requests received by this route for documents or
CD-ROMs. The telephone line also provided a vehicle for a number of questions
from members the public which the Agency was able to respond to. About 0
CD-ROMs were dispatched. These each contained an electronic copy of the
consultation documents for all the power stations involved.

5.2 Public notices and advertisements

The Agency placed notices in around 10 national and around 20 local newspapers,
and spent considerable sums in doing so, to advertise both the envisaged duration of
the consultation and details ofthe local public meetings and surgeries. It also placed
notices in local libraries and shops. In some instances, local newspapers chose to run
feature articles on the consultation. Agency staff provided interviews for local radio
stations near each of the sites and interviews for regional television news
programmes in some cases. Despite these measures, the complaint was frequently
heard from people at surgeries and public meetings that these events and the
consultation itself had not been well advertised.

5.3 Public meetings and surgeries

Attendance at the public meetings held during the original consultation period varied
between under 20 to about 100, depending on the level of local interest. Although
attendances ere often quite low, it was apparent from comments made that the
meetings were fulfilling a need in providing a channel of communication between
members of the audience and the Agency.
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Relatively few people attended the surgeries, the average being about 20 over a two-
day period. The surgery discussions with individual people were often extended, a 2-
hour discussion being commonplace. Some surgery discussions took the for of
dialogues between groups of people and Agency staff. Despite the low attendances,
Agency staff gained the impression that the surgeries were providing a useful
function for those members of the public that came. The overlap between the people
that attended the surgeries and those who came to the public meetings was limited,
suggesting that each type of event was catering to a different public need.

In one case, a meeting and surgery were specially arranged in response to a request
made at another meeting. This was done for the benefit of people who lived as little
as 2 miles 3 km) from two of the power stations, but on the opposite bank of a river
estuary. These people were geographically close to the power stations concerned, but
it would have been a long journey for them, across a toll bridge, to attend the meeting
and surgery which the Agency had previously arranged near the power stations and
on the same batik of the estuary. The specially arranged meeting on the opposite
bank of the estuary was considerably better attended than the other meeting,
presumably indicating a greater level of concern.

5.4 Late developments

Nearly three months after the end of the original consultation period, the Agency
received representations through the local council of a small town in a different part
of the country, where the geographical circumstances were similar. The town was on
the bank of a river estuary opposite to another one of the Magnox power stations.
The power station was clearly visible across the estuary from the town and about
2 miles 3 km) away in direct distance, but a long journey round by road. The people
living in the small town had little or no economic connection with the power station.
The Agency had not fully recognised the geographical similarity between this case
and the one where it had, on request, arranged an additional set of local surgeries and
public meeting during the original consultation period.

As a result of representations made directly to the Agency and also to Government
through the local Member of Parliament, the Agency agreed to arrange a set of local
surgeries and a public meeting in the small town, even though surgeries and a
meeting had been advertised and held only a few miles away during the original
consultation period. Because of the intervention of the Christmas and New Year
period, it was not possible to hold the new set of surgeries and meeting until almost
five months after the original closing date of the consultation.

When eventually held, the public meetings in the small town attracted between 500
and 600 people, filling to capacity the accommodation provided. Concern focused
almost exclusively on BNFL's application to incinerate limited quantities of
combustible low level radioactive waste at the power station, even though this gives
rise only to a small fraction of the total assessed radiation dose to members of the
public from the power station. The power station has two small incinerators, one
intended for solid waste and the other for combustible oil and solvents. Similar
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incinerators were in use from the start of power station operation until the mid-1980s.
Replacement units were installed and BNFL has applied to bring them into operation.
For a period of over a decade, however, radioactive waste has not been incinerated at
this power station, alternative arrangements having been made. Incineration of small
quantities of combustible low level radioactive waste takes place at many nuclear
sites in the UK.

The Agency extended the consultation period until after the new surgeries and
meeting, allowing an additional two weeks for members of the public to formulate
written responses. During this period, concerns began to be expressed in several
adjacent small towns and villages on the bank of the estuary opposite the power
station, and in a nearby much larger town a short distance inland. There were claims
of inadequate consultation, requests for further public meetings and involvement of
other local Members of Parliament. The Agency responded by extending the
consultation period by a full six months overall (making a total consultation period of
nine months), but did not agree to arrange any further surgeries or public meetings,
on the grounds that it had already done everything reasonable.

5.5 Responses to consultation

At the time of writing, around 2500 responses have been received in total. More than
four-fifths of these relate to one power station and the use of its incinerators. The
number of responses for the other sites is surprisingly few, considering the relatively
large number of power stations involved and their wide geographical spread. The
responses have ranged from brief expressions of opinion to detailed analyses. There
were no large-scale, countrywide campaigns, e.g. by environmental groups opposed
to nuclear power, although there is evidence, from the similarity of certain responses
received from different people, of some background orchestration of responses.
There is clear evidence, in particular, of a background campaign on low level
radiation, based on a claim that official advice grossly underestimates its effects. As
well as the large-scale local campaign in the neighbourhood of one power station
about its incinerators, there were a number of much smaller local campaigns focused
on particular issues at other individual sites.

Over 2000 of the responses were received by ordinary mail, up to 200 by e-mail
(including a few from overseas), around 50 by fax and only recorded by telephone.
Around 30 written responses were received at the public meetings and surgeries. 53
written responses were made using the questionnaire provided by the Agency.
Around 80 responses were transcribed from points made at public meetings.

6. Discussion

6.1 Consultation overall

In absolute terms mounting the consultation was not a low-cost exercise, but in
relative terms it was only around 25% of the overall cost of considering BNFL's
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applications, so it probably was not disproportionate. Some might argue that the full
consultation was too time-consuming. However, if the public is to be consulted in
more than a token way, it may be inevitable that such exercises are protracted and
resource-intensive.

6.2 Consultation package

Some members of the public criticised the consultation package as being too detailed
and too technical, while others asserted that it did not contain sufficient technical
detail. It was difficult to provide a set of documents which would fulfil the needs of
everyone, particularly since the major part of the package, namely the application
material, was produced by BNFL and therefore the way it was presented and how the
technical substance was expressed were not under the Agency's control. In
retrospect, it might have been helpful if BNFL had provided a layman's guide to its
application material.

Overall, the Agency believes that it got the balance and content of the consultation
package about right, and that this is reflected by the varying reactions from different
members of the public. The documentation was inevitably technical in parts, but the
Agency took pains to write a summary in plain language, to signpost different
technical sections of the documentation clearly, to provide a glossary of terms and
not to use unnecessarily obscure terminology. It seems that, in many instances,
members of the public had at most read only the Agency's four-page summary before
making their responses, without looking at the rest of the documentation. It may be
inevitable that only the earnest (and paid) researchers of environmental groups will
take the time and trouble to go through such documentation in its entirety.

6.3 Public meetings and surgeries

The public meetings and surgeries are perceived as having been useful, although very
resource-intensive. Their value includes the Agency's being seen as having taken the
trouble to hold them, as well as the engagement that was achieved between Agency
staff and members of the public. Overall, they undoubtedly led to a number of
encounters and interactions which were of use to all parties involved.

Care needs to be exercised in deciding where to hold public meetings and surgeries,
particularly so as to accommodate people who are geographically close to the site
concerned but disconnected economically and a long way away in terms of transport
and communications, e.g. on the opposite bank of a river estuary.

6.4 Means of communication/provision of information

In terms of means of communication, the method of responding to consultation by
traditional mail is still the one favoured by most people. However, the use of e-mail
has clearly become substantial and it would be virtually impossible to conceive of
holding a consultation in future without providing for e-mail responses. Use of
e-mail, particularly with access to consultation information via the internet, may tend
to promote international responses to consultation exercises.

324



Use of fax provides only a limited niche for consultation responses. Nevertheless,
the capability to receive faxed responses is easy to provide and so it should be
included. The telephone did not appear to be at all a favoured medium for recording
consultation responses. However, it was a highly favoured medium for making
requests for documentation and CD-ROMs, and also provided a useful route for
asking questions.

Provision of documentation on CD-ROMs appeared popular with computer-literate
members of the public and had the advantage for the Agency of being cheaper both
to produce and to post out than paper documents. It is likely that CD-ROMs will be
even more extensively used in future consultations.

7. Concluding remarks

The Agency entered the consultation exercise on the Magnox power stations in a
well-prepared state and the consultation exercise itself went relatively well, although
it became much more protracted than originally envisaged owing to progressively
developing public concern over incineration of low level radioactive waste at one of
the power stations. Arguably because of a high standard of advance preparation, the
Agency is in a well-ordered position at the end of the consultation to proceed to
completion of its proposed decision document.

The Agency will be reviewing its consultation process carefully in the light of the
experience from this consultation.
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Abstract

The Waste Isolation Pilot Plant (WIPP) deep geological repository for long-lived,
transuranic radioactive waste (TRUW) opened on the 26'h of March 1999. Beginning
on the 4h of April 1994, the United States (U.S.) Department of Energy (DOE),
implemented the WPP Disposal Decision Plan (DDP) (Figure 1), which embodied
the five-year vision and intents of the then DOE Manager of the Carlsbad Area
Office (CAO), presently the Carlsbad Field Office (CBFO). The successful design
and implementation of the DDP ensured good science, enhanced egulator and
stakeholder (affected and interested parties) interactions and acceptance of
programmatic decisions, which resulted in the certification of the WIPP TRUW
repository by the U.S. Environmental Protection Agency (EPA) on the 18 1h of May
1998, almost three years earlier than projected in November 993.
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Figure 1. The WIPP Disposal Decision Plan (Revision 4).
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1. Introduction

Pursuant to current laws in the USA, [1-51 the DOE is responsible for the safe
disposal of the nation's long-lived radioactive wastes/materials (LLRMs) in deep
geological repositories. To accomplish this statutory mandate, the DOE has
established two autonomous offices for the siting, development, operation,
decommissioning, closure, and post-closure institutional control of deep geologic
repositories for safe disposal of 1) spent nuclear fuel and other high-level radioactive
wastes (HLW) and 2 TRUW', respectively. The Office of Civilian Radioactive
Waste Management (OCRWM) is responsible for the development and safe
operation of one or more repositories for safe disposal of HLW generated by the
nation's nuclear utilities and defense activities [1], and is investigating whether the
Yucca Mountain site in Nevada is suitable for a HLW repository. The CBFO,
fon-nerly the CAO, is responsible for the continued development and safe operation
of WIPP for safe disposal of TRUW generated by the nation's weapons complex,
including integrating the preparation, characterization, and shipment of TRUW from
the nation's 23 generator and storage sites to the WIPP site (Figure 2 3-5] This
paper focuses on the WIPP DDP, as amended (Figure 1), the CAO's road map to the
successful certification on the 181h of May 1998 6 and the opening on the 26 1h of

March 1999 7] of the WIPP TRUW repository.

4 WIW-

10

j r9l

Figure 2 The U.S. map (left) shows the locations of the Yucca Mountain, the
WIPP, and the nation's 23 TRUW generator and storage sites (numbered
circles depict sites that have shipped CH-TRUW' to WIPP). The

3schematic (right) shows the WIPP 17 k disposal system 6.4 by 64
by 1828 [depth] km) (vertical scale is exaggerated), including the
repository and main stratigraphic units.

a TRUW destined for WIPP must contain at least 3700 becquerels (Bq) of alpha
emitting, transuranic isotopes with half lives greater than 20 years, per gram of
waste, but the canister surface dose rate may not exceed 10 sieverts per hour
(Sv/h). There are two categories of TRUW: 1) contact handled (CH) has a
maximum canister surface dose rate of 0.002 Sv/h; and 2 remote handled (RH) has
a canister surface dose rate between 0002 Sv/h and 10 Sv/h. 4]
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This paper contains three more sections. Section 2 provides a concise background
information on the Cl3FO's TRUW-disposal program, including the legal framework,
current status, and author-envisioned challenges and solutions. Section 3 describes
the main components and attributes of the WIPP DDP. Section 4 summarizes the
lessons learned during and after the 1994 through 1998 implementation of the WIPP
DDP. A listing of the references indicated by numbers in brackets 1-16] in the text
follows Section 4 Select key terms and concepts are shown in italics throughout the
text.

2. Background

The WIPP Land Withdrawal Act of 1992 (LWA), 4] as amended in 1996 [5], is the
legal basis for safe disposal of TRUW in the USA. Pursuant to the LWA, the DOE
must develop and operate a deep geological repository for safe disposal of TRU at
the WIPP site (Figure 2 in compliance with all applicable laws and regulations.
Furthermore, the WIPP repository must be recertified at least every fifth year after
commencement of TRUW disposal. 4 In addition, approximately 60 percent of the
existing TRUW containers contain regulated hazardous constituents and the disposal
of these (mixed TRUW) containers at WIPP must comply with the Resource
Conservation and Recovery Act of 1976 (RCRA) [81 and related regulations.

The history of the WIPP site goes back to 1971 when local politicians in Carlsbad
approached the DOE's predecessor agency and suggested that the thick salt beds in
Northern New Mexico be considered for the siting and development of the then
pursued deep geological repository for defense-generated TRUW and HLW. 71 In
1975, the CBFO's Science Advisor, Sandia National Laboratories (SNL), began
characterizing the WIPP site. In 1988, the surface and subsurface facilities (Panel )
required to operate a TRUW repository at the WIPP site were in place (Figure 3 but
the 1987 court remand of a key regulation took more than six years to resolve
(December 1993) and delayed the preparation of the WIPP compliance certification
application WCA 9 (and certification and opening) accordingly. Indeed, two
December 993 events of profound importance to the certification and opening of the
WIPP TRUW repository were: 1) the EPA's repromulgation of the court-remanded
regulation [IO]; and 2 the DOE's establishment of the CAO. The establishment of
the CAO signaled a major policy shift in the mariner in which the DOE was
conducting the WIPP project. This policy shift was initiated and vigorously
supported throughout her term by the then Secretary of Energy. In essence, the
establishment of the CAO manifested the DOE's intent to work closer with the local
communities and residents. Further reinforcing both the DOE's and the CAO's
credibility with the local communities and residents was the fact that the CAO
Manager was given considerable authority. However, the ultimate attributes
establishing local credibility and trust, which in turn contributed to an almost tree-
year advancement of the certification schedule of WIPP, were the vision, energy,
stratagems, commitment, and political and managerial skills of the CAO Manager
embodied in the WIPP DDP (Figure 1).
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Figure 3 Schematic illustration of surface and subsurface facilities at the WIPP
site. (Note: the size of the underground facilities is grossly exaggerated
relative to the surface facilities, see schematic in Figure 1.)

The WPP repository was certified by the EPA for TRUW disposal on the 18,h of
May 1998 6 and permitted by the NMED for hazardous waste (mixed TRUW)
disposal on the 27hof October 1999. [I 1 The EPA's Certification Decision 6]:

• Crowned 24 years of site characterization and repository development efforts;
• Established the WIPP TRUW repository as the-first-of-a-kind, specially-

designed, constructed, and certified deep geological repository for safe disposal
of LLRMs a global milestone; and

• Included conditions for the CBFO's continued operation and closure of the
WIPP TRUW repository.

The WIPP repository opened on the 26 1h of March 1999 7 and, at the end of
February 2001, 156 shipments of CH-TRUW' and mixed CH-TRUWa from four
generator and storage sites (Figure 2 have been disposed of at WIPP. The TRUW is

emplaced at a depth of 650 m below the ground surface about 200 m from the bottom

of a 600-m-thick, more than 225-million-year-old, seismically and tectonically

undisturbed, virtually impermeable bedded-salt fon-nation: the Salado Formation

(Figures 2 and 3.

At the end of the year 2001, the CBFO's primary goals are to: 1) remove all TRUW

from 17 of the 23 TRUW generator and storage sites (Figure 2 by 2017; and 2)

remove the TRUW from the remaining six sites by 2034. 12-14] To meet these

goals, the DOE CBFO must: 1) increase the current CH-TRUW' characterization and

shipment capacity from four to 17 shipments per week by the end of 2001 2)

commence RH-TRUW' shipments in February 2002; and 3 ship four RH-TRUW
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shipments per week by the end of 2002, also referred to as filling the pipeline to
WIPP. Post-closure safety and scientific, public, political, and regulator acceptance
of the WIPP is admirably high, so the CBFO's major near-terrn current challenges

are:

I The filling of the pipeline to WIPP.
2. Obtaining long-term operational efficiencies, including pen-nit modifications.
3. Preparing the first recertification application for WIPP.
4. Expanding the WIPP mission to include providing solutions for waste

management needs of broad national concern.

The degree(s) to which these challenges will be met depends largely upon:

•The allocation of adequate CBFO authority and resources;
•The cooperation of, and local resources provided by, the TRUW generator and

storage sites; and
•The success in, and time required for, obtaining modifications to the permit.

3. The WIPP Disposal Decision Plan

The WIPP DDP (Figure 1) was one of the main contributors to the almost three-year
advancement of the certification of WIPP. (Note: Figure I only shows the uppermost
of the four levels of gradually more detailed planning and scheduling of the CAO
mission.) The WIPP DDP integrated all aspects of TRUW management of
importance to the timely and cost-effective development, certification, and opening
of the WIPP repository. It promptly became both the lightening rod and a catalyst for
both CAO-imemal and CAO-extemal communications. Internally, it held the staff
accountable. Externally, it forced project participants to communicate with other
affected and interested parties. As illustrated in Figure 1, the five main integrated
activity categories were:

I .Regulatory/Technical Process;
2. Stakeholders/Oversight;
3. Experimental Programs and Performance Assessment;
4. Waste Characterization, Certification, and Inventory; and
5. Operations.

As also illustrated in Figure 1, the 1994 version of the WIPP DDP was periodically
updated. With very few exceptions that were largely embodied in repeated
permitting process delays, the 1996 LWAA, and the EPA's February 996
promulgation of compliance criteria [15], WIPP DDP updates consisted of filling in
successfully completed milestones.

This section focuses on item 2 of the WIPP DDP, Stakeholder/Oversight interaction,
because it was one of the groundbreaking paradigms for the successful advancement,
certification, and opening of the WIPP TRUW repository. Historically, the WIPP
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program had been managed as a defense program with little attention given to public
interactions and acceptance beyond the local communities. However, the then
Manager of the CAO decided to publish the WPP DDP. The CAO manager then
forcefully implemented an early, iterative, and continuous public and oversight group
interaction process across New Mexico, including holding the CAO managers
accountable for 1) compliance with the WIPP DDP schedule, and 2 maintenance of
an open, active dialogue with all affected and interested parties. As illustrated in
Figure 1, the WIPP DDP outlined 47 pre-scheduled interaction points/meetings with
affected and interested parties, including the regulators, oversight groups, and
members of the public, during a five-year period. In addition, the CAO established a
mailing list containing more than 3000 stakeholders, presented its case at more than
35 other public meetings each year, started the distribution of a monthly newsletter,
and established a web site where interested parties could access WIPP information
and pose/post questions. Furthermore, in August 1994, the CAO manager
established ad continued to support a vigorous program for international
cooperation that provided additional visibility and credibility to the CAO's
management of the WPP project.

One of the fundamental principles for the CAO's successful interaction with the
stakeholders, oversight groups, and the EPA was to openly inform about project
progress and challenges, and then listen, digest, and respond to the concerns
expressed. Although one objective of these meetings was to educate the audience,
the main objective was to identify and analyze DOE-external concerns, and then to
address them in a manner readily accessible to and understood by the audience. Of
course, these public and oversight interactions raised many issues that were not
resolved to everyone's satisfaction. The CAO's basic issue-resolution approach was
to evaluate concerns/issues in the context of impact on safety. Safety, oh
operational and post-closure, was and remains the overriding objective and
responsibility of the CA s and he CBF0's management of he WPP project. If the
safety impact was marginal, the CAO did not assign any resources to the issue and,
simply, agreed to disagree with the concerned party. In addition, the CAO carefully
documented and shared the rationale for its decision. In many cases, the affected
party expressed (a) understanding of the CAO's decision and (b) appreciation of
being taken seriously. Other parties prevailed in their effort(s) to influence or stop
the WIPP project by legal actions. Therefore, both the CAO and the EPA had to
overcome several legal challenges before WPP could open in March 1999. The
existence of a well-documented, multi-year track record in public interactions greatly
contributed to the favorable resolution of all legal challenges.

4. Lessons Learned

In no order of priority, the following 10 select important lessons were learned during
and after the WIPP DDP process 16] that lead to the EPA's 1998 Certification
Decision 6 ad the NMED's 1999 RCRA Part permit [I 1] for WIPP:
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I The time required by the licensing/permitting agency is not necessarily
related to the scientific complexity, stringency of the regulatory framework,
amount of information submitted, or toxicity of the waste;

2. Although good science is imperative to the licensing/permitting of a
repository for LLRMs, good science alone will not suffice; legal issues and
personal and organizational agendas increase in visibility and influence the
closer a project gets to certification/permitting;

3. Scientific curiosity and schedule and budget constraints may be mitigated by
focusing scientific and engineering esources on the information required to
demonstrate compliance with applicable laws and regulations;

4. The assumptions and disciplines involved in research and development must
be closely integrated and carefully documented;

5. Complex scientific and technical information needs to be communicated to
stakeholders (affected and interested parties, including the general public) in
terms that are readily understood outside the group of experts directly
involved in the research and analyses;

6. Independent peer reviews ehance the credibility and acceptance of a
scientifically advanced and complex program;

7. The decision-making process must be transparent, well documented, and
defensible;

8. The decision-making process must involve broad-based internal and
external participation throughout;

9. Measures to ehance public acceptance and support should be considered
and implemented early and iteratively throughout the project; and

10. Strong leadership and a skilled, intemally cooperative, motivated
management organization are imperative prerequisites to the level of
success of scientifically complex and politically and emotionally charged
programs.

Clearly, the above 10 lessons learned are special, but not exclusive to the WIPP
project and may, therefore, be of particular interest and value to other radioactive
waste management programs facing or expecting to face similar challenges.
Although there is no global-cookbook success formula for projects of this type, there
are project management techniques - such as, clearly defined scientific objectives,
comprehensible and credible results, and transparent, justifiable, and encompassing
decisions - which, if used, provide great potential for the involved and affected
parties to develop a relationship of common ownership and cooperation. The above
lessons learned 16] may be further summarized as follows:

1. Public interactions are important to the successful advancement, credibility, and
acceptance of a scientifically complex program and its related decision-making
process;

2. Public interactions must be open, honest, interactive, and continuous; and
3. Project representatives/experts must be knowledgeable, patient, and willing lo

listen and able o explain risks versus benefits in an understandable
(transparent) manner.
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1. Introduction

In 1972 the first of the current tree nuclear reactors was commissioned at the

Simpevarp peninsula in the municipality of Oskarshamn. In the late seventies the

nuclear industry applied for siting of a Central Storage For Spent Nuclear Fuel

(CLAB) to the municipality also at Simpevarp. The municipality council voted not to

use the municipal veto but included in the decision to accept a strong statement that

the CLAB facility is a temporary facility and shall not be considered as a long term

or final solution. The municipality also stated that the approval of CLAB should not

be seen as any form of acceptance of future siting of nuclear waste facilities e.g. a

final repository to the municipality.

The municipality is also hosting an underground rock laboratory at Asp6 - close to

Simpevarp - where geoscientific research connected to final disposal is conducted

and an encapsulation laboratory - located in the Oskarshamn harbour - where the

welding technique is developed for sealing of the copper canisters for spent nuclear

fuel.

2. Structure of the municipality work

The Swedish nuclear utilities trough their jointly owned company, Swedish Nuclear

Fuel and Waste Management Company (SK13), are in the middle of a siting process

for a High Level Waste repository and an encapsulation plant. The municipality of

Oskarshamn has been one of the main targets since 1992 for siting of both these



facilities. After an initial feasibility study Oskarshamn is now one of the remaining
three municipalities where SKB has proposed to complete extensive site
investigations during the next seven years [I].

During the feasibility studies Oskarshamin has made extensive efforts to engage the
public in the decision making process. The structure of this work, which has been
named the Oska-rshamn model 21, sees the public and the environmental groups as
resources. The EIA legislation and process is a platform for municipality
participation. The process includes all stakeholders to develop a common basis for
decision making, whereas decisions are made outside the EIA process by each party
individually. Local involvement, early involvement of the regulators (SKI and SSI)
and participation by environmental groups are key elements.

In part, one can see the Oskarshamn model as an attempt to apply the RISCOM
principles for transparency 31 in practice. Many of the activities in Oskarshamn have
served the purpose of clarifying facts and value aspects in issues such as the "zero
solution", reprocessing and transmutation, as well as the impact of ice ages on a
repository. The overall goal has been to prepare the municipality for a possible
decision if SKB should be allowed to start site investigations. The council members,
active citizens in various working groups and many in the interested public have now
developed such competence that they have clear opinions and the capacity to stretch
SKB to a considerable degree in many areas.

To implement and support the model a special project has been formed in the
municipality 4]. The main decisions are taken by the municipality council. A full
time project manager supported by a four member expert group is responsible for the
implementation of the council decisions. To carry out the dialogue with the public
and the neighbouring municipalities subject working groups with a total of about
forty members are formed based on the phase of work.

The working group members constitute a mixture of local politicians from all seven
local parties, civil servants from the municipality, union members, industry
representatives, school teachers, various local association representatives and
representatives from some of the local environmental groups.

Since SKB has asked the municipality for pen-nission to carry out site investigations,
the groups are tasked to - after dialogue with respective target group - report to the
municipality council if site investigations should be accepted or rejected. If site
investigations are accepted, the groups should propose conditions that may be
attached to such an approval [5 . The current groups are a regional group responsible
for the neighbouring municipalities, a city group and a most effected group
representing those who live within the priority area (about 50 km2) proposed by SKB
for site investigations.
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3. Description of working group activities

When the first six working groups were set up in 1997 it was the first time many of
the members were confronted with detailed aspects of the issue of final disposal of
spent nuclear fuel. Considerable time was spent to build individual competence in the
groups. This was initially mainly carried out by inviting SKB, their researchers and
consultants to presentations and questioning. Study tours and excursions were also
arranged to better understand how in practice canisters were manufactured, how
geologists work in the field etc.

After achieving basic knowledge about SKB programme the competence building
was broadened by arranging seminars and panel debates with SKB and independent
experts. Those independent experts were often invited by the local environmental
groups. Also the licensing authorities were invited for presentations and questioning
about their views on the safety of KBS-3 method, the development status of the
waste package and SKBs siting work in particular. As the preliminary report from the
feasibility study was published the groups felt competent to direct themselves more
towards a dialogue with the public. The attempt was to achieve a dialogue with the
public and it can roughly be divided in two lines of work - the traditional methods
and more unconventional methods.

Traditional methods are public infort-nation meetings, distribution of information
material etc. The experience from the traditional activities are similar to what other
programmes report - it is difficult to reach the broader public by such traditional
arrangements. This does however not mean that the traditional activities do not have
a value. Distributed material even if it is not read in detail shows that the
municipality is active and cares about the public opinion and topical seminars (for
example about effects on a repository from an ice age) have in some cases attracted
50 to 100 citizens with a considerable interest in the subject. These interested and
engaged individuals, even if they are not so many in numbers, are also likely to be
important moulders of public opinion. Several of these seminars have also resulted in
summary articles in the local press. The draw back is that these activities have not
resulted in any broader dialogue with the public.

The more unconventional methods to reach the public and create a dialogue has
mainly been under the theme "to go to the public" rather than to invite the public to
an event. Around this theme a whole range of activities have taken place such as:
- exhibitions manned by working group members in the main shopping arcade

during Saturday shopping hours and at the country side shops
- distribution of questioners and discussions with spectators at ice hockey games,

basket games etc
- debates and a simulated referendum at the Oskarshamn high school
- exhibitions manned by working group members at the municipality hospital, and

the main industry lunch restaurants.
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4. And what is the public saying about all this?

It is of interest to know the public attitudes concerning the nuclear waste problem and
the SKB programme. We have some answers to this partly from a questionnaire
prepared by the municipality working groups and partly from a Gallup measurement
by SKB.

In a paper by the Special Advisor for Nuclear Waste within Ministry of the
Environment 16 a description is presented of how the relation between the elected
politicians and the public can be seen in Oskarshamn. in short this description
concludes that "In Oskarshamn there seems to be no debate at all about who should
be considered to be the "true" representative of the public. The deep involvement of
the municipality does not seem to have been questioned by anyone". If this
observation corresponds with reality the overall goal by the municipality engagement
in the nuclear waste problem is of course met namely to correctly represent and take
decisions on behalf of the largest possible majority of the citizens.

Our first measurement of public attitudes stems from an internal - non scientific -
questionnaire used by the local working groups 7]. Close to 800 of this questionnaire
have been filled out mainly by two categories - members of the public in Oskarshamn
and members of the municipality councils in the neighbouring municipalities. Beside
the yes/no answers that were most common there was also a possibility to add
personal comments. The first of four questions to the public were:

Is it good hat Sweden is trying to solve the nuclear waste problem now? It is often
discussed if we shallfinally dispose the waste now or waitfor better technology hat
may come in ihefuture. What i your opinion?

Of the answers 78% said yes to find a solution now - 17% said no and 5% had no
clear opinion. From the comments to this question a couple of clear trends could be
found. Arguments for actions now were that those who have benefited from the
nuclear power shall solve the waste problem and not push the problem on our
children, that the technology is available now and that the future will always be the
future.

A large group is those who support to act now but at the same time like to see a
continued work to develop the technology and to continue the research and maintain
an open mind for other solutions than the KBS-3 method. One opinion in this group
was not to make it impossible to go back and implement new solutions.

If there i good rock in the unicipality f 0skarshamn - can you accept that a final
repositor i built here?

Of the answers 79% said yes, 15% no and 6 had no clear opinion. From the
comments to this question one main prerequisite to accept a repository was that
safety was guaranteed and that the "best rock" or "best site" was located here.
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The next step in the process to find a site for final disposal is site investigations
(drillings) in two municipalities. If SKB will ask the Oskarshamn municipality - shall
we then say yes to a site investigation and become one of two municipalities where a
repository can be sited?

Of the answers 80% said yes, 15% no and 5% don't have a clear opinion. Of those
who said yes many gave comments about safety first and that the rock must be good.
It was also expressed that it should only be for Swedish waste and that it should be
located to Simpevarp, where there are already nuclear activities.

Those who were negative expressed that the municipality already has taken its share
of responsibility, that people will leave the municipality with a repository and that
other alternatives must be studied first.

A second measurement of public attitudes is a Gallup measurement [8] made under
contract from SKB during the spring of 2000. The study included a total of 4000
telephone interviews where 500 were conducted in each of the six municipalities
where a feasibility study was completed and 1000 nation wide.

In the report from Gallup the following main conclusions were drawn about SKBs
programme for nuclear waste management in general and 0skarshamn in particular
(municipalities means the six municipalities subject to a feasibility studies :
- The opinion in the municipalities is more favourable toward final disposal than

in the nation in general
- In Oskarshamn 80% can accept a final disposal in the municipality
- Nationally every second person is of the opinion that the final disposal method is

reliable. In Oskarshamn this figure is the highest of the municipalities. The main
reason for trust in reliability is that there is confidence for the experts and
contradictory for those who are sceptical the long time span is the main
argument.

- 85% of the public answer yes to the question if they think that SKB shall
continue with site investigations and drillings for a final disposal of spent fuel in
the municipality, 9% of the public say no.

5. The Oskarshamn model - an evaluation

The municipality claims that the Oskarshamn model so far has worked extremely
well as a tool to achieve openness, transparency and public participation - but how
do we know? The municipality questionnaire also had a question about this:

Do you feel that the questions and concerns you have related to the final disposal
have been addressed during the past years? (or do you feel that important
information is missing?)
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Of the answers 59% said that they were satisfied, 31% were not and 10% had no
opinion.

In the Gallup study described above the result was that 58% of the public in
Oskarshamn are of the opinion that they have received enough information about
final disposal of spent fuel. For the nation this figure is 24%.

To get an independent review of the process an "ethical and democratic audit" has
been conducted by professor Carl Reinhold Brdkerihielm, Department of theology,
Uppsala university 9]. One element of this audit has been a series of interviews with
representatives of different occupational groups in Oskarshamn. 13 groups (in total
37 persons) were interviewed: high school students, teachers, technicians, nurses,
politicians and others. The purpose of the interviews was to increase our knowledge
about he way, different people argue in he ethical issues that are relevant for the
final disposal of nuclear waste. The study does not allow conclusions about ethical
attitudes among the population of 0skarshanin in general. But it suggests a number
of important questions for further quantitative studies.

Each interview lasted for about an hour. It was taped and subsequently transferred in
a written form. In the following a short summary of the issues and the responses
brought forward in the interviews is described (a general interview-guide was
followed).

The interview persons were asked to suggest the central ethical question in
connection to the nuclear waste disposal-issue. Many persons did affirm that risk of
radiation - and the reduction of this risk - was the most important ethical question.
Many interview persons mentioned our responsibility to future generations, some
also the retrievability of nuclear waste. A large number of the groups affin-ned what
could be termed as the central principle of nuclear waste disposal-ethics: that those
who enjoy the benefits of nuclear power, should also take care of the waste. This
could be interpreted as a principle of justice with intergenerational as well as
international iplications. (1) Our generations should not burden future generations
with the waste problem - our generations has to build a final repository for that waste
that makes the future safe for coming generations, and 2) Sweden has to take care of
its own waste; it is not ethically permissible to send it to another country.

The question of our responsibility to future generations was also raised in a specific
question. Most groups favoured a strong interpretation of this principle. We are
ethically responsible even to remote generations living in the distant future of 50 000
- 100 000 years after the present. But many participants in the study also
acknowledged that such a responsibility is really impossible to assume and even to
grasp. Most persons wanted to give future generations the possibility to retrieve the
waste, but one of the high-school students was critical to this. It is not unlikely that
persons in the future might want to use the waste for destructive purposes.
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In relation to the question of responsibility to future generations, a more general issue
of optimism or pessimism was brought up. Will humanity survive? Or will the human
race sooner or later suffer destruction and even anihilation? Most of the interview
persons were optimists, but there were some very clear exceptions. One of the nurses
in the interview made the analogy to the rise and disappearance of cultures and
suggested that humanity will suffer the same fate. Another nurse opposed this view
and affirmed that humanity would develop and prosper by the help of technology.
This in an interesting disagreement, which has to do with our more basic reactions as
human beings in the world. It is not unlikely that this is one important explanation of
the fact that many people come to different conclusions about the nuclear waste
disposal issue.

The consequences for society with a repository for nuclear waste were not clearly
perceived - apart from the effects on employment and tourism. High school students
argued that if democracy was affected in the future, it was not that important. We
could always establish a democracy again. It is important to hand over science and
knowledge to future generations - but democracy is secondary. This ethical
conviction was in clear opposition to values affirmed by other groups.

In general, the groups had many good things to say about the way the municipality
and other authorities had conducted the political process on a possible nuclear waste
repository in Oskarshamn. A technical engineer argued that the process ("the EIA-
process") was a school example of a democratic process, but he also felt that the
response in the general public could have been stronger. Many persons were also
clearly impressed about the work of SKI3, but some were also openly critical arguing
that SKB had - and even deserved - a lower credibility than, for example,
independent experts. The general impression from the interviews was an engaged
municipality, a professional SKB, but a lukewarm public.

Most participants affirmed that the question about a repository for nuclear waste was
a question to be decided in the political arena. The politicians on the national level
had the final responsibility and - to some surprise - many argued that a national
decision could also override a local decision. The high school group had a specific
profile in their insistence on the weight and importance of technicians and scientific
experts in the process. This idea was at variance with the thought that the decision
should be reached though a democratic process and that it is our responsibility as
citizens to participate and have an opinion.

Manv thought that there was sufficient and reliable information around to take a
stand on the issue, i.e. for those who were interested. But there were also interview
persons who had misgivings about the information material from the national
authorities. "Their language is pure Greek!" Some persons lacked sufficient
information about alternative methods to SKB's KBS-3 method. The high school
students thought that the excursion to �,sp6 had been interesting, but they also argued
that answers to critical questions had been evasive.
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The final issue discussed in the interviews concerned the question of credibility?
Who has - and who has not - credibility when it comes to the question of a possible
repository for nuclear waste in the municipality of Oskarshamn? Many would give
high marks to the experts and politicians of the municipality, but others had
misgivings about the political leadership of the community. Disrespect for politicians
was apparent, but no more concrete justification for this was evident. Environmental
organisations were considered important, but some of the interview persons had
critical remarks concerning their sensitivity to other perspectives on the issue. SKB
was respected for their professionalism, but generally people had reservations about
their credibility.

The general conclusion is that most of the groups expressed a clear awareness of the
ethical dimension of the nuclear waste repository issue. There is a general agreement
when it comes to our responsibility. This generation and this country enjoying the
benefits of nuclear power, should take care of its own waste. We owe this to future
generations. The municipality in co-operation with the region (Kalmar county) and
national authorities (SSI, SKI and others) and the nuclear industry deserve
recognition for their efforts to stimulate public discussion, even if the public have not
participated to the extent that should be expected.

Disagreement was most evident in the question concerning how far we are able to
take responsibility for generations far away in the future. Certain groups underlined
the necessity, others the difficulty, few the conflict between responsibility and ability.
Most were convinced that future generations have a right to retrieve the waste should
they find it necessary or useful to do so. But some argued that the risk for destructive
use was too high. In many questions the high school students had a tendency to
deviate from the general consensus (to some extent also the group of
environmentalists and the group of teachers).

The material does not allow for any firm conclusions about the explanations of the
agreements and disagreements. The positive consensus could be taken as an
indication that the public is so used to the nuclear presence in Oskarsharnn, that they
take it as a matter of course that a nuclear repository will be established. But a simple
reason for the positive consensus should not be discounted, namely that the general
public has been well informed about the risks and possibilities to handle these risks
through the method proposed by SKB - and concluded that a repository could be
established if no evidence against this comes forward in the more detailed analysis.
The disagreements require similar multi-factorial explanations:

People hve various knowledge about the questions involved and this might
explain why some are open to -for example - retrievability and some not.
Values differ in a similar fashion.
To some democracy and public participation is important - other interview
persons put greater emphasis on expertise and science. This may explain certain
disagreements about the way to conduct the political process leading up to a
decision about the repository.
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Finally, there is the question about general optimism and pessimism. Will
our/future generations be able to handle technical and social problems created by
nuclear waste and other threats to sustainable development? Some persons feel
inclined to emphasise possibilities and creativity. Others see obstacles and the
ultimate frailty of human nature. Our evaluations of the prospects to handle
nuclear waste may differ accordingly.

6. Is this work applicable to other areas?

The principles behind the Oskarsharnn model are relevant for public consultation not
just for nuclear waste issues but for complex issues in general terms. The work has
thus stimulated the municipality to start a special project (DUO) to see how the
municipality decision making process could be made more vital and attractive.

Furthermore, 0ska-rshamn has in co-operation with the Regional Council in Kalmar
County proposed a new research institute (DECI) for the development and
application of new approaches to decision making with special focus on issues in the
Baltic Sea region. The pre-study report [10] describes a number of processes for
public participation, among them the Oskarshanm model, and maps them according
to their potential to provide transparency, their extent of public involvement and how
the public is represented.

7. Some words about the future

The Swedish High Level Nuclear Waste programme is in a decision making phase
where the issue is if tree site investigations in three municipalities are to be initiated
or not. In Oskarshamn the answer to this question is currently being prepared by
three newly formed working groups. The task for these groups is to prepare reports to
the Municipality Council with recommendations how this question should be
answered. The work is conducted following the "Oskarshamn Model". The
municipality is expected to answer this question early 2002.

The major challenge during 2001 for the municipality is to form a dialogue with the
region, the Oskarshamn public and in particular the land owners and neighbours (the
most effected parties) to the proposed area of investigation. With the dialogue, the
municipality should be able to continue to take decisions and post possible conditions
that are supported and recognised by a large majority of the people in Oskarsharnn.

Should site investigations be accepted, the experience from the work conducted to
date and the "Oskarshamn Model" will continue to form a strong base for the
municipality participation in the six to seven year long investigation phase.
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The issues raised in trying to develop long-term solutions for radioactive waste
management are multidisciplinary - encompassing social, ethical, scientific and
technical issues. Experience in the UK and elsewhere has shown that the process by
which decisions are made needs to be accepted as being legitimate by all
stakeholders. This paper argues that the key to achieving such acceptance is how one
engages with stakeholders at the 'front-end' of any decision-making process. This
paper focuses on radioactive waste management as the issue in question and outlines
techniques that can be used during the 'front-end' consultation and gives examples of
where they have been, and are being, used by Nirex.

1. Introduction
The paper outlines the advantages of including stakeholder issues in a decision
making process. It then describes principles that have been identified as being
important when engaging with stakeholders. The diversity of stakeholders concerned
with radioactive waste management is outlined and mechanisms that can be used to
engage with them are explored; this includes examples of where Nirex has used these
mechanisms in its own work and some of the lessons learned.

2. Stakeholder Issues
For long-term decisions affecting all members of society it is important that people's
issues are elicited and taken into account in the development and evaluation of
alternative solutions to a problem. This is especially true for controversial issues,
where people may feel they have been excluded from decisions made in the past.
Focusing attention on people's issues has several advantages, especially in the realm
of long-term, societal decisions.

Framing he Problem - Asking stakeholders to express their issues allows them to
frame the problem and includes them at the beginning of the process.

Guide Information Collection - This can show what infon-nation is required and
where research needs to be conducted.
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Improve Communication - In societal decisions different stakeholders have different
issues and concerns. If debate focuses solely on the technical issues of a decision or
options some members of the public can feel excluded, it is important to allow
stakeholders to express their issues and concerns.

Multiple Stakeholders - Focusing on issues identifies what people care about, making
it easier for stakeholders to understand their differences and common ground.

Evaluating Alternatives - If issues are clear they provide an obvious way to evaluate
the alternatives.

Mechanisms need to be employed to allow people to express and discuss their issues
and concerns at an early stage. If this step is omitted opposing values can emerge at
later stages which cannot be resolved. This entails including a 'front-end' in the
decision-making process, which will enable this to happen. Research has shown [1]
and 2] that it is essential to establish the principles and framework for guiding the
whole decision-making process during the 'front-end'. Doing this increases spend
up-front, but can significantly reduce the total costs and time incurred in finding a
long-term implementable solution. The aim of the front-end is to:

• Allow stakeholders to frame the problem;

• Ensure that the issues of concern to the stakeholders drive the process and
the evaluation of options;

• Demonstrate a commitment to incorporating a wide range of nowledge,
expertise and opinion from the outset;

• Provide guidance on how the overall decision-making process should be
conducted;

• Avoid criticism of there having been a 'hidden agenda'.

The next section outlines some of the key principles that must underpin consultation.

3. Key Principles and Issues
Research and experience in the UK, USA, Canada and Sweden 1], 21 and 3] into
controversial issues, including radioactive waste management, have shown that there
are a number of key principles to which a legitimate and effective decision making
process must adhere. These include:

Openness - The debate must take place in the public domain and there should be free
access to all the relevant infonnation. The process should be open to influence from
different people with different opinions and perspectives.

Transparency - The reasoning behind actions, deliberations and decisions should be
made available. It must be clear how stakeholders can be involved and how their
opinions will be taken into account and used.

Representation - All stakeholders should be given the opportunity to be involved,
and a wide range of views should be sought actively. The consultation process should
enable all those who wish to participate to do so.
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Accountability - Those responsible for the process should be accountable for their
actions to all parties. This includes publicising the reasoning behind decisions.

Deliberation - The whole process should be interactive and stakeholders must be
given feedback to show how their views have been taken into account or why they
have not been included.

Commitment - It must be possible to keep the consultation going throughout the life
time of the decision-making process and its implementation.

Devolved Process - It will not be possible to talk to every group of stakeholders in
the same way, therefore the process must seek to reach people in a way that engages
them and enables them to express their opinions.

Sufficient Resources - It may be necessary to make resources available to allow
people to take part in the consultation process, e.g. paying travel costs and
independent consultants. There will also be the need to provide information from
several perspectives and this will need both co-ordination and funding.

Some practical issues need to be considered when thinking about the mechanisms to
use for consultation these include:

Independence - The management and reporting of the consultation process should be
seen to be independent of established interests.

Time - It is important provide stakeholders with sufficient time to reflect and
respond. However, too long a period of consultation could dissipate interest and
inhibit overall progress.

4. Identifying Stakeholders' Issues and Concerns
The issue of radioactive waste management involves a variety of stakeholders with
different backgrounds and experience of discussing the topic. Key stakeholders have
been identified as including:

• The General Public 0 The media

• Government departments 0 Trade Unions

• The implementing rganisation 0 The nuclear industry

• Regulators 0 Contractors

• Scientific Research Community 0 Ministry of Defence

• Non-Governmental Organisations 0 Academics

• Community-Based Organisations 0 Young people

• Local Government Organisations

The wide range of stakeholders identified above will have different needs and levels
of knowledge about radioactive waste management, therefore it will not be possible
to engage with everyone using just one consultation technique. Figure I sets out a
process which Nirex believes addresses the principles set out earlier and provides
opportunities for a wide range of stakeholders to engage with the issue. The
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following sections outline how the mechanisms shown in Figure I can be used and
the stakeholders they may be suitable for.

5. Possible Mechanisms to use in the 'Front-End'
5.1 Overseeing Panel
The front-end must be, and be seen to be, independent of the implementing
Organisation and representative of all stakeholders. An overseeing panel could be set
up to review the consultation pocess and ensure that all interested parties are given
the opportunity to participate in the consultation. The panel could also review the
outcomes of the front-end and make recommendations as to how these are used to
design the rest of the decision-making process.

The panel should be made up of representatives from the key stakeholder groups and
should include people with a range of different perspectives. Invitations to potential
panel members should be made in consultation with stakeholders.

Overseeing Panel

Background
Material Draft Proposals

Report on for the
the decision-

& decision makingI- making process

cus nrov ms

NINE, as,
'01

Review of the Process

Figure 1: Possible Mechanisms to use in the 'Front End' Consultation

5.2 Background Information
Background information would need to be developed to:

0 Set the context of the front-end and the decision-making process itself-,

Enable stakeholders to express their issues and concerns;

Invite comments on the decision-making process.

The information should be developed in collaboration with stakeholders to ensure
that several perspectives are represented.

5.3 Launch Workshop
The aims of a launch workshop would be to:

Outline the front-end and the decision-making process and their aims;

Introduce the overseeing panel;
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• Enable people with diverse interests in the subject to meet;

• Encourage people to participate in the process;

• Obtain an initial understanding of the issues people are concerned about.

The workshop could consist of presentations and the opportunity for discussion. The
workshop should include representatives from all the stakeholder groups. A summary
report of the launch workshop should be produced and sent to those who attended, as
well as being put on the web.

5.4 Web Site

A web site could be set up independent of the implementing organisation's web site
and overseen by an independent rganisation. All comments made to the web site
would be logged and fed into the design of the decision-making process. A report
should be written that summarises the comments received via the site and the replies
sent out. The web site would:

• Outline the issues that the front-end aims to address and ask for comments;

• Allow visitors to make comments and request information;

• Summarise the comments received via the site at regular intervals;

• Publish the minutes of the overseeing panel meetings;

• Publish interim and the final report(s) and ask for comments on them;

• Advertise forthcoming events;

The site could be maintained throughout the decision-making process.

5.5 Stakeholder Workshops

The principal aim of the workshops would be:

To allow key stakeholder groups to discuss the decision-making process and
identify their issues and opinions.

Several workshops would need to be conducted to target the stakeholders identified
earlier. A report of each workshop could be produced and sent to those who attended
for review.

5.6 Citizens' Panel and Focus Groups

The aims of the citizens' panel and focus groups would be to give members of the
public the time and space to discuss and identify their issues and opinions. Using
both techniques gives the opportunity to obtain detailed views from people during the
citizens' panel and to obtain a larger number of views, but in less detail, during the
focus groups. This balances the need to engage with as wide a range of stakeholders
as possible, while still obtaining considered views.

The panel and focus groups could be given access to stakeholders with different
opinions and information from several sources. Internet access could also be
provided to inform their discussions.
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5.7 Reports
One of the key aspects of consultation is feedback. Participants need to know that
their opinions have been listened to and taken into account, or if they have not been
acted on, why. Reports on each of the consultation mechanisms should be created
including stakeholder review. A report summarising the outcomes of all the
individual consultation mechanisms could be used by the overseeing panel to wite
their recommendations about how the decision-making process should progress. The
implementing rganisation must not have any editorial control over any of the
reports.

5.8 End Workshop
Aims

• Signify the end of the front-end and thank participants;

• Present the reports on the consultation mechanisms and recommendations
for te decision making process;

• Ask for feedback on the reports;

• Introduce the next phase and how that is to be carried out, subject to
feedback on the reports.

The format would be similar to that of the launch workshop, giving stakeholders the
opportunity to comment on the results. A summary of the workshop would be
produced and made available for attendees to comment on. Comments received at the
workshop would be fed into the final reports and put on the web site.

5.9 Review of the Process
In order to identify how successful and inclusive the front-end was it would be useful
to have an independent review of the process. This would enable the implementing
Organisation and others to learn key lessons and improve mechanisms for engaging
with stakeholders in the future.

6. Experience in Using the Consultation Mechanisms
Nirex has already used several of the mechanisms outlined in the previous sections,
some of the processes are still being undertaken, so the following sections report
some preliminary results.

6.1 Overseeing Panel
An advisory group is being set up for Work Package Four in the EC RISCOM 11
project on public participation. The group will include representatives from several
stakeholder groups including a regulator, an academic, a schoolteacher, an NGO
representative, a local government representative and a member of the general public.
The group will discuss and develop their remit at their first meeting, but it will
probably include:

• Offering alternative perspectives on the research undertaken by the project;

• Ensuring the involvement of different stakeholder groups in the project.
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Some stakeholders have already agreed to be on the advisory group.

6.2 Web Site Consultation
Leeds University 4] conducted experiments for Nirex to investigate the usefulness of
the Internet as a consultation mechanism. They concluded that:

• Internet access in the UK is still limited, therefore web consultation should
be part of a suite of mechanisms used to engage with stakeholders;

• The anonymous nature of the Internet may encourage participation as it
avoids face-to-face exchanges that could lead to conflict. However,
anonymity makes it difficult to verify the responses;

• Internet access is very flexible as it is available 24 hours a day, 7 days a
week and is not restricted to a particular location;

• The information presented on a site must represent several perspectives, be
easy to understand and be unambiguous. Stakeholders are deterred from
engaging with an issue if they feel it is being presented in a biased way;

• Using tiered information allows users to engage in the debate at the level
they feel comfortable with and avoids overloading them with information.

The Internet is becoming increasingly sophisticated; therefore consultation sites must
also adapt and become more interactive and sophisticated if they are to inspire
stakeholders to engage in consultation via the web.

6.3 Stakeholder Workshops
Nirex held a one-day workshop on retrievability and monitoring 5] to identify what
stakeholders concerns and issues were about the subjects. The format of the day was:

• Presentation by Nirex staff,

• Discussion of the issues in facilitated groups;

• Plenary session to bring together the results of the groups.

The workshop included representatives from several of the stakeholder groups
identified in section 4 though Nirex, as the virtual implementing rganisation, did
not participate in the facilitated groups. Nirex is currently analysing the results of the
workshop and looking at how the suggestions made about monitoring and
retrievability can be reflected in Nirex's work programme.

6.4 Focus Groups
Twenty focus groups have been conducted for Nirex around the UK by independent
contractors. The aims of the research were:

• To identify issues and concerns about radioactive waste management;

• To obtain a benchmark of awareness levels about Nirex and the issue of
radioactive waste management;

• To obtain input to the design of future communication initiatives;

• To identify infon-nation requirements and guidance about its production.

The initial results 61, 7] show that:
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• The public can, will and want to engage with the issue of radioactive waste
management;

• Some people are confused about the issues relating to waste management;

• There is low awareness of the current institutional arrangements for
radioactive waste management in the UK.

The focus groups also tried to identify what issues people would like to have more
information about. People wanted to know:

• What is radioactivity and how long does it last;

• How much there is in terms that people can readily understand;

• How waste is being handled in the UK and in other countries;

• What the differences are between the different classes of wastes;

• How radioactivity affects people's health.

Nirex has been working on material to address the issues raised including a brochure
outlining Nirex's ole [8].

6.5 Fedback Mechanisms

Nirex is developing internal procedures to ensure that feedback from stakeholders is
fed into the work programme. The procedures will include recording the interaction,
responding to it and feeding the content into the Company's work programme.

7. Conclusions
Consultation processes should begin with a 'front-end' to identify stakeholders'
issues and concerns. These should be used to develop the decision-making pocess
and the alternatives that are to be considered in subsequent work. Adding a front-
end' can also provide an insight into how people want to engage with the issues and
which techniques to use.

Innovative and interactive methods of consultation can enable stakeholders to spell
out their issues and concerns and to deliberate these with others. This in turn should
increase their involvement in the process and therefore support for the outcomes,
which is essential if a long-term, implementable solution is to be found.

Adding a 'front-end' to a decision-making process and increasing stakeholder
involvement in the whole process may appear to add to the time and costs involved in
reaching a decision. However, experience has shown that it can significantly reduce
the total time and costs incurred in finding solutions.
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1. Introduction

The 999 election of the Federal Parliament with a majority for a coalition between the Social Democratic Party

and the alliance 90/Green Party led to a significant reorientation of German energy policy. In June 2(XX), the

Federal Government has achieved an agreement with the utility companies in which they respect the decision of

the Federal Government to put an orderly end to nuclear power generation by prohibiting the erection of new, and

limiting the operational period of existing power plants. The agreement also contains cornerstones of a new

radioactive waste management policy:

• New interim storage facilities will be built at reactor ites in order to minimise transports to the existing

central interim storage facilities at Ahaus and Gorleben.

• The utilities will use all acceptable contractual possibilities with their international partners to end

reprocessing as soon as possible. By mid 2005 at the latest, spent fuel management in Germany will be

limited to direct disposal.

• The exploration of the salt dome at Gorleben will be interrupted for at least three, and at most ten years, to

clarify conceptual and safety questions.

Correspondingly, the Federal Government has initiated an amendment of the atomic energy act and the

development of a new plan or radioactive waste management. In the field of radioactive waste disposal, the

Federal Government pursues Iwo new objectives:

• For the disposal of all kinds and amounts of radioactive waste, one single repository in deep geologic

formations shall be erected around 2030.

• The suitability of further sites in different host formations shall be examined.

Feasibility and consequences of the first objective have still to be carefully examined in detail. Development of a

new disposal concept and final decisions on both the existing disposal projects as well as on new potential sites

are therefore an ambitious challenge for the coming years. The second objective brings up a key question which

several leading countries presently attempt to successfully address: how to select sites which are both uitable for

safe disposal and accepted in the public. In order to receive recommendations for an appropfiate answer to this

question regarding the German situation, the Federal Minister for the Environment has appointed 15 expert to

build the "Committee on it Selection Procedure for Disposal Sites", called the "Committee" in this paper.

The Committee's mandate is to develop a comprehensible procedure for the selection of sites for radioactive waste

disposal in Germany. The procedure shall be built upon well founded criteria and derived in a ound and

unprejudiced way. The Committee works independent of any ministerial or political instructions and comprises

members of widely different views on nuclear energy in general and radioactive waste management in particular.

Fundin i available so that the Committee can initiate research projects and be supported by extemal expertise. It

is cheduled that the Committee's final recornmendations will be available by 2(X)2.

Experience in various countries has made increasingly clear during the recent years that a scientifically sound and

technically satisfying disposal concept is not sufficient in order to gain public acceptance for the selection of a

disposal site. In this respect, the Committee considers public participation from the very beginning and in all

phases of the selection procedure a., an indispensable prerequisite. Only by transparency of the decision process,

active public involvement and integration of their proposals chances increase to build up credibility of the

responsible decision makers and confidence in their later decisions during the site selection procedure.
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The paper presents the present status of deliberations regarding public participation before site selection is actually
started. It is stressed explicitly that the Committee's development process is not finalised and therefore all
thoughts presented in this paper are of a preliminary nature and may be discarded in a later stage of development.
In particular, the statements in this paper must not be misinterpreted as proposals of the Federal Ministry for the
Environment.

2. Structure of the process

The Committee presently envisions the siting process as a programme subdivided into three phases.

Presently, we are in phase I where the cteria and the method of the process are developed by the committee
(Arbeitskreis). Tasks are the exposition of the problem itself, the increase of the general problem comprehension,
and the underlying of the process with scientifically established decisions. Therefore, a discourse was started with
specialists and experts A prerequisite for the success of this dialogue is the agreement of all participants about
finding problem-adequate solutions.

In phase 11 (determination of he process), the focal point is the political and legal embedding of the siting process.
Regarding the diverse concerns of different stakeholders the political goal is to let all relevant protagonists take
part in an appropriate process. Thereby, different interests and conflicts will be pointed out, and possibilities for
the consideration and compensation of divergent interests will be discussed. In the most favourable case, solutions
will be found that offer advantages for all participants.

'Merefore. the criterion for phase is negotiation.

Parallel to phase 11, or alternatively at the interface of phase I and 1, an extended public participation might be
considered. At the moment a societal discourse is envisioned pecifically designed for the target groups, e.g. in the
form of hearings or discussions at universities or colleges.

In phase III a suitable site for the permanent disposal of nuclear waste shall be identified. At the beginning and
during the larger part of this phase, the location of the final disposal site is unknown. It will only emerge late in the
course of phase Ill. As in phase H, the process will include the representative participation of social and political
forces� first on a national, later on a regional basis. This paper presents the present deliberations regarding public
participation in phase 1.

3. Public participation in phase 1

3.1 Method

Due to negative experiences with previous implernentations of waste disposal projects in Germany as well as the
respective positive and nerative international experiences, the method proposed in this paper is based on
"negotiation-based conflict olutions".

This method is employed particularly for projects with probable problematic (ecological) consequences, as the site
selection for a nuclear waste repositories, is perceived in parts of the public. Suitable instruments resolving these
problems are negotiation and mediation.

Mediation is characterized by the mutual development of an autonomous solution by the participants involved.
Also, they decide themselves on the progress of the process resolving the conflict.

Beside mediation in its narrower sense, there also exist so-called multilateral negotiations by moderation. These
methods are not as demanding a mediations and therefore seem lo be easier to manage. But on the other hand,
they might fail when differences and conflicts escalate to an extent that participants virtually regard each other as
enemies.

We assume that in phase 1, because there are no concrete sites in the discussion yet, the potential for conflicts will
not be a., distinctive to require a classical mediation.
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On these conditions we recommend a moderated negotiation process as a suitable method for phase 11.

3.2 Objectives

The method must be developed in a way that it will build up confidence in the site selection process. This raises
the question towards which objective the process shall be designed.

B examinating different positions to this question it becomes obvious that acceptance is not always seen a they
general goal when siting a nuclear waste repository. Some scientists (Andersson et al, Grunwald, psen) argue,
acceptance is a criteria not adequate or appropriate enough in this regard'. Rather than on the result, they focus on
the process itself as well as the public participation in particular in order to have an influence on (political)
decisions and future developments. According to Andersson et al, transparency should be the professed objective
of the process. Thereby, transparency is understood as "an open and understandable process whereby 'outsiders'
are able to test for truth, legitimacy and authenticity."'

The term acceptance has been derived from a more authoritarian state tradition where public participation was
used by authorities to "sell" decisions. psen considers acceptance to be an "insufficient" cteria. He rather
defines the negotiation of interests and public participation at future decisions as trends insociety.

Given unsolvable conflicts of values and mere provisional scientific knowledge, for Grunwald acceptance can
only mean acceptance of the decision process. Corresponding to the consensus inherent in a pluralistic democracy,
the results of an authorized and approved process have lo be accepted, even if they are not appreciated. In other
words, accepting an authorized process means accepting the results of that process.

According to Audrey Armour, acceptance cannot be used as citerion for pragmatic reasons: as a result of previous
experiences with the siting of both non-nuclear large-scale facilities and nuclear waste repositories, acceptance is
not to be expected. Rather than on acceptance, the focus should be on legitimacy of the siting process.'

In order to be an authorized process it must meet the following cteria:

Transparency,

Representativity,

Credibility,

Competence,

Fairness,

Practicability,

Effeciency.

Andersson, Kjell et al. Transparency and Public Participation in Complex Decision Processes. Research Report, Stockholm
1999, P. 5 CiTUnwald. Arnim: Societal Acceptance of Radioactive Waste Disposal. Value Conflicts and the Maintainability
of Long-tenri Strategies. Irvine/CalifOTnia, November 4, 1999, 6 pages� psen, Detlev: Civil Landscapes and Changing
Modes ot Participation. Summary of the lecture at the Forum on Stakeholder Confidence, NEA. Pari., 28-3 1. August 2(XH),
pp. 11-12.
Andersson. KJc1l; Fspejo, Raul; Wene, Clas-Otto e al: Building channel., for transparent risk a-e-ment: Final Report
RISCOM Pilot Project. (SKI Report 98:6, SSI-Reporl 9K-4). 1998, page 2.
Armour, Audrey: M. Environmental Policy: nternational ssues and National Trends, Caldwell, L.K. and Bartlett, R.V. (eds,
Quorum Boobs, 1997. pp. 37 -59).
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The Supervision group could consist of one representative of each client as well as one external) process manager.

An Advisory Board, consisting of experts to be announced by all involved parties, assumes the professional
assistance of the Negotiation Panel.

For methodical assistance, a Service for Dialogue Methods will be established that can be consulted by the
Negotiation Panel resp. the moderators ifrequired.

The Administration Office assumes he organizational support and public relation of the Negotiation Panel.

In order to identify and adjust wrong decisions and developments as oon as possible, the complete process will be
assisted and evaluated by independent experts. The evaluation refers to the specific mission and goal of the
Negotation Panel.

3.4 Procedure

The public participation process is subdivided into four steps:

Preliminary Ste initiation Real Result

3.4.1 Prehminar Sp

Prior to the start of phase 11, the stakeholders involved as well as the public should be informed about the
procedure, the objectives and participants of the project "Siting process for a Nuclear Waste Repository". This
includes the public relations work by the Committee as well as preliminary dialogues with stakeholders, both
characterized by transparency. Furthermore, the preparations for the contents and organization of phase 11 should
be completed including the determination of the general framework (outline of terms of reference, time schedule
etc.).

3.4.2 Initiation

At the beginning of phase 11 a formal initiation event with effective publicity will take place. On this occasion, the
Negotiation Panel of the stakeholder representatives and the moderation team will be constituted. Here, the
mandate will be assigned officially by a decision-maker holding a high office. The authenticity of the process will
be ensured by the formal act and the representativity of the participants. Therefore, the legitimacy and competence
of the members of the panel has to be guaranteed in advance. Also, regulations have to be found up to what extent
the recommendations of the Nevotiation Panel will be part of future political decisions.

3.4.3 Realisawn

In Germany, the problem of siting a nuclear waste repository has a Ion-, history full of conflict. If stakeholders of
the panel start to discuss criteria and methods related to that subject, these conflicts will enter the discussion in
form of divergent conceptions, value, and interests. This often leads to destructive disputes or latent conflicts
hindering the process of understanding.

Therefore, at the beginning of a project of far-reaching consequences an important task has to be met: disclosing
the different preference structures of participants, allowing a diagnosis of value conflicts a the same time.
Participants' preference structures can be ilustrated by showing their requirement rofiles of the siting process.
In order to compile these profiles regarding apects to be considered in the siting process, a procedure following
the "value tree analysis"' is recommended. The requirements of siting process criteria (e.g. safety, social

Onwin Renn. .,6kologische Ethik als Orientierungswissenschaft". Adrian Holderegger (ed), Freiburg (Smizerland) 1997.
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acceptability, ecology, economy) correspond to value fields of the"value tree analysis". They serve as threshold of
the options being under consideration.

With processes involving numerous parties, a method similar to the "value tree analysis" only remains practicable
by reducing complexity to a tolerable extent. This will be achieved by restricting the treatment of related questions

on a mere two-tier structure.

The development of requirement profiles serves as:

Orientation aid for the structuring of values, objectives and factual issues,

discourse medium to conduct the discourse on values and preferences,

m working too] for the transparent treatment of topics and aspects which are factually imperative and relevant

for the negotiation group.

The discussion will lead to the following results:

Transparency of own premises and significant questions,

Transparency of premises and significant questions of the other participants,

Diagnosis of dissent,

Diagnosis of consensus,

M Basis for conception of further discussions.
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TOPM _CS

This tranparent and systematized presentation of the stakeholders' objectives, values and interests will be
transferred in topics and related subjects. Based on this systematics, topic-related discussions will be performed.
We recommend one discussion per subject.

Objective of the discussions is the adoption of preferably agreed recommendations of the Negotiation Panel on
the different subjects. If there is no possible consensus, a dissent should be permitted by explaining the reasons
and arguments of the divergent opinions.

3.4.4 Result

A., the result of phase 11, the Negotiation Board ideally will adopt unanimously a site selection procedure to be
carried on in phase HI.

This procedure is then to be formally implemented through political decision-making.
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1. Introduction

This paper aims to analyse the political styles of local anti-nuclear waste movements
in Finland. The main focus is on the tension between the environmental impact
assessment process (EIA) and the activity of local opposing groups. According to the
EIA Act the purpose of the EIA process is to provide information and opportunities
for citizens to participate in planning. It therefore aims to enhance the transparency of
the decision-making process. The Finnish nuclear waste company, Posiva Oy, made
great efforts locally to create opportunities for participation, but was much criticised
by local activists. My questions are the following: How did these local movements
participate in Posiva's EIA process? What kind of local differences were there in
participating and how can these differences be explained? And finally; what did the
EIA process mean to the political styles of movements?

As a point of view I use political style. Hariman's definition of political style as "a
coherent repertoire of rhetorical conventions depending on aesthetic reactions for
political effect" (Hariman 1995 4, emphasises the 'cultural' dimension of political
action. Such an interpretation of the concept, the existence of a coherent repertoire,
gets reinforcement from the studies that show how narrow and similar the action
repertoires of the Finnish associations usually are (see Helander & Pik-kala 1999;
Kojo 1999a). We could state that most of the associations prefer a kind of
representative style. But inquiries can be a rather rough way of studying political
styles, because they easily miss the rhetorical side of political action in a particular
situation. Thus we need a more detailed and sophisticated tool for studying styles.
Lappalainen 2000) recommends concentration on single situations where the
political act is connected to the specific context. In Lappalainen's definition political
style means a way of defining new problems, providing solutions to these problems
and convincing the public. In the long run single situations affect the credibility of an
actor and form the infrastructure of political style. Infrastructure portrays the
.general' style of a actor. General style does not determine action, like an ideology,
but it is applied in individual situations. (Lappalainen et al. 1999)
More traditional pressure group theories favour Hariman's 'cultural' style and
emphasise established political action where situational variations are insignificant
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(Ruostetsaari 1998, 141). n example of cultural style is the conventional way of
decision-making in Finnish municipalities. In the case of nuclear waste disposal this
meant that when the bedrock studies started the power company Teollisuuden Voima
Oy (TVO) did not ask opinions of the local people but discussed only with ocal
government boards. Litmanen 1994; 1996) calls this kind of decision-making, which
is passive to citizen initiatives, juristic-bureacratic definition of local conflict. The
power of definition is based on success in integrating the definition with symbols and
meanings which are highly valued in the local culture. This means that definitions,
social constructions, are produced by different actors.

2. The Main Differences in the Infrastructure of the
Political Styles

Before May 1999, when Posiva made the application for the policy decision (the
Decision in Pnciple) to the Finnish Government, there were four municipalities as
candidates for the siting of a high-level nuclear waste disposal plant. In each
municipality Eurajoki, Kuhmo, Loviisa and �.5nekoski, there has been citizen
activism against Posiva's plan. The focus of the chapter is on the time before the EIA
process started in 1997.

2.1 The Romuvaara Movement (Kuhmo)

The Romuvaara Movement was founded in Kuhmo in 1989 after the local elections
where nuclear waste was one theme. From the very beginning the moment had strong
ties with the local council and political parties. Instead the local nature conservation
associations joined the opposing camp only at the end of the 1990s. One of the main
ideas was to recruit active local party politicians from every party to the movement.
This way the movement tried to avoid being labeled as a coulisse of leftist parties.
The activists wanted to give a picture of wide support among local politicians and this
way to try to remove party political obstacles to joining and supporting the aim of a
nuclear waste free Kuhmo.

In the late 80s and early 90s the support was based on a petition of citizens and
demonstrations against TVO's local PR work. Fear of radiation, the image of Kuhmo
as an area of unspoiled wilderness and colonialism were the main arguments in the
struggle. The use of demonstrations in particular, although these were peaceful in
nature, made a clear difference to the local political tradition (see Kojo 1999a).
Demonstrations were a very effective and intensive way to show the enemy to the
local public. They also taught the activists how their action influenced on the media
publicity they got. One important turning point in the infrastructure can be seen in
1992-93 when TVO chose the places for further bedrock studies. After that the
movement improved its communication channels (press releases, Romuvaara News
etc), organised internal planning in the movement and created a public discussion
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forum for local people (see Kojo & Suommen 999; Kojo 1999b). As a result of this
continuous and active planning of the political work the Romuvaara Movement had a
strong action culture of its own at that time the EIA process started in 1997.

2.2 The Kivetty Movement (Xiinekoski)

The most characteristic feature of the Kivetty Movement (founded in 1988) was the
close co-operation with Finnish Nature Conservation Association (Sll) and its local
associations ad later with the Greens. Co-operation with associations meant more
resources and a wider base or support, but as a result the movement also remained
internally less organized when compared to the Romuvaara Movement. The co-
operation with S1 included help with communications. One result of the help was that
movement delivered inside the Sil's Conservationist bulletin a Pro Kivetty leaflet to
every household in nekoski and neighbouring municipalities in 1994. The major
threats seen in the future, if Kivetty were to be the place of disposal, were import of
nuclear waste from Europe, negative image damaging tourism and radiation danger to
health. Earlier the movement had also argued on transportation and the temporary
nature of economic benefits (jobs, tax incomes). At the same time the clean and
beautiful scenery of the proposed site was the main argument, as in Kuhmo, when
trying to conquer the future.

Before 1996 the style was framed by two petitions and letters to the editor (Litmanen
1994). Because these did not have the desired effect on the local council the activists
decided to take part in local elections in October 1996. Unlike in Kuhmo, where
activists worked inside the different political parties, Kivetty activists decided to form
a group of their own. The idea was to offer the voters an absolutely sure chance to
vote for a party where all the candidates were against the disposal of nuclear waste
into the bedrock of Adnekoski. The movement succeeded in the elections and got four
seats out of 35 on the local council. As a part of the campaign the movement made an
initiative for a local referendum and arranged an inquiry for all local candidates. The
election campaign was supported financially by the Green League and Greenpeace.

2.3 The Loviisa Movement (Loviisa)

The Loviisa Movement was orgamsed very quickly in February 1997, only one month
after Posiva had announced that Loviisa was one possible place for the disposal of
nuclear waste. The tactic was to activate and represent critical voices of neighbouring
municipalities, too. Movement demanded a referendum covering the whole Loviisa
region. Although the movement was supported by a local anti-nuclear power climate,
it wanted to make a clear distinction between the movement and some local activists.
The people behind the movement thought that some of the activists were too labeled
by the previous anti-nuclear power work and lacked sufficient credibility. The Loviisa
Movement needed to reform the political style of the local citizens' activism to gain

support from the public.
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One of the strongest sides of the movement was its ability to gain local media
publicity. Partly this was due to the active role of newspapers in Loviisa but the
movement also had more expertise on journalism than the others. We could even say
that despite the lean rganisation the movement lived on the pages of the local
newspapers. The movement argued with alternative solutions and it had the strongest
emphasis on criticizing the whole idea of final disposal into the bedrock.

2.4 Friends of the Earth in Pori Region (Eurajoki)

In Eurajoki there is no organised opposing citizen movement at the moment, although
about 30 of the population is against siting. In the early 90s there were some efforts
to organise citizen activism against the nuclear industry but they failed when those
who were pronuclear power 'occupied' the association (Litmanen 1994). One obvious
reason for the situation is the strong economic influence of the nuclear industry on
Eurajoki.

Local activists have had connections to environmental organisations like Greenpeace,
the Greens, the Finnish Nature Conservation Association and Friends of the Earth.
During the last few years the Friends of the Earth (FoE) have been the most active in
Eurajoki concerning nuclear power. Friends of the Earth in Pori region was founded
in 1996 as a part of the national level rganisation. FoE as an association is classified
to be a part of the fourth wave of Finnish environmental protest which means
orientation towards counter-culture character, globalisation and better international
connections (Konttinen 1999). In Pori FoE collected many themes like animal rights
and solidarity into the same association.

The main difference when compared with the other movements is that Friends of the
Earth is not solely focused on the nuclear waste issue but deals with nuclear power,
nuclear weapons and mining of uranium, too. The problem was therefore not so
narrowly defined as by the other local groups. Unlike the other movements FoE had
no connections to the municipal councillors of Eurajoki. Thus there is no connection
to traditional party politics.

The political style of Friends of the Earth is based on citizen activism and aims at
cultural change. That is why it can be characterized as identification orientated where
as the others, especially the Romuvaara and Kivetty Movements, were more power
orientated, as they so clearly aimed at forbidding the siting in their own
municipalities.

3. The EIA process of Posiva

The EIA process started officially in February 1998 when the developer, Posiva,
submitted the EIA program to the Ministry of Trade and Industry, but it is important
to look closer at how the formation of the program came about. It is especially
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important to note the change in political style of nuclear industry due to the
implementation of the EIA process. Earlier, in the 80s and 90s, TVO had discussed
with some interest groups, like a local entrepreneurs' association, which the company
saw to be in pivotal positions in local decision-making. It was typical for this style
that before starting the bedrock studies TVO arranged a closed meeting with the local
councillors. Only after the local government had given a positive statement did TVO
inform the local public about the studies. (Litmanen 1994.) The connection to the
local public was in any case one sided - putting it roughly TVO was trying to teach
the public how to dispose of nuclear waste. In the EIA process this kind of thinking -
one-sided teaching - is abandoned, though the basic idea of the EIA process is first to
gather the views of local people concerning the plan and second with these ideas and
knowledge to improve the plan and the decision-making. This idea of EIA meant a
change in the company's way of acting. The local people were no longer merely a
public to be taught but a heterogeneous group which had very different views on the

case.

In the spring of 1997 Posiva started telling about EIA with leaflets emphasising the
active role of the public in the forthcoming process. Then the company arranged so
called small group meetings for local associations. At the end of the year with the
help of a consultancy firm Posiva arranged four meetings in each municipality to
gather local views. Posiva also had announcements in local newspapers and inquiries.
Furthermore, the Ministry arranged a public hearing about EA program and report.
These different arrangements opened up a new arena for local discussion about the
case. Posiva emphasised the meaning of assessments in opinion formation and as
material for decision-making. EIA framed the discussion with scientific assessments
and this way tried to refute the opposing arguments. EIA brought openness to the
discussion compared to the situation when TVO asked the permission' to start the
studies but Posiva's way of implementing the dialogue, like separate meetings for the
local council and the local public, also hindered the meeting of different interest
groups and their views during the process.

Although Posiva emphasised the role of EIA, the company was not even itself totally
committed to the new style. There were two obvious contradictions. Firstly the nation
wide campaign in Autumn 1998 where Posiva cheaply underestimated the critical
voices although at the same time it tried to create acceptance by open dialogue
locally. Secondly the Vuojoki agreement with Eurajoki in May 1999 nullified
Posiva's EIA dialogue. The agreement showed that Posiva did not choose the new,
more open style, but trusted in the power of economic compensations and agreed with
Eurajoki about the siting place behind the EIA coulisse.

4. Reactions of the Local Movements to EIA

Movements' expectations concerning EIA were different. In Loviisa. the attitude was
most critical and activists prepared for an 'infon-nation war' against Posiva. The
movement arranged its first public meeting "There are alternatives!" in April 1997
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and started collecting names for the petition at the same time. In the press release
environmental assessments were valued but however it was pointed out that the final
decision depended on citizens themselves not on the results of assessments for those
can not say whether citizens want the nuclear waste or not. Later in hearing period in
1998 the Loviisa Movement declared that a simple "No" is enough as a written
address to the Ministry and remained on the chance to sign the petition. Thus instead
of a 'official' written address the movement emphasised an easier way to express
one's opinion and offered the support of masses in the form of petition. This way an
attempt was made to displace EIA and citizen participation was channelled through
the movement's action. The petition was finally signed by almost 3900 people,
whereas only 20 written addresses were given during the EIA process by ordinary
people of the Loviisa region.

The Romuvaara Movement adopted a tactic of exploitation. Already in 1996 the
movement was warned by a visiting Stop Wellenberg activist that there might be
attempts to take the local movement into the discussions in a 'constructive spirit'.
Thus the warning bells rang when activists where invited by the Technical Research
Centre of Finland to discuss and to plan the forthcoming socioeconomic studies. The
attitude adopted was careful and reserved but the activists thought best to take part in
the meetings and inquiries arranged by Posiva. They encouraged all the members and
supporters of the movement to do so. Finally during the public hearing of EIA
program the activists appealed to the citizens of Kuhmo to write certain kind of
criticism about the EIA program to the Ministry. The mobilisation was successful, for
out of 124 written addresses given by private persons and associations in Finland 61
were from Kuhmo. The Romuvaara Movement criticized Posiva's information
leaflets and participation arrangements and appealed to the Chancellor of Justice.
Besides participating in EIA, the movement was very active with its own happenings.
The best examples are the Romuvaara rally, a campaign against radwaste
transportation (see Kojo 1999b; Kojo & Suominen 1999) and a public meeting about
the nature image of province Kainuu. Activity was partly due to the Posiva EIA
process but also the local circumstances, like the fort-nation of the pro-siting group
and discussion about local referendum, created the need to gain publicity for critical
views.

The Kivetty Movement and Friends of the Earth took part in Posiva's meetings, too.
The former was the only one of movements with its own representative in the co-
operation group named between Posiva and the municipality. The public attitude in
Adnekoski was clearly against siting all the time. This was one reason why the
Kivetty Movement did not have so much action during the EIA process. The
emphasis in tactics was on participating in summer festivals around Central Finland -
not on arranging public meetings as in Kuhmo and Loviisa. The Friends of the Earth
were most passive in participating in EIA partly because all the meetings were
arranged in Eurajoki. FoE took part in organizing a Uranium Evening (mining), a Sun
Bus tour alternative energy resources) and an Action Weekend (anti-nuclear power
camp) where nuclear waste was one issue. All these happenings prefered a wide
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definition of te problem where the focus was on cultural change instead of a policy
change. The target audience was not only the local councillors or inhabitants of
Eurajoki but much wider. Activity represented a totally different political style than a
plan level EIA process, where only one single plan is under discussion at a time.

5. Conclusions

EIA meant a temporary change in political style on local level. Firstly; because it
brought science into local politics very clearly. Secondly EIA with the Nuclear
Energy Act framed decision-making with a timetable, which Posiva emphasised when
local groups wanted to make a decision immediately. Thirdly EIA enabled the
problem to be defined according to local needs but on the other hand plan level EIA
separated nuclear waste issue from the use of nuclear power. Fourthly dialogue in the
EIA process favoured rational discourse. Although local views were heard, the
process did try to teach the people how to speak with the decision-making system, in
the system's language. Thus the purpose of EIA was to make the local discussion
controllable.

All the local groups, the Romuvaara, Kivetty and Loviisa Movements and the Friends
of the Earth in Pori region, took part in EIA dialogue but the reactions were different.
The Romuvaara Movement was very active in participating and succeeded in
exploiting EIA locally whereas the Loviisa Movement tried to displace the whole
process. The Loviisa Movement's style was most clearly effected by EIA. The impact
was seen on the topics of its meetings. Groups were extremely sensitive on slights
movements of Posiva in the municipalities. Thanks to good local connections and
positions in political organs they were quite well aware what was going to happen
next. In this sense FoE was a exception because FoE's 'general' style was so different
compared to the power orientated groups and it was not attached to local decision
makers as were the others.

Local groups were sceptical towards the EIA process because of Posiva's central role
in implementation. The Romuvaara and Loviisa Movements especially criticized the
EIA Act. They demanded a more active controlling role for the authorities. Posiva's
attempts to abuse EIA for building local acceptance was all too obvious e.g. EIA-
releases were considered as advertisements. The lack of alternatives was also
criticized.
EIA offered a new local discussion arena, for it gave a chance to communicate with
the Finnish nuclear waste management but it did leave the participants in the role of
assistants. EIA did not shake the juristic-bureacratic style, which was one of the main
reasons why local groups were born. The dominant system was challenged by
activists' demands for a local referendum, local election campaigns, press releases
etc. Local movements had already found better ways than EA to influence local
decision-making. EIA did not remove the movements' need to arrange own action - in
their own style.
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1 Introduction

Researchers i risk perception are often struck with the large diversity in opinions,
which are connected to new and hazardous technologies. Some people view the tech-
nologies as the saver of mankind and other see their use as the ultimate proof of hu-
man greed. How such images develop is not well understood, but the processes seem
to be anchored deeply in basic beliefs of how the world is built.

A resolution of controversies connected to hazardous technologies seems to need
new approaches. One approach could be to make issues and arguments easier to un-
derstand and thereby establish a common ground for further discussions. An analysis
of debates for instance on nuclear power suggests however, that the issue is not con-
nected to an nderstanding of the technology in itself. A more likely explanation is
that traditional societal decision making processes breaks down when a stand towards
new and hazardous technologies should be taken. If this is the case a remedy has to
be sought in how societal decision making processes should be structured, explained
and implemented.

In a search for new ways to structure decision making on complex and controversial
issues it is necessary to build an understanding of why traditional decision making
processes break down. One reason is connected to the issues themselves. They repre-
sent steps into the unknown and decisions should therefore be made with prudence. A
second reason is connected to a track record according to which new technologies are
seen as generating more problems than solutions. A third and more fundamental rea-
son is connected to the decision making processes themselves and a need to find bet-
ter ways to approach difficult questions in the society.

One way to approach societal decision making processes is to investigate their hidden
rationality in an attempt to understand causes of observed difficulties. The paper is
based mainly on observations from the nuclear industry, but it builds also on contro-
versies experienced in attempts to agree on global efforts towards sustainable ap-
proaches to development. It builds on an earlier paper [I], which discussed the basis
of rationality both on an individual and a societal level.
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2 In search of rationality

Decision making relies on a concept of rationality. Rationality in itself is not a
straightforward concept, because attempts to provide descriptive, normative and pre-
scriptive definitions fail in being practically non-verifiable 2]. This notwithstanding
there is still a benefit of a search for a kind of theoretical platform for investigating
rationality in societal decision making processes.

2.1 Rationality ex ante and expost

The concept of rationality is connected to reasonability and sound judgement. Ra-
tionality in decision making is often associated to the ability to select the best alterna-
tive in a situation of multiple choice. Models of decision making situations have been
constructed to explain what is meant with the best choice. These models typically
identify a set of concepts such as a set of decision alternatives, a world model which
connect the decision alternatives to possible outcomes and a utility function which
defines the utility of the outcomes for the decision maker. Many of the models sug-
gest that the decision, which gives the highest expected utility, should be seen as the
best in a non-native sense.

One difficulty in applying the expected utility theory for practical problems is that
large uncertainties in the world model and complex utility functions make simplifica-
tions necessary. The validity of such simplifications, i.e. the decision model, are
however often possible to assess only in hindsight. In a consideration of decisions ex
ante, i.e. before the decision, it is therefore necessary to include another decision
problem, which is concerned with various alternatives to build a decision model of
the actual situation. According to the concept of bounded rationality, the effort of
building a decision model has a cost, which has to be compared with potential gains
of a better decision. Decision making ex ante therefore breaks down into a chain of
decision making problems, which are solvable, only by using inaccurate and highly
simplified models.

Considering decisions ex post, i.e. after the decision when the outcome is known,
there are always lessons to be learned. Already a conclusion that the actual outcome
was unexpected or brought unexpected costs, contains the suggestion for a search of
improvements in later decision making processes. Such improvements may be di-
rected to the decision model itself or to its components. Improvements may also be
necessary in the processes by which a selected decision is implemented.

2.2 Co-operation and competition

A decision making problem where several independent actors are involved is much
more complicated as compared with the case that one actor plays against nature. The
complication arises from the fact that the utility functions of the actors may be com-
pletely or partly conflicting, so that gains of one actor are paid with losses of another.
There are situations where two or more actors have a common benefit of co-
operation. Research in non-zero sum games has only recently shed some light on the
complexity of co-operation and competition 3].
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Co-operation between two or more actors for some common goal brings in the prob-
lem how they should share the benefit of the co-operation. If they cannot agree on a
suitable formula to solve that problem, mutual trust and co-operation is likely to dis-
solve. Co-operation therefore always includes a component of competition.

The building of common resources to be used in a group of co-operating actors is a
way to further extend a concept of co-operation. Such commons may be intended to
help actors in coping with external resources varying over time or they may be in-
tended to allow a functional specialisation. The problem in the management of com-
mons is to establish the rules for building and utilising them.

2.3 Intangible utilities

Man has been characterised as a social animal. That means that relationships and
interactions between a decision maker and his social environment have a utility in
themselves and therefore should be included in a consideration of decisions. Social
relations can be seen as a set of intangible utilities, which are balancing other more
tangible utilities. Such intangible utilities may involve honour, prestige, appreciation,
esteem, respect, etc. Psychology also points to the utility of self-respect, which is
related to maintaining a valid image of oneself.

In a consideration of societies there are reasons to believe that group norms are facili-
tators of co-operation between group members and that they therefore are important
for the efficiency of the society. Consequently there are many explicit and implicit
mechanisms by which societies enforce group norms.

Interactions between actors in a society suggest a utility of social trust, which reflect
a history of erlier transactions. Emergence of trust between people seems possible
only in an atmosphere of reasonable open and efficient communication. Trust also
seems to create a mutual dependability of giving and taking, which may break down
if the motivation behind actions is placed in doubth.

Finally a consideration of right and wrong is anchored in basic beliefs to make some
decision alternatives uncomfortable or even unthinkable. There is also cultural biases
towards certain actions which may be difficult to understand without explicitly bring-
ing them into the decision making process. If the full spectrum of such intangible
utilities are not brought into the models, the decision making process will easily ap-
pear irrational.

3 Decision making in society

Decision making in a society depends on a general view of its members and their
rights. Autocratic societies typically view their citizens as dependent and uninformed,
whereby democratic societies are stressing the sovereignty of their members. Deci-
sion making in autocratic societies is straightforward, but has several other draw-
backs. Decision making in democratic societies can be slow and complex, but has the
benefit of being more robust with respect to several delicate balances.
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3.1 Division of labour

Division of labour is one of the bearing principles by which societies have become
efficient. Division of labour enables individuals to invest efforts in education and
training for specialised skills with a corresponding gain in efficiency for the benefit
of the society. The extent to which division of labour is utilised in a society is a mat-
ter of resources, available technologies and convenience.

Division of labour involves delegation of authority and power. Certain decisions in
the society are for the common good authorised to persons or groups of persons. The
delegation of authority has an important function, but involves some problems. The
first is to decide when a delegation of authority is possible and desirable. Secondly
there has to be agreed principles of selecting the person or group of persons to whom
the delegation will be made. Finally there has also to be principles for deciding when
this authorisation has to be revoked.

Authority and power carries the balance between individual and societal utility. As
long the balance is in favour of the society there is no need for a change, but already
a promise of something better may initiate a change of leaders. Authority is in de-
mocratic societies typically awarded through elections, which sometimes can cause
frequent shifts in major policies.

3.2 Handling of conflicts

Co-operation and competition have an inherent potential of conflicts. Conflicts can
be expensive for the society in large and therefore there are established institutions
for their resolution. A simple formula for resolving conflicts is to avoid them. For
this purpose rules of conduct are laid down in laws and regulation and they are en-
forced by various penalties. In addition there are many unwritten rules buried in so-
cietal norms and practices. Also these rules are enforced by various mechanisms.

Societal norms call for the resolution of conflicts by negotiation. The process of ne-
gotiation from conflict to agreement may however, be long and difficult. A straight-
forward way to resolve conflicts ex post, is to agree on compensations when wrong-
doings have occurred. Finally practice has shown that when no other means are
found, then power often is used as the last resort.

Voting is one mechanism for resolving conflicts. If votes cast all support or reject a
decision aternative no problem arises, but this is seldom the case. A simple majority
vote is often used to select the most popular alternative, but ensuring support from a
loosing minority may warrant special considerations. Voting procedures also have
their own inherent problems.

3.3 Economic systems

Societies have created economic systems to facilitate exchange of goods and ser-
vices. These systems often reflect a societal view on human rights and take stand on
ownership, land use and heritage. In their simplest form the systems regulate transac-
tions of a barter economy. More refined systems define how tax in the form of goods

372



or labour is collected for the creation and management of common resources. The
systems often also include some form of wealth collection and redistribution.

The most important part of the economic systems is the establishment of an ex-
changeable object of value i.e. money, because they facilitate the exchange of goods
and services. Money provides a basis for comparing different utilities. Money also
simplifies discussions of compensation for some negative utility. Money provides the
basis of assessing the value of investments in terms of costs to be spent for some later
benefit to be reached.

Recent discussions of the relative merits of various economic systems have been tar-
geted to comparisons between planned and market economies. Simplifying the ques-
tion one could say that philosophy behind the planned economies is some kind of
rational planning and decision making, whereby market economies rely on the "in-
visible hand" for the optimisation. Planned economies can be seen as providing a top
down approach for decision making, where the market provides a bottom up explana-
tion for how arket forces are constituted by micro decisions. The recent break up of
many planned economies in the world has put a large faith in the market as a warran-
tor of efficiency, but also a free market will need enforcement's and compensations to
ensure a fulfilment of societal goals.

4 Decisions in a modern society

A comparison of decisions in societies only a few hundred years ago with decisions
in a modern society point to many differences. Firstly decisions in a modern society
are delegated to an extent far beyond earlier imagination. Secondly decisions by
those in power today can have a far larger impact both on people and the environ-
ment than decisions by the powerful of yesterday. Finally there are far better methods
and tools today for implementing rational decision making processes.

4.1 Characteristics of difficult decisions

Difficult decisions typically involve many stakeholders with completely or partly
conflicting objectives. The decisions are often concerned with the establishment or
use of common resources in the society. They affect power structures and thereby
processes by which other decisions are resolved. These characteristics make the deci-
sions difficult to consider in isolation.

The technical development has brought many new dilemmas to the modern society.
Firstly decisions even in the small have through various amplification mechanisms
the potential to have a global influence. Secondly there are many new products taken
into use which may introduce new dangers that have to be understood and evaluated.
Thirdly recent development in biotechnology have the potential to introduce un-
precedented changes in the genetic material of all species.

Difficult decisions in the modern society are irreversible at least in practice. They
have the potential to cause a very large damage, although the probability for doing so
is small. There are also large uncertainties involved, both predicting the outcomes
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and estimating their probabilities. Difficult decisions in addition involve a multitude
of different utilities, which have to be combined in some way to provide a sound ba-
sis for a selection between alternatives.

4.2 Principles for approaching difficult decisions

Difficult decisions often have the characteristic of requiring an active solution with
the meaning that the solution of postponing them cannot be considered acceptable.
That means that the society should have procedures to avoid expensive decision
deadlocks in situations where no agreeable solution seems to be at hand.

A difficult decision is always including a multitude of considerations. A simple ap-
proach is to consider different phases of a decision making process as separate deci-
sions, which again can be further subdivided. One subdivision of a decision process
separates between five phases; an identification of the need to make a decision, an
identification of decision alternatives, an evaluation of the expected utilities of the
identified alternatives a selection of the best alternative based on the evaluation and
the implementation of the selected decision. The implementation will in addition
assume follow up activities where the selected route of actions is fine tuned.

Processes for approaching difficult decisions have to combine both an overview and
details. The benefit of dividing the decision process into phases is that it makes it
possible to handle details, but a final consideration of decision aternatives have to
rely on a view in which all aspects have been weighted together. Formal methods
have been used for that purpose, but they do not compromise for the need of under-
standing the issue itself.

Mathematical modelling is to a large extent used to support decision making i pre-
dicting outcomes and probabilities. That places issues on a scientific patform, but
available models do seldom have a predicting power to account for all possible
chains of events. Models also rely on expert knowledge, which may be difficult to
transfer to decision makers. Experts developing the models also have their own con-
nections to stakeholders in the decision making process.

4.3 Politics

Politics is a connective concept for many aspects of societal decision making. Basi-
cally it is emerging from the need to set societal goals and finding ways to implement
them. In a democratic society politics usually is associated to political parties, but
any system carries the need of forming pressure groups for bringing important issues
forward in a decision making process.

Politics in itself is relying on a division of labour. People specialising in public ad-
ministration are authorised to represent a group of voters. Politicians themselves as
well as political parties seek public support of ideas and visions to get a future term
in office. Because practical decision making in society always requires compromises
to avoid deadlocks, politics has developed its own practices to resolve difficult issues
in a process of give and take.
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When politics becomes a profession for some people, the dilemma of individual and
societal utility emerges. It is all too easy to give rosy promises before an election,
which are impossible to fulfil in later actions. Similarly it is tempting to tune a politi-
cal programme to assumed beliefs of a group of voters as opposed to give a clear
expression of own preferences on controversial issues.

5 Societal control of hazardous technologies

There is a large agreement in the present society that hazardous technologies cannot
be allowed to be developed and operated only according to conditions of the market.
Therefore societal institutions and regulation have to be introduced as the means in
responding to the ends of protecting individuals and the environment. Regulation
tries in a top down approach to set borders within which a technology can be consid-
ered acceptable.

5.1 Introduction of new technologies

Technological development has changed our society profoundly. Productivity gains,
which rely on the use of external energy sources, has made it possible to free labour
for an accelerating process. Increasing wealth brought to people has made it possible
to devote even more time on inventing and refining new methods and tools with fur-
ther gains in productivity. Systematic R&D combined with an efficient exploitation
of the results for putting new products on the market has placed an unprecedented
wealth within the reach of a growing middle class all over the globe.

The introduction of new technologies seems to follow a common path in which seeds
of later controversies are planted. New inventions are typically marketed with a lot of
promises. In a sobering from unfounded expectations, drawbacks and other side ef-
fects, an opposition towards the technologies is created. In that stage a polarisation
between opponents and proponents of a technology often emerges and then the end
of either suppressing or advancing the new technology seem to sacrifice any argu-
ments used in a debate.

New technologies influence the society in several ways. They have an influence on
economics, division of labour and even on norms in the society. The path towards the
utilisation of new technologies seems to be irreversible in a way that a denouncement
of their benefits seems difficult to achieve. The supporting capacity of the globe
builds on an efficient utilisation of many inter-linked technologies and therefore a
voluntary step back for some uncertain benefit seems very unlikely.

5.2 A track record of new technologies

There is almost no new technology, which have not later shown to produce any ad-
verse effects. A concentrating only on the drawbacks may suggest that it would have
better not to introduce the technology at all, but in larger context most people agree
on the blessings of the every-day technologies and do not want to step back. Some
may also argue that the competitive edge of new technologies has been based on a
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ruthless exploitation of natural resources. This argument may be partly true, but it is
not fair in a consideration of several older technologies, which have made orders of
magnitude more benign by new technological development.

Another track record is connected to reactions by proponents of a new technology
when the first signals of emerging problems are showing. It has often been a blank
denial of any problem paired with a ridicule of the opponents. When the proponents
in the following debate have been forced to withdraw from their positions they have
generated ill-will for themselves and goodwill for various movements specialising in
technology opposition.

A belief in technological development as beneficial or harmful cannot be proved, but
both views have to be accepted in a debate. A disagreement in this respect should
however not restrain from a search for emerging problems with new technologies. At
the same time the absence of an absolute proof of the han-nlessness of a technology
should not be an obstacle for its use.

5.3 The role of regulation

The need for regulation can be motivated from the need for a societal insight in the
solutions selected by operators of hazardous technologies. This also implies that a
societal agreement on the borders of acceptability is created. If the selected solutions
are not within these borders, the society can revoke the authorisation for the opera-
tion of the technology.

Regulation is typically built as a system of requirements, which have to be fulfilled
before an operational permit can be issued. By requiring and monitoring a transpar-
ency in the regulative process it can be assumed that controversies are less likely to
develop. Evidently a regulator has to be independent from the regulated industry.

The opening of markets more globally has pointed to a need for a global harmonisa-
tion of regulation, because otherwise the technologies just can move to regions on the
globe with the most limp regulation. There seems however, to be difficult to intro-
duce competition between agents who have a regulatory status, as some recent acci-
dents in the shipping business has shown.

5.4 Lessons from the nuclear industry

The case of nuclear power provides several lessons for researchers interested in how
societies handle hazardous technologies. These lessons can be further elaborated by
comparing different countries and how they have responded to nuclear power. From
its early introduction nuclear power was connected to many promises and fears,
which have moulded public images of the technology. The rapid expansion of the
nuclear industry in the sixties and seventies was followed by an almost complete
stand still during the eighties and nineties. The present situation has brought difficul-
ties for the nuclear industry to maintain competency for the remaining lifetime of
present plants.

The perhaps most important lesson from the nuclear industry is that there always are
improvements before a technology can be considered mature. The experience avail-
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able today would make it possible to build safer and more economic plants than those
presently operated. This suggests a prudence principle were new technologies are
introduced gradually from a small scale, to allow for experience to accumulate. This
may be difficult to achieve if new technologies are allowed to develop purely on
market conditions.

Another lesson from the nuclear industry is connected to the management of safety in
the operation of hazardous technologies. This is an endeavour with many facets. It
includes an extensive quality control in all steps of design, manufacturing, operation
and maintenance. It also includes a consideration of what people do and how all er-
rors can be caught before they impact the safety of the plants. Opponents to nuclear
power point to accidents and claim that the plants are too complicated to be operated
by people. However people who have an insight in the safety precautions have a firm
belief in the safety of the nuclear power plants.

6 Deciding on hazardous technologies

Decisions on hazardous technologies are by definition complex. A common observa-
tion is that major risks are due to events with a very low probability, but with very
high consequences. This fact also carries the difficulty of proving that a certain chain
of events by any practical conclusions can be considered impossible. Views on pros
and cons of a certain technology tend to be coloured more by images, beliefs and
familiarity than objective assessments 4].

6.1 Stakeholders and roles

It is necessary to divide between different roles people have in a decision process.
Firstly there are stakeholders in the decision process, who have something to gain or
lose. Decisions may also have an indirect influence on third parties. Assuming that
the decision involves some kind of conflict, it is desirable that the decision maker can
be considered neutral. A decision process could also involve an arbitrator taking a
role of proposing compromises in a process of negotiation.

Difficult decisions will involve experts in different functions in the decision process.
Experts are supposed to calculate likely outcomes of decision alternatives and their
probability estimates. Just simply calculating outcomes are in this connection not
enough, but the experts a-re also supposed to account for secondary, tertiary, etc. ef-
fects of the decision. Experts participating in the decision making process are often in
one way or another associated to the stakeholders. They have their own beliefs and
values, which may be reflected the advice they give.

Finally the general public may for different reasons be interested in the decisions and
therefore also media. It is important to note that also media have their own interest in
bringing bad news to the public. Similarly one-issue movements have found their
own utility in opposing actions which can be seen as compromising their goals. On
may even claim that there in many situations between to competing views enters a
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third, which is more interested to initiate and maintain a dispute than to resolve the
disagreement.

6.2 Framing the decision process

There is a benefit of framing the decision process in a formal way [5]. That implies
an identification of applicable societal norms and stakeholders in the broadest sense.
It also implies the construction of various world models by which decision atema-
fives and their outcomes are sought. This frame can be seen as the model of the deci-
sion making process itself. In this connection there is a benefit of stating the expected
time duration, costs and milestones of the decision making process.

To make the decisions making process manageable, its scope should be restricted as
far as possible. That means for example that there should be agreed cut off criteria in
the search along possible cause consequence chains. Similarly there should also be
some agreed cut off level beyond which trace elements are not followed any more in
a life cycle analysis. Probabilistic methods also require some agreed cut off probabil-
ity beyond which events are considered unlikely enough.

An important part in the framing of the decision making process is a consideration of
costs. It is not rational to build up a complex and expensive decision making process
to solve some simple conflict. Complex issue cannot on the other hand be expected to
be resolved without proper investments in time and resources. It is also important to
try to quantify costs and benefits of various decision alternatives as accurately as
possible. Finally also the utilities of the stakeholder should be measured in terms of
costs and benefits. It may sometimes feel difficult to convert utilities into costs and
benefits, but orders of magnitudes can sometimes help in setting priorities.

6.3 Better models and communication

The frame of a decision process suggests three separate models. Firstly a model of
the society itself and its functions, norms and practices has to be created. A second
model is concerned with stakeholders; their conceptions of the decision to be made
their values and beliefs. Finally the third model describes the decision itself, what the
alternatives are and how the system is expected to respond.

It is important that these models are understood by the decision maker and the stake-
holders and that there is a reasonable agreement on them. This is not to say that all
have to have the same level of expertise, but the models should be transparent
enough to provide a broad understanding on their assumptions and limitations. The
system model is generally the problem in this connection, because the whole reason-
ing process involving causal chains and probabilities are not familiar to people.

It is always beneficial to get better models, which give more truthful descriptions of
the situation. This is however not enough, because the goodness of a model will also
be judged by the ease of its communication. This generally means that models have
to be described at several levels of abstraction, starting from general principles and
going all way to a detailed documentation of how the results for specific cases have
been obtained. The models should also be possible to audit.
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6.4 Searching borders of uncertainty

One common observation in difficult decisions is that uncertainties in predictions are
very large. When uncertainties are very large a simple decision is often to start addi-
tional investigations to decrease the uncertainties and these will often shed additional
light on the decision itself. A sensitivity analysis can give a good insight to allow
priorities to be set for decreasing uncertainties.

In the process of evaluating uncertainties involved also implicit assumptions in the
models should be scrutinised. For that purpose a questioning process where laymen
ask the experts questions about their models have shown to be efficient. Such a proc-
ess also has the benefit of making the experts aware of their own values and beliefs.

Finally the utilities of the stakeholders should also be scrutinised. Very often players
in a game do not disclose their true intentions and utilities. Sometimes trade offs be-
tween utilities are not considered in enough detail to avoid inconsistencies. One ap-
proach is to rely on an outside arbitrator in trying to build up trust between stake-
holders to make it easier to exchange information on true utility functions.

6.5 Towards the future

With the emergence of new technologies, new dilemmas will arise. The alternative to
suppress new inventions does not however seem to be a sensible solution. One solu-
tion is certainly to require that hazardous technologies are regulated and that the
regulation is applied globally. Some of the new dilemmas may need new ethic prin-
ciples to be constructed on the basis of suitable precedents.

In the ever-growing complexity of the world and the emergence of astounding new
technologies there is a danger that pseudo-science gets media attention and public
support. One may even speculate that a growing confusion among people would
wake a desire for them to get a point of social reference through the faith in and
commitment to a movement of some kind. The only possible remedy is to educate
people in scientific thinking and methods.

A vision for the future is that the complexity of the issues will grow further. More
subcultures seem to be fortning and therefore more disagreement even on basic issues
can be expected. On the other hand means for communication are better and also
information on difficult issues is easier to access. It seems evident that there is a need
for research in societal decision making processes to make them smoother and more
efficient in finding agreeable solutions to difficult issues. The solution to the dilem-
mas does not seem to be less reliance on technology, but an introduction of more
responsible and enlightened technologies.

7 Conclusions

Research in societal decision making has to rely on a true multidisciplinary ap-
proach. It is ot enough to understand the technical and scientific models by which
outcomes are predicted, but it is also necessary to understand how people make sense
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of their environment and how they co-operate. Rationality is in this connection one of
the key concepts, with an understanding that people always are rational in their own
frame of action. The challenge in this connection is to understand how this subjective
rationality is formed.

Societal rationality has to do with the allocation of resources. There are decisions in
which several conflicting views have to be considered. Spending time and resources
ex ante may support a consensus ex post, but unfortunately there is no panacea for
approaching difficult decisions. Decisions with an uncertain future have to be more
robust than decisions with a more predictable future. At the same time investments ex
ante in the decision making process are more likely to become wasted if all precondi-
tions change. The rapid development of our time suggests an evolutionary approach
to urgent problems.

Decision making processes on hazardous technologies sometimes seem expensive
and time consuming. Final outcomes are also unpredictable and they may not be so-
cially acceptable after all. It may be so, but the expenses of selecting a route, which
later has to be reversed due to societal disagreements, can also be expensive. Invest-
ments in the decision making process should therefore be seen as an insurance
against bad decisions. This is however not to say that that important decisions should
be voice voted, because there has to be a stability in basic principles applied.

Decision making processes have to rely on an honesty of decision makers, stake-
holders and experts. It seems possible that making general principles explicit could
facilitate consensus building in decision making processes. Basically this would
mean lifting up generic dilemmas to make the reasoning transparent and traceable.

Decision making processes have very much to do with how people understand and
make sense of the world they live in. That means that stakeholders have to be open in
explaining their motives, values and beliefs. Unverifiable beliefs have in this process
to be taken with their face value as a standing point for further argumentation in a
search for a common platform to agree on. This is not likely to be easy, but the alter-
native is an increasing disagreement on difficult issues.
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Introduction

There is now unmistakable evidence of a widening split within the Western industrial
nations arising from conflicting views of society; for and against change. The
argument is over the benefits of 'progress' and growth. On one side are those who
seek more jobs, more production and consumption, higher standards of living, an
ever-increasing GNP with an increasing globalisation of production and welcome the
advances of science and technology confident that any temporary problems that arise
can be solved by further technological development - possible energy shortages as a
growing population increases energy usage can be met by nuclear power
development; food shortages by the increased yields of GM crops. In opposition are
those who put the quality of life before GNP, advocate a more frugal life-style,
reducing needs and energy consumption, and, pointing to the harm caused by
increasing pollution, press for cleaner air and water standards. They seek to reduce
the pressure of an ever-increasing population and above all to preserve the natural
environment. This view is associated with a growing uncertainty as the established
order is challenged with the rise in status of 'alternative' science and medicine.

This paper argues that these conflicting views reflect instinctive attitudes. These in
turn draw support from beliefs selected from those which uncertainty offers. Where
there is scope for argument over the tuth or validity of a 'fact', the choice of which
of the disputed views to believe will be determined by a value judgement. This
applies to all controversial social and political issues. Nuclear waste disposal and
biotechnology are but two particular examples in the technological field; joining the
EMU is a current political controversy where value judgements based on attitudes
deter-mine beliefs. When, or if, a controversy is finally resolved the judgement arrived
at will be justified by the belief that the consequences of the course chosen will be
more favourable than if the alternative had been adopted.

Attitudes and beliefs

The primacy of attitudes over beliefs (of values over disputed facts) was insisted upon
by the 17 lh/181h century Scottish philosophers, Locke and Hume. This means that
attitudes are not determined by beliefs, but the opposite; credibility is given to those
beliefs that are in conformity with the attitudes which adopt them..
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Some 300 years ago John Locke, in 1690, published the Essay Concerning Human
Understanding. His aim, at a time when disputes over religion played a great part in
human affairs, was to free people from bondage to dogma and superstition by
analysing the role of reason in relation to religious faith. Now, when controversy over
the environment and economic growth is supplanting religious debates as a major
source of ethical concern, Locke's insights are still relevant.

Locke recognised the determining part of what he called enthusiasm - he
ungroundedfancies of a man's own brain.. which he saw.. as a foundation both of
opinion and conduct. A key phrase comes in Book 4 men being most forwardly
obedient to the impulses they receive ftom themselves. .. For strong conceit . is
heightened into a divine authority, in concurrence with our own emper and
inclination. This is certainty without proof and without examination; the enthusiasts
cannot be mistaken in what iheyfeel.. hey are sure, because they are sure: and their
persuasions are right because hey are strong in hem. / For the enthusiasts their
beliefs are determined by their attitudes. They believe only what they want to believe.
"My mind is made up, do not confuse me with facts".

David Hume said much the same in his Treatise ofHuman Nature published in 1739.
Wefirst have an emotional response towards an object, afeeling which is often quite

primitive ... hen we seek to make it intelligible by looking for identification and
explanatory Lelie s. What actually comes frst is the emotional response. 2 While
attitudes and beliefs jointly determine the course of an action of opinion, attitude
takes the major role, belief the minor role, presenting only the information to confinn
the rightness of the attitude - a view later endorsed by Freud: What a minor par is

3played in human qffairs by the intelligence as compared with the life of instincts.

Attitudes can be seen as character traits, dispositions, passions; durable principles of
the mind, which extend over the whole conduct and enter into the personal
character.' They are instinctive psychological states with respect to acting in a certain
way. For Hume the individual is "not indifferent to "; is "in favour of"; has an
"inclination or a propensity toward"; is inclined to "give preference" to; has an
,,appetite for" or an "aversion against" acting in that way. 'Tis impossible, herefore
that this passion can be oppos'd by, or be contradictory to truth and reason... 

While beliefs may be judged, or asserted to be, true or false, attitudes are instinctive.
They cannot be judged in this way; they are complete in themselves and cannot be
said to be true or false, they are just there. This difference between attitudes and
beliefs can be seen in what hs been called the direction offil.' An attitude succeeds
not by being true but by being satisfied. In so far as the world fails to fit the
conditions set, the remedy requires a change in the way the world is, not a change of
the subject's attitude. A belief on the other hand can be subjected to truth evaluation.
A belief succeeds if it fits the world; it succeeds if it is true. It then becomes (or ought
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to become) an accepted fact, beyond dispute - a reason. The remedy for a false belief
requires a change of belief, not a change in the world.

Uncertainty

Belief however implies that there is a degree of uncertainty or even
lunknowableness', in contrast to knowledge, which is an acceptance of fact. Beliefs
can change. No one now believes that the sun goes round the earth, but in 1616 a
commission of eleven theologians, after carefully examining the evidence,
unanimously reported to Pope Paul V that the contrary idea was not only "formally
heretical" but also "foolish and absurd" in philosophy.

The domination of attitude over belief comes into play when there is uncertainty or
scope for different interpretations of the facts when these are available, or when they
are based on extrapolations and assessments which go beyond the bounds of certain,
accepted knowledge. For many controversial issues however the 'truth' of a belief is
not easily established. The scope for uncertainty is then unlimited. This is not new.
Hume wrote in the introduction to his Treatise of Human Nature 1739) There is
nothing which is not thesubject of debate, and in which men of learning are not of
contrary opinions. The most rivial question escapes not our controversy, and in the

7most momentous we are not able to give any certain decision.

It is always easy to doubt the evidence or to suggest that it is incomplete. Again to
quote Locke: There are veryfew discourses so short, clear, and consistent, to which
most men may not, with satisfaction to themselves, raise this doubt ... either ... there
may be a fallacy in them .. or, additionally or alternatively. I know not yet all that
may be said on the contrary side.N The lack of clear evidence of harm, or of benefit
from disputed policies continues to confuse the debate. Locke's comment from 1690
is strikingly echoed in a History of Environmental Politics published in 2000. Since
information deficiencies were rampant in environmental affairs, it was easyfor he
discontented to argue hat insufficient information or he wrong information or the
wrongscientific advisors were relied upon for the decision. �'

The confusion that arises is intensified with the recent emergence of aternative'
knowledge, which has successfully jostled for a place alongside 'establishment'
knowledge. We are moving towards a "cultural relativism" as elaborated by, for
instance Paul Feyerabend,"' where reason, "grounded in subjective values" is what 
believe". No one offers certainty, not even in science. The principal of uncertainty is
moving increasingly into everyday life. The ideal of an appeal to an unbiased
scientific independent arbiter is no longer available when the opposing sides can put
forward their own scientific experts to support their own case.

Attempts to establish certainty can be challenged. Economic and social arguments
based on the factual determination of 'experts' can be contradicted by opinions or
'facts' advanced by rival experts. Attempts to establish scientific certainty can be
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challenged by a resort to 'alternative' science, or even opposed, as in the destruction
of the field trials of genetically modified crops deliberately seeking to prolong
uncertainty. The 'precautionary principle', if in doubt ban it, thrives on uncertainty.

In some cases the uncertainty is intrinsic. It is generally accepted that the damage
from low-level radiation is unlikely to be proven or disproved through
epidemiological studies. This gives room for opposing views to be strongly held. The
French Academy of Science and the American Health Physics Society both criticise
the Linear-No-Threshold (LNT) extrapolation used by the radiation protection
authorities as an assessment of harm from low exposures over an extended period,
while the environmental organisations seize on LNT to justify their claim that there is
no safe dose of radiation.

Similarly compliance dose calculations extended up to 10,000 years, by the
proponents of the Yucca Mountain geological repository, are countered with
projections of higher doses up to 100,000 years into the future by those opposing the
project.I1 The uncertainties in any predictions of what might happen so far into the
future leaves the choice of which to believe very much dependent on one's attitude.
The 'problematic' nature of the judgements involved was also emphasised at the
previous Valdor conference. "Virtually every probability proposed for some site
characteristic is questionable because of the numerous value judgements that
scientists must make in the face of uncertainty about site data and methods." 2If a
supporting belief can be shown, by 'establishment' science, to be unsustainable, those
holding the attitude will turn to 'alternative' science to find justification for their
views.

It is entirely rational to select, from the alternatives which uncertainty offers,
those beliefs or 'facts' that support or are in conformity with an underlying
attitude or set of values.

Risk

Risk also depends on uncertainty. If the outcome were known there would be no risk.
But risk is now identified with danger. Risk, which originally meant the probability of
an event occurring, combined with the magnitude of the loss or gain that would result,
now refers more to the negative outcome. A high risk means a lot of danger.

Mary Douglas 3argues that the concept of risk is now used to protect individuals
from the actions of others. To be "at risk" is to be vulnerable to events caused by
others. Risk is now used as a stick to beat authority, to exact restitution for victims. A
risk threatens the individual directly, and tends to promote a direct response. The
concept of risk can then be used deliberately as a weapon by the proponents of one
side to mean danger from future harm caused by the actions of their opponents. As an
example the simple messages that nuclear power is too risky, or that any release of
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radiation into the environment no matter how small carries some risk, elicit an
immediate reaction; the risk is not so much to society at large but directly to you as an
individual.

Opposing attitudes

This raises the question of the origin of the differing attitudes on which little seems to
be nown. The opposition between change and stability has a long history, which can
be traced back to the beginning of civilisation, with the balance between the two
oscillating over time. 14 It also seems that attitudes can be linked to or triggered by
powerful mythological forces. The mythology linking "Frankenstein food" with
genetic modification and cloning - humans playing God - has been convincingly
analysed. 1 5A similar study demonstrated the relation between alchemy and the fear of
radiation with opposition to nuclear power. 6

This opposition of attitudes is heightened by the contrasting positions of the two
sides. The proponents of change are usually a small group of entrepreneurs, scientists,
and technologists, medical specialists, etc. pushing new ideas often with the support
of government and authorities; small in number but with a powerful influence. Those
who see no need for, and are resistant to change, or who are swayed by NIMBY,
while much larger in number, have hitherto been relatively powerless but they are
now being organised as an influential movement through the nongovernmental
organisations.

Change attitudes rather than beliefs

This difference is reflected in the strategy the two sides adopt. The precepts of Locke
and Hume have been forgotten by the proponents of change who have preferred to
concentrate on beliefs; emphasising the benefits that they say will arise from the
proposed change. The environmental organisations on the other hand have, with
some success, concentrated on awakening or changing attitudes. Once an attitude has
been formed conflicting beliefs will be disregarded and be of little effect in changing
public opinion.

The slogan "small is beautiful" - an expression of an attitude - strikes home. But to
oppose it even the advocates of international mergers hesitate before proclaiming the
opposite attitudinising slogan "bigger is better"; their case, based on the belief that a
greater efficiency and profitability will follow, then fails to convince. Globalisation is
now under increasing attack. Natural, organic fanning is valued over 'factory
fanning' with its reliance on artificial fertilisers and pesticides; the belief, supported
by some scientific studies that conventional farming gives an increased and usually a
better quality product is ignored. In the controversy in the UK over joining the Euro
the case against is founded on notions of national sovereignty and talk of defending
the pound. These passionate insular attitudes are likely to carry more weight than
academic and disputed economic beliefs that entering Euroland will bring more jobs
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and greater prosperity. The fear some parents have of the MMR (mumps, measles and
rubella) vaccine outweighs the assurances given by the government and a majority of
the medical profession. This might be seen as deriving from a similar attitude of
opposition to the the original smallpox vaccinations in the late 18 1h century.

The patronising assumption often made is that this opposition must be due to
ignorance or misunderstanding and that with a greater knowledge, with more and
better infori-nation, all will be well. The media, usually a main source of information
on scientific and technological development, is blamed for sensationalism or
misreporting A proliferation of bodies is being set up in the UK by the leading
scientific institutions to try to correct this. Yet if science is used to arbitrate in what is
essentially a societal dispute it loses its independent status and in the end disqualifies
itself. Those whose attitudes are against the changes being brought in by new
scientific and technological development will still be able, from the alternative beliefs
offered by the scientists supporting the positions of the environmental groups, to have
the rightness of their opposition confirmed. Information to the contrary from the
industry or public authorities will be ignored or rejected. Better communication with
the public will not reconcile basic differences. A greater knowledge or more
information will not influence the opinions of the majority people when the
information is itself subject to dispute. It will be accepted or rejected according to the
attitudes held, and the extent to which these are in sympathy with one or other of the
extreme positions. More, and contradictory, information will only reinforce existing
beliefs. Public information programmes are more likely to create a better-inforined
opposition than gain wider public support. Any attempt to make decisions on
controversial projects must recognise that the controversy arises from opposing
attitudes each with its own supporting beliefs. Focussing solely on the minor
component by attempting to modify beliefs will not resolve the problem if the
attitudes, as Hume insists, cannot be pronounced true or false, or to be either contrary
or conformable to reason. 1 7

Nuclear waste

Turning specifically to the question of nuclear waste disposal the opposition to
nuclear waste facilities can be seen as an extension of an attitude against nuclear
power, possibly reinforced by an aversion to waste. When the scientific information
can be interpreted to suggest that radioactive waste presents a serious risk of hann to
public health this opposition becomes entirely rational. And when that interpretation
is based on an attitude of aversion no amount of information explaining that the risks
are exaggerated or even without foundation will carry conviction. The priority must
be to seek to change the attitude when the positive information will be more readily

accepted.

The concepts of citizen's juries, consensus panels, science courts, consultations and
dialogue etc are directed more towards changing beliefs than changing attitudes and
are unlikely to have any effect on public opinion. Consensus is not possible when
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there are firmly held opposing positions. Nor will it be possible to find an attitude-
free' panel or jury that can give dispassionate advice on deeply held matters. Pope
Paul V's eleven theologians were undoubtedly influenced by their attitudes, and more
recently the disputed US presidential election has shown that even the US Supreme
Court has difficulty in coming to a completely dispassionate conclusion. The
assessment of a citizen's jury will depend on the attitudes of those who serve on it. It
will only give a snapshot of the prevailing view in a given society at that time.

The implied intention of these measures, and indeed the declared aim of this
Symposium - the need for transparency in risk assessment and decision processes -
seems to be to find some means to persuade the public to accept a decision they
would otherwise reject. But, in the absence of a supreme arbiter, who is to make the
judgement between controversial decisions based on attitudes, which by their nature
cannot be judged right or wrong? This judgement can only be applied to the
supporting beliefs, for which uncertainty offers a choice.

Under these circumstances it is not possible for one side or the other to claim that
their view should prevail. Even if the proponents of a nuclear project or waste
management site can convincingly demonstrate that it can be built and operated safely
opponents can always raise ethical objections. But here again there are no absolute
standards of ethics. Ethical beliefs are also determined by attitudes.

The only solution for the proponents of scientific or technological development must
be to seek to change attitudes so as to ensure that with a majority support they can
override or disregard the opposition. And of course their opponents will seek to work
in the opposite direction. It is however possible that though strongly held attitudes
will reject all opposing beliefs, more weakly held attitudes could be swayed by
convincing evidence, and all will in the end be determined by the passage of time.

While attitudes may not easily be changed by being challenged by disputable beliefs
they can be confronted by competing attitudes. Instead of being drawn into debate on
the detailed scientific and technical aspects of a waste disposal facility the discussion
should seek to forrn a responsible attitude to solve an existing problem or to meet a
clearly existing need. The waste already exists and something must be done with it. It
is not a problem that can be put off indefinitely. It is also possible that a local
community can, if assured on safely grounds, see real benefit from employment
opportunities and an enhancement of the local infrastructure. If the public are in
sympathy and can see the benefits they will accept some risk.

Recent developments in Sweden where SKB is now in the process of working with a
number of municipalities on the siting of a deep disposal repository show that this
approach can achieve success. In Finland too it seems that it is the positive attitude of
the local community near the Olkiluoto nuclear power station that has opened the way
to the construction of a deep disposal site. In this, trust in the regulatory and other
authorities is a necessary requirement. It has for instance been remarked that the level
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of debate over GM modified food is much lower in the United States than in Europe.
This acceptance of GM food has been ascribed to the trust of the American public in
the regulation and independence of the Food and Drug Administration.

The role of experts must be to try to resolve the uncertainty and work towards a more
general acceptance of 'fact'. This is an essential, but likely to be an unrewarding, task
given the opportunity for promoting uncertainty. The prime role must rest with the
political decision-makers who should clearly set out the basis of, aims, and need for
the proposals they recommend, to give a lead to the public attitude. The role of the
regulators is to give confidence that all conditions imposed on an activity are met.
The media have no direct role; they are there to be used by either side in the debate,
but will understandably give greater prominence and coverage to the more sensational

issues.
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Abstract
Collective decision making in a democratic environment essentially is a process
of negotiation. This assumption, as well as the failure of the formerly used top-
down approach, led to a drastic change in the decision making process for siting a
low level nuclear waste repository in Belgium. In two prospective communities, a
local partnership was established between NIRAS-ONDRAF, the government
Organisation responsible for the Belgian nuclear waste, and representatives of the
local communities. These partnerships are intended to bring the decision making
process closer to the public concerned and to lower the threshold for active
participation. The final outcome of this decision making exercise is therefore a
mutual project, carried by both experts and local stakeholders, instead of an
expert project imposed on an unwilling community.

1. Introduction

Today, we live in what some call a "Risk Society." Progress and technological
development not only brought us prosperity, but also seem to have opened a modern
version of Pandora's box: global wanning, genetically modified organisms, mad
cows and "Frankenstein" sheep, chemical hazards and nuclear waste, ...

In the aftermath of the Enlightenment, which put man in the centre of both our
thoughts and acts, science is increasingly being questioned as the irrefutable motor of
progress. The rational model of "the moderns" no longer seems to have total and
unconditional support of the fon-nerly mute masses. Globalisation, mass
communication, ongoing democratisation of the educational system, information
highways etc. have narrowed the gap between the knowing elite of scientists, experts
and government administrators on the one hand and the governed, the lay people, on
the other hand. In ever more decision making processes, but especially those related
to the environment and public health and safety, increased public involvement
becomes apparent. It is through this increased involvement that the public became
aware of the fact that science alone does not have all the answers. Scientific facts
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turned out not to be as unquestionable as we might wish. It also became clear that
scientist face ucertainty and that there often is disagreement among fellow experts.

The central argument of this paper is that: "facts are not ust facts." Or, to put it in the
words of Alan Irwin . ..... science is not a storehouse ?f facts' ... nor is it a
prescribed 'method'for the acquisition of 'objective knowledge'. (1) Often facts
and (scientific) knowledge are social constructs, based on specific assumptions in a
laboratory context and open to interpretation. Moreover, the factual basis provided by
scientific experts is only one factor in decision making processes next to other factors
such as money, emotions, stakeholder pressure and mobilisation, strategic
understanding or diplomacy. Possible conflicts between experts and citizens can no
longer be put aside as "a consequence of either public ignorance or public
irrationality". 2) This calls for the revision of the science-centi-ed worldview, which
still dominates our thinking on decision making. Decision making in a democratic
environment is essentially a process of negotiation. In this decision making process
various interests a-re weighed one against the other. Recognition of all factors
involved is crucial in reaching a solution that is acceptable to all or at least to a
majority of the parties concerned.

With this in mind. a new concept has been developed for a very specific collective
decision making process on the siting of a low level nuclear waste repository.

2. Introducing a New Rationale in Collective Decision
Making

Until a few years ago, the actual siting procedure was seen as a mere technical
matter: find the ideal geological conditions for the implantation of a (low level waste)
repository site. This was conducted in view of the common good and with the best
interests of the public at heart. Somewhat to their surprise, scientists were quickly
confronted with a disagreeing population who seemed unimpressed by their scientific
and rational arguments, by their effort to pursue the "common good." As a result, the
communities ivolved were easily accused of being NIMBYists", acting upon an
irrational fear and purely selfish interests.

But was this indeed the case? Is it not possible that people reacted as much against
the way the decision was taken - without their involvement'? Would they have been
so unconditionally against it if their fears and interests had been taken into
consideration from the outset of the decision making process? Maybe, and then
again, maybe not. We believe that it is not just a question of personal and therefore
selfish interests against the common good. Personal interest are not identical o
selfish interests. People forge bonds and step into coalitions to realize themselves
and further their interests. Through participation and democratic institutions we
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make common cause: our interests become collective interests achievable through
collective action. 3)

If the interests of all parties are to be taken into account, all parties should be
involved in the decision making process. This is, however, not the easiest, nor the
fastest way to take a (collective) decision. Making sure that all parties have an
opportunity to speak their mind takes time. Moreover, it does not suffice to have all
these particular interests laid out so that one "rational planner" can make an informed
decision on what the final project should look like. No, all parties have to be able to
engage in a true negotiation process, in order to define for themselves what is their
general or common interest. This common interest is not a mere sum of all particular
interests, nor is it some abstract notion that transcends these particular interests. In
our view, the "common good" is the result of a negotiation between all parties (each
with their particular interests). It is both time and place related. A partnership serves
as an arena and as a facilitator for this negotiation process. Through dialogue, all
parties are invited to express their interests, fears and values, to listen to the views of
other parties and to come to terms on what this particular group of citizens, in this
particular community, at this particular point in time defines as a common goal.
Depending on the project and the number of interested parties, this can become a
time consuming process.

It is also vital that all participants recognise this process as being one of negotiation.
This does not only mean a "mind shift" for most experts, keen as they are on their
-rational and scientific" way of solving problems. It also implies the understanding
by the public of the fact that science does not hold the one key to the one and only
solution. Existing interest and pressure groups (unions, environmental organisations,
citizens action groups, etc.) have to revise their strategic thinking as well. For
environmental and other activist groups it is no longer possible to claim that "their"
scientists or experts are right and have all the answers. They have to engage in the
negotiating process to convince other parties of their views and interests, to seek
alliances and even, like all others, to cut down on initial demands. In the Belgian
context, interest groups like trade unions have a long tradition of negotiating and are
privileged negotiating partners of both public authorities and enterprises. The
involvement of all parties concerned often means that these organisations have to
share the floor with other interests, which makes it more difficult to achieve their
objectives.

In both case studies that are subsequently discussed, it became clear that the
introduction of this new rationale is not self-evident for the parties involved.
Therefore it is important that trough "trail and error" and test cases like these,
people learn to understand this new rationale as a way to achieve "the common
good."
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3. Local Partnerships: A Case Study in the Communities
of Mol and Dessel

The above stated assumption that true collective decision making can only be brought
about by involving all parties concerned, as well as the failure of the formerly used
top-down approach, led to a drastic change in the decision making process for siting
a low level nuclear waste repository in Belgium. The new approach took the form of
local partnerships, a kind of decision making process that focuses primarily on
enhancing transparency and public involvement.

3.1. Local Partnerships in Theory

Local partnerships have been established between NIRAS-ONDRAF, the
government rganisation responsible for the Belgian nuclear waste, and
representatives of the local community concerned. This representation has to be as
broad as possible assembling not only local politicians, but also delegates from
environmental, cultural, (socio-) economic and other locally based organisations. The
local character of these organisations is important. The siting of a low level nuclear
waste repository might concern us all, the actual implementation on one particular
location is something that concerns primarily the people living or working next to it.
Other organisations and administrations (on regional and national level for instance)
can play an advisory role, without having a vote when it comes to the actual decision
making. This role. nevertheless, allows them make their interests and concems
known.

Through these partnerships, the NIRAS-ONDRAF experts (as well as other experts
invited by the partnership) enter into direct dialogue with the local community. In
different working groups (not only open to the above mentioned partners, but to all
interested members of the community), all aspects of a possible repository (for
example the concept of the repository itself, its impact on the environment, health
and safety related issues, etc.) are being discussed. Each partnership receives an
annual budget from NIRAS-ONDRAF in order to work independently and, for
example, seek the (independent) expertise they need.

The partnerships are intended to bring the decision making process closer to the
public and to lower the threshold for active participation. By entering into dialogue
with the local community, the concept-designers have an opportunity to better
explain their project to the local stakeholders. Questions and reactions from the
public, however, may require them to be more creative and to rethink certain aspects
of their initial concept or project. The outcome of this decision making exercise is a
mutual project, carried by both experts and local stakeholders, instead of an expert
project imposedon an unwilling community.
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This mutual project consists on the one hand of a repository, and on the other hand of
an accompanying local project that seeks to bring added value to the community. In
this way, all stakeholders have the opportunity to be involved in the development of
the technical project and to determine the conditions for accepting such a drastic
intervention on their territory. These "conditions" will be more than just technical
and safety measures. They constitute a global project (in one way or another related
to the disposal site) from which the entire community benefits and which serves as a
forrn of compensation for this waste repository.

3.2. Local Partnerships in Practice

In the municipalities of Dessel and Mol a local partnership has been founded. These
took the forin of a non-for-profit rganisation with a particular legal structure. A
general assembly, consisting of a balanced representation of all interested local
organisations, acts as guardian of the decision making process. The assembly decides
on the general outline and on the final concept of the mutual project. For the day to
day management, the general assembly elects an executive committee, which takes
intermediate decisions on budget spending, coordinating working group activities,
supervising the project coordinators, etc. Two project coordinators handle
administrative and communication tasks, as well as the rganisation and support
(both logistically and scientifically) of the working groups. The working groups
discuss all aspects of the project (both the concept of the repository and the
accompanying local project) in detail. They consider relevant existing research, they
evaluate the need for additional studies, they invite independent experts, etc.
Gradually, the working groups work out the mutual concept, which will be presented
first to the committee and then to the general assembly.

If all partners (or at least a majority) in the general assembly come to an agreement
on a mutual project, the proposed project will be presented to the municipal council.
The municipal council will then decide whether or not the municipality is a candidate
for a repository site. The existence of a broadly supported mutual project could ease
this political decision. Of course, it remains possible that the partners in the general
assembly come to the shared conclusion that a repository site is not acceptable (on
technical or other grounds). Such an outcome, however, also helps the municipal
council to come to an informed decision on a possible candidacy.
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Figure The Structure of a Local Partnership

Apart from being a forum for negotiation and project development, a partnership also
serves for communication purposes. Since it is impossible to involve everybody in a

negotiation process of this intensity, it has to be accompanied by a solid, preferably

highly interactive communication. Throughout the process, the members of the

community that are not directly involved in the partnership, have to be kept informed
of the 'wheeling and dealing' of the partnership. This allows them to intervene in the

course of the process (and not just at the end, like with a traditional public hearing).

There are two main communication channels from the partnership to the local

community (and vice versa). On the one hand, the partners are inten-nediaries

between their members and the partnership. Each participating rganisation can

choose the communication channels it prefers to inform its members. On the other

hand, the partnership itself (mainly trough the project coordinators, the executive
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com-mittee and the chairperson of the general assembly as spokesperson) pursues an
active communication policy, directed at the whole community.

4. Some Preliminary Conclusions

So far, only partial and preliminary conclusions can be drawn from the experiences in
Dessel and Mol.

As we mentioned before, even if all parties are aware of the new rationale behind this
process of collective decision making, this does not necessarily mean that they act
upon it. In order to make sure that all parties involved have an equal opportunity to
participate troughout the process, it is important that some key players (members of
the executive committee, chairpersons of the working groups, the project
coordinators, ... ) take up the role of "guardians of the process". These key players
are not necessarily formally designated.
Also, communication has proven to be of great importance. In both partnerships, the
executive committee felt the need to have some "real output" before the partnership
could go public. Such a "closed partnership" would not have enhanced transparency
and public confidence. In the mean time the partnerships made some real efforts in
communicating with the public.
NIRAS-ONDRAF experts felt the need to provide members of the working groups
with as much information as possible about the subjects they had to discuss, in order
to reduce the differences in the level of knowledge of the participants. This
particularly was the case in the more technical working groups. To a certain extent,
this was necessary. Since technical knowledge, however, is not the only factor of
importance in the decision making process, people do not need an information
overdose. Often a very basic understanding of the concept at hand will suffice to
make an informed decision.
Most working groups, made progress in reaching a consensus on the general
direction of the project. At this level at least, this way of preparing a collective
decision, therefore, seems to have a fair chance of success.
Experience in Mol and Dessel has shown that for members of the public it is
sometimes difficult to accept the fact that science does not always offer a clear cut
and totally objective solution. This was particularly the case at the outset of the
partnerships. Throughout the process, whilst being confronted with sometimes very
differing expert views, many participants realised that there is indeed space for
negotiation and local input, also in technical matters.

At this point, it is too early to say whether our project will lead to a general shift in
the rationale of collective decision making. The only thing we can be sure of, is that
there has definitely been an increase in public participation in this particular type of
collective decision making. Besides, more efforts, at least on the local evel, have
recently been made to make sure that this increase in public participation is being
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accompanied by an enhanced transparency, not only within the partnerships, but
towards the general public as well.
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1. Introduction

Recent research, discussion and practice in the role environmental decision-making
as an integral part of a democratic society have resulted in legislation, policy and
guidance that encourage, and indeed may require, greater participation. The focus of
this research paper is to explore these participatory ideas in the context of
environmental risk assessment. Participation methods have generic application.
However, the importance of fitting method to purpose requires that different contexts
and issues relative to the objectives be addressed. In relation to environmental risk
assessment these issues include:
• the complexity of risk issues per se;

• the inherent uncertainty that dominates any risk assessment;
• the quantitative nature of many risk assessments and the difficulty of dealing

with low probability-high consequence outcomes;

• the possibility of controversy in relation to decisions involving risk and thus the
careful attention needed to the process and identification of participants;

• the traditional role and culture of experts in risk decisions and the challenge of
reconciling this with the role of lay knowledge and the potential for the public to
act as quality assurors in the risk decision process;

• the tendency for people to need reassurance when confronted with risk, even
during a participation process;

• the need to acknowledge the public's ability to deal with complex technical
issues and the need for information and data to respond to their questions, and

• the fact that 'risk'per se will often not be the only issue of public concern.

398



2. Risk Assessment in the Environment Agency

The Environment Agency is required to address a very wide range of risk issues
throughout its regulatory and supervisory work. Environmental risk assessments
supporting the Agency's work generally fall into one of two categories [1 2, with
the majority of activity being associated with the latter.
• regulatory risk assessment, where the Agency per se undertakes the risk

assessment (the design of flood defence schemes, assessment of existing
production chemicals under EC legislation); and

• applicant risk assessment, where the Agency is involved in reviewing risk
assessments that operators, dischargers, developers or abstractors are required to
undertake to support environmental permits 2].

Agency risk assessments may apply at specific stages of the development, permitting,
operation or decommissioning of an activity, or they may parallel other decision
processes. Arguably, risk assessment at the strategic planning stage is most valuable
in preventing adverse environmental impacts and in ensuring that appropriate risk
reduction is considered early on. At the strategic level, however, the Agency is often
not the primary decision-maker and seeks to influence activities through its input to,
and consultation on, strategic environmental plans.

3. Pressures for Participation in the UK

A summary of national and international pressures for enhanced public participation
in decision-making can be found in 3]. In the legislative context, most UK
requirements have been limited to consultation to gain people's opinions on already
drafted plans and proposals. The concept of representative democracy has
underpinned these requirements. Legislative change could be precipitated by the
Aarhus Convention (and the draft EU Directive giving effect to the Convention) that
stresses the need for early public participation "when all of the options are open".
National guidance and advice of relevance to public participation by the Environment
Agency is available in documents 4] and 15 1.
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4. Participatory Risk Assessment

Recent literature [8-15] has reflected the drive to pubic participation and identified it
as an essential aspect of risk assessment. Of particular relevance are 6,7] and [10].
These reports stress the need for direct methods to ensure that people's values, lay
knowledge and understanding are articulated and taken into account alongside
technical arguments. Participation is no longer being presented as an optional add-on
to policy-making but as an integral part of the process.

In particular, it has been acknowledged that the risk assessment process should be
open, accountable, credible and inclusive [10, 16]. Underlying the recent changes in
approaches towards participation generally, and risk assessment specifically, is the
need to view the process in a more holistic way 12]. Within the risk context the
need to 'find a process that facilitates the involvement of all affected parties and at
the same time produces a prudent and informed judgement based on expertise and
knowledge' is one of the major challenges of a modern democratic society [8]. The
success of such a process depends on a number of factors including time; openness of
result; equal position of all parties; willingness to learn; resolution of allegedly
irrational responses; and demoralisation of positions and parties. Furthermore, the
practicality depends on the availability of resources, the existing degrees of freedom
in the decision-making processes and the capacity for change, where needed. The
concept of analytic-deliberative processes has gained increasing importance, being
identified as one of the key ways to move forward with regard to participatory risk
assessment [II, 17-191. This approach to environmental decision-making suggests
that to achieve a process that is both transparent and trusted requires the involvement
all parties from the outset. Experts and lay people are involved in defining and
reflecting upon the pertinent issues throughout the risk assessment. This requires that
both the analysis (the specific and more specialised processes associated with risk
assessment) and the deliberation (the interactive means by which ideas are
deliberated upon by wider stakeholders) be seen as inextricably linked and equally
influential.

Some general objectives of participation 3 are identified in Table 1. All of these are
relevant to participatory risk assessment. Objectives limited to satisfying regulatory
requirements in isolation are unlikely to accord with the public's objectives. They
may also be unlikely to provide for the most effective participatory methods in terms
of optimising deliberation and discussion and opening science to public
understanding and debate. Additional objectives relevant to participatory risk
assessment have also been identified (Table 1) [8, 15, 17, 20].
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General objectives Additional objectives for risk assessment
To satisfy regulatory To ensure:
requirements - problem scoping is comprehensive and in-line with
To resolve conflicting public and stakeholder concerns;
views - that hazards of concern to the public are scoped into
To increase transparency the assessment;
and defensibility (of - that 'local' information and understanding of
professional judgements environmental conditions, exposure patterns, etc is
and decisions) included;
To change people's views - development of stakeholder and public
To improve services understanding and technical capability;
To determine needs and - that uncertainty is discussed and understood;
desires - that alternatives and risk reduction options are
To empower citizens to discussed and the interests and concerns of the public
take action incorporated; and
To enable social learning - the public can act as a quality assurance mechanism
To optimise trust and in the risk assessment process.
credibility To assist in identification of appropriate standards
To elicit values relevant and criteria by which risks will be evaluated
to the decision To provide for public challenge of assumptions and

scenarios considered relevant to the hazard
assessment ad risk estimation

Table I Objectives of public participation applied to environmental risk assessment

There are also some iportant issues that need to be considered at the outset. For
example: (i) assessing the attitude of the convenor; (ii) evaluating potential
alternatives to a participatory process; (iii) determining whether the decision has
already been made (in which case, participation beyond information provision will
not be relevant); and (iv) identifying potential stakeholders and public with an
interest.

5. Challenges for Participatory Risk Assessment

Risk management decisions are often enormously complex, replete with technical
uncertainties and perplexing value tradeoffs. Making and implementing wise policy
choices is difficult, even for risk management experts. Given this, 'how can
members of the interested lay public hope to understand and play a meaningful role
in making such complex, high stakes choices?' 19]. One solution could be to
engage different people at different stages - informed stakeholders in the more
technical elements, the lay public in problem definition and risk evaluation - while
not losing sight of the need to inform people in general throughout. Whilst it is
important that consultation forms a 'level playing field' it is also important not to ask
too much of participants. A further concern is that in focusing so heavily on issues of
deliberation and 'smoothing out differences' between stakeholders, technical issues can
become neglected or inadvertently left alone to experts 21].
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At a most basic level, experts often have a different language to other stakeholders to
describe risk. Three different 'types' of risk language have been identified:
colloquial, technical and insurance 22]. It has been suggested that the colloquial
view of risk is that of danger, venture and opportunity; the technical view one of
hazard, probability and consequence; and the insurance view one of chance and
uncertainty. Proceduralised risk assessment frameworks [10] used by regulators run
a potential danger of implicitly assuming that the technical view is somehow pre-
eminent. In many regulatory settings, there is a potential disparity between the need
to define operational procedures for regulation and a desire to engage the public in
risk decisions where 'technical' language will compete with the colloquial language
of the public; hence the initiation of our study. Some commentators have expressed
this in terms of a 'deficit model' whereby the expert 'elite' tend to view 'the public'
as starting from a position of ignorance and the expert from 'the correct position'
[23-25]. Whilst experts and lay people are likely to construct a risk issue differently,
this does not mean that one kind of nowledge is more or less valid. Instead, it
should be the case that both parties have the opportunity to contribute. As noted in
much of the research on risk and democracy, the analysis that takes place is
conducted by experts in various scientific disciplines each operating within a defined
scientific culture 26]. This project does not suggest that this could be otherwise: risk
assessment undoubtedly needs input from specialist advisors and a clear reference to
the legislative setting - indeed, it has been observed that the public welcome advice
from experts 23, 27]. What needs to be considered is the part that lay knowledge,
understandings and perceptions can play in defining the agenda for risk assessment;
provision of feedback into the analytical process and in interaction with the experts
conducting the analysis early on in the process.

Uncertainty is critical to risk characterisation [11] and a problematic area with
respect to increased public participation in risk assessment. It is clear that people do
not respond well to uncertainty and that it frequently increases confusion and anxiety.
Indeed, in a recent study on risk literacy, i.e. trying to ascertain what it is about an
issue that either increases or decreases people's propensity to learn about it, it was
found that uncertainty can have a negative impact upon knowledge acquisition 27].
However, there is also evidence that when people are faced with issues of uncertainty
in participatory processes they are able to recognise and deal with it, if they are
provided with opportunities to understand the reasons for the uncertainty and to
question different expert views 17].

A major problem with regard to managing the concept of uncertainty is whether or
not it is acknowledged explicitly in the risk assessment process. It is frequently the
case that various stakeholders tend to suppress or push aside the information on
uncertainty in order to maintain the guise of trust and authority. The sometimes
covert nature of uncertainty therefore makes it all the more difficult to deal with and
increases public alienation 28]. Uncertainty needs, therefore, to be presented as
something that has pragmatic ramifications as opposed to being something that is
abstract and theoretical. This might require considerable effort and imagination on
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the part of the convenor of the decision-making participatory process but could
result in a more successful and fulfilling outcome for all parties.

A related problem is that of data availability, both in terms of 'does it exist' and 'can
it be made available'. Most risk controversies are distinguished by information
scarcity, with some data, regarded as indispensable by at least one stakeholder,
usually not available 29]. The essential trade-offs that are necessary in the face of
such data unavailability require that these are conducted in as open as manner as
possible. This forces people to confront their assumptions and to seek common
ground 17, 30]. Both published and unpublished may need to be revealed. For
some issues, data may be evolving. Participants need time to become equated with
technical information and an opportunity to understand what is still not known and
then weigh up alternatives 17]. This requires that people can access the base data,
not just summaries or overviews. Confidentiality, or perceived commercial
confidentiality by private sector developers/proponents can also have a significant
impact on public involvement. Legislative requirements for public consultation are
relatively limited and have been time-limited once proposals are made public. To
encourage public participation in assessment processes requires a willingness to
engage with people while proposals are developing and assessment is underway. At
the current time it seems more likely that participatory processes will be able to be
used where public sector development or regulatory functions are also involved.

6. Criteria for Effective Participatory Fisk Assessment

General cfiteria for increasing effective participation in environmental decision-making
processes within the Environment Agency are presented in 3]. These include issues
such as clarity of objectives, the clarity of the legal process, representativeness,
inclusivity and transparency. Often effectiveness has been defined in terms of the
outcome - particularly the legitimation of the decision. However, constructs of
'discursive' and 'deliberative'democracy demand a broader definition of effectiveness
which, rather than focussing on working to ensure that everyone will be happy with
the outcome unrealistic), concentrate on matching the 'right science' with the 'right
participation' [I II. Fairness' and 'competency' criteria 31, 32] have underpinned
many international evaluations of participatory processes. Also evident is the
importance of ethical and value-based dimensions 33] including the extent to which
a process is honest, equitable, impartial and respectful.

In practice, multiple methods of information provision, consultation and also
deliberation may be required if the overall effectiveness of a programme of
participation is to be considered. Matching methods to overall objectives, and the
adaptation of methods to meet local conditions or to enable a less costly method to be
used is likely to improve effectiveness.
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It is suggested that participatory risk assessment might provide for:
• Stakeholder and public engagement in the problem definition and framing stage,

including the identification of hazards, identification of information needs, and
definition of criteria relevant to the risk characterisation.

• Stakeholder, at least, (and possibly the public where local issues are important)
engagement in the hazard identification and risk estimation stages to allow for
questioning of technical assumptions, model use, and uncertainty management
and to ensure that all relevant infori-nation is available to the assessment process
or commissioned where missing.

• Stakeholder and public engagement in the risk characterisation stage.
• Open access to infori-nation relevant to the risk assessment process.
• Participation to act as a quality assurance mechanism in the risk assessment

process.
• Integration of the risk assessment with other assessments and with the decision

process (i.e. not just participatory risk assessment but a participatory decision
process).

A distinction is made here between stakeholders who may represent particular
interests (industrial, regulatory, conservation, etc) and the public who may be
representative of particular interests within a community, but who would not take
part in a participatory process as a representative of these interests, but as individuals.
The distinction is drawn to ensure that the right people are asked to participate to
meet the ob .ectives. The stress is placed on the importance of early engagement, inJ
the problem definition stage. Given the objectives of participatory risk assessment, it
is not evident that radically different criteria of effective participation are appropriate,
rather it is necessary to consider whether any additional criteria need to be included
to ensure that the staged process of participation suggested is effectively managed.

From our initial work, some specific criteria in relation to the risk assessment process
have also been identified as the following:
• Is there opportunity for participants to engage in the problem scoping - including

agreement on the definition of the problem and the issues which will need to be
addressed?

• Is there opportunity for participants to discuss likely data and information
deficiencies in the assessment process and to agree how these will be rectified?

• Is a formal process involved that allows for the concerns and values of participants
to be captured and recorded such that the criteria that will be relevant to the risk
evaluation are agreed?

• Are the technical experts involved able to communicate and explain complex
science and risk data, and willing to be open about limitations in current
knowledge?

• Does the process make a difference to participants in ten-ns of their understanding of
the issue and knowledge gained, in particular their understanding of the risk
assessment process and its role in decisions?
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• If the process leads to challenge to existing Agency risk assessment methods and/or
decision cteria is the Agency prepared to revisit these?

• Does the process lead to an ehancement of the Agencys credibility as an
environmental regulator and promote trust in its risk decisions?

7. Conclusions

The contributions to the risk debate from the social sciences are having considerable
influence on the practice of environmental decision-making. Calls for increased
stakeholder involvement 6,7,28,34] in risk decisions are requiring greater access to
and engagement with environmental risk assessments. Mechanisms for this level of
involvement, however, are not well defined. For these aspirational calls to be
realised in practice, decision-makers need to work alongside other stakeholders to
establish at what stages, and in what ways involvement can be meaningfully
incorporated. Future outputs from this work will help establish the practical
applicability of these mechanisms for the Environment Agency.
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i. introduction

Siting a nuclear fuel waste disposal facility is highly problematic for both technical
and non-technical reasons. The majority of countries using nuclear energy and many
in the scientific community favour burying the spent fuel dep in a stable geological
formation [1]. It is our contention that site selection of a disposal facility must
consider social, political, spatial and scientific perspectives in a comprehensive and
integrated fashion in order to achieve a successful process. Moreover, we submit that
people's values must be explicitly recognized and be taken into account through a
formalized process during deliberations on the disposal concept, the process of
evaluation of the concept, and the site selection process. The purpose of this paper
is: (1) to identify the importance of recognizing people's values in the process of
determining "public acceptability", 2) to outline a possible framework by which
public acceptability can be gauged through a formalized process of value elicitation,
and 3) to introduce a novel method by which a web-based geographic information
systems ("GIS") application can be used as a tool for value elicitation.

2. Background to the Problem Issue

In 1978, the Canadian Nuclear Fuel Waste Management Program (CNFWMP) was
established with Atomic Energy of Canada Limited (AECL) as the lead agency to
conduct scientific and technical research pertaining to the Concept (disposal in an
underground vault situated 5Om-1000m deep in the granite rocks of the Canadian
Shield). This program was divided into three phases: (1) Concept Assessment, 2)
Site Selection and, 3) Facility Construction. The Concept Assessment phase ended
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in 1997. AECL presented the results of its 19-year, $500 million research and
development program in the fon-n of an Environmental Impact Statement (EIS).

To evaluate the acceptability of the proposed concept, an Environmental Assessment
Panel (EA Panel) was established in 1988 to hold national public hearings 2 3.
The mandate of the EA Panel, unlike that originally given to AECL, encompassed
the social and economic aspects of the disposal concept in addition to scientific and
technical considerations. The lengthy series of scoping and public hearings
concluded in 1997 and resulted in a report released by the EA Panel in 1998. While
they deemed the disposal concept technically viable, the EA Panel concluded that
there is a lack of broad public support for implementation. Consequently, the Panel
suggested that considerably more work is needed on the "non-technical" aspects of
the disposal concept before the site selection process can proceed 4 The federal

7overnment concurred with the EA Panel's recommendation [5], and as a result the
CNFWMP has not progressed to Phase 11, Site Selection.

3. The Problem Issue

In the Panel's view, public acceptance was not achieved due to the fact that non-
technical aspects of the disposal concept such as social, political, and ethical
concerns were not adequately addressed in the EIS 4 In addition, we submit that
the evaluation process as a whole may have been perceived by many as inadequate.
As Murphy and Kuhn noted, the mandate given to the EA Panel explicitly excluded
debate on the merits of nuclear power in Canada 6 For many, these discussion
boundaries specifically prevented them from voicing their ethical concerns about the
continued generation of nuclear waste. In order to address their concerns fully and
adequately, they would have needed to discuss the necessity of nuclear power itself.
Such concerns are associated with their fundamental values. Consequently, a process
that failed to address the core values which people hold would be seen as illegitimate.
A flawed process can and often does lead to a flawed result.

As further support of our contention, we point out below certain aspects in the EIS
document which some may regard as failings either with regard to the substantives of
the disposal concept and/or with the concept evaluation process. The EIS and
background documents outlined a detailed site screening and evaluation process.
However, we identify a number of shortcomings:

i. The general framework for the siting strategy is imposed without the public
having an opportunity to discuss the overall approach;

ii. The initial siting process (i.e., site screening) starts with pre-defined
candidate regions without public input;
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iii. Initial public involvement consists of informing inhabitants of a region of
the plan to seek a site, followed by more two-way communication only with
potential host communities. The focus here is really local rather than
regional. Consequently, region-wide impacts are not addressed;

iv. At the community level, the emphasis of the interaction is directed at
negotiations to deten-nine conditions required by potential host communities
for their continued involvement in the process. Other affected communities
and residents (e.g. those along potential transportation corridors, nearby
First Nations) are excluded; and

V. The participatory process, as envisioned, does not easily accommodate a
collaborative process of multi-party dialogue wherein vastly different views
and perspectives from a wide range of stakeholders can be discussed and
addressed. An example is the consideration and incorporation of the
philosophy and views held by First Nations with respect to land resources,
and obligations to future generations.

4. The Need to Incorporate Public's Values

Attendance at the public hearings and analyses of the hearing proceedings resulted in
the realization that the failure to recognize people's vastly different values and the
lack of a formalized mechanism in the EA process to take these values into account
greatly contributed to the negative recommendation of the EA Panel. Moreover, one
of the unfortunate consequences of the EA process undertaken is that it is difficult, if
not impossible, to ascertain whether there is a lack of support for the concept, the
process used to evaluate the concept, or both? The aswer to this question is critical
because it suggests where Canada should focus its efforts.

We re-iterate the point introduced in another conference proceeding 7] that to assess
public acceptability of a value-based matter, it is necessary to incorporate a value
elicitation [8]. In the nuclear waste disposal context, public acceptability of either the
Concept or of the concept evaluation process cannot be achieved without examining
people's values because nuclear wste disposal in Canada is primarily a value-based
dispute.

The values held by people guide their analysis of situations in terms of fundamental
issues such as fairness, justice, moral and ethical behaviour, and our relationship
with, and obligations to fellow human beings, animals and the environment.
Differing values place people at different points of perspective on any given issue
right at the outset and may diverge further as debate continues. It is small wonder
then that people arrive at vastly different and often, diametrically opposing,
standpoints even though all are dealing with the same set of facts. In the same way
that the EIS evaluated the various physical, health and social impacts of the disposal
concept, a mechanism needs to be incorporated into such an assessment to evaluate
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explicitly "public acceptability" by examining people's values. Moreover, we submit
that a value elicitation component should be incorporated into every environmental
assessment that is primarily a value-based dispute.

In order to incorporate a public acceptability mechanism into the EA process of
Canada's used nuclear fuel waste disposal concept, it is essential to assess the values
that are at interplay, their role and their frequency. Thus, we propose the following
seven-phase value elicitation mechanism to evaluate public acceptability.

(1) Phase I.- Information Dissemination. Before the process commences,
information about the process and concept should be disseminated to the public
to facilitate full and effective participation.

(2) Phase H: Value Elicitation and Mapping. Members of the public should be
provided with the opportunity to express their values, which would be used to
create a collective value map.

(3) Phase III: Value Representation. The group of representatives that is selected
should reflect accurately the collective value map.

(4) Phase IV: Negotiations. The representatives should determine through
negotiations what needs to be examined in order to understand how the values
that they hold are relevant to the concept.

(5) Phase V Negotiated Actions. Agreed upon actions should be undertaken to
examine how particular values are relevant to the concept.

(6) Phase VI: Public Hearings. Having been provided with infon-nation about the
potential impacts on particular values, there should be another value elicitation
hearing for members of the public to express their values on the acceptability of
the concept.

(7) Phase VI: Recommendations by EA Panel. The EA Panel should explicitly
describe how the public's values affected their decision and how the value
elicitation component relates to the entire EA.

The mechanics of such a process a-re described in our companion paper "Integrating
Effectiveness, Transparency and Fairness into a Value Elicitation Process" in these
proceedings.

5. Inferring People's Values Through Web-Based GIS

Gaining insight into the wide range of values that people hold is critical for an
understanding of the position people take on particular issues. However, the
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elicitation of these values is very challenging. We submit that a web-based GIS
application may be used as a tool to infer some of the underlying values held by the
public. A web-based GIS application, specifically designed to allow members of the
public to conduct their own siting exercises on computers can contribute to the
process of value elicitation in a unique way. By providing the public with this tool,
potential siting preferences can be revealed through choices of siting criteria made by

the public.

Since each individual's preferences are recorded in a central database, analyses of this
information could yield valuable insights. Inferences made from these analyses may
be used as surrogates for non-technical factors such as dread, feelings of
stigmatization, perspectives on the proper use of resources, views on sacredness of
land, etc. - the very factors that are critical in deten-nining the success or failure of
siting but for which it is very difficult to obtain data. To our knowledge, this method
of ascertaining "revealed preferences" has never been attempted before and would
constitute an advance in tackling an extremely difficult problem. This idea is
described in more detail in another companion paper "Enabling Participatory
Decision Making and Inferring People's Values Through Web-Based GIS" also in

these proceedings 9].

6. Conclusion

In order to assess effectively the public acceptability of Canada's nuclear waste
disposal concept, we submit that such a process must examine the underlying values
that are held by the public. Moreover, the evaluation process of Canada's concept
demonstrates that an acceptable process is a pre-condition for an acceptable result,
although such a process does not necessarily guarantee an acceptable result.
However, the consequences of a flawed process can be very significant, as shown by
Canada's experience. This paper also provides a brief overview of a value elicitation
process that, in our opinion, could be used to assess the public acceptability of the
Concept. We also describe how a web-based GIS application could be used to infer
some of the underlying values held by the public.
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1. Introduction

The problem of bringing all stakeholders on the scene to penetrate an issue of great
complexity is not unique for nuclear waste management. There are an increasing
number of site selection processes for disposal of nuclear waste around the world.
During the 90's many of these siting processes have gone into a more decisive phase
where public participation and transparency get more and more attention.
Municipalities, NGOs and the public do no longer accept ready-made solutions but
have legitimate claims to be part of the decision making and siting processes at an

early stage.

The attempts to increase the level of transparency and public involvement differ from
country to country and depend e.g. on culture, history and societal conditions as well
as on the precise phase in the siting process. However, many processes include public
hearings as one tool to enhance transparency.

In general, Sweden has not a long history of using hearings in decision making. In
the area of nuclear waste management and disposal hearings have so far been rarely
used. In 1997 and 1998 two public hearings were arranged by the Swedish Nuclear
Power Inspectorate, SKI, in conjunction with the licensing of the enlargement of the
Central Interim Storage for Spent Nuclear Fuel, CLAB. These hearings showed that
hearings could improve the decision making process. This conclusion was also

Presently with the Ministry of the Environment, SE-103 33 Stockholm, Sweden
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supported by the results of the so-called RISCOM Pilot Project, jointly launched by
SKI and the Swedish Radiation Protection Institute, SSI, in 1996.

In 1999 SKI and SSI decided to include hearings as a component in the review of the
implementing organisation's (Swedish Nuclear Fuel and Waste Management Co.,
SKI3) proposal of candidate sites for a spent nuclear fuel repository. After a short
introduction to the current status of the Swedish siting process the development'and
implementation of these hearings are discussed and finally some preliminary
conclusions are made.

2. Current status of the process for siting a spent nuclear
fuel repository

The main alternative, KBS-3, for disposal of spent fuel involves emplacement of fuel
elements in copper canisters (corrosion resistance) with cast iron inserts (mechanical
strength). The canisters are embedded in bentonite clay in individual deposition holes
at a depth of 400-700 in in the bedrock.

Six municipalities are currently engaged in SKB's programme for siting a spent fuel
repository. The studies have so far been based entirely on existing material; i.e. no
new drillings have been made. In December 2000 SKB proposed three candidate
sites for careful site characterisation, including extensive drilling programmes.
SKB's proposal is currently (December 2000 - May 2001) being reviewed by SKI,
SSI and about 60 other organisations, including municipalities, County
Administration Boards, NGOs, government agencies etc. The review is coordinated
by SKI and SKI plans to submit a report to the Government in June 2001 for
necessary decisions. It should be stressed that site investigations do not require a
fon-nal licensing. In practice however site investigations is a major step in the siting
of a repository. It is a common opinion among municipalities and many other
organisations that clear statements regarding both the proposed disposal method and
site selection are needed from the SKI, SSI and the Government. The reason is of
course that disposal of spent nuclear fuel is a national interest. It is thus not
considered reasonable for a municipality to commit itself to a repository, or even site
investigations, without national support. Thus, the regulatory review of SKI3's
proposal and the expected governmental decision will be an important basis for
municipal decisions to participate in site investigations.

Following the site investigations one site will be selected for detailed
characterisation, which in practice means construction of a first part of the repository.
Detailed characterisation requires a license from the Government, based on extensive
regulatory review. A licence application might be submitted in the period 2007-2010
and initial operations of the repository could then start in 2010's.
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3. Hcarings

In 1999 SKI and SSI decided to include public hearings in the review of SKB's
proposal of candidate sites for site investigations. Hearings are not mandatory in the
Swedish legal framework. It was thus necessary to develop a format for the hearings
which could be beneficial to the authorities, municipalities, SKB and, to the extent
possible, also to other interested parties. In 2000 SKI and SSI started a research
project for developing a suitable hearing format, and engaged in dialogue with SKB

and the municipalities.

3.1 Objectives and challenges

The Government's decision in January 2000 on SKB's latest research programme
identified two areas of special interest for the hearings. SKB was requested to
improve and complement the analysis of alternative methods for the management and
disposal of the spent nuclear fuel (systems analysis), with emphasis on a clear and
transparent presentation of the main alternative, KBS-3. The second area relates to
the site selection. SKB was requested to present the basis for selecting sites for site
investigations and to further develop the programme for the investigations. In
December 2000 SKB presented the material to the authorities for review. As the
hearings are part of the authorities' review, the scope of the hearings was defined
according to the Government's decision, i.e. disposal method and proposed sites for

site investigations.

It is well known that hearings may lead to strong polarisation between stakeholders,
e.g. opposition groups, municipalities, industry and authorities. The main challenge
for SKI's and SSI's preparatory project in 2000 was to develop a hearing format,
which minimises unnecessary polarisation. Another task was to discuss the hearing
format with both SKB and the municipalities, and to make necessary local
adjustments. To achieve this it was decided to have hearings at each site proposed for
site investigations, and to set up a reference group with representatives from the
municipalities. It should be noted that SKB had not presented their candidate sites
before the preparatory work. Thus, the reference group consisted of all six
municipalities which were engaged in SKB's siting process.

3.2 Methodology, planning and programme

The RISCOM-model
The starting point for the development of the hearings was the RISCOM-model,
which had been developed by SKI and SSI in an earlier research project. The
RISCOM model claims that all issues raised in the interaction between a nuclear
waste management Organisation and various stakeholders can be brought back to
claims of truth, legitimacy and authenticity. It is suggested that these three aspects
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are equally important in the decision making process and should be evaluated as
separate entities.

The RISCOM project introduced the concept of stretching to emphasise that
transparency requires that SKB's environment is sufficiently demanding and that
SKB can be challenged from different angles. SKI and SSI have the opinion that an
important task for the regulators is to assist the municipalities in this stretching. The
regulators should thus act as the "people's experts" in the process. However, the
factual statements and the values held by the regulators also need to be evaluated by
the public as well as their authenticity.

In summary, the RSCOM-model implies that both SKB and the regulators should be
stretched at the hearings, and that both factual and value-laden issues should be
addressed. It was considered particularly important to involve the authorities in the
hearings on the disposal method, since the method has been reviewed several times
over the last 20 years and since the regulatory criteria is part of the basis for the
development of the method.

Target group
The primary target group for the hearings was the municipalities since they, at a later
stage, will decide whether to participate in site investigations or not. All
municipalities engaged in the siting process have formed reference groups for
monitoring and reviewing SKB's studies, and for building local competence and for
preparing municipal decisions. Typically, the reference groups consist of politicians,
representatives from the local administration and various interest groups (e.g. abour
unions, local trade and industry, and environmental groups). The municipalities are
thus well prepared and have the knowledge necessary to adjust the hearings to local
needs.

As mentioned above all municipalities were represented in SKI's and SSI's reference
group for planning the hearings.

Programme
Each hearing lasted for two days, with late afternoon and evening sessions to
encourage the public's participation. The programme did not require continues"
presence but was divided into fairly independent sessions.

The two main topics for the hearings (disposal method and site selection) are quite
different in nature. Consequently it was decided to have different approaches for the
two topics. The first day was dedicated to the disposal method and consisted of three
parts:

- a short seminar with presentations from the authorities and SKB
- working groups to prepare questions for the actual hearings (neither SKB

nor the authorities took part)
- hearings of SKB and the authorities based on the questions prepared in the

working groups and with questions from the moderator.
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The second day was focussed on the site selection and was more like a traditional
hearing. SKB shortly presented the rationale for selecting the three sites, and the
moderators asked questions and invited the audience's questions.

Three hearings were held in February 2001 with a total of about 200 participants (not
counting representatives from SKI, SSI and SKB), which is considered quite
successful.

In total about 70 questions were formulated in the working groups and followed by
a number of questions from the moderators and the audience. All written questions
have been answered, either at the hearings or in writing afterwards, e.g. answers have
been published on SKI's web site.

Early in the planning it was recognised that the choice and role of the moderators
would be critical for the outcome and credibility of the hearings. One of the
moderators is a science journalist with a background as geologist and has followed
the Swedish nuclear waste programme for about ten years (with no commitments to
any stakeholder). The second moderator is a sociologist with no previous
involvement i the nuclear waste programme. The capacity of the moderators to
collect and formulate questions from the audience was of particular importance. It is
believed that the use of unbiased and highly skilled moderators was crucial for the
outcome.

4. Conclusions

SKI and SSI strongly believe the effort was worthwhile and that hearings will
continue to be used in the nuclear waste programme. The hearings provided a forum
for local stakeholders to pose questions and stretch both the implementer and to some
extent also the authorities. The hearings managed to focus on relevant issues at this
stage of the siting process and gave the audience a chance to evaluate and challenge
the trustworthiness of the implementer and authorities. In this respect the hearings
contributed to transparent and democratic decision making.

Some of the keys to the success were:
Unbiased and skilled moderators with capacity to treat all types of questions

with equal, non-judgemental interest
- Working groups to formulate questions gave the participants time for

reflection and discussions without dominance by e.g. the implementer or the
authorities. It is likely that many participants appreciated the possibility to
be anonymous and channel questions through the moderators

- Well defined scope of the hearings developed in dialogue with the
municipalities

- It was clear that the authorities were the owners of the hearings and that the
outcome would be included their review of SKB's programme
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The early involvement of the municipalities in the planning process was
essential since the hearings were held in the areas proposed for site
investigations

In the further development of hearings in the Swedish nuclear waste programme a
number of issues will have to be considered. The now completed hearings were
essentially based on the public's questions and concerns. In the future it may be
considered to also arrange hearings on an "expert level". It should however be kept in
mind that the municipalities are experts on local circumstances and must be involved
since the imediate impact of a repository is local.

It could also be advantageous to have hearings in two phases. The first phase should
then be focussed on the implementer, e.g. on material submitted to the authorities for
review. In this phase the authorities should present e.g. criteria for the review.
Following this hearing the authorities should review the implementer's material and
present a preliminary review report. The second phase of hearings should then focus
on the authorities' review report and possible supplementing submissions from the
implementer. It is believed that this could be particular relevant in situations where
important municipal decisions are to be made.

Another and perhaps the most challenging issue, which is not unique to nuclear waste
management, is how to involve the public and concerned citizens in hearings and
decision making in general. This cannot be solved by the authorities, or any other
central rganisation, but has to be addressed in collaboration with the municipalities.
It is thus believed that the authorities' must engage early and extensively in the
municipalities, and to "act as the people's experts".
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Abstract

The paper presents results from the "Communication 2000" project within the Nordic
Nuclear Safety Research (NKS) framework which aimed at developing methods as
well as nowledge related to problems in risk communication. Focus groups and
questionnaires were used to explicitly pinpoint the problems encountered when
informing about or discussing risk and technologically advanced information (e.g.
PSA-results) relative the public and across professional groups with different types of
expertise. Personnel at a nuclear power plant and politicians of a local safety board
provided their views of essential communication problems related to their work tasks
in focus group discussions. Central topics that emerged from these discussions were
later used in a questionnaire study, distributed to similar groups of power plant
personnel, and politicians and administrators, in the local community. Some results
are presented, together with a comparison of the two modes of investigating what is
problematic in risk communication (e.g. focus groups vs. questionnaires). The
difficulties involved in establishing a similar understanding of a phenomenon is
addressed in the discussion.
Key words: risk communication, problems, understanding, focus groups, indices

1. Introduction

The project was initiated in consideration of a specific event in 1998 where results
from a probabilistic safety analysis (PSA) related to a Swedish nuclear power plant
(02) was unfavorably compared to PSA results of a Lithuanian nuclear power plant
and published in the media. The headlines and articles caused concern at the national
level, and especially in the local community of Oskarshamn where the nuclear power
plant in question is situated. Politicians of the local government, and specifically the
members of the local safety council, were suddenly and rather forcefully faced with
complex technical questions involving PSA results and risk comparisons, as well as
questions about their work regarding the reliability and safety of the local nuclear
power plant.

The background to the media event was a standard report from the plant to the
Swedish Nuclear Power Inspectorate (SKI) which included the PSA results. The
documentation was written by experts for experts, although publicly available in
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accordance with Swedish law. A free lance journalist used the material and compared
the PSA results to data available from the Ignalina nuclear power plant, drawing the
conclusion that the risk for an accident was significantly higher in the Swedish plant.
The event, which subsequently was denoted a "non-event", stimulated further interest
and activity, among others a Nordic Nuclear Safety Research (NKS) seminar in April
1999 and continuous discussions of the Local Safety Council in Oskarshamn. The
current project became one of the subsequent concrete initiatives. It aimed at
developing a better understanding of what specific circumstances, factors and issues
that are experienced or perceived to be essential in problematic information and
communication situations related to nuclear safety. Points of departure included
finding descriptions or tools to further elucidate on perceived problems per se, i.e. to
pinpoint their core substance and to investigate their contexts or relationships to other
circumstances. The idea was to investigate to what extent it was possible to isolate or
,.crystallize" specific problem matters from the vast area of potential, or fuzzy,
problems related to communication. The defining of the crystallized problem themes
would be put to empirical evaluations and tests of reliability as well as discussed with
respect to face validity in a seminar. It was assumed that such close scrutiny of
perceived problems would facilitate overall understanding as well as guide future
work on developing concrete improvements with respect to nuclear safety
communication. It was also assumed that involvement of nuclear power personnel as
well as politicians would facilitate a description of different perspectives, motivations
and reactions to identified problems [11, as well as provide an adequate context
against which problems in risk communication across different expert groups may be
highlighted. A steering principle of the project was to facilitate future enhancement
of transparency with respect to communicated contents as well as forrns as
generalized from ideas in earlier work on decision making and public participation
[2,31.

2. Method

2.1 Aim and design of the study

The project included two phases. First, discussions in (two) focus groups, each
including 012 persons from the nuclear industry and the local safety council.
Second, a data collection in two waves based on a questionnaire, and somewhat
larger samples of participants from the nuclear industry and the area of community
politics and administration. The discussions in the mixed focus groups followed a
semi-structured agenda covering information and communication aspects related to
e.g. organizational frameworks, knowledge requirements, content and presentation of
information, image and personality factors. The discussions aimed at collecting
examples of what was experienced as difficult or problematic areas or contexts in the
communication of nuclear safety issues. This material was intended to provide the
specific themes to be evaluated in the subsequent work. Following the questionnaire
data collection the participants were invited to a seminar discussing the results.
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In the questionnaire part of the study it was possible to ask for quantitative ratings of
isolated problems, situations and characteristics. Such items were to be treated as
"building blocks" in the further analyses, including reliability tests of the novel
constructs, and estimates of their importance within the groups, their interrelations,
etc. The questionnaire also included a number of open ended questions that had
emerged from the focus group discussions.

2.2 Samples and Participants

Contacts within the Nordic Nuclear Safety Research (NKS) project were helpful in
the sampling of relevant personnel groups and individuals at the nuclear power plant
in Oskarshamn (OKG). Participants worked primarily in the area of probabilistic
safety analysis or with closely related tasks. The local government of Oskarshamn
includes a group of persons responsible for nuclear safety issues at the political level
in the community, i.e. the local safety council, and representatives of this group
agreed to participate in the project. These two "core groups" of experts were involved
in the entire project, but the questionnaire part also involved additional individuals
from the nuclear power plant and the community's political and administrative top
leadership. All participants (N=42) were in some way working with tasks related to
nuclear safety.

2.2 Data Collection: Discussions and Questionnaires

The discussions of the focus groups were framed within three major areas: the
organizational framework (e.g. work organization and tasks, decision pathways, egal
responsibilities, etc.), infort-nation content aspects (e.g. nowledge basis for work or
information, terminology and choice of expressions, etc.), and personal image (e.g.
roles of the communicators, expected behavior, attitude, use of language, etc.). A
central question in the discussions was "Which problems could be identified?"
Topics and situational characteristics that emerged were subsequently summarized
and put into the questionnaire for evaluation.

The questionnaire was structured into five parts: (A) The handling of problematic
situations, where the respondents were asked to rate 22 situational descriptions, on -
point scales, as to how easy or difficult they would be to handle. For example, "to
follow reasoning that involves unfamiliar expressions" and "to show patience when
under stress". (B) Problems in information transmission (including communication),
where the asked for ratings on 5-point scales concerned how usual or unusual the
given descriptions were in one's work situation. For example "there exists
uncertainty regarding who is responsible for information distribution" and "available
information is not distributed". (C) Ways to improve communication was another
part asking for evaluations of to what degree active efforts in the described ways
would lead to an improved communication situation regarding nuclear safety issues.
Each of the 16 items were rated on a 5-point scale ranging from "not at all" to "to a
very high degree". Examples are: "Clarifying the relationship between absolute and
relative risk" and "Development of more effective feed back systems for information
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between the local nuclear power plant and the local safety council". (D) The
background variables asked for e.g. work area, type of expertise and work task
requirements. There were also three questions about knowledge about the work of the
local safety council, the local power plant's nuclear safety work, and the communal
work regarding a possible, future high level waste repository. (E) Open ended
questions (approx. 14) covered three pages of the questionnaire, including the space
for self produced answers. A first wave of data collection asked everyone the same
questions, e.g. "Can you explain what PSA-results mean?" and "How should an ideal
information communicator work in your opinion?" In a second data collection wave,
however, some open ended questions were asked to everybody whereas others were
asked of each of the respective participant groups.

Examples from the qualitative and quantitative results are given below. The
quantitative items remained the same in both data collection waves, and results
presented from these pans are based on one, merged data set.

3. Results

A potential communication problem identified in the focus group discussions was
who should provide information (especially relative media and the public). Should it
foremost be a well-known role figure or a person with expertise knowledge required
for answering questions within a specified area? In the former case it might be
possible to make use of, or develop, trust on the basis of e.g. familiarity or a person's
reputation, whereas there might be a risk of less satisfactory answers in specific
expertise domains. In the latter case, specialized experts could provide more solid
explanations to area specific questions, but the use of a variety of experts might
present a less coherent image of an organization or may, in some circumstances,
influence multiple interpretations of what should be explained. The respondents'
views on this matter in the questionnaire varied somewhat, but they normally
underlined that information should be given by expertly knowledgeable people, thus
either by experts trained in communication or by "teams" where area specific experts
were immediately available in e.g. media interview situations. It was noted that
expectations and requirements of information vary due to the type of situation, and
that a ood long-term investment might be to dwell on information issues well in
advance of incidents or acute information situations. It was also noted that the
Nuclear Power Inspectorate is an excellent source of information, evaluations and
expertise, for e.g. the local safety council, to corroborate their role in that context as
the ocal society's independent guarantor of nuclear safety.

A major problem related to information transmission was the sheer volume of
materials available or received. The issue of how to make priorities therefore quickly
became salient in the discussions, especially for non-technical experts, who might
chose their readings from the pile of decipherable materials rather than from the total
volume of inforination. Thus, the discussion underlined the importance of making
clear what information is worthy of attention, and to provide some ideas or tools for
the facilitation of sorting information materials with respect to importance.
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A well known, but nevertheless difficult, problem is that of language use and the
choice of ten-ninology. It is a multifaceted problem, however, since it concerns the
use of words in the range from everyday language to highly domain specific
terminology, as well as the use of words which have rather "exclusive" and well
defined meaning to constructs which mean different things in different contexts or
scientific disciplines. The discussions noted at least two difficulties: (a) the problem
of understanding reasoning which requires prior knowledge or skills (e.g. probability,
PSA-analysis, 10-6 , etc.). And (b) the problem of not being aware of not
understanding that a commonly used term should be interpreted within a specifically
defined framework (e.g. risk, system, etc.). Knowing that one does not understand
seems easier to react to and to act upon than finding certain reasoning just incoherent
or simply non-problematic. A similar problem may have been the cause of the
project, i.e. it is not immediately obvious that numerical results from the same type of
analyses (i.e. PSA) cannot be compared regarding safety evaluations across selected
reactors. The results based on the quantitative ratings (below) will here focus on the
identification of "building blocks" i.e. themes or indices, with respect to the rated
situations and problems, but a few of the single items are presented in the tables as

well.

Table 1. Mean values and standard deviations of ratings of 10 statements with respect to how
often they occur in information transmission within the work situation, groups of nuclear
power personnel (NPP) and politicians/administrators POA.

NPP POA

Statement M SD M SD

Not all concerned are given important information 2.46 1.00 3.09 1.32

It is unclear who is responsible for information transmission 2.29 0.98 2.77 1.24

The problem is difficult to explain in a comprehensive way 3.14 1.18 2.85 0.80

Routines are missing for the handling of unexpected or

unusual events 2.57 1. I O 2.85 0.99
The wrong persons make statement, 2.37 0.63 2.62 1.19

Information leaks cause problems* 1.89 0.75 2.59 1.31

No familiarity with the way media works 3.46 0.92 3.38 1.1 2

Some use misunderstandings to their own advantage 2.82 1.16 2.69 1.18

It was impossible to predict a specific situation 2.82 0.82 2.92 1.12

Available information was not distributed 2.46 1.00 3.00 1.41

Scale: I ="Very unusual" 2="Rather unusual", 3="Neither unusual, nor usual", 4="Rather usual",

5="Very usual". * Statistically significant difference between the groups p<0.05.

The results showed that the more prominent problems were a) not being familiar with
the way media works, b) to explain a problem in a comprehensive way, and c) that an
encountered situation was impossible to predict. The least problematic situation, as
shown by the mean values, was the only one among the ten provided statements that
resulted in a significant difference between the groups, i.e. that information leaks
cause trouble. This type of circumstance was rated as less problematic in the group of
nuclear power personnel as compared to the group of politicians and administrators.
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The situations perceived as especially difficult to handle were a) to explain a point at
issue in front of national TV cameras, b) to find the time to enter deeply into a
subject area one needed to have knowledge about, and c) to give a review of risk
problems at one's area of work. Although the mean values of the ratings normally
ranged between "rather easy" and "neither easy, nor difficult" there were a few
substantial differences between the groups. The politicians found it significantly
more difficult to understand mathematical formulas and expressions (m=3.62 vs.
2.57, p<0.001) than others, and the nuclear power personnel found it significantly
more difficult to present selected issues in front of a larger group of the general
public (m=2.86 vs. 200, p<0.001).

Among the suggested initiatives that could improve communication about nuclear
safety issues, the need for descriptions of nuclear technology activities provided in
easily understandable language was rated highly in both groups, together with the
need to develop measures which would increase the trustworthiness of risk
information, and the education of various kinds of technical experts to become good
information providers. The group of politicians emphasized more than others the
need to clarify the responsibilities of various actors regarding providing media and
the general public with information (m=3.57 vs. m=2.46, p<0.001).

On the basis of the ratings within the three main areas of the questionnaire several
indices were constructed. See Table 2.

Table 2 indices based on the three parts of the questionnaire, number of included items, and
internal consistency of the indices (Cronbach's alpha).

Part of the questionnaire Name of index No. of items Cronbach's alpha

Problems in information transmission* Structural problems 6 0.753
Human problems 4 0.707

Handling ituations# Communication ability 7 0.956
Competence 5 0.716
Ability to synthesize 4 (.809
Context uncertainty 3 0.671
Bridging ability 3 0.741

Ways to improve the com. situation+ Understanding and clarity 7 O.K45
Relations and context 4 0.719
Development and feedback 5 0.834

Scale: =ery uncommon, 2= Rather uncommon, 3= Neither/Nor, 4= Rather common, 5= Very
common. Scale: I =Very easy, 2= Rather easy, 3= Neither/Nor 4= Rather difficult, 5= Very difficult.
+ Scale: 1= Not at all, 2 To some extent, 3= To a rather high degree, 4= To a high degree, 5= To a very
high degree.

The items which concerned information transmission (see also Table 1) could be
summarized in two indices, i.e. structural problems and human problems. The overall
ratings of politicians and administrators were often somewhat higher than for the
nuclear power personnel, but rarely significantly different. Regarding the five indices
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based on 22 items related to handling problematic situations, the group of politicians
and administrators underlined "competence", whereas the plant personnel provided
somewhat higher ratings on the remaining indices. The only significant difference
between the groups, however, was their emphasis of effects of context uncertainty, as
compared to politicians and administrators (m=2.88 vs. m=2.27, p<0.01). The three
indices of the third part of the questionnaire summed up possible ways to improve
communication, i.e. by increasing understanding and clarity (e.g. systematic
development f knowledge, clarity in the use of language, etc.), and development and
feedback (e.g. training of experts to good communicators, improved contacts with the
media, better feedback systems for infort-nation, etc.). Table 3 presents Pearson's
correlation coefficients for the two participant groups separately. It can be seen that
in the group of nuclear power personnel (below the diagonal) there were positive
relationships between perceptions of "structural problems" and the indices of "human
problems", "ability to synthesize" and "bridging ability". There were positive
relationships between perceptions of "communication ability" and three of the other
indices related to the handling of problematic situations (i.e. ability to synthesize,
context uncertainty, and bridging ability). Within the group of politicians and
administrators on the other hand (above the diagonal) there was no significant
relationship between perceptions of "structural problems" and "human problems",
and perceptions of "communication ability" covaried with the indices of
"competence", "ability to synthesize" and "context uncertainty".

Table 3 Correlation coefficients between indices within the group of politicians and
administrators (above the diagonal) and nuclear power personnel (below the diagonal).

Index# 1 2 3 4 5 6 7 8 9 10

I LM .19 .25 .35 -.(X) -.12 -.06 .16 .39 .22

2 .53*1: LM .41 .51 .13 .42 .44 -.03 -.04 .06

3 .27 .16 EM .761:1: .61 * .79*1: .10 -.17 -.07 -.1 1

4 .16 .15 .12 1.00 .34 .72 .06 .25 .23 -.02

5 .52" .27 .54** -.(X) LM .58 .34 -.06 -.05 -.24

6 -.19 -.34 .4917 .09 .12 IM .38 M M -.1 1

7 .39* .11 .42:1 .42* .45* .24 LM -.02 .03 -.12

8 -.(9 .30 -.15 .27 -.25 -.07 .05 1.00 .90 .67

9 .15 .30 M .14 -.09 -.16 .02 .52 LM .76

1( .(I .3817 -.15 .26 -.14 -.12 .17 .68 .57 LM

(1) Structural problems, (2) = Human problems, (3) = Communication ability,

(4) = Competence, (5) = Ability to synthesize, (6) = Context uncertainty. (7) = Bridging

ability, () = Understanding and clarity, (9) = Relations and context, ( 10) = Development

ancifeedback.

It should be noted that the current results are generated from a rather small data set
and that specific correlations or differences may fail replication in future analyses.
The results tended, however, to accentuate expected differences in expertise
regarding technical knowhow and enjoyment of social situations, i.e. nuclear power
personnel expressed less problems regarding technical content and understanding of
scientific issues and more problems or uneasiness with respect to presenting
information in social contexts or in situations described as high in context
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uncertainty, whereas the opposite tendencies could be discerned in the group of
politicians and administrators. Furthermore, there were a few interesting differences
in the relationships between the indices within the respective groups. The results
furthermore showed that the questions elicited from the focus groups could be used
as items in further analyses to provide reliable indices reflecting components of
problems in infon-nation and communication settings. A few central topics are
discussed shortly below.

4. Discussion and Conclusions

The focus group discussions of approximately 23 hours provided an ample platform
to elicit examples and experiences from which to construct a review of problems
encountered in daily work. It is hard to conceive the results had these discussions not
taken place. The forum also introduced several of the participants to discussions
where experiences and problems could be shared and pursued towards potential
solutions. The method was appreciated in both groups of participants, ad especially
the iportance of personal encounters across expert fields were commented upon.
The interaction is important for increased awareness of the different perceptions of
risk that are usually encountered in studies of experts and the public 4,51. Awareness
of various existing perspectives would also enhance communicative alertness, and
stimulate increased transparency. The resulting indices could provide a starting point
for the building of a more comprehensive and systematic tool to improve existing
communication standards within and between organizations. The indices resulting
from the study seem to indicate that it is possible to distinguish between, and to
classify into reliable constructs, various aspects of the "soft" prerequisites, values and
components of communication. Such a refined tool could be functional for e.g.
descriptions of organizational functioning, identifying knowledge gaps, or in the
training of communication skills. The overall conclusion of the study is that it seems
feasible to continue the search for reliable constructs for a better understanding of
various interacting parts of the communication process. Focus group discussions are
instrumental in the elicitation of experienced problems.
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1. Introduction

This contribution is an extension of work done in the context of the RSCOM Project
(1 2 3 Its aim is elaborating communications requirements between citizens,
experts and politicians in order to increase the transparency of decision processes. In
RISCOM transparency was defined in the following terms: In a given policy area,
transparency is the outcome of an ongoing process which increases the stakeholders'
appreciation of related issues and provides them with channels to stretch the
implementer to meet their requirements for technical explanations, proof of
authenticity, and legitimacy of actions. Transparency requires a regulator to act as
guardian ofprocess integrity. This definition was tentatively applied to the Swedish
Nuclear System, with particular emphasis in nuclear waste management. This paper
elaborates further some of the components of the above definition, in particular it
explores the factors which influence the boundary judgments for the policy area
under consideration, the resources and communications required to increase the
stakeholders' appreciation of this policy area, the design of channel capacity to
stretch the implementer and the resources and organizational processes required to
increase the quality of the interactions between experts and policy makers.
Underpinning all the above elaborations is the consideration that transparency
requires resources to support the self-regulation and self-organisation of stakeholders
and experts in a context that clarifies and enforces the ethical concerns of society.

In this paper I first discuss a set of key concepts that are used to elaborate the idea of
transparency. Next I discuss the idea of a policy issue as an rganisation involved in
the social articulation of its meanings. In particular I explore means to influence the
boundaries of these meanings based on wide social debates rather than exclusively
on expert debates. The argument is -rounded in the need to bootstrap the production
of these meanings in effective organisational processes. The aim is to open
interaction spaces for stakeholders, experts and politicians in such a way that they
can contribute to the best of their abilities to the articulation of the policy issue. In
the end this is the meaning of transparency offered by this paper.
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2. Organisation: Identity and Structure

Perhaps the fundamental idea underpinning the concept of transparency in this paper
is that the meaning of a policy issue, the way it is construed and appreciated by
relevant participants, emerges from the identity of the rganisation producing this
issue in the day-to-day. Moreover, I argue that the link between meaning and identity
-the quality of this link- is given by the structure of the entailed rganisation, that is,
the structure producing the policy issue. To make sense of these propositions I need
to clarify some of these concepts. This is what I do next.

I see an organization as a closed network of interpersonal relations producing a
whole, with its own identity and structure 4). From this definition it is apparent that
I'm using rganisation in a communicational sense rather than in an institutional
sense. This point is further discussed below. Closure is fundamental to the
emergence of an rganisation. An rganisation is the outcome of recurrent
interactions creating, regulating and producing products and meanings in people's
day-to-day experiences, beyond the rational discourse of policy makers'. A complex
network of interactions achieves closure whenever communications produce loops of
mutual influence between the resources creating, regulating and producing these
products and meanings. The three aspects come together when those in these
interactions produce ransformations of one kind or another in the world. They a-re
actors creatine and producing meanings in shared interaction paces moment-to
moment. Comparing their own appreciations of these transformations with those of
stakeholders-should actors have these observational capabilities- allows them either
to adjust their espoused meanings, to make them more consistent with the
stakeholders' awareness of the situation or change their relations in order to produce
transformations that bring the stakeholders' appreciations closer to their intended
meanings. This is a mechanism to achieve desirable properties like transparency in a

collective.

However imperfect, I hypothesise that there is an rganisation wherever and
whenever there are loops of mutual structuration as explained above. In other words,
there is an rganisation wherever and whenever meanings and real world
transformations are producing each other 2. But it is only when these self-organising
processes are related to self-awareness and self-reference that actors are, if they have
the necessary resources, in the position to produce desirable properties like

transparency.

1 These meanings are often mediated by products and services, however I'm

accepting
in this definition the possibility that the interactions may produce beyond them
intangibles like love, trust, comfort, security...

2In co-evolution with multiple other organisations emerging in the same way.
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An rganisation has identity and structure. The forms of interaction of those
producing the organisation's transformations (i.e. actors) define its identity. These
forms are the outcome of recurrent interpersonal interactions, which are conserved in
spite of environmental disturbances and the always-present possibility of actors'
defection. These forms are relational aspects tat actors conserve even if particular
individuals come and go. They are far more than the psychological recognition of
belonging to a group; they are relationships that emerge among the members of a
collective as their interactions produce a transformation. From these relationships
values of all inds may emerge, fom negative ones like unfairness, to positive ones
like respect for each other and transparency. It is apparent that these values are more
than formal declarations of purpose and intention; they emerge from the actors'
moment-to-moment interactions. An organisation's identity emerges from these
relationships.

The relations of particular actors producing the rganisation at a particular time or
epoch define its structure. Relations are particular embodiments of relationships,
supported by existing resources. For instance a hierarchical relationship can have
multiple embodiments in different circumstances; the same relationship underlies
multiple relations. These relations are stable interactions that allow people and other
resources to operate together.

It should be apparent from the above that an institution, in the sense of a formal
legally established collective, does not necessarily have the requisite rganisation for
its intended policies. For instance, the ministry accountable for nuclear waste
management is unlikely to have itself the rganisation to produce in the ground the
related policies. There will be several other institutions, some of them responsible for
their regulation, others responsible for their production, all together producing one
way or the other the rganisation creating, regulating and producing 'nuclear waste
management'.

It is the quality of this rganisation that we should explore in order to understand
how to produce desirable properties. In particular I'm interested in working out the
necessary rganisation to produce transparency as a desirable property emerging
from the interactions of the multiple resources focused, in this case, on nuclear waste
management. This may be an rganisation espousing the need for process
transparency. Actors often are aware that espousing a value is not enough to produce
it, but seldom they are aware that this mismatch emerges from the values governing
their interactions. Indeed their interactions may produce values exactly opposite to
those they espouse in good faith. But even if they are aware of the values governing
their actions they may not know how to change them, let alone be able to change
them. Clarifying requirements to change relations is at the core of the transparency
problem we are addressing here.

The hypothesis is that meaning (i.e. purpose for the products of particular
transformations) and identity are linked by the organisation's structure. In other
words, if the purpose is achieving the safe disposal of high-level nuclear waste, and
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there are resources focused on its production, the challenge is working out a structure
able to underpin with relations of transparency the production of this purpose. It is in
the organisation's identity that its values-in-use are expressed.

3. About the Organisation's Structure

Producing a particular transformation, like for instance transforming nuclear waste
(produced by nuclear utilities and others) into safely disposed nuclear waste, requires
resources, often from a variety of institutions, which when related by stable
interactions define the structure of the system-in-focus, in this case of the nuclear
waste management rganisation. The functional requirement for this structure is
disposing of all inds of nuclear waste in ways that are socially accepted. We are
talking of an rganisation capable of creating and re-creating meanings for nuclear
waste management over time, to regulate them and to produce them (i.e. the on-
going safe disposal of nuclear waste over the foreseeable future). A particular
desirable organisational property is transparency in decision-making.

The rganisation for nuclear waste management requires capacity both to dispose
today and to anticipate future requirements to maintain the waste safely disposed.
The meaning of this capacity is socially constructed from the organisation's
interactions with the stakeholders as these express their legitimate interests. The
Organisation has to achieve the necessary structure to cope with the unfolding of
'presents' into the future. In other words, resources are required not only for disposal
today but also for the long-term safe disposal of this waste. Disposal today tells us
about te multiple on-going organisational interactions with suppliers and customers
(among ohers the communities) affected by this activity and interveners (i.e.
regulators, policy makers and others) providing context to the Organisation. The way
the rganisation incorporates in the present future disposal requirements tells us
about its values and beliefs in the processes of structuring possible options. And, for
the sake of transparency, this structuring should make possible for suppliers,
customers and interveners to stretch the rganisation. This is an important social
mechanism to get the most out of the Organisation responsible for the policy issue.

Therefore, in our case, the rganisation for nuclear waste management needs
resources both to achieve today and in the future safe disposal of waste. The
organisation's implementation function is defined by whatever capacity is available
today for disposing nuclear waste. The chances a-re that there will be a number of
outlets with this capacity, in the Swedish case installations like CLAB and SFR
provide this implementation capacity. The organisation's control function is defined
by whatever resources are managing these disposal activities as a whole today.
Equally, whatever resources are anticipating future requirements and building them
up, define the organisation's intelligence function (3).

These control and intelligence resources are mainly focused on the scientific and
technical aspects of this disposal. The fort-ner are expert resources focused on current
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operations today; the latter are expert resources focused on future possible
requirements. Their judgments about the situation today are based on their
appreciation of the achievements of the implementation function in the case of
control and on their appreciation of stakeholders' values/concerns in the case of
intelligence. The day-to-day management of nuclear waste is the main source of
contextual infon-nation for people's understanding of its risks. People's assessments
of these activities must be seen as important indicators of the values they are going to
see in the nuclear industry as a whole. The wisdom of the people, we know, is not in
their scientific and technical appreciations but in their daily judgments, often
unstructured, of the industry's activities. Structurally, the problem could be in the
fact that the assessments made by the control function of the industrial operators'
activities may be decoupled from the intelligence function's assessments of, and
designs for, long-term waste disposal. This would happen if their communications
were weak. In this case the chances are that intelligence designers will not be as
sensitive to the people's wisdom as they ought to be. They will be missing important
signals detected by the industry's control managers3. Structuring options for the
future will be shaped by their own technical expertise, often stretched only by
unrepresentative pressure groups in the environment. Equally, these weak
communications between intelligence and control are likely to impair the capacity of
those managing operations today to influence people's appreciations of 'future'
related issues, since they are less sensitive about the 'future' debates in progress.
This lack of sensitivity may make their resource allocations less aligned with the
changing moods and concerns of society.

3This argument assumes that control managers are well in touch with the
implementation activities, something that often is not the case.
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(Communication Loops for Transparency Levels for Meaningful Dialogue
(The Swedish Example)

Communications between intelligence and its problematic external environment,
between control and the implernenters, between these implementers and their
operational environments and between intelligence and control (see figure 1) are all
loops that should be interconnected in order to increase the chances of policies well
grounded both in stakeholders' wisdom and in experts' knowledge. Breaking or
conflating these communication loops is likely to reduce the quality of the related
policies.

Let's study each of these communication loops using the Swedish case as an

example:
I . Communications between intelligence and its problematic external environment.

In the case of nuclear waste management the key policy issue is siting and
building a deep repository for high level nuclear waste. The intelligence capacity
for this work, the study of options, is provided by SKB as well as by a variety of
additional research and development resources focused on this issue.
Environmental and civic groups articulate, among others, the problematic
external environment. The social challenge is increasing the communication
pressure (i.e. stretching) exercised by the civic and environmental groups over
the organisation's intelligence capacity. While it should be possible to absorb a
good deal of this pressure in the environment itself, by orchestrating
communications in it, the larger is the residual pressure left unattended by these
environmental communications, the more intelligence capacity is necessary in
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the rganisation. Lacking in this capacity can be construed as lacking in
transparency, as there are issues for which the rganisation does not offer
clarification. This point is further complicated because the study of options is at
the same time a global and a local issue. It is global in the sense that it is an
issue that affects everyone in Sweden. It is local in the sense that it affects in
very particular ways citizens in specific communities. The intelligence function
needs a good regulatory model of the situation, one that considers the local and
the global (see figure 2 These models are not arguments detached from the
people articulating them, and this people are operating at several structural
levels. This fact triggers the need for intelligence to articulate dialogues at
several levels in society (see figure 2.

2. Communications between control and the implementers. SKB's corporate
management provides the control capacity for waste management. It is
responsible for resources bargaining with those managing installations like
CLAB and low-level nuclear waste repositories, and also for their monitoring
and for enabling their co-ordination. The challenges for the control function are
to develop an overview and appreciation of the repositories' performances in
their operational environment. Indeed, it is through communications with the
implementers' activities that this control function not only appreciates their
concerns but also the stakeholders' moment-to moment concerns. Moreover, it is
through these interactions that the control function can influence the way these
stakeholders will articulate these concerns. Lacking capacity for these
assessments and management implies that the rganisation does not have
adequate control capacity.

3. Communications between implementers and their operational environments. It is
through the operation of installations like CLAB that stakeholders in general,
and not only at the local level, experience nuclear waste management activities
on the ground. This is an operational communication that triggers their
assessments of performance. These may well be communications with a wide
range of suppliers and customers as well as with a range of possible imerveners
like regulators and relevant groups in the communities. It is in these
communications that people develop trust or mistrust in nuclear operations. It
has to be appreciated that these are on-going communications based on deeds
rather than on future plans. This is the base of their tacit wisdom.

4. Communications between intelligence and control functions. Finally, it is in the
communications between control and intelligence that the overall achievements
of nuclear waste management today are checked against future scientific and
technical options. If the control function lacks a good appreciation of
implementation it may fail alerting intelligence about people's concerns that
may impinge on their response to future options. If the intelligence function
lacks adequate capacity to clarify environmental issues it may fail supporting
control in producing desirable operational responses consistent with people's
long-term concerns. Even if both functions had appropriate capacity for their
functional responsibilities, if they lacked capacity to communicate with each
other, to check and balance each others views, the outcome is likely to be
implementation insensitive to people's concerns about the future and
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environmental assessments that suggest lack of organisational authenticity;
people in the environment will experience day-to-day organisational responses
that are inconsistent with the values emerging from future oriented debates.

It is in the context of these communications that we can now discuss the structural
meaning of the organisation's policy function. This function creates, develops and
orchestrates these interactions. Its role is creating the organisation's purposes (i.e.
meanings) and steering organisational processes to produce its identity. It is the
function where final closure of communications takes place, where values such as
transparencies are shaped. Those in this function must have an overview of the
organisation's transformations and are their owners. Particular individuals may carry
out other of the organisational functions (like intelligence and control), but in this
role they are accountable for creating meanings and closing communication loops.
Those in the policy function need to manage the processes linking purposes and
identity through structure. They are responsible for bootstrapping their understanding
of the rganisation in the relationships producing its identity and vice-versa. They
are accountable for the loops of double structuration liking the creation to the
production of meanings. This requires abilities to reflect upon the collective self and
to achieve organisational self-awareness. This is the suggested role for politicians in
the rganisation. It is through their grasp of direction, purpose and values that they
should allocate resources and orchestrate the necessary communications to develop
the necessary structures to create, regulate and produce policies/tasks. Among other
aspects they should orchestrate balanced debates between experts dealing with the
problematic future environment and experts managing the current operations
(communication loops 4 in figure 1). It is from these debates that policy options
grounded in desirable values and values-in-use may emerge. This is a forin to give
authenticity to policy processes.

4. Boundary Judgments: Organisation and 'Policy Issue'

Nuclear waste management as a policy issue is associated to a particular
Organisation; the Nuclear Waste Management System (NWMS). The boundaries of
the policy issue are produced by the related rganisation. Owners and aclors who
create, regulate and produce the nuclear waste management policy construct this
Organisation. They do this in the context of customers, suppliers and interveners,
who through their interactions stretch the rganisation. The organisational system
emerges as a human interaction system (HIS) from their interactions. The meanings
of these interactions -their ethical implication- define the system's boundaries and
therefore are aspects requiring clarification.

Even if participants espouse the same meanings for a policy issue it does not imply
that they will produce one and the same identity. For instance in our report of the
Swedish case 2 we hypothesised that the espoused meaning of "system for the
management of nuclear waste, by means of existing and new disposal methods, with
the purposes of making this waste harmless to society and maintaining a clean
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environment" had emerged from two different ethics, the private commercial ethics
of the nuclear utilities and the public ethics of society at large. Naturally the
resources and related structures supporting the commercial ethics are different to
those supporting the public ethics; at the very least we may expect in the latter case
public research and advisory activities beyond the commercial activities of the
implernenter. These two structures may be responsible for two different identities for

4the NWMS. We referred to this as the Vasarely effect (see figure 3 In this
hypothesis, two different organisations emerge from the same espoused policy. The
commercial identity is influenced by the need to produce value to shareholders; the
public identity is influenced by the need to clarify policy to the stakeholders, that is
transparency. These are two different criteria of performance; one influenced by the
need to be effective, the other by the additional need to clarify the meaning of
effectivene SS5 . Different identities are bootstrapped to an apparently similar meaning
by two different structures, thus producing two different organisations for the same
policy issue, hence the Vasarely effect. If this hypothesis were the case we can
anticipate that people will perceive incompatible values in the NWMS and therefore
question the authenticity of owners and actors.

I -
SY-

'p-W

4

Figure 3

Two Organisations for the same Maning:
The Vasarely Effect

What is apparent from the above discussion is that policy issues may trigger
different, though largely overlapping organisations, responsible for producing
different values through their related identities. It is also implied by our earlier
discussions, that these policy issues are related to values through communication
networks braiding participants' interactions; these are the relevant structures.
However, it is natural to expect the need for policy clarification, as well as for
clarification of values and required structures. All these aspects should be themselves

This is a reference to the French-Hungarian constructivist painter who
produced special effects in his paintings as thoseillUSITated by figure 3.

5In reference 1, chapter 6 these latter criteria is referred as Comptegrity.
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the concern of debates and discussions. Considering this point, and assuming a
policy issue in process of being implemented, as it is the case of nuclear waste, the
challenge for transparency is not so much to diagnose the existing organisations or
to design them for particular purposes, but to clarify the structures in place and the
allocation of resources in order to learn how to increase the chances of producing an
Organisation with desirable properties like transparency in this case.

Therefore the mode we use in this organisational study is neither diagnosis nor
design but the mode of clarification or critical. In this mode politicians are unclear,
uncertain about the purposes of interest and the issue is working them out. Moreover
they accept that these purposes are in constant evolution and the problem is to
bootstrap the participation of all those (in particular experts) who legitimately have
to participate, regardless of the values they espouse 6. As the clarification takes place,
new meanings emerge and new rganisation structures are postulated as necessary,
in an on-going process of bootstrapping identity with meaning trough structure.
Meanings are evolving, at the same time as values are shaping relationships and
resources are opening the space for structures fit to produce these meanings and
values. What these arguments imply is a theory for grounding values in social
structures. They offer an initial answer to the question, how do we move to/from
meanings to identity? We are in the infancy of this grounding.

Lack of clarity as to whether long-term nuclear waste management is a policy issue
for society as a whole or for the nuclear industry alone triggers the possibility of a
dual structure for this policy issue (cf. the Vasarely effect); one embodied by the
NWMS and the other by SKB. In the former case the issue of a deep repository for
high level nuclear waste is a long-term social issue and therefore one relevant to the
control, intelligence and policy functions of the nuclear waste management system,
which entails SKB resources but is much more than these resources 2). On the other
hand, from a commercial perspective there is the risk of seeing this as a policy issue
for SKB, with the participation and intervention of other regulatory and decisional
resources, but finally a problem for SKB's policy function. From an orgainsational
perspective the issue of whether it is one or the other, or a mix of both as it may be
the case in current practice, is not a matter of espousing the view that it is a social
issue, but of clarifying how resources are allocated and which communications are in
place (cf. figure 1); in the end this requires clarification of the sources of motivation,
sources of power, sources of knowledge and sources of legitimation (5) that underpin
these communications.

The idea of levels of meanings (figure 2 is a practical expression of this
clarification. Levels of meanings imply recognising the above sources of clarification
for each of the dialogues emerging from the model of the policy situation produced
by the intelligence function of the NWMS (link between figures I and 2 In the
Swedish case this model recognised the need for autonomous meaning creation at the
levels of the NWMS, High Level Nuclear Waste Management and local experts

6Naturall there are limits for the values that are acceptable.y
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investigations. These are three hypothesised levels for differentiated dialogues.
Tacitly this model is hypothesising the need for an rganisation to create meaning
for nuclear waste management in general and for global and local meanings for high
level nuclear waste management. These are requirements for transparency. In
particular this is a means to increase stakeholders' appreciation of the policy issue
and to provide them with communication channels to feed their wisdom into NWMS
decision processes.

5. Conclusion

The ideas presented in this paper are still evolving and they will be further tested in
the context of the current RISCOM project. Perhaps he most significant idea is that
of an rganisation mediating between the meanings of a policy area and desirable
social values, like transparency. For this mediation to be effective it has been
hypothesised the (self) construction of structures with requisite identities. This is a
process whereby evolving and uncertain purposes ae bootstrapped to evolving
relationships. Underpinning this bootstrapping is the clarification of the requirements
to make possible desirable social transformations, like in our case, nuclear waste into
safely disposed nuclear waste, enabling and respecting the views of stakeholders
whose appreciations are constantly challenged by new nowledge; enabling and
allowing experts debate policy issues whose boundaries are constantly reshaped;
enabling actors in general to produce in the ground policies that are shaped by their
own actions; giving to politicians the chances to both articulate the legitimate
interests of society and steer the production of desirable social values. Achieving all
this requires creating a rich and creative context for social communications, with
checks and balances throughout.
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in-transparency and uncertainty in complex regu-

latory regimes
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It is a widely held belief that institutional transparency is a productive force in regu-
latory regimes. The early BSE-conflict 1986-1996) is a prominent example for this
assumption. I will challenge this assumption on the ground that transparency may be
no match for regulatory complexity.

Transparency in transnational regulatory regimes (Easton 1965) may be defined as
follows:
- in the temporal dimension of regulation future decisions of other offices can be
anticipated in a general way
- in the material dimension identical causalities are the objects of regulation
- in the social dimension interpretations of focal issues are free of major conflict

In a normative sense this form of institutional transparency is highly valued in the
political sphere as well as in the scientific community and the mass media. With
particular respect to the BSE-conflict in-transparency of the decision structure - that
is, unexpectedness of decisions of other offices, divergent causalities as objects of
regulation and contentious interpretations of focal issues - has been deeply censured
(see Dressel/Wynne 2000). Criticism has intensified with an increase in public
awareness about the highly manipulative strategies of the British institutions in the
late eighties and the early nineties. I think public outrage evokes guilt without trans-
forming the BSE-regime. Yet we do not overlook the function of such ethics within
the context of symbolic politics. People who attribute blame to others assume an
ethical stance. Anyway, the notion that moral accountability generates institutional
transparency is a weak argument.

My specific interest is whether institutional transparency is functional at all. To an-
swer this question I fall back on the distinction between redundancy and variety in
the decision structures of organizations and networks of organizations (Luhmann
1988). In the sociology of risk, Aaron Wildavsky 1988) makes similar distinction
using the concepts of anticipation and resilience. In a general way, I contend that
transparency furthers anticipation or redundancy and that in-transparency furthers
resilience or variety. That is why I argue that under conditions of non-knowledge
(Japp 2000) transparency will be an unproductive condition of regulatory regimes
and in-transparency a productive one. This seems to be supported by the fact that in-
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transparency is - at least in the early stages of a regulatory regime and under high
uncertainty - the more probable prospect (Clarke 1989).

The reason for this is that a transparent regime overlooks too many possible options.
It produces extreme redundancy and a risky structure in the sense of an excessively
selective framework for the regulatory context. If you will, it knows too much in the
face of non-knowledge. At the outset of the BSE-conflict British politics, character-
ized by causal anticipation, was of this kind. An in-transparent regime produces more
variety, it is less selective and overlooks less options. However, this kind of regula-
tory regime is risky in the sense that it hinders self-control. If you will, it knows too
less about its own dynamics. But that is why you can call it in-transparent. The poli-
tics of continental Europe was of this latter kind insofar as it followed the principle of
precaution.

Less risky and more functional is, therefore, an in-transparent regime, which uninten-
tionally limits own dynamics. These conditions were evident during the early BSE-
regime despite or just because of the fact that it was deeply conflictual. The British
principle of anticipatory prevention with strong reliance on causal evidence and the
continental (especially German) principle of precaution with low reliance on causal
evidence have mutually supported and limited the regime as a whole. While the Brit-
ish were waiting for more causal evidence, the Germans and other Europeans sharply
observed the resulting effects, especially the new variant of the Creutzfeld-Jacob-
disease. Simultaneously, the continental Europeans resorted to containment and acted
by imposing general import bans against British beef. So the results were restricted,
some would say controlled, observational opportunities within a context of contain-
ment. These restrictions on causal evidence were not based on clear strategy but were
a side effect of an in-transparent regime, which did not know very much about itself.

Presently we have an opportunity, to investigate a second phase' of the BSE-conflict
and to compare it with its first phase. This second phase 1996-2001) is, on the one
hand, characterized by a decline in the conflict between the British and their conti-
nental counterpart; on the other, this conflict (between anticipatory prevention and
the principle of precaution) has been replaced by a general uncertainty of the regime.
This development has increased the potential for strategic agreements. This effect is
accompanied by the communication of generalized ecological non-knowledge. In the
temporal dimension a cautious or provisional behavior with respect to political deci-
sions has emerged. This second phase is characterized by more institutional transpar-
ency, and by a preference for agreements. In the material and temporal dimension
there is more intransparency than ever. In the first phase of the BSE-conflict the
situation was the exact opposite: Social in-transparency, juxtaposed with material and
temporal "transparency". We presume that all these effects and tendencies, all in all
conflict versus agreements, are conditioned by public opinion (Luhmann 2000:
140ff.). Public opinion delimits what a political regulatory regime is able to do with
potentially catastrophic risks (Perrow 1987). My assumption is that there is a correla-
tion between institutional uncertainty and an increase of capability for agreements,
which allow for binding decisions within the framework of the difference between
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the principles of anticipatory prevention and precaution (Japp 1999). This difference
is, in a sense, the strategic focus for the organized management of non-knowledge.
The first phase of the regime has treated this difference in the mode of conflict and
intransparency. My argument is, that - building on this first phase with its unintended
increase of uncertainty (BonB 1991 - a politics of agreement and more institutional
transparency became possible in the aftermath of the first phase of the BSE-regime.

We presuppose that an effect of generalization of the communication about ecologi-
cal dangers in the political public leads, in the long run, to a transposition of the se-
mantics of "non-nal accidents" (Perrow 1987) in the direction of integration. We
mean an integration of the principle of anticipatory prevention and the principle of
precaution, that is a transposition from conflictual unity of the particular strategic
orientations to the cooperative unity of their difference. In this sense, a period of
collective disappointment of expectations, and increasing uncertainty promotes a
change in the structure of the regime. Altogether we presume a dynamic of the regu-
latory regime, which eventually results in a paradox: A unity in the difference be-
tween anticipatory prevention and the more open precaution. This dynamic correlates
to the difference of anticipatory prevention (PreuB 1989) und precaution (Ladeur
1995). Anticipatory prevention refers to causal knowledge based on the experience of
unwanted events. The principle of precaution loosens the context of causalities and
operates in an open horizon of unintended consequences. Anticipatory prevention is
ignorant of ecological non-knowledge, it waits until an event can be explained caus-
ally and avoids the risk of binding decisions in a context of insecurity. This form of
political risk aversion reflects the British position within the BSE-conflict: As long as
the BSE-complex is not explained causally all political measures, directed against
British interests, are by definition illegitimate. Dressel und Wynne 1999) attribute
this habit to an "empiricist culture" in British science and politics. Measures against
the spread of BSE are legitimate only in instances of determined causality of BSE in
the use of animal food for ruminants (Ban 1988); this would justify the elimination of
"risky materials" (Ban 1989), or the elimination of only those animals that are de-
monstrably infectious. The principle of precaution presumes always the worst case
and orients itself, therefore, at causally undetermined possibilities for damage. This
attitude of the European continent is characterized by Dressel und Wynne 1999) as
an "idealistic culture". The motto is: "Because we do not know exactly how the BSE-
agent operates, we will eliminate all suspicious herds and will not accept British beef
on continental markets". While the British were waiting for more causal evidence,
the Germans and other Europeans sharply observed the resulting effects, especially
the new variant of the Creutzfeld-Jacob-disease. Simultaneously, the continental
Europeans resorted to containment and acted by imposing general import bans
against British beef. So the results were restricted, some would say controlled, obser-
vational opportunities within a context of containment. These restrictions on causal
evidence were not based on clear strategy but were a side effect of an in-transparent
regime, which did not know very much about itself.

This can be identified as an emergent effect of a regulatory regime, which operates
without transparency and without consensus like the first phase of the BSE-regime.
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The potential of learning by observational capacities would have been blocked by
mere precaution (elimination of all herds in which suspicious animals were discov-
ered or possibly elimination of all British cattle herds) for some time. Aternatively,
the pinciple of anticipatory prevention (elimination of only those animals which are
demonstrably infectious) could have generated uncontrollable impacts because of the
excluded non-knowledge (especially with regard to possible means for infectious
transfers). This complicated arrangement of side-effects is overlooked when - (see
Dressel and Wynne 1999 - only transparency between national regulatory styles is
concerned. (see also Goethals et al. 1998). Transparency and consensus would have
produced either complete risk-averse precaution with the consequence of limited
observational capacities or the (improbable) case of complete anticipatory prevention
with the consequence of a probable catastrophe. Dressel and Wynne 1999) indicated
how improbable "transparency" would have been under the given circumstances:
"However there did arise just such a clash, as traditional UK approaches were forced
to interact with, and confront, continental European ones. Our argument is that this
was a "blind" clash leading to confusion, trans-boundary bad-faith and more general
mistrust, precisely because those cultural features were cultural; that is, because they
were not reflected upon and deliberated, but implicit, unself-consciously held and
embedded in commitments, which were animated by human cultural identifications"
Jp. 1 8, Ms. for the publication).

The communicative structure of these regulatory dynamics was built by contra-
dictory certainties, which were grafted onto the medium of public opinion. Both the
British and the continental Europeans were so convinced of their cause that the con-
flict escalated. Agreements, let alone consensus or institutional transparency were
impossible under those conditions (Schwarz/Thompson 1990).

The British politics of BSE in the late eighties and the early nineties is a clear-
cut example for simplifying complex matters in order to get secure unity of action
under conditions of uncertainty (March 1994, March/Olsen 1989, 1995). Only pres-
sure for urestricted observation by a general or global public opinion can erode such
simplifications. Public observations may produce so much uncertainty that neither
consensus nor certain knowledge (let alone "culture") seem possible any longer but
only the changeability of the future (Luhmarm 1995, 1996a). The British politics of
BSE has ignored these observational pressures over a long period of time and it had
to accept a severe loss of systemic trust as a result. But it is also true that the resulting
uncertainties generated the capability for agreements (not: consensus). This is evident
in the increase of public communication about the uncertainties of BSE-regulation
since the mid 1990s. This communication was supported less by scientific informa-
tion about ecological complexities than by concessions of science to ecological non-
knowledge. The construction of contradictory certainties fell apart under pressure
from general public communication, which rendered further political reasoning and
political action to uncertainty (Funtowicz/ Ravetz 1992).

In the current period 1996-2001) of the BSE-regime, political as well as public col-
lective learning has been based on generalized uncertainty and the disappointment of
collective expectations on both sides. This learning has produced political pressure
for a transposition to a more transparent structure of the regime. The learning process
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has entailed the insight that controls (e.g. proof of origin of cattle) and observational
capacities (research and experimentation with respect to the BSE-agent) have to be
intensified simultaneously. Redundancy and variety, anticipation and precaution must
be combined (Japp 1999/2000). However, this understanding of complex regulation
is also an unintentional result of an in-transparent regime, which is made possible
mainly by irritation with growing uncertainty, rather than rational insight.

On the one hand suspicious cattle herds are not eliminated automatically but isolated
in special areas for scientific observation. On the other hand all cows older than thirty
months (the incubation period of the BSE-agent) were to be killed in Great Britain
since 1996, following the loosening of their criteria for determining causality. Fur-
thermore, the British were the first to remove the responsibility for consumer protec-
tion from the Ministry of Agriculture in the EU. As Great Britain accepted the prin-
ciple of precaution for its own politics, continental politics ceased to interpret this
principle only as import bans for British beef, and the European regulatory regime
became more consistent. It realized more transparent standards. Naturally, however,
this does not guarantee any compensation for structural "mis-developments" (dispro-
portionate differentiation).

All in all, the question if institutional in-transparency as a productive condition and
not a political flaw at least in the early developmental phase of tratisnational fegula-
tory regimes is legitimate. In-transparency seems evident especially under conditions
of significant non-knowledge und uncertainty. It is also of interest whether, during
the evolution of the regulatory process, institutional transparency will be increased by
the public communication of unfulfilled expectations and, above all, by generalized
uncertainty. This would be due to the expectation that uncertainty increases the capa-
bility for strategic agreements (Luhmann 1991) and decreases the probability of con-
flict as was characteristic during the first phase of the BSE-regime. Uncertainty re-
duces the potential for risky conflicts. At least it unden-nines over-confidence, which
is necessary to overcome a sharp conflict as in the early phase of the BSE-conflict.
Yet this is an emergent effect and only as such it is a productive effect: Intentional
transparency under conditions of high uncertainty would presuppose deep complexity
which, paradoxically, is reduced in the context of institutional in-transpaTeDCY. The
European Commission has supported British interests for a long time. Nevertheless,
cumulative effects may be attributed to the European regime level: Effects such as
the generalizalion of food bans, of bans of risky materials, of systems of evidence of
origins, of the development of tests and of the construction of research capacities.
These effects result from the evolution of a complex transtiational regulatory regime
and not from good intentions; at least not at the outset.
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1. Background

The Environment Agency (the Agency) is responsible, in England and Wales, for
authorisation of radioactive waste disposal under the Radioactive Substances Act
1993 (RSA93). British Nuclear Fuels p1c (BNFL) is cuffently authorised to dispose
of solid low level radioactive waste at its Drigg site near Sellafield in Cumbria.
Drigg is the primary site for the disposal of solid low level radioactive waste (LLW)
generated by the UK nuclear industry. A small facility operated by United Kingdom
Atomic Energy Authority (UKAEA) at Dounreay on the north coast of Scotland is
used solely for wastes arising on the UKAEA site. Drigg also offers a disposal route
for smaller users of radioactive substances, such as hospitals and universities.
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This paper presents a description of the issue resolution procedure developed and
implemented specifically for the Agency's assessment of documentation arising from
BNFL's Post-Closure Safety Case Development Programme for the Drigg site. The
paper also considers the benefits of using a formal issue resolution procedure in
promoting dialogue between an operator and a regulator.

2. Environment Agency's Assessment Programme

The Agency's requirements for a transparent programme of review of the Drigg
authorisation were formalised in 1996 when a voluntary programme of document
submissions was agreed between the Agency and BNFL for the exchange of
information and review of the Post-closure Safety Case (PCSC) Development
Programme. In early 2000, the current site authorisation was varied to place a legal
requirement on BNFL to provide a PCSC for the Drigg site in September 2002, and a
Status Report on the development of that PCSC in March 2000. As required by
RSA93, the Status Report has been placed on the Agency's Public Registers as will
the PCSC when submitted by BNFL.

The Agency's Assessment Programme is progressing in 3 phases:

Phase 1: December 1996 to March 1999. This phase consisted of review and
assessment of interim working documents from BNFL's PCSC
Development Programme.

Phase 11: January 1999 to September 2002. This is a continuation of the
Agency's review and assessment of interim working documents from
BNFL's PCSC Development Programme. In addition, it includes
assessment of BNFL's responses to issues raised in Phase 1, and review
of BNFL's status report on the development of the 2002 Drigg PCSC.

Phase III: September 2002 onwards. This phase will include review of the Drigg
PCSC and review of BNFL's authorisation for disposal of low level
radioactive waste at Drigg.
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3.1 Objectives of Assessment Programme

The Agency's assessment of BNFL's PCSC Development Pogramme, and the PCSC
itself, has the following principal objectives:

• To determine whether the developing PCSC is likely to be consistent with
current legislation and guidance, to provide an adequate basis for regulatory
decision making, and whether it is adequately supported by BNFL's programme
of site investigation and characterisation, research, safety analyses and
monitoring.

• To identify regulatory and technical issues that may affect the assessment of
post-closure safety and develop detailed review criteria against which any
responses made by BNFL on issues raised may be assessed.

• To identify the need for any further work by the Agency, such as audits of
BNFL's programme, examination of further BNFL documents, assessment of
BNFL's modelling codes, or independent calculations.

• To identify and communicate the need for any further work by BNFL for
preparation of a PCSC to meet regulatory expectations.

The longer term aim is to provide a basis for reviewing the authorisation, in a manner
that is open and transparent to the public, and to aid determination of any new limits
or conditions that are required to regulate post-closure risk.

3.2 Regulatory Basis of Assessment Programme

The Agency is assessing BNFL's developing post-closure safety case against the
requirements set out in the regulatory guidance document "Disposal Facilities on
Land for Low and Intermediate Level Radioactive Wastes.- Guidance on the
Requirements for A uthorisation " (the GRA 2 The Agency is also taking into
account relevant UK and international guidance and standards. The approach
developed and implemented by the Agency for post-closure safety case assessment is
firmly based on the principles and requirements set out in the GRA. The GRA
describes general principles for protection of the public, detailed radiological
requirements, technical requirements for the post-closure safety case and guidance on
the supply of supporting information. In addition, the Agency would expect a risk
assessment, developed as part of BNFL's PCSC, to be consistent with the guidance
set out in the UK Government guidance document "Guidelines for Environmental
Risk Assessment and Management" 13].
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3.3 Supplementary Technical Review Criteria
In assessing BNFL's developing PCSC documentation, the GRA has formed the
main focus of the Agency's assessment. In addition, the Agency has also developed
supplementary technical review criteria. These are required for two main reasons:

• To place appropriate emphasis in the assessment on site specific issues.

• To help evaluate whether the requirements contained in the GRA have been met.

The development and application of supplementary technical review is intended to
help in evaluating the adequacy of BNFL's treatment of the relevant parts of the
GRA. Any supplementary technical review criteria are, therefore, directly related to
the GRA and are cross-referenced to the relevant sections of the GRA. The Agency
has recognised that it may be difficult to make the necessary evaluation against the
GRA from interim documents submitted by BNFL as part of its PCSC development
programme. In this case supplementary technical review criteria are presented in the
form of expectations that the Agency may have for a fully developed PCSC and these
are documented as part of the issue resolution procedure.

Supplementary technical review criteria derived from the assessment of a post-
closure safety case may be used to assist in setting authorisations conditions or to
guide the applicant on the Agency's expectations for any future update of the post-
closure safety case.

4. Dialogue in the Assessment Programme

At the outset of the Agency's Assessment Programme, it was recognised that
dialogue between BNFL's and the Agency would be needed at various stages of the
assessment process i order to, for example:

• develop an overview of the applicant's developing programme of towards
preparation of the PCSC;

• ascertain what documents or other information is to be made available;

• clarify information received;

• address specific technical issues;

• discuss the findings of the Agency's assessment with the applicant;

• agree the overall aims, scope and content for the post-closure safety case.
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In addition, it was considered likely that other issues would arise over the timescale
of the Assessment Programme and consequently, there was a need for sustained
dialogue with BNFL to ensure that the Agency's expectations and requirements were
well understood. There was also a need for long-term tracking of progress in
resolving any issues or concerns raised by the Agency and recording responses from
BNFL. This was considered particularly important given the long timescale of the
Assessment Programme leading up to the planned authorisation review in 2003. The
ability to track progress on issues was also considered important for longer-term
decision-making since there will be further authorisation reviews before final closure
of the Drigg facility and submission of a final post-closure safety case. Based on
current understanding of the capacity of the site, it is likely that the facility will
continue to accept waste until around 2050.

To underpin the separate but related needs of dialogue and issue tracking, the Agency
initiated a review reporting process that incorporated a formal issue resolution
procedure. The Agency also agreed an approach to dialogue with BNFL that includes
technical exchange meetings on specific issues arising from the Assessment
Programme and more general progress meetings to provide a broader view of
BNFL's PSCS Development Programme.

5. The Issue Rsolution Procedure

The Issue Resolution Procedure developed and implemented by Agency for its
assessment of BNFL's developing post-closure safety case is based on a standardised
form to assist with documenting and resolving concerns that arise during the
Assessment Programme. The information recorded on the form includes:

• An Issue Statement

This is a brief description of the particular issue identified by the Agency from
review of documents submitted by BNFL. The issue is cross-referenced to the
appropriate sections of the regulatory guidance (the GRA) and any relevant
supplementary review criteria that have been identified previously.

• The Agencys interpretation ofBNFL's position on a particular issue.

This sets out briefly the Agency understanding of BNFL's position based on an
evaluation of BNFL's documents against the requirements in the GRA. The
BNFL documents addressed in the review are clearly identified together with
any other relevant supporting material considered.
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Identification of any supplementary Technical Review Criteria (TRQ.

The supplementary technical review criteria (TRC) are derived from the
principles and requirements set out in the regulatory guidance, the GRA, and are
presented in the form of expectations that the Agency has of the post-closure
safety case.

The form also includes space for:

• BNFL's responses to issues raised in the Agency's review.

BNFL may provide additional information or clarification in response to an
issue raised by the Agency. The response may include; for example, eference
to work in progress, and/or provision of new or additional reports covering a
particular issue.

• The Agency's evaluation of BNFL's response.

This final section is completed after the Agency has assessed BNFL's response.
Where the Agency is concerned that an issue has not been resolved then a new
Issue Resolution Form may be raised to take the issue forward possibly with
revised supplementary Technical Review Criteria. The linkage with the original
Issue Resolution Form is clearly identified on the new form to provide an audit
trail.

Issue Resolution Forms provide a structured approach to presenting any issues raised
during a review and also present a clear and auditable record of issues raised by the
Agency and actions taken by BNFL to address the issues.

A refinement of the issue resolution procedure has been development of an electronic
"issues database" that provides a full record of all issue resolution forms raised,
BNFL's responses to such forms and any further action required. The database,
which is based on FolioViews'm software, is fully searchable and allows the progress
on a particular issue to be tracked from initiation to the latest position recorded. The
issues database provides a record of the Agency's formal information exchange with
BNFL. It will also provide long-term tracking of issues to assist the decision-making
process during the planned review of the authorisation for disposal of radioactive
waste at Drigg and any future authorisation reviews. The "issues database" is made
available to BNFL and may, in the longer term, be made available to other
stakeholders as a means of providing information and an aid to promoting dialogue.
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6. Benefits of a Formal Issue Resolution Procedure.

The original intentions behind development and implementation of the Issue
Resolution Procedure was to provide a formal process for documenting and tracking
issues and concerns raised within the Agency's Assessment Programme. Experience
has shown that the benefits extend beyond the original intentions since the Procedure
provides a good basis for discussions within the Agency and also for dialogue

between with the Agency and BNFL.

6.1 Benefits Within the Environment Agency.
All Issue Resolution Forms are subject to review within the Agency before final
approval and transmittal to BNFL. The Issue Resolution Procedure has been found
beneficial in providing a sound basis for the Agency's internal discussion of issues
raised during the Assessment Programme. The information flows within the
Assessment Programme are illustrated in Figure I and it can been seen that internal
review may involve a number of different functions within the Agency. The
Assessment Project Manager and Site Inspector (for BNFL's Drigg Facility) review
all Issue Resolution Forms. However, in some cases, review by the Agency's Policy
and Legal functions is also required. The Issue Resolution Form provides a focussed
view of the issue under consideration and this helps in targeting reviews to the
appropriate Agency staff and improves the efficiency of the review process by
presenting the relevant information in a standardised and relatively brief format In
addition the finalised version of the Issue Resolution Form provides a clear, traceable
record of the Agency's position on a particular issue at a definite point in time.

6.2 Benefits for Dialogue with BNFL.
At the outset, there appears to have been some feeling that Issue Resolution
Procedure appeared to be an administrative exercise and initially BNFL's responses
tended to reflect this view. With further experience, the formal issue resolution
procedure has poved valuable in promoting dialogue with BNFL and now both the
Agency and BNFL recognise its value in developing understanding of complex
scientific and technical issues. The use of the Issue Resolution Procedure has
improved clarity in presenting the Agency's concerns and expectations, which has in
turn led to improvements in BNFL's documentation and technical approach.
Improvements include, for example, BNFL's presentation of its technical
documentation, integration of national guidance on environmental risk assessment
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into BNFL's safety case approach and changes in their safety case philosophy with

regard to treatment of future human actions. Such improvements assist the Agency's

understanding of BNFL's work and help in building confidence in BNFL's progress

towards submitting an appropriate Post-Closure Safety Case (PCSC) in September

2002.

A further benefit of the Issue Resolution Procedure is that it provides a basis for

assessment of the significance and priority of issues in relation to the overall post-

closure safety case. This has allowed the Agency and BNFL to develop an agreed

schedule for resolution of issues and enabled BNFL to target its work programme to

meet the Agency's expectations for the PCSC that will be submitted in September

2002. It is important to note that the Agency recognises that not all issues will be

resolved by the time the PCSC is submitted. Consequently, there will be a need to

assess the significance of any unresolved issues when reviewing the PCSC and
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determine whether any specific authorisation conditions might need to be applied. It
must also be recognised that the PCSC will be updated periodically before
submission of a final PCSC on closure of the facility, and unresolved issues may be
carried forward for a number of years.

An important aspect of the Issue Resolution Procedure is that the Agency has defined
a timescale for responding to BNFL submissions and this has greatly assisted in
developing a sound basis for exchange of information. The Procedure has, in part, led
to more open discussion of BNFL's progress in meeting the Agency's expectations
for the PCSC particularly in the regular technical exchange meetings between BNFL
and the Agency. The discussion at technical exchange meetings has made a valuable
contribution to the Agency's overall understanding of BNFL's approach to
developing the PCSC for Drigg.

The Agency considers the use of a formal Issue Resolution Procedure has placed the
dialogue with BNFL on firm foundations for the planned assessment of the Post-
Closure Safety Case for Drigg when it is submitted in September 2002.

7. Conclusions
Significant benefits have been derived from implementing a formal Issue Resolution
Procedure as pt of a soundly based process for dialogue between the Agency and
BNFL. Benefits include improved understanding of the Agency's expectations,
which has in turn led to improvements in BNFL's documentation and technical
approach.

The Agency considers the use of a formal Issue Resolution Procedure has placed the
dialogue with BNFL on firm foundations for the planned assessment of the Post-
Closure Safety Case for Drigg when it is submitted in September 2002.
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1. Introduction

The concept of "Sustainable Communities" is taking an increasingly strong hold in
discourses on civil society and sustainability A basic tenet of the sustainability
paradigm is that a community should be empowered to participate in the decision-
making process on issues that affect the well-being and continual development of the
community. Meaningful participation in such a process requires that stakeholders
have urestricted and easy access to all relevant information regarding the issue at
hand and that they have an effective means for communicating with one another
without the barriers often posed by spatial, temporal, skill and financial constraints.

The controversial nature of, and the intense emotion associated with nuclear waste
disposal make it especially important that the principles of right-to-know" and
"participatory decision making" be upheld for communities engaged in any aspect of,
or during any phase of, a site selection process. Whether a community is being
considered as a potential host site, located along the route for transport of the waste
material, or simply within a general region in which the siting may affect the
economic and environmental well-being of the community, they all share, to varying
degrees, a common concern: "how will it affect me, my family, and my community?"

Answering this question to the satisfaction of all stakeholders is one of the most
challenging tasks in a site selection process. More than three decades of research has
clearly demonstrated that addressing this concern goes far beyond simply "supplying
enough infon-nation" or even the "appropriate information". Experience has shown

455



that no amount of public information programs, education programs, public hearing,
etc., will satisfy all parties involved. There are at least two major reasons for this:

i) The different values held by people affect how they perceive even fundamental
issues such as fairness, justice, morals, ethical behaviour, our relationship with, and
obligations to fellow human beings, animals, and the environment. As discussed in a
companion paper in these proceedings II and others 2 3 4 5] te different
values place people at different points of perspective right at the start and almost
always diverge even further as the debate continues.

ii) People perceive that information travels essentially one way (e.g., from proponent
and/or government agencies to the public) in the processes and the voices of the
community and its members are not heard. Subsequently, hey feet excluded from
the actual decision making process and even from being able to participate
meaningfully in the process.

Recent advances in informatics and geornatics technology, such as the Internet, web-
based software, and geographic information systems (GIS), have made it possible to
address these issues more effectively. We believe that the combined features of two
software (LDR Electronic Classroom and MapReflections) developed by the Applied
Technology Group of the York Centre for Applied Sustainability (YCAS) can
facilitate access to information, provide a virtual forum for discussion and debate,
make it possible for individuals to participate in decision making process, and to infer
peoples' values from their choice of criteria selection.

2. Mapreflections - A GIS-based Knowledge
Management and Sharing Tool

MapReflections is a web-based GIS software interface which aims to engage
participants in a process of knowledge sharing and data analyses in order to
formulate action plans and make collective decisions in a participatory manner 6,
[7]. It is part of a YCAS sponsored community-based water quality monitoring
project which involves high school students and their teachers in collecting water
samples from local watersheds in their surrounding areas. Primary water data thus
collected are entered into a central database via the MapReflections software
interface. Because it is map-based, both input and analysis of the collective data are
visually and intuitively simple to use and understand. The system can do comparative
analysis of data from all participating geographic areas and produce trends over time.
Based on the result of the analysis, participants may suggest, discuss, and debate
potential action plans and reach collective decisions in a participatory manner via this
distributed network of community groups, computers and software.
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3. User Input, Access of Data and Internet Mapping -
Using ESRI ARCIMS

The convergence of the Internet and GIS technologies have generated many
opportunities for "a new public sphere supporting interaction, debate and new forms
of democracy" [81 across different sectors of the civil society. In order to allow
participants to have equal access to data and information and the capability to
participate in decision making, the backbone of MapReflections requires a central
database that stores various spatial and attribute information and an application to
publish maps to the Internet for knowledge dissemination.

ArcIMS Three-Tier Architecture
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Clients
in erne

4 ------------------ ---------

Services ArciMSApplicationServer

ArcIMS Services
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Data Data Access Gateway
Management

L
ocal Enterprise

Figure I A-rcIMS Three-Tier Architecture

MapReflections consists of ArcIMS, which is a web-enabled GIS developed by
Environmental System Research Institute (ESRI) and a central data repository for
collecting infon-nation through a web page. The web-enabled GIS allows the user to
search for specific site locations, display multiple data layers, query and retrieve the
spatial and attribute data for analysis [9]. Through a user-friendly web environment, a
user can request infon-nation from the central database, which is a commercially
available database management system (DBMS) such as Oracle, DB2 and Access, to
be made available through ArclMS server-side applications to the users' web
browsers. Furthermore, a specific web page is designed, using Active Server and
Visual Basic scripts to create a connection with the database, for users to enter data
and information. The advantage of this client/server architecture allows multiple
users to simultaneously access the same application data, updates from one computer
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through the Internet, and make information available to all who have access to the
web-enabled GIS.

4. Modifying MapReflections for Use as a Decision
Support Tool

The MapReflections Software can be adapted to serve as a decision support toot for
use by stakeholders and decision makers and can provide a web-based iformation
system for use by the general public as a means of gaining an appreciation of the
complexity of issues and processes involved in siting. This can be achieved by
enabling participants to conduct their own siting exercise on the computer.
Individuals may specify their own siting criteria concerning relevant technical (e.g.,
geologic, hydrologic, environmental, etc.) and non-technical factors (e.g., social,
jurisdictional, political, etc.) and using available digital information (including data
generated by participants themselves), construct various 'What if' scenarios.
"Thematic maps" are generated by the GIS for each set of input data such as:
geology, seismic activity, presence and sizes of water bodies on vegetation cover,
population density, presence and characteristic of roads, railways, and waterways,
jurisdictional boundaries, boundaries of parks, reserves, ecological sensitive areas,
and aboriginal lands, boundaries of disputed areas, etc. The GIS digitally
superimposes these thematic maps in an analogous fashion to over-layering clear
acetates one on top of another. By specifying various inclusion and exclusionary
criteria (e.g., disposal facility to be built in a regional discharge area, in a granitic
host rock, not closer to 100 km from a park or reservation, but closer then 20 km to a
major transportation route, etc.), the GIS can then reveal suitable areas for a disposal
facility according to the inclusionary and exclusionary criteria specified.

By undertaking their own analyzes - constructing various "what if" scenarios
according to their own criteria - the whole process is made more transparent and
understandable to individuals. We believe this to be a novel and effective way to
comprehend, and participate in, the complex process of selecting a site for a nuclear
waste disposal facility by members of a civil society.

To facilitate ease-of-use of the system by non-specialist, the software system should
be designed to include the following features:

i) Web-enabled so that anyone with access to the Internet can access the GIS and all
available data;

ii) Map-based so that the results will be presented visually to enhance understanding;
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iii) Made user-friendly with intuitively obvious functions and simple layouts and
inter-faces;

iv) Have pop-up menus and instructions to guide users;

v) Have 'chat' nd 'forum' facilitates for communication amongst participants in the
form of debates, discussions, training and answering queries.

5. Inferring Peoples' Values

As noted in the introduction, peoples' values deten-nine and affect how they perceive
fundamental issues such as fairness, justice, morals, ethical behavior and our
relationship and obligations to fellow human beings, animals and the environment.
Getting a "handle" on the wide range of values people hold is critical for an
understanding of the position people take on particular issues. However, elicitation
of these values is one of the most difficult things to do.

We believe that the web-based GIS being proposed can contribute in a unique way in
addressing this very difficult problem. By providing the public with this system,
users' siting preferences are revealed through their choice of siting criteria, and
specification of numerical values for these criteria. Since each individual's
preferences are recorded in a central database, analyses of this information can yield
valuable insights on a wide variety of non-technical factors such as dread, feelings of
stigmatization, perspectives on the proper use of resources, views on sacredness of
land etc. - the very factors that are critical in determining the success or failure of
siting but for which it is very difficult to obtain data. To our knowledge, this method
of ascertaining "revealed preferences" has never been attempted before and would
constitute an advance in tackling an extremely difficult problem.
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Abstract

Total System Performance Assessment (TSPA) is used as a key decision-making tool
for the potential geologic repository of high level radioactive waste at Yucca
Mountain, Nevada USA. Because of the complexity and uncertainty involved in a
post-closure performance assessment, an important goal is to produce a transparent
document describing the assumptions, the intermediate steps, the results, and the
conclusions of the analyses. An important objective for a TSPA analysis is to
illustrate confidence in perfon-nance projections of the potential repository given a
complex system of interconnected process models, data, and abstractions. The
methods and techniques used for the recent TSPA analyses demonstrate an effective
process to portray complex models and results with transparency and credibility.

1. Introduction

The U.S. Department of Energy (DOE) has been evaluating the feasibility of
disposing high level radioactive wastes at a potential repository at Yucca Mountain,
Nevada. These wastes consist of spent fuel from commercial nuclear reactors around
the U.S. as well as defense and other high level wastes in the form of vitrified glass
or spent fuel stored at DOE facilities. An important milestone in the decision making
process is the determination of the suitability of the Yucca Mountain site as a long-
term repository for these wastes. The DOE has been conducting numerous scientific
and engineering investigations at the site for the last 20 years to evaluate the
suitability of the site.
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An important element in the deten-nination of site suitability is the evaluation of the
performance of the site and the associated engineered barriers following repository
closure. This evaluation includes an assessment of the likely ability of the waste
disposal concept to meet the applicable radiation protection standards. The method
and criteria for evaluating post-closure suitability were proposed by the DOE in 0
CFR part 963 64 FR 67054)[1]. An element of the requirements for the suitability
evaluation is the completion of a total system perfon-nance assessment and a
comparison of the projected performance with the applicable standards to assess
compliance.

A total system performance assessment (TSPA) for the Yucca Mountain repository
system has recently been completed. This TSPA has been documented by the
Civilian Radioactive Waste Management System Management and Operating
(CRWNIS M&O) contractor in a technical report entitled Total System Performance
Assessmenifor the Site Recommendation 2]. The purpose of this paper is to present
the TSPA approach and example results to demonstrate their effectiveness in
portraying complex models and results with transparency and credibility.

2. The Approach

The objective of the TSPA is to provide a clear and understandable assessment of
repository performance at the potential Yucca Mountain Site as part of the site
recommendation process. To achieve this objective, the TSPA document must
contain the following:

• An assimilation of all the available scientific data and analyses that describe the
geological setting into which the design concept is to be placed

• Definition of the design concept that is to be used

• Description of the behavior of the potential repository system in a traceable,
transparent mariner

• Identification of the standards by which the performance of the repository is
estimated using TSPA.

The total repository system is comprised of both geological and engineering
components. Therefore, the TSPA uses the available scientific information about
naturally occurring physical and chemical processes at the Yucca Mountain site. In
addition, the TSPA includes the design concepts and detailed scientific information
about physical and chemical processes involving the engineered components.
Conveying the complex TSPA components and results requires an integrated
approach combining detailed text and graphics that facilitate a transparent and clear
understanding of the processes and results.
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Building an integrated TSPA model equires input from the many disciplines that
compose the system. In particular, the recent TSPA analyses are based on a sequence
of modelling activities that starts with the development of process level models that
are intended to capture the key aspects of the natural and engineered systems. In turn
many of these process models are simplified into what are termed abstraction models.
The TSPA integrated model for Yucca Mountain is comprised of a detailed
interconnection of both process level models and abstractions. Explaining the
completely integrated TSPA and establishing that the TSPA analyses have
adequately odeled the behavior of the engineered and natural systems at Yucca
Mountain is a difficult task. To build confidence and transparency into the TSPA
analyses, the documentation must illustrate with sufficient clarity the following
confidence building attributes (e.g. demonstrate that the TSPA has sufficiently
defined the expected future performance of the potential repository):

• The conceptual basis for the individual components in the quantitative analyses
(i.e., how the system is intended to work)

• The processes used to combine the individual components into an assessment of
system behavior

• The scientific understanding used to develop the quantitative analysis tools that
describe the system's expected evolution

• The system's expected evolution as defined by the spatial and temporal response
of the system to waste emplacement

• The uncertainty in the system's expected evolution and the significance of that
uncertainty to the system-performance goals.

The construction of the model also benefits from comments from internal and
external reviewers of previous system analyses conducted for the potential
repository. When documenting each of the confidence building attributes, the
consistent use of graphical icons and diagrams aids in creating a transparent
description of information low throughout the TSPA. A transparent description
helps to impart a high level ofunderstanding to the stakeholders, many of whom may
not be technically sophisticated in the nuances involved in a TSPA approach.

The general TSPA method is illustrated in Figure 1. Starting with a basic design
concept, information is collected by project scientists regarding the environment that
is gen-nane to the proposed site and associated engineered barriers. This information
is used to develop models of the relevant processes, first at the conceptual level and
then at the detailed or process level (e.g. Mathematical and/or Numerical Models)
and finally at a simplified or abstracted level suitable for inclusion in the probabilistic
TSPA model. Throughout this process the uncertainty in the understanding is
quantified to the extent possible, or appropriately bounded in cases of high
complexity. The role of the perfortriance assessment is then to integrate these
processes and to evaluate the significance of the uncertainty with respect to the
ability of the system to meet the regulatory objectives.
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3. The TSPA Model

The components included in the TSPA model for the Yucca Mountain repository
system are schematically illustrated in Figure 2 This figure illustrates the relevant
attributes of the repository system, as follows:
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Figure I General Approach in the Development of a Total System
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Limiting water contacting waste package - this includes processes that
affect water movement above the repository horizon (such as the
climate, net infiltration and unsaturated zone hydrology) and the
possible ingress of water into the emplacement drifts by seepage.

• Prolonging waste package lifetime - this includes processes that affect
the degradation rate of the engineered barriers, including the
environments in the emplacement drifts and the corrosion processes that
affect the lifetime of the drip shield and waste package.

• Limiting radionuclide mobilization and release - this includes processes
in the waste package such as the degradation of the spent fuel cladding
and the alteration of the waste form when it is exposed to moisture, as
well as the mobility and transport characteristics of the different

radionuclides contained in the waste.

• Slowing radionuclide migration away from the engineered barrier
system (EBS) - this includes processes in the drift, the unsaturated zone
and the saturated zone that tend to delay or disperse the radionuclides
that may be released from the engineered barriers.

Addressing the effects of potentially disruptive processes and events -
this includes analysis of the potential significance of low probability

events such as igneous activity.

It.111 W.- C.0W. O W.-P-.WLtN.-

0 L.-2 d -1-
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Figure 2. Schematic Illustration of the Yucca Mountain Site and the Attributes of the
Repository System Affecting Perfon-nance Assessment
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Figure 3 illustrates the interconnection and flow of information between the process
component models of the TSPA (e.g. Unsaturated Zone Flow, Engineered Barrier
System Environments, Waste Package Drip Shield Degradation, etc.). This figure
also illustrates that the total group of possible FEPs are screened to identify those
that are significant to repository performance. The significant FEPs are then
combined into relevant scenario classes, including the nominal scenario class, which
describes the probable performance and its uncertainty in the absence of low
probability disruptive events and the igneous activity scenario class, which describes
the probable performance attributed to a low probability igneous event. Also
illustrated are the various performance measures of interest to post-closure
performance (e.g. Nominal Dose). The results of the analyses are presented in the
next section.

As noted above, the scientific basis for the individual component models is founded
on site-specific investigations supported where possible by analog information
available in the scientific literature. The information available to support the models
is briefly summarized in the document TotalSyslem Perfiormance Assessmentfor he
Site Recommendation 21.

Figure 3 General Schematic of the Component Models and the Principal
Performance Measures Included in the TSPA.
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4. Example Results

Total system performance assessments are by their very nature uncertain. This
uncertainty is explicitly included in the models and resulting analyses in the form of
discrete probability distributions that encompass the range of possible outcomes.
Therefore, a probabilistic framework is used for translating uncertainties in model
inputs to corresponding uncertainties in model predictions (e.g. the Monte Carlo
method is used for TSPA modeling). For any given scenario, the stochastic sampling
methodology requires the TSPA computer model to be evaluated for each of the
equiprobable parameter sets sampled from their prescribed distributions. This is a
simple operation consisting of multiple model calls, where the outcome (i.e., annual
dose as a function of time) is computed for each sampled parameter set. Each
realization of the parameters results in a total dose history. The aggregation of all
dose histories produces a picture of the overall uncertainty in predicted performance.
This approach is consistent with the regulatory standards recently proposed by the
NRC 3] and the EPA 4]. Figure 4 illustrates an example of a composite graph,
showing the dose rate history for all realizations, along with the median, the mean,
and the 51h and 95th percentile dose rate histories for the nominal scenario over a
period of 100,000 years. Figure 4 also illustrates an example of the mean dose curves
for individual radionuclides that comprise the top five contributors to the total dose

for a particular scenario class.
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Figure 4 Example Individual Protection Performance Results for a Scenario Class.

Figure illustrates the evolution of the mean total radionuclide inventory at various
locations within the engineered and natural barriers over a period of 00,000 years.
Examining individual barrier perfon-nance for each scenario, one obtains a better
sense of the range and confidence of performance predictions. A detailed discussion
of the results of the TSPA-SR analyses may be found in Total System Performance
Assessmentfor the Site Recommendation 2.
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5. Summary

Quantitative ult,, of te TSPA are used to guide the future direction of the Yucca
Mountain Project as it proceeds towards the issuarice i.;f a Site Recommendation
Relx).rt to the Secretary of Energy. te Congress ad he President of the United
States of America. Clear and transparent representation of the results and ne(hods
used to conduct the TSPA is essential in establishin-. etcdibilityand confidence i tbe
analysis (if the future performance of the prc)fK),',ed repository. The. TSPA approach
and example rsult,, show i ibis paper demonstrate in effective process to portray
complex models and results wine transparency and credibility.
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ABSTRACT

On the 18th of May 1998, based on the information provided by the United Sates
(U.S.) Department of Energy (DOE) in support of the 1996 Waste Isolation Pilot
Plant (WIPP) Compliance Certification Application (CCA), the U.S. Environmental
Protection Agency (EPA) certified the proposed deep geological repository for
disposal of long-lived, defense-generated, transuranic radioactive waste (TRUW at
the WIPP site in New Mexico, United States of America (USA) (Figure 1), was
compliant with all applicable radioactive waste disposal regulations. Seven domestic
and one joint international peer reviews commissioned by the DOE were
instrumental in making complex scientific and engineering information, as well as
the related WIPP decision-making process, both credible and transparent to the
majority of affected and interested parties and, ultimately, to the regulator.

J

_\1 Ak..

Figure 1. The U.S. map (left) shows locations of the WIPP and the nation's 23
TRUW generator and storage sites. The schematic (right) shows the

3WIPP 75 km disposal system (6.4 by 6.4 by 1.829 [depth] km).

1. INTRODUCTION

In a democratic society, scientific, public, and political acceptance are cornerstones
to the successful siting, development, and opening of deep geological disposal
systems (repositories) for long-lived radioactive wastes/materials (LLRMs).
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However, the science, engineering, and temporal and spatial scales involved in the
development of disposal systems for LLRMs are typically beyond the knowledge and
grasp of most humans. Furthermore, radioactive waste disposal projects typically
have to overcome the stigma associated with the destructive power of non-peaceful
applications of the atom and the vivid mental pictures of nuclear explosions. Public
and political acceptance of LLRM disposal projects is, therefore, difficult to achieve.
Thus, in order to establish the requisite broad-based credibility and acceptance of this
kind of sophisticated and not readily accessed information, without which the
involved project will stall, a bridge needs to be established between the general
public and politicians and the involved scientists.

At the end of February 2001, the WIPP (Figure 1) is the world's only certified and
operating deep geologic LLRM repository. A major contributing factor to the EPA's
favorable 1998 Certification Decision [1] and the widespread scientific, public, and
political acceptance of the WIPP repository was the open peer-review process the
DOE Carlsbad Area Office (CAO), currently the Carlsbad Field Office (CBFO),
sponsored during 1996 and 1997 to establish the scientific soundness, and thus, the
credibility of the information presented in support of the WIPP CCA. 2] A total of
eight peer reviews were conducted on the information contained in the CCA,
including seven highly visible domestic 2 and one joint international 3 peer
review by the Organisation for Economic Co-operation and Deveiopment/Nuclear
Energy Agency (OECD/NEA) and the International Atomic Energy Agency (IAEA).
Information presented in support of the CCA, of paramount importance to the safety
of current and future generations and environments was gained by having eight
independent, highly-qualified, subject-matter expert groups openly review and
comment on the WIPP infort-nation, boosting inherent credibility and broad-based
acceptance and support.

This paper summarizes key elements of the aforementioned peer review process in
three subsequent sections. Section 2 provides concise background information on the
regulatory framework for the WIPP peer reviews. The primary elements of the
CBFO's peer review process are presented in Section 3 Section 4 summarizes the
primary observations made and conclusions drawn by the author, who served as the
administrative manager for seven of the eight peer reviews. A listing of the
references indicated by numbers in brackets 17] in the text follows section 4 In
addition, key terms and concepts are highlighted in i1alics throughout the text.

2. BACKGROUND

On the 91h of February 1996, the EPA promulgated criteria 4] for compliance with its
December 1993 environmental radiation protection standards. [51 The criteria
regulation introduced a new quality assurance (QA) program, the American
Association of Mechanical Engineers-Nuclear QA Standards 1 2 and 3 ASME-
NQA 12/3), for the information contained in the then pending WIPP CCA.
However, most of the scientific information obtained since the 1975 commencement
of surface-based site-characterization activities at the WIPP site did not meet the new
QA requirements. Fortunately, the criteria regulation outlined the following four
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alternative approaches to achieve the required level of QA pedigree on information
supporting the CCA:

1. Peer review.
2. Corroborating data.
3. Confirmatory testing.
4. Information obtained under a QA program equivalent in effect to ASME-NQA

1/2/3.

After careful consideration of the criteria regulation, the CAO decided to also employ
the peer-review approach to ensure the required level of QA pedigree for the
following CCA items/infonnation:

• Fourteen engineered systems data packages;
• Thirty-two natural barriers data packages (150 parameters);
• One waste-fonn and disposal-room data package 26 parameters); and

• Passive institutional controls.

In addition, the criteria regulation called for peer review of:

• Conceptual models;
• Waste characterization analyses; and
• Engineered barrier alternatives cost benefit study.

3. PEER REVIEW PROCESS AND RESULTS

Beginning in February of 1996, the CAO developed a hierarchy of QA documents
reflecting the requirements of the criteria regulation, applicable ASME-NQA 12/3
requirements, and peer review and data-quality guidance provided by the U.S.
Nuclear Regulatory Commission (NRC) in NUREG-1297 6] and NUREG-1298 7],
respectively. To ensure independence, integrity, and acceptance of the peer review
process, the CAO directed its Technical Assistance Contractor (CTAQ to retain an
independent organization to manage six of the seven peer reviews, and contracted
directly with the non-profit Waste-management Education and Research Consortium
(WERC) to assemble and direct the engineered barrier alternatives cost benefit study
peer review panel, and document the results. CTAC retained the Informatics
Corporation to assemble and direct the other six peer-review panels and to document
the results of each peer review. Summarized below is the process employed and
results achieved by the six peer reviews conducted through Informatics.

Prior to the award of a contract to Infortnatics, CTAC staff conducted searches to
identify peer-review candidates that met the following high standards for
independence and competence outlined in the criteria regulation 4] and criteria
document and in NUREG-1297 6]. Specifically, NUREG-1297 states:
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• A peer is a person having technical expertise in the subject matter to be
reviewed (or a critical subset of the subject matter to be reviewed) to a
degree at least equivalent to that needed for the original work.

• A peer review group is an assembly of peers representing an appropriate
spectrum of knowledge and experience in the subject matter to be reviewed,
and should vary in size based on the subject matter and importance of the
subject matter to safety of waste isolation.

• A peer review is a documented, critical review performed by peers who are
independent of the work being reviewed. The peer's independence from the
work being reviewed means that the peer, a) was not involved as a
participant, supervisor, technical reviewer or advisor in the work being
reviewed, and b) to the extent practical, has sufficient freedom from funding
considerations to assure the work is impartially reviewed. It comprises an
in-depth critique of assumptions, calculations, extrapolations, alternate
interpretations, methodology, and acceptance criteria employed, and of
conclusions drawn in the original work. Peer reviews confirm the adequacy
of work. In contrast to peer review, the terin "technical review", as used in
this GTP [General Technical Position, Ed.], refers to a review to verify
compliance to predetermined requirements; industry standards; or common
scientific, engineering, and industry practice.

Upon award of the contract to Informatics, the designated project manager prepared a
Desktop Procedure for the day-to-day management and documentation of the peer
reviews. He also assembled a three-person peer reviewer selection committee,
including himself and two other individuals familiar with the type of work involved.
The three-person selection committee reviewed the information compiled by CTAC,
the additional information compiled by Informatics on potential peer-review
candidates, and proposed additional potential peer-review candidates. When a
sufficient number of potential peer-review candidates had been established, the
selection committee grouped the candidates in subject-matter, peer-review groups
(several candidates qualified for more than one group), ranked the suitability of the
candidates in each group, and determined the number of peer reviewers required on
each of the six peer-review panels. The candidates were then contacted by
representatives from Informatics, in order of their ranking, to establish their
availability. Available candidates were retained to serve on the designated peer-
review panel.

Each review period involved peer-review panel meetings with the respective
information generators, which in most cases were employees of Sandia National
Laboratories (SNL) and/or its contractors, to address issues raised by the respective
peer-review panel. All peer-review-panel meetings were open to the public and,
normally, attended by representatives from the EPA and the New Mexico
Environmental Evaluation Group (NMED). In addition, the National Academy of
Sciences' Committee on WIPP was provided periodic reports on the status of the
peer review process.
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The first eer-review panel, involving 24 Conceptual Models, started its work inP
April of 1996. This panel required four review periods (April through August 2,
and November through December 30 in 1996, and January 22 through 29, and
March 31 through April 4 in 1997) to resolve the issues that arose during the per-
review process. One of the reasons for the difficulty in closing out issues in the
subject-matter area was that the conceptual models involved a substantial amount of
subjectivity and intellectual freedom. One of the unique features of the Conceptual
Model peer-review results, relative to the other five peer-review-panel results, was
that the members of the Conceptual Models peer-review panel did not accept one of
the conceptual models. However, they accepted that the results predicted by the
unacceptable odel were very conservative and, thus, would not compromise
compliance with the applicable regulatory requirements/limits. Prior to the
Conceptual Models peer-review-panel members reaching this conclusion, several
supplementary analyses were made by the panel members and the SNL scientists to
establish the validity of the final peer-review-panel conclusion.

Four additional peer-review panels started in May 1996, and they were all completed
successively the same year in the following order:

• The Engineered Systems Data Packages peer review commenced on May 3 and
required two peer-review periods (May 3 trough July 3 and December 9
through 31) to resolve all issues.

• The Natural Barriers Data Packages peer review commenced on May 3 and
concluded on August 12 with all issues resolved.

• The Waste Form and Disposal Room Data Packages peer review commenced on
May 31 and concluded on July 17 with all issues resolved.

• The Passive Institutional Controls peer review commenced on May 3 and
required two peer-review periods (May 31 through July 24 and November I I
through December 24 to solve all issues. Suffice it to mention that the
subjectivity and intellectual freedom involved in the Conceptual Model peer
review was large, because, by definition, there was no imaginary or intellectual
boundary for the passive-institutional-controls review.

The sixth peer review, on Waste Characterization Aalysis, commenced on July 19
and required two peer-review periods (July 10 through August 15, and November 16
through December 20) to resolve all issues.

In summation, all domestic peer-review panels, including the panel assembled by
WERC for the Engineered Barrier Alternatives Cost Benefit Study, conducted
between May 7 and July 10, 996, met or exceeded the applicable independence and
competency requirements. Furthen-nore, both WERC and Informatics established the
required level of QA documentation on both the reviewed information and the
activities and conclusions of the peer-review panel.

In addition to the domestic peer reviews, the then Manager ofthe CAO decided to
also seek the judgment of the international community, and therefore asked the

475



OECDINEA and the IAEA to jointly peer review and comment on the WIPP Safety
Case presented in the CCA. The requested focus for the international peer review
was "to examine whether the post-closure performance assessment of the WIPP in
the CCA is appropriate, technically sound and in conformity with international
standards and practices". In response to this request, the OECD/NEA and the IAEA
assembled seven highly-qualified and well-recognized subject-matter experts,
including two regulators, from six different non-U.S. nations (Canada, two from
Germany, Japan, Spain, Sweden, and United Kingdom), who provided two in-house
experts each, to review the information involved, including te applicable regulatory
framework for WIPP. In April 1997, the joint OECD/NEA and IAEA International
Peer Review Group (IRG) reported some concerns about te transparency of the
supporting documentation, but concluded:

"... the performance assessment methodology implemented in the CCA is
generally acceptable and conforins to practices in other countries. The IRG
also has overall confidence in the majority of judgements and assumptions
made in developing calculational models, and believes that the quality of
assessment codes and data handling is generally good. Thus, in the main,
the analyses contained in the CCA are technically sound." 3]

The spirit in which this peer review, as well as the domestic peer reviews, was
conducted is reflected in the following concluding statement by the IRG:

"Finally, from the experience of the review, the IRG observes that, by
commissioning this international peer review the DOE has demonstrated a
commendable openness and commitment to improving confidence in the
performance assessment of the WPP facility. The DOE and their
contractors were very open in their discussions with the IRG, and were able
to provide useful responses, often at short notice, on most issues raised.
This was very useful and helpful to the review." 31

4. OBSERVATIONS AND CONCLUSIONS

The aforementioned peer reviews made the complex inforination and the related
decision-making process at WIPP both transparent and credible. Indeed, they were
fundamental to the EPA's 18'h of May 1998 favorable Certification Decision [I on
the proposed WIPP TRUW repository stating that the WIPP CCA demonstrated
compliance with all applicable federal regulations for safe disposal of long-lived
radioactive waste. including those pertaining to QA. Furthermore, they contributed
to enhanced acceptance ofthe WIPP repository among scientific, political, oversight
groups, and the public, without which a repository program is not likely to succeed in
a democratic society. Following are four main reasons for this broad-based
acceptance of the WIPP repository:

The selected peer-review contractors were largely accepted as independent,
competent, and unbiased;
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• The selected peer reviewers were largely accepted as independent, competent,
and unbiased;

• The peer reviewers corroborated the infortriation presented in the WIPP CCA,
which was particularly important for the credibility, transparency, and
acceptance of the very complex WIPP Safety Case; and

• WIPP must be safe if the DOE dared to seek the opinions of independent
experts.

Following are the main conclusions drawn by the then CTAC administrative manager
of the 1996-1997 WIPP peer-review process:

• It identified weaknesses that expedited the development of more robust and,
thus, more defensible solutions;

• It stimulated the project participants to be more internally critical,
• It contributed to a more efficient compliance certification process;
• Independence and technical credibility of the peer-review process resulted in

credibility with the regulator and other affected and interested parties;
• The NQA 12/3 and NUREG 1297-compliant peer-review process resulted in

regulator acceptance of the resulting findings;
• Technical synergism and compatibility among peer reviewers are important

factors to panel progress;
• It provided the CBFO management with a referenceable independent basis and

tool to measure WIPP-project status; and last but not least,
• The developer(s) of infori-nation supporting an application subjected to regulator

review and approval must document, document, and document: a well-designed
administrative record pays for itself by efectively supporting prompt and
credible responses to inquiries, inspections, surveillance, and audits.
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Risk Perception Social Amplification

R E Smith, Environment Agency, UK

1. Introduction

This paper seeks to consider social amplification as it applies to risk perception.
Perceptions of the magnitude of a risk are conditioned by issues such as the degree of
uncertainty in probability and consequences, the nature of the consequences and the
relative weightings placed on probability and consequences. Risk perceptions are
also influenced by factors such as confidence in the operator of an industrial process,
trust in the regulator and the perceived fairness of regulatory decision-making.
Different people may hold different views about these issues and there may also be
difficulties in communication.

The paper identifies and discusses self-reinforcing mechanisms, which will be
labelled "lock-in" here. They appear to apply in many situations where social
amplification is observed. Historically, the term "lock-in" has been applied mainly in
the technological context but, in this paper, four types of lock-in are identified,
namely scientific/technological, economic, social and institutional lock-in. One type
of lock-in tends to lead to the next and all are buttressed by people's general
acceptance of the familiar, fear of the unknown and resistance to change.

The author has a technical rather than a social science background and has some
experience in involving the public in decisions on risk-related matters. The view
presented is personal but seeks to be analytical.

2. Risk perceptions

Risk perceptions can differ on a number of counts including, in particular:

- On the nature and magnitude of the risks being taken; and
- Given agreement about the nature and magnitude, on whether the risks

concerned are worth taking.

Factors influencing such perceptions include the perceived competence and
responsiveness of the operator and the perceived effectiveness and responsiveness of

the regulator.
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2.1 Perceptions about the nature and magnitude of the risks
being taken

The nature and magnitude of a risk are a function of two variables, namely:

- The probability (or probability density function, e.g. probability per unit time) of
a certain set of consequences being realised; and

- The nature and magnitude of the consequences.

Each of these variables is potentially subject to unquantified uncertainty. The
probability is always subject to unquantified uncertainty, because probabilities must
be inferred and there are always limitations to the data/infon-nation/knowledge base
from which the inference is made. The nature and magnitude of the consequences
are sometimes subject to uncertainty. Uncertainties can sometimes be reduced, but
uncertainties in the numerical quantification of probability can never be eliminated.
To the extent that there are unquantified ucertainties associated with the probability
or consequences of a isk, there is room for a difference of view and perception of the
nature and magnitude of the risk.

All risks are in the future and many risks depend on human actions. Perceptions of
the nature and magnitude of a risk depend on the level of confidence vested in the
people carrying out the relevant actions. In an industrial situation, this means
confidence in the operator, the regulator and the regulatory process.

Another issue is the nature of the consequences, about which there may well be
disagreement. In a scientific or technological field, there will usually be a consensus
view of the nature of the consequences, held by most of the relevant specialist
community, but there may also be outlying views. Outlying views usually prove
wrong eventually, but they occasionally prove correct. Even with a specialist
consensus, however, there may not be a public consensus.

Even given a public consensus about the nature of the consequences, different people
may have different views as to the ranking order of severity of risks associated with
consequences of different kinds, e.g. death as against property damage, or dath from
cancer as against death from physical injury. For example, there may be
disagreement about the economic value which is to be put on human life, with some
people possibly objecting in principle to the exercise of putting a value on life.

The issue also arises as to what function risk is of probability and consequences.
Essentially, one may place greater relative weight either on the probability or on the
consequences. Different weighting of the two variables can lead to difference of
perception of the magnitude of the risk.

The above discussion attempts to identify some objective reasons for differences in
the perception of the nature and magnitude of a risk. In a situation of perfect
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dialogue between people with different perceptions, it might be possible to reach a
common understanding as to why their perceptions differ. In practice, however,
dialogues are imperfect and are sometimes difficult to achieve at all. Some of the
difficulties associated with establishing dialogues are:

- The impossibility of having a dialogue with "the public" at large
- The unwillingness of persons or groups to enter into a dialogue, perhaps for fear

of their position being compromised ("guilt by association")
- Misunderstandings caused by lack of a common set of concepts
- Misperception of the reasons for organisin a dialogue (if the issue is being

treated seriously, it must be a matter for concern)
- Pre-established positions, based on political, economic, social, or institutional

interests
- Suspicion of the motivations of the other parties involved
- The view that feelings are more important than reason
- Lack of agreement about the issues to be debated

2.2 Perceptions about whether risks are worth taking

Even where there is agreement about the magnitude of risks, there is still room for
difference of view and perception as to whether the risks are worth taking. This is
about putting risks in a wider context.

There may be a few people who take the view that no risk is worth taking but, if
pursued to its logical conclusion, this view would lead to a very strange lifestyle
indeed. Most people lead their lives as though some risks, at least, can and should be

borne.

A logical view of whether risks are worth taking might regard them as a form of
detriment, with a udgement to be made on whether there is a net benefit in thei
overall balance of benefits and detriments associated with the activity giving rise to

the risks.

While this may be logical, it is by no means simple to apply nor value-free. It can be
a complicated matter merely to identify and quantify all the benefits and detriments
associated with the activity concerned. Then there is the need to agree with other
persons or groups on the validity of this information. Some of the value-related

issues are:

- How to weigh benefits and detriments which are of qualitatively different kinds

against one another
- How to deal with unquantified uncertainties associated with benefits and

detriments other than risk
- How to deal with situations where the benefits and detriments fall unequally on

different groups of people
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- Whether distinctions should be made between situations where the risks are
imposed as a result of activities undertaken by oneself, as opposed to activities
undertaken by other people (or by faceless authority)

- Whether the individual can perceive when and where he/she is exposed to the
risks concerned

- What the individual can do to control his/her exposure to these risks, and what
the individual perceives he/she can do

- Whether the same or equivalent benefits could be achieved by other means
without incurring the risks and/or other detriments

- Whether the purported benefits are indeed benefits
- Whether the activity concerned is morally/ethically acceptable

3. Social amplification lock-in

It has been observed that perceptions of risk are subject to feedback mechanisms. In
some cases (e.g. radioactive discharges from nuclear sites, genetically modified
organisms) the feedback is positive and there is "social amplification" of the
concerns, while in other cases (e.g. radon in houses, global warming) the feedback is
negative and these issues do not receive the public attention they would seem to
deserve. In cases of the frst type minor incidents are magnified by press coverage
and public reaction, while in cases of the second type a major development goes
almost unreported.

Politicians, pressure groups and media people will all say that they can do little to
influence whether particular issues are subject to positive or negative feedback in the
public arena. One measure of personal or organisational success in this arena,
however, is to identify and exploit the cases where there is positive feedback.

Where feedback is positive a sensitisation process seems to have taken place which
would be difficult to reverse. In other words, a process of "lock-in" has occurred.
Lock-in relates to the adoption of entrenched attitudes, positions and ways of doing
things. It may be broadly categorised into four main types which overlap, interact
and reinforce one another, namely: scientific/technological lock-in; economic ock-
in; social lock-in; and institutional lock-in. All these types of lock-in are buttressed
by people's general acceptance of the familiar, fear of the uknown and resistance to
change.

3.1 Scientific/technological lock-in

Technological iock-in concerns a situation where so much scientific and
technological effort has gone into a particular technological system that it becomes
horrendous to contemplate a fundamental change of approach, especially for those
directly involved. Opponents of the nuclear industry or of the automotive industry
would say that the industry concerned and its associated infrastructure have become
subject to technological lock-in. Because comparatively little scientific and
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technological effort has gone into alternative approaches which might deliver the
same or similar benefits, it becomes difficult or impossible to say whether such
alternative approaches would be viable. Any major change in approach would
therefore involve a leap in the dark as well as an enormous write-off of technical

effort.

Science as well as technology may potentially be subject to lock-in, in that so much
scientific effort and resource may be deployed on the basis of a particular
understanding of nature that it may become very difficult to change tack if this
understanding is subsequently found to be flawed. The possibility of finding such a
flaw may itself tend to discourage fundamental probing. An example of an area
where such a problem might arise is the construction of giant particle accelerators on
the presumption that they will add to knowledge based on a particular model of

particle physics.

3.2 Economic lock-in

Economic lock-in is often related to technological lock-in because scientific and
technological resource costs money. More generally, economic lock-in relates to
either or both of the following:

- Projects involving a large capital expenditure which may or may not have a
significant scientific and technological component

- Industries where many people's livelihoods are at stake

Some examples from UK industrial history where economic lock-in occurred but
developments eventually forced change a-re to be found in: the canal infrastructure
(which was largely supplanted by the railways); the railway infrastructure (which
was partly supplanted by the automotive infrastructure); the coal-mining industry;
the steel industry; the ship-building industry; the automotive industry. In several of
these instances there was considerable investment of political effort and economic
resource in an attempt to maintain and even develop the industry against the
economic tide. This had the result that, when the inevitable changes came, they were
more drastic and socially disruptive than might otherwise have been the case.

3.3 Social lock-in

Social lock-in can be related to economic lock-in, particularly when many people's
livelihoods are at stake, because such people tend to form a social grouping. In other
cases, it occurs when social structures and attitudes form on the basis of experience
or some presumption about society or the wider world. It can be strongly reinforced
by peer pressure. An example is the polarisation which took place between "bosses"
and labour unions in 20'h century Britain. This example shows that social lock-in can
have major political overtones.

483



Examples of social lock-in can be found in behaviour patterns in present-day Western
society, such as reliance on the motor car for activities such as shopping, which were
previously carried out on foot or using public transport. Use of the car encourages
the development of out-of-town shopping facilities where ample car parking can be
made available. As a result, town centre shops are deprived of revenue and may be
forced to close, degrading the shopping facilities for people without cars, while
people who possess cars may be forced to use them for shopping because there are no
other reasonable means of reaching the out-of-town facilities. This form of lock-in
can have profound environmental, as well as social, effects.

Some forms of social lock-in appear to arise from copying the actions of others,
coupled with expectations of certain forms of behaviour created by peer pressure.
Once such forms of behaviour become entrenched, they are extremely difficult to roll
back. Possible examples are football hooliganism and, more mildly but more
pervasively, graffiti drawing.

This exarnple may be regarded as a particular case of a more general "social
bandwagon" effect. When applied to issues perceived to be of social concern (e.g.
nuclear power, genetically modified organisms), this effect may take at least two
forms which reinforce one another, namely:
- Other members of my social group (or group to which I should like to belong)

are concerned about this issue and so I ought to be concerned too; and
- Other members of my social group are behaving in this way and so, for social

solidarity reasons or because I do not wish to be conspicuous among my peers, I
ought to behave in this way too.

In this way, a particular attitude to some issue, or a particular form of behaviour, can
become a badge of membership of a given social group.

3.4 Institutional lock-in

Scientific/technological, economic and social lock-in often lead to institutional ock-
in because institutions are frequently set up to support what appears to be established
in these other areas. Thus, a large infrastructure of local bank and building society
branches was set up in the UK to support public demand for over-the-counter
financial transactions. This institutional infrastructure appears to be in the process of
being at least partly supplanted by developments such as cash machines and
telephone and online banking.

It is possible to argue that the political institutions of a nation such as the UK or USA
are essentially 18" century in concept, have overrun their period of maximum utility
and ought to be re-examined. However, they suffer from lock-in and would be
difficult to modify in a radical way. It is also possible to argue that the very concept
of a nation state is no longer nearly so relevant to people's requirements as it once
was, or seemed to be. But again, lock-in is an obstacle to change.

484



Institutions require people to run them. Such people have a vested interest in
perpetuating their institutions because they gain both livelihood and status from
them.

4. Role of the Regulator in Promoting a Dialogue

The regulator seeks to make decisions which achieve the common good rather than
supporting or perpetuating any set of vested interests. In this regard the locked-in
positions of stakeholders, whether organisations, interest groups, or individual
members of the public, are obstacles and challenges to the regulator. Existing
methods of consulting stakeholders include inviting responses to written consultation
documents and holding public meetings and face-to-face "surgeries" with individuals
and small groups. Among these methods, only the dialogue provided by surgeries
seems to offer significant scope for people to move from preconceived positions, and
this is extremely labour-intensive for the regulator.

In the UK, the Environment Council has developed a diagrammatic representation of
the relationship between stakeholders who may hold entirely different debating
positions. The diagram consists of two overlapping triangles on a horizontal base.
The separate tops of the triangles represent the different debating positions. At the
next level down, representing interests rather than positions, there is some overlap
between the triangles. At the lowest level, representing underlying needs, there is a
large overlap between the triangles. In order to achieve a proper dialogue rather than
a mere debate, it is necessary to drill down through the different levels to the
underlying needs.

The RSCOM Project of the European Union seeks to support participating
organisations in developing transparency in radioactive waste management
programmes and methods for engaging the public more effectively in the decision-
making process. The Environment Agency is involved in part of the Project that
entails a rigorous evaluation of public participation processes, the selection of
evaluation criteria, and the development and testing of selected processes, including
the use of web-based discussion. The aim is to produce recommendations for the
improvement of communication, transparency, and the understanding of risk. The
emphasis of the project will be on the processes trough which dialogue between the
public, relevant organisations and stakeholders can take place, rather than on the
issues under discussion. However, insights on concerns, aspirations and underlying
values in relation to long-term radioactive waste management will also be developed.

5. Conclusions

This paper has identified a mechanism labelled "lock-in" as a significant component
of how social amplification occurs, both in general and in people's perception of risk.
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Once lock-in has taken place it can lead to behaviour which may not be in people's
own best interests, but which would be difficult to reverse.

The regulator seeks to make decisions which achieve the common good rather than
supporting or perpetuating any set of vested interests. In this regard te locked-in
positions of stakeholders, whether organisations, interest groups, or individual
members of the public, are obstacles and challenges. Existing methods of
consultation are unsatisfactory in terms of achieving a proper and productive level of
dialogue with stakeholders.

The RISCOM Project of the European Union, which includes the involvement of the
Environment Agency, seeks to support participating organisations in developing
methods for engaging the public more effectively in the decision-making process, in
the context of radioactive waste management programmes. The aim is to produce
recommendations for the improvement of communication, transparency, and the
understanding of risk.
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1. Introduction

Drigg is an operational facility for the near-surface disposal of solid low level
radioactive waste LLW). The disposal facility is located in Cumbria, north-west
England, near the Sellafield nuclear site, and is owned and operated by British
Nuclear Fuels p1c (BNFL). Disposals at Drigg are carried out under the terms of an
authorisation granted by the UK Environment Agency. Periodically the Drigg
authorisation is subject to formal regulatory review. The current regulatory guidance,
'Disposal Facilities on Land for Low and Intermediate Level Radioactive Wastes:
Guidance on Requirements for Authorisation' (the GRA) [1] was published in 1997
and contains guidance on the principles and requirements against which the
Environment Agency will consider applications for disposal authorisation. BNFL has
undertaken to produce an updated Drigg post-closure safety case (PCSC in
September 2002 to support the next authorisation review. In preparation for this,
BNFL published a 'Status Report on the Development of the 2002 Drigg PCSC' in

March 2000 [2].

This paper discusses the main components of the Drigg PCSC and how they relate to
each other. Central to the safety case will be a systematic, post-closure radiological
safety assessment (PCRSA). However the main focus of this paper is on the other
main components of the PCSC which are presented in conjunction with the PCRSA to
make a complete and integrated safety case. In addition other confidence building
activities which are key to developing and presenting the safety case are discussed, in

particular communications with stakeholders.
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2. Principal Components of the Drigg PCSC

The principal components of the PCSC are illustrated in Figure 1. One of the ain
aims of this diagram is to show how the various components interrelate and combine
to 'make the case' for continued disposal operations. The intention is to move away
from a more traditional linear model and the perception that the other components of
the safety case, such as the site and facility description, are merely included to
provide the backdrop to the quantitative assessment of long terrn performance (the
PCRSA). The site and facility description is also important in its own right, for
example in the way it demonstrates a comprehensive and detailed understanding of
the disposal system and hence that the PCSC is based on good science and
engineering. In our view such aspects are as important in building confidence in the
safety case as, for example, graphs of performance results. It should be noted that in
attempting to highlight the importance of the other aspects of the PCSC, we do not
want to downplay the crucial role of the quantitative safety assessment in
demonstrating the safety of the facility. The PCRSA is discussed briefly in the next
section.

Safety Case Site and Facility
Context Description

Post-Closure
Radiological

Safety Assessment

Supporting Forward
Arguments Programme

Case for Continued
Disposal Operations

Figure I Principal components of the Drigg PCSC
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3. Post-Closure Radiological Safety Assessment

The Drigg PCRSA is the principal means by which the long-ten-n perfon-nance of the
disposal facility is evaluated. The structure and content of the PCRSA has been
described in some detail in recent publications [e.g. 23], most notably in the Status
Report on the Drigg PCSC. The BNFL approach to safety assessment has been
developed from examples of international best practice in radiological safety
assessment (e.g. from deep geological disposal programmes) and to align with current
developments in assessment methodologies for nea-r-surface disposal facilities, as
exemplified by the IAEA's recent ISAM collaborative research programme 4] In
particular, BNFL have adopted a systematic approach to the PCRSA to promote
transparency and traceability and to demonstrate the rigorous treatment of
uncertainty.

Some key elements of the PCRSA are highlighted below and more detailed
infori-nation can be obtained in the references cited above.

• The primary reference point is a comprehensive list of all the features, events and
processes (FEPs) potentially relevant to the Drigg disposal system, both now and
in the future.

• At the highest level, the system is divided into the external System Environment
and internal Process System, with a clear definition of the extent and nature of
the latter.

• The structured review, rganisation and modelling of external FEPs (EFEPs to
derive qualitatively distinct alternative scenarios, describing the possible long-
term evolution of the system.

• The systematic disaggregation, identification and screening of Process System
FEPs and FEP interactions.

• The development and justification of possible alternative Process System
conceptualisations based on the system disaggregation and the source-pathway-
receptor concept.

• The selection of a representative set of calculation cases to conduct a PCRSA of
adequate beadth and depth. This includes examination of the response of the
Process System to different scenarios.

• The application of the most appropriate means of analysis in a tiered approach,
be it complex computer modelling, side calculations or logical arguments, to
address the issues and uncertainties identified within a calculation case.

• The implementation of a number of procedures and tools to formally document
and manage the assessment process, such as process influence diagrams,
interaction matrices, FEP screening forms, conceptual model uncertainty forms,
parameter input forms, the assessment model flowchart and clearing houses.

489



4. Additional Components of the Safety Case

These aspects of the safety case are included to build confidence and put the PCRSA
results into context to aid an informed decision-making process. BNFL believes there
is a general international consensus that decisions cannot be made solely on the basis
of numerical results such as long-term risk estimates. The intention therefore is to use
multiple and complementary lines of reasoning to build a robust safety case, which is
logical and understandable to informed stakeholders.

4.1 Safety Case Context

The safety case context is the set of high level objectives, constraints and assumptions
that set the overall context for the safety case. The safety case context in turn
determines the scope and content of the PCSC. It is strongly governed by regulatory
requirements and the current stage of facility development relative to the iterative
regulatory-safety assessment cycle. For example, the context of continued
authorisation for an existing facility is very different from that for a key decision
point on the construction or operation of a new disposal facility. This in turn will
govern how the safety case is developed and presented, e.g. the amount of
stakeholder interest and involvement. There is growing international consensus, in
IAEA programmes like ISAM and BIOMASS and in NEA documents 5, that
defining the high level context as the first step in building a safety case represents
best practice for informing the target audience. An initial Drigg safety case context
was published in the Status Report 2 in March 2000 to inform stakeholders of our
objectives, intentions and constraints, and the reasons for these, well in advance of
the 2002 submission. The Digg safety case context covers topics such as
stakeholders, regulatory requirements, the purpose of the PCSC, issues not addressed,
the international context, timescales and societal assumptions.

4.2 Site and Facility Description

The site and facility description provides a comprehensive account of the Drigg
disposal system. This is supported by maps, drawings, schematic diagrams and
photographs of the site, surrounding area, facility structures and waste forms. The
aim is to demonstrate a good understanding of the system and provide basic factual
information, like the estimated radionuclide inventory, which in our experience is
sometimes quite difficult to track down in voluminous repository safety
documentation. An overview in the top-level PCSC report is underpinned by very
detailed supporting information sources (see Section 45).

The system is sub-divided into three main components, biosphere, geosphere and
near-field to provide a logic and structure to the description. The biosphere
description includes topics such as climate, the coastal and local marine environment,
soils, vegetation and land use, human habits and behaviours. The geosphere
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description covers site geology and hydrogeology, including conceptualisation of
groundwater flow pertinent to the movement of radionuclides and hence the safety
case. The geochemistry of relevant solid and aqueous phases is also discussed and
used to support the hydrogeological interpretation. The near-field description covers
the projected radionuclide and waste materials inventory, facility design (including
changes in operations and design through the site's history) and the basic plans for
site closure. The site and facility description not only provides a basis for system
analysis and assessment via the PCRSA but also contributes significantly to the safety
case in its own right by demonstrating a good understanding, which is based on sound
science and engineering. The description also links to the forward programme by
providing a context for what information and evidence is already known, what work
is ongoing and what work is planned for the future to improve our understanding and
reduce uncertainty.

4.3 PCSC Supporting Arguments

This aspect of the safety case is more difficult to define and structure. The basic
intention is to highlight any additional qualitative or simple quantitative information
and arguments, which augment and complement the PCRSA. In particular the aim is
to provide a wider context from which to view the PCRSA results by considering the
full range of relevant social, economic and political factors. For example, it is useful
to consider what level of risk society finds acceptable or tolerable in other areas of
human activity, e.g. road traffic accidents. This promotes the application of common
standards across all social risks to ensure radioactive waste disposal receives
equitable treatment and is not disadvantaged because of its perceived controversial
nature. This is important to promote a reasonable, well-balanced decision-making
process. Care is required in integrating this aspect of the safety case with the other
components so that the supporting arguments do not appear to be disjoined or largely
irrelevant. It is also important not to appear to justify the impact of radioactive waste
disposal by comparisons with other environmental impacts (e.g. industrial pollution).

Examples of the subject matter covered are listed below.
• A simple, qualitative description of the disposal system concept.
• Information on environmental radioactivity, particularly natural background

radiation but also specific natural or anthropogenic localised sources.
• Risks from other spheres of human activity.
• Discussion on the factors which influence perceptions of safety and risk.
• Examples of the use of good science and engineering in the safety case.
• Discussion of the national strategic importance of Drigg in tentis of UK LLW

disposal policy.
• Site management and financial aspects, including provisions for site closure.

• Communications activities in support of Drigg.
• Other simple technical supporting arguments targeted at areas identified as

important by the main PCRSA calculations.
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4.4 PCSC Forward Programme

Due to the iterative nature of the regulatory-safety assessment cycle, it is our view
that the forward programme should be seen as an integral part of the PCSC and not
just an appendage to it. This is particularly important for an operational site like
Drigg where the PCSC needs to be regularly updated to maintain the authorisation.
This does not mean that every issue and uncertainty has to be fully resolved for the
iterative cycle to continue. For example, it would not be appropriate to decide every
last detail about site closure when this is not planned to occur for many decades,
during which time engineering technology and what is regarded as best practice may
develop significantly. In our view what is necessary is that the closure design is
sufficiently well developed to provide adequate reassurance that the site can be closed
safely on the basis of currently available technology. Similar arguments apply to
many issues right across the safety case.

The decision-making process used to develop the forward programme follows a
framework designed to be open and transparent. This includes identification of
possible issues to address, rganisation of these issues into a manageable structure,
prioritisation of these issues based on a transparent set of criteria and balancing the
different subject areas of the PCSC to derive an overall balanced forward programme
taking into account project constraints (time, cost, practical issues). Generally a more
detailed forward plan is provided for the immediate I to 2 years with a more general
indication of the forward direction for the next years or so. Activities that will be
required up to site closure (e.g. long terrn monitoring) are also accounted for.

4.5 PCSC Documentation Structure

Finally in this section, it is worth noting the intended documentation structure for the
2002 Drigg PCSC. Information will be organised in a hierarchy of four levels of
increasing detail. Level I corresponds to the top-level PCSC report, which will
provide a concise overview of the complete safety case. Level 2 will consist of a set
of about 20 high quality technical reports which will directly underpin the level I
report and cover various aspects of the PCSC such as inventory, engineering, site
geology, hydrogeology and geochernistry, PCRSA approach, PCRSA results, etc.
Level 3 is a large and diverse collection of documents which will provide the very
detailed evidence and information to support the higher level reports. This includes
BNFL technical reports, consultants' reports and open literature publications. Level
4 is the most detailed project information, such as borehole logs, calculation sheets,
laboratory note books, computer files, etc. This level of information is not normally
published but is maintained in accordance with the project quality assurance system
and is available for inspection and audit as required.
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5. Confidence Building Activities

This section covers other confidence building activities that contribute to safety case
development, particularly interactions with stakeholders.

Regulators are recognised as key stakeholders for the Drigg PCSC, particularly the
UK Environment Agency, which has a specific regulatory responsibility in the
authorisation process. Since 1997 BNFL and the Agency have been involved in an
information exchange process, including regular meetings, on the development of the
technical work leading to the 2002 Drigg PCSC. This process is ongoing and has led
to notable improvements to the safety case, as well as affording a mechanism for
providing clarifications and preventing misunderstandings. This is important to
enable the regulator to build confidence that the planned safety case is in line with the
requirements of the GRA [1] and work is progressing to programme. It is also
important to enable the operator to ensure that the proposed programme of work,
which represents a significant financial investment, is likely to meet regulatory
expectations.

A key milestone in this exchange process was the publication of the Status Report 2]
in March 2000, to provide a detailed public statement on the intended approach for
the 2002 PCSC and surnmarise progress to date. At the time of issue, key
organisations were informed, and the Environment Agency placed copies of the
report on the Public Registers. The Agency's review of the Status Report will also be
publicly available.

The scientific community, particularly those involved in radioactive waste disposal,
are also recognised as an important audience with which to maintain communications.
A number of avenues are available such as scientific publications and conference
presentation. Participation in relevant international collaborative programmes, such
as those coordinated by the IAEA and NEA, is another important means of raising
awareness of our work. For example, at the ISAM 4] annual meeting in September
2000 a presentation was given on the Drigg PCSC and the Status Report was
circulated to all the participants in CD format. Since then the Status Report has been
cited at IAEA training courses and BNFL has received additional requests for copies
as well as positive feedback on its value in setting an international standard for near-
surface disposal assessments.

Links to the wider scientific community are also maintained by the involvement of a
large number of universities and consultancies in the work contributing to the safety
case, covering a wide range of activities from development of assessment
methodologies to fundamental scientific research (e.g. on colloids). It is also our
intention to have the level I and 2 PCSC reports peer reviewed by independent
technical experts and the output will be available as part of the 2002 PCSC audit trail.
To ensure independence the peer reviewers are being selected by an open tendering
process. Another example of technical stakeholders but with a wider perspective, is
the Radioactive Waste Management Advisory Committee (RWMAC) which provide
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guidance to the UK government. On a site visit to Digg in November 2000,
RWMAC members were given a presentation on Drigg, including development of the
PCSC ad provided with CD copies of the Status Report.

The Sellafield Local Liaison Committee (SLLC) is a long established forum for
communicating Sellafield and Digg issues to a range of local stakeholders, including
local representatives, employee representatives, the media and the general public.
The SLLC Environmental Health Sub-Committee was briefed on the PCSC
development process in November 2000.

Recognising the context that Drigg is an existing site, already operational for over 40
years, our stakeholder communications policy has been aimed at raising awareness of
the PCSC development work. Based on the response to our communications
activities outlined above, this approach appears to be in tune with the requirements of
our stakeholders. Our perception is that our stakeholders appreciate being kept
informed and realise that detailed technical information is available for those who
would like to investiaate further. There has been no wish for more active
involvement, with stakeholders recognising that the work on the PCSC is still
ongoing and that there will be a wide consultation process as part of the authorisation
review carried out by the Environment Agency in the period after 2002.
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Abstract
Ramsar a city on the Caspian Sea in northern Iran hosts the highest measured natural
background radiation levels in the world. These are due to the local geology and
hydrogeology and, in some places, deliver radiation doses far in excess of those
recommended for radiation workers. A population of about 2000 is exposed to
average annual radiation levels of 10.2 mGy/yr and the highest recorded doses are
about 260 mGy/yr. These high radiation levels are due to the deposition of 226R in
local rocks and, because these ocks are used in the construction of many local
houses, interior radiation levels are often similar to those found outside.

The presence of areas such as Ramsar raises an interesting public health policy
question: Is it necessary to relocate the inhabitants to areas of lower natural
background radiation levels in the interests of public health? According to the linear,
no-threshold (LNT) hypothesis, there is no doubt that relocating the population of
Ramsar will result in a reduction in cancer incidence. Therefore, under any
reasonable policy based on the LNT hypothesis, the public health is best served by
relocating many of Ramsar's inhabitants to other areas along the Caspian Sea.

At present, there is no reliable epidemiological data on cancer incidence among the
inhabitants of Ramsar's high background radiation areas (HBRAs), but local
physicians feel that local cancer incidence rates are lower than in neighboring cities.
Furthermore, preliminary results indicate that there is a statistically significant
radioadaptation in the inhabitants of Rarnsar. Interestingly, it seems that the
frequency of chromosome aberrations in the lymphocytes of the inhabitants of
Rarnsar is no higher than the control areas. This important finding suggests that the
cancer rate in Ramsar should be no higher than in other comparable parts of Iran. In
other HBRAs such as Yangjiang, China it has been reported that mortality from all
cancers and those from leukemia, breast and lung is no higher than in control areas.

These facts suggest there is no public health advantage to measures such as
relocating Ramsar's inhabitants. This conclusion brings with it a corollary question:
Do our public health policies require revision if Rarnsar's inhabitants are unaffected
by these high radiation levels? If on-going studies confirm that the cancer rates and
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life spans of Ramsar's inhabitants do not differ significantly from those of other
areas, then the effort of a large relocation is unecessary. In a ddition, such findings
would also suggest that our current radiation safety policies are overly conservative,
requiring "protective" measures that, in actuality, offer no benefit. If this is the case,
many nations may be wasting time and money in preventing non-problems.

In this paper, we will discuss the factors responsible for Ramsar's high natural
radiation levels. We will then present the evidence accumulated thus far that suggests
these radiation levels have no measurable effect on the health of Ramsar's
inhabitants. Finally, we will discuss how these findings, if confirmed by studies
currently in progress, may call for a re-evaluation of current radiation safety
recommendations.

Present Address: National Radiation Protection Department (NRPD), Atomic Energy
Organization of Iran, Northern Karegar Street, P.O. Box 14155-4494 Tehran, Iran

Introduction
Humans, animals and plants have been exposed to natural radiation since the

creation of life, and levels of natural radiation can vary greatly around the world.
Inhabited areas with high levels of natural radiation are found in Yangjiang China,
Kerala India and Guarapari Brazil. Ramsar a northern coastal city in Iran, has some
areas with the highest levels of natural radiation studied so far. Annual background
doses of the inhabitants of some areas around the world are summarized in Table. .
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Table. Mean and maximum anual background doses of
the inhabitants of some areas around the world.

Area Mean Dose Maximum Dose
_____(mGv/year) (mGY/Ytmr)

Ramsar, Iran 10.2 260
Guarapari, Brazil 5.5 35
Kerala, India 3.8 35
Yangjiang, China 3.51 5.4
Hong Kong, China 0.67 1.00
Norway 0.63 10.5
France 0.6 2.2
China 0.54 3.0
Italy 0.50 4.38
World Average 0.50
India 0.48 9.6
Germany 0.48 3.8
Japan 0.43 1.26
USA 0.40 0.88
Austria 0.37 1.34
Ireland 0.36 1.58
Denmark 0.33 0.45

Source: Health Research Foundation, Kyoto, Japan
Used with permission of Health Research Foundation.

The radioactivity ofthe high background radiation areas (HBRAs) of Ramsar is due
to 226 Ra and its decay products, which have been brought up to earth surface by hot
springs. There are more than 9 hot springs with different concentrations of radium
around the city. These springs are usually used as spas by the visitors as well as
residents. According to the results of the surveys performed by the Atomic Energy
Organization of Iran (AEOI), the radioactivity seems to be primarily due to the hot
springs passing through streams and secondarily to some travertine deposits having a
thoriurn content more than that of uranium (Sohrabi 1990). The results of
environmental gamma exposures measured in different areas of Ramsar, both indoor
and outdoor ranged from 0.05 to 9 mR/h. The dose received by the individuals
monitored in the area, ranged up to 132 mSv/y. It can be concluded that the effective
dose equivalents of inhabitants of HBRAs of Ramsar can be few times higher than
the accepted dose limits for radiation workers (Sohrabi 1990). Considering the
reported dose rtes. it can be claimed that Ramsar has the highest level of natural
radioactivity studied so far (Sohrabi 1990). The basic aim of this paper is to answer
the question on whether we need any regulations to protect the ihabitants.
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Chromosome Aberrations
Cytogenetic analysis of chromosome aberrations in peripheral blood lymphocytes is
widely used as an assay to detect and quantify exposure to radiation and other
clastogens (Hoffmann and Schmitz-Feuerhake 1999). Previous cytogenetic studies
had shown a statistically significant difference between the results of the inhabitants
of HBRAs and a normal background radiation area (NBRA) (Fazeli 1990).
However, our experiments showed no significant difference even in the case of tile
inhabitants who lived in houses with extraordinary elevated levels of natural
radiation. (By the way inhabitants still appreciate enjoying the beautiful natural
environment.) Although at present there is no substantial radio-epidemiological data
on the incidence of cancer in the inhabitants, local physicians report anecdotally that
the persons who live in the HBRAs of Ramsar do not show any increased cancer, or
leukemia. Obviously this may be attributed to the difference in individual
susceptibilities to radiation exposure, so we conducted an experiment to assess the
possible existence of a radioadaptive response in the inhabitants of these areas.

Radioadaptation
It is now clearly known that ionizing radiation and a variety of DNA damaging
stresses such as UV, alkylating or oxidizing agents and heat can induce responses
which are related to repair of the initial damage (Ikushima 1996). The results of
many studies indicated that when cells are exposed to low doses of these agents, they
often become less sensitive to the harmful effects of a subsequent higher dose. This
type of induced repair is called adaptive response (AR). Epidemiological evidences
have indicated that the natural radiation in HBRAs is not harmful to residents (Chen
and Wei 1991, Cohen 1995, 1996, Zha eral. 1996, Wei 1997, Jagger 1998).
Furthermore, cancer mortality rate is significantly lower in the high background
areas than in the control areas (Ikushima 1999). This is one of typical examples of
radiation hormesis, but if we want to claim that high background radiation act as an
adapting dose, we should study the radio-resistance of residents in these areas after
receiving a high dose (Ikushima 1999).
Our experiments showed that when the lymphocytes of the inhabitants of HBRAs
and a neighboring NBRA are exposed to 1.5 Gy gamma rays, the frequency of
chromosome aberrations in the lymphocytes of the inhabitants of HBRAs is
significantly lower than that of the NBRA.

Hernatological Alterations
Since 1999, National Radiation Protection Department (NRPD) of the Iranian
Nuclear Regulatory Authority (INRA) has performed an integrated multi-disciplinary
study on the health effects of relatively high levels of natural radiation.
Immunological changes were among the main endpoints of this project. The main
purpose of this part of the study was to investigate the effects of the prolonged high
level natural radiation on hematological parameters. In this regard, healthy donors of
both sexes who lived in VHBRAs as well as donors from a neighboring normal
background radiation area (NBRA) were examined for hematological changes.
Hernatological parameters such as counts of leukocytes (WBQ, lymphocytes,

498



monocytes, granulocytes, red blood cells (RBC), hemoglobin (Hb), hematocrit (Ht),
MCV, MCH, MCHC, RDW, PLT, and MPV were studied in all of the individuals.
Our results indicated that there is no any statistically significant alteration in
hematological parameters of the inhabitants of VHBRAs of Ramsar and the
neighboring control area.

Immunological Changes
It is a well-known fact that ionizing radiation can suppress the activity of the
immune system. On the other hand low-level whole body irradiation (WBI) can
induce immuno-enhancement. To assess whether relatively high doses of natural
radiation can alter humoral immune parameters, an experiment was conducted on the
inhabitants of VHBRAs of Ramsar, who consistently living in houses with elevated
levels of natural radiation. Immunological factors such as the concentration of serum
immunoglobulins of IgA, gG, IgM and C3, C4 components of the complement
system in healthy donors from VHBRAs and a neighboring area with a non-nal
background radiation (NBRA) were studied. Our findings indicate that there is a
slight increase in gA and IgG levels of the inhabitants of VHBRAs compared to
those of matched controls. gM, C3, and C4 complements were in the normal range.
In spite of the fact that the increase in JgA and IgG were not so marked to show
probable ehanced immunological capability, it can be concluded that relatively high
doses of natural radiation are not immunosuppressive. More research is needed to
clarify the immunological alterations induced by different levels of natural radiation.

Scope of the Future Studies
These results suggest it is inappropriate to estimate the hazard of the low radiation
doses by straight extrapolation of the data obtained with much higher doses and
during shorter time periods. Conclusions drawn from experiments, clinical
observations and epidemiological studies following intermediate to high radiation
exposures attribute a mutagenic and carcinogenic competence to all radiation doses.
These conclusions cannot be confin-ned experimentally nor by epidemiological
studies of populations living under different conditions from natural sources of
radiation. Nevertheless, a change in the present restrictive radiation protection policy
does not yet appear appropriate (Roth et.al, 1996). Radio-epidemiological studies on
the inhabitants of HBRAs provide valuable findings from direct observation, without
extrapolation of the dose-responses from detrimental effects of high dose to low dose
levels. Needless to say, due to statistical considerations, these studies should be
usually very long-term experiments. In Ramsar, the population who live in the
HBRAs is estimated to be about 2000 persons. In this regard, to obtain statistically
reliable results, only a long-term study can provide considerable person-years of
observation. On the other hand there are some published reports on the increased life
span of A-bomb survivors (Mine etal, 1990) or the increased survival of laboratory
animals that exposed to low doses of ionizing radiation (Jaworowski, 1997).
Therefore the life span of the inhabitants should be studied as a major part of the
future long-term studies.
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HBRAs, LNT and Problems of Policy Makers
The risk of low-dose radiation exposures has for a variety of reasons been highly
politicized. This has led to a frequently exaggerated perception of the potential
health effects, and to lasting public controversies (Keller 2000). Current radiation
protection recommendations are based on the predictions of linear, no-threshold
theory (LNT). The health effects of low levels of ionizing radiation or prolonged
exposure to high levels of natural radiation such as the beneficial effects or lack of
detrimental effects in the inhabitants of HBRAs are inconsistent with this theory. In
HBRAs of Yangjiang county (annual doses are about 330 mR) in China it has been
indicated that mortality from all cancers and those from leukemia, breast and lung
were not higher than that of the control area (I 10 R/y). Furthermore, it was shown
that when samples of circulating lymphocytes taken from the inhabitants were tested
in vitro for mitotic response to phytohemagglutinin (PHA) and the degree of
unscheduled DNA synthesis (UDS), there were higher responsiveness and UDS rates
in the HBRA than that of a control area (Chen and Wei, 1991). Despite the lack of
radio-epidemiological data on HBRAs of Ramsar, these findings strongly indicate
the existence of hormetic effects in HBRAs. Furthermore, in 1996 it was reported
that based on the substantive data as cancer mortality, hereditary disease, congenital
malformations, cromosome aberrations and imune functions of the ihabitants of
the Yangjiang county, no harmful impact induced by natural radiation (Zha et.al,
1996). These effects contradict the linear no-threshold theory. Similar health surveys
should be performed in the HBRAs of Rarnsar, where the annual doses are much
higher than the Yangjiang county. There are many other areas with high levels of
background radiation around the world, and epidemiological studies have indicated
that natural radiation in these areas is not harinful for the inhabitants. It can be
reconfirmed that a threshold separates the health effects of natural radiation from the
harm of large doses. This threshold seems to be much higher than the greatest level
of natural radiation (e.g. lifetime doses up to 3 Sv in VHBRAs of Rarnsar).

Conclusion
Several statistically significant epidemiologic studies contradict the validity of LNT
concept by showing risk decrements, i.e., hormesis, of cancer mortality and mortality
from all causes in populations exposed to low-dose radiation (Pollycove, 1998).
Populations in areas with high background radiation rates show no adverse health
effects when compared to low-dose populations. Several studies of large populations
with significant differences in doses indicate beneficial health effects, i.e., lower
mortality and disease rates (Cohen 1995, 1996, Wei 1997, and Jagger 1998) To
assess the health effects of high level natural radiation, chromosome aberrations,
induction of radioadaptive response, hernatological and immunological alterations
were studied in the inhabitants of VHBRAs of Ramsar. Our findings on the
biological effects of prolonged exposure to high levels of natural radiation in the
inhabitants of VHBRAs of Ramsar showed no harmful bio-effects. In spite of the
lack of any data on harmful effects of natural radiation in HBRAs of Rarnsar, as the
annual dose of the inhabitants is much higher than other HBRAs in the world, we
recommend that whenever it is reasonable (e.g. the construction of new schools or
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any other public places in the VHBRAs) the unnecessary irradiation of the
inhabitants should be decreased. In this regard it can be concluded that the Iranian
Nuclear Regulatory Authority (INRA) should control the construction of any new
buildings, especially public places in the VHBRAs of Ramsar in the future. In
addition, special medical care as well as periodical clinical examinations should be
provided for all of the inhabitants. Other measures, such as relocating large
populations or taking action to dramatically reduce population exposure do not seem
to be warranted because of the apparent lack of observable health effects on the
current population, in the absence of such measures.
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At a recent conference, an academic working in the field of risk management for an
insurance company ound profound difficulty in understanding the military terni "One
pass Monte Carlo". He pointed out that his company adopted the criteria of 50,000
passes as a minimum, before any results could be considered valid. Put in another
context, how many casino owners would have considered placing the entire profits of
their casino on one spin of a roulette wheel? For the insurance company, commercial
considerations necessitated the accuracy of their calculations.
A failure of an insurance company to gain absolute precision would have meant the
loss of potential profit. It can be argued, however, that for the military, threat inflation
appeared in the short term to have only positive pay-offs. Threat inflation was useful
in budgetary terms, it was likely to aid the military in gaining funding beyond its
minimum requirements for the missions it was asked to perform.
If the entire modelling effort of conventional deterrence and its related analysis
produced inflated threat assessment during the 1980's, this would inevitably have had

an effect on policy.
Leading researchers in the field of classified modelling have referred to the process as
being built on a "Base of Sand". These models, used to inform policy, were flawed
and based on unrealistic assumptions leading to increased threat inflation. Davis and
Blumenthal' concluded that the modelling community was in chaos and that:

"...DOD's approach to developing and using combat models,
including simulations and war games, is fatally flawed..."

They were devastating in their critique of the attitudes that prevailed and distorted the
models, painting a picture of many different communities, often competing, rarely co-
operating, under pressure to produce 'acceptable' results.
In a culture where truth was not the prime consideration, it is not surprising that
myths were prevalent. They were widely believed to be true, not only by the public at
large, but also by the military establishment. Although the models were treated as
being objective. the modelling effort was subjective. Technical expertise and the
effort expended was out of all proportion to the results obtained.
The lesson of the models should have been more, cheaper equipment. Yet the
subjective bias of the military was to invest more heavily in force multipliers, rather
than cheaper weapons or manpower. Given the example of the Gulf conflict, it is
relatively easy to argue that such expert judgements on quality versus quantity were
justified. The question then arises, if that was the expert opinion of military officers,
why were models used that ran on dramatically opposed assumptions?
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1. Introduction

This paper considers the mathematical modelling of an hypothetical conflict between
conventional forces of the NATO alliance and the Warsaw Pact alliance at the
theatre-level. During the Cold War there was a popular perception that the Warsaw
Pact had a conventional force superiority over NATO. There were many reasons for
this, but one cause was the inadequate and flawed use of modelling of the critical
Central Front in Europe'.
Disarmament was a central issue during the Cold War and, therefore, the modelling
of deterrence was of outstanding importance. A suspicion existed in the 1980's that
the modelling of conventional deterrence by defence establishments was unduly
pessimistic. If Europe could only be defended by a significant increase in troops and
equipment or by reliance on nuclear weapons, then any progress on disarmament
became very difficult. This was the message that appeared to be emerging
consistently from the classified modelling community.

2. Pessimistic Assumptions and Speculation

2Dean a participant in conventional arms negotiations, produced some astronomical
figures of the costs of military expenditure:

"...The NATO - Pact confrontation is huge -- ten million active-
duty soldiers on both sides, 70,000 main battle tanks, and
10,000 nuclear warheads, even after INF, at an annual cost of
$600 billion ........

Such enormous figures represent a huge drain on even the richest country. It is clear
that if even a relatively small percentage of tat cost was necessary, then those
resources could have been diverted to other areas with very large benefits.
During the 1980's there was a lively debate as to whether NATO had sufficient
conventional military strength. Opinions varied widely. The message of military
advisers and those with access to the classified models tended to be that NATO was
significantly underspending on conventional weapons. The value of this advice
depended on the expert judgement of military officers. Such opinions are, by their
very nature, subjective.
The models, though, may have been perceived as objective. Thus a chain of reasoning
may be traced. If the advice that NATO was underspending on conventional forces
was consistent with the models output and, if the models were considered to have

aThe Central Front in Europe confon-ned to the Inter-German border. It could also
have included Czechoslovakia, Denmark and Austria depending on the assumptions
made in the scenario.
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predicted an hypothetical series of events with a reasonable degree of accuracy, then
the advice was likely to be considered correct. However, the question remained as to
whether the models results were being correctly presented and understood by those
who had commissioned the work.
Even a cursory look at the available data on the models raises considerable doubts
about such an assertion. On examining the material, it rapidly becomes obvious that
any analysis of the technical aspects of the models must necessarily be extended to a
consideration of the input and output data.
There are a number of reasons for this. As a statistician working with applied real
world problems, there is a deep suspicion in forming an hypothesis on the basis of
understanding only part of the process. Also, no statistician would accept unvalidated
data without grave reservations. Put crudely, even if the model describes a process
adequately, if the model is run with poor data, it's results may be worse than useless.
The models reflected the thinking that dominated the arms control process until the
Gorbachev era. Perhaps it is not inappropriate to suggest that they also reflect the
results of those negotiations.

... Arms control has essentially failed. Three decades of U.S. -
Soviet negotiations to limit arms competition has done little
more than to codify the Arms Race ......

During the Gorbachev era, progress on arms control suddenly became. not only
possible, but almost inevitable. Whilst Gorbachev brought new thinking to the higher
echelons of Soviet policyrnaking, there were clear signs that Western policyrnakers
and analysts found it difficult to change their perceptions of the Soviet Union.
Equally, many Soviets also found it difficult to change their perceptions of the West.
In the West, there were indications of confusion and a reluctance to abandon old
concepts of force balance. The Gorbachev initiatives were, therefore, seen as an
indirect threat.

Gorbachev's December 7th speech to the United Nations
was like a political Pearl Harbor... Gorbachev's speech was
not only a surprise but a pre-emptive attack - a premeditated
assault on Western defense programs and arms control
planning. He did in one speech what several trillion dollars of
NATO defense investment have not been able to do: he
radically reduced the Western perception of a Soviet
conventional threat..."'

3. Modelling of Conventional Deterrence

The great value of models, simulations and the playing of war games using model and
simulation capabilities lies in their ability to assist in force planning, to enable

-5hypotheses to be tested and in training . As a tool, models are particularly useful for
analysts who can use them in the solution of very particular problems such as, for

505



example, weapons appraisal. Another area in which models are considered useful is in
assessing cost-effectiveness.
However, combat models cannot be predictive of war outcome because if a war were
fought twice under identical starting positions, the progress of the two wars is
unlikely to be the same. This is due to what is called the 'luck of war'. In view of this
it should be clear that even the most perfect model with the most perfect input data

6could not actually reproduce the progress of a real war . attempts to increase the
detail in the models can have little real effect on this problem.
What theatre-level models can do, however, is compare alternative force sizes, force
structures and force mixes. They can also be used to assess new concepts and doctrine
for interactions of air and ground forces. Since all theatre-level models allocate
resources to specific missions and areas, they can help assess the quality versus
quantity issue; i.e. is it better to have fewer expensive, lower performance systems?
It follows, therefore, that there is no such thing as an all-purpose theatre-level model.
Every model details certain activities while suppressing or aggregating others. The
decision on which factors should be emphasised needs to be governed, however, by
the use intended for the model.

4. Models for Analysis

A model is potentially useful to analysts because it represents the real world (or that
portion of the world with which the analyst is currently concerned) but does not
replicate it. Analysts use models to simplify certain aspects of the world in order to
solve particular problems. The reduction of complexity, however, will always
involve a trade-off with realism and the risk of omitting a factor that may have been
crucial.
Models cannot always provide solutions since many problems in the military field can
only be 'solved' in war. Models should, rather, be used to increase the understanding
of the process being studied or the problem being analysed. Models need to be built
after the problem has been fully defined. Modelling is, however, only one aid to
analysis. Selection of the means of analysis is actually part of the analytical process
itself. Although it may seem obvious, it is often the case that analysts will choose to
apply a model that they know and a-re familiar with rather than look for a more
appropriate model for the problem. It may also be the case that a prticular model is
chosen because it will save time and money needed to build another model.
The classical methods used to evaluate and compare models, such as using veritably
accurate data, testing by means of a controlled scientific experiment, etc. are
frequently either impossible or impractical for theatre-level models. This is due, in
part, to the difficulty in obtaining accurate information about 'enemy' forces,
manoeuvres and mobilisation times. In fact, a controlled experiment would only be
likely to show that no model can be fully compatible with physical reality.

It is important, therefore, that the user understands that theatre-level models are only
intended to provide insights about resource requirements and the results of a large
force confrontation in a specific geographical setting such as the NATO Central
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Front. At the same time, only scrupulously unbiased analysis is really helpful.
Preconceived notions do not result in good decisions, genuine understanding of the
issues is essential.

5. The Risk of Inappropriate Model Use

Since a competent designer can build a bias of almost any kind and degree into a
model, advocates of specific policies or weapon systems can easily arrange for their
model to produce the required results. This is one of the many risks involved in using
'black box' models where the results of the analysis are known, but little or nothing is
known about the workings or assumptions contained within the model.
Another risk is that the advocate, by substituting their own judgement for that of those
with the responsibility for making decisions, may achieve their own objective but at
what cost? It is possible, if not probable, that those with the responsibility for making
decisions might weigh the facts differently if given all the infori-nation. In a speech at
the US Naval War College, US Navy Secretary Graham Claytor complained that:

... One of the most frustrating things I have encountered in this
job has been a tendency on the part of some staff to use
systems analysis as a cover for what is really subjective
judgement ......

As examples of such misuse, consider the following allegations:

"...The (US) Air Force rigged a model of Soviet air defenses to
favour the B-I bomber and suppressed several independent
studies demonstrating that a new bomber did not need
supersonic speed .......

"...The (US) Navy's Sea Plan 2000 a comprehensive in-house
study of future naval requirements, lacks analytic
substantiation and is "probably as blatant a political ploy and
lobbying effort as any study in recent memory ....... 9

".. The (US) Navy has released only the conclusions of its
studies and not their details, exerted tight censorship and
suppressed dissent, and withheld potentially "disruptive"
studies from its own Navy Secretaries "while they reworked
and edited to ensure that they reached the proper
conclusions ....... 1(

A critique of models in the classified section is rendered difficult by lack of access,
however access to technical evaluations models has been possible through an
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examination of GAOb reports. Those reports have made it clear that often a single run
of a model is used to produce results and this must, inevitably, lead to the conclusion
that the results may be indicative of no more than a unique confluence of chance If
this is the case, it then leads to the question of whether the models are really being
used as they were intended to be:

... Understanding the real world is one thing, understanding the
models representation of the real world may be quite
another..."

6. Conclusion

The models produced the results that were expected from them. Those results were 
however bad the model, no better and no worse than the opinions of the customer,
Davis and Blumenthal summed up this tendency in modelling as:

..... agreeing with the subjective impressions of the most senior
relevant officer...""

This approach to modelling, placing senior officers approval above other
considerations, can, at its most charitable, be characterised as undue deference to
rank. However, since the most senior relevant officer presumably bad considerable
expertise on which to base his opinion, his assessment may have been accurate. It is
probable that the model customers may have assumed that they were paying for
something more objective and more reliable than the expert opinion of a senior
officer.
For the statistician, using a poor model is anathema. It can be argued, however, that if
a vast amount of infori-nation is processed by a model into an understandable form, it
is still serving a useful purpose. There is here a clear need to differentiate between
useful and accurate. To give a simple example: an expert might judge that a division
of the Soviet Army could have been mobilised and brought to East Germany in one
month. If it can then be shown that it could more reasonably be expected to take three
months, the value of the expert opinion is compromised. If the perceptions of those
whom the model is intended to satisfy are based on mistaken assessments of input
data, then it is implausible to assume that accurate results will be arrived at by
anything other than random chance.
Users of the model results can assume, unless told otherwise, that a complex
mathematical model is, in some way, totally objective. However, when modelling
complex human behaviour and interaction which produces, at best fuzzy and
sometimes misleading data, the modellers must select and simplify their input. This
process requires expert judgement in a number of fields. With each judgement and
selection the process becomes susceptible to human bias. Such bias is inevitable and a

bGAO - General Accounting Office
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key skill of policymakers must be the ability to take into account bias when making
decisions. However, the presentation of results from strategic models is often of the
"black box" variety.
Apparently precise "black box" results had their uses. They closed off discussion of
alternate assumptions and also helped to end unwelcome policy alternatives. The
difficulty of political figures, with little or no military experience, to understand a
complex situation and generate radical alternatives to the advice of experts would
have been rendered very difficult, even without any outright resistance. A realistic
evaluation of non-provocative defence proposals would undoubtedly have
necessitated the building of an entire new family of models based on different data.
When expert judgements are made on a series of well understood items, it is
reasonable to assume that the judgements will show a reasonably even distribution
around the true value. However this assumption, for example in the calculation of
weapons effectiveness, is based on a false premise.
It is relatively simple to quantify known factors, but during the Cold War there was a
pervasive tendency to give a somewhat overgenerous assessment of Pact capability.
Once this error had been made, it affected and biased all assumptions based upon it.
Such errors could create myths that had the power to defy rational analysis.
Myths are, perhaps, the most spectacular examples of errors in analysis, but a
tendency to use 'worst case' analysis at every step of the process pervaded all the
input data as well. Put crudely, the input analysts appear to have been afraid to ignore
any item that might possibly have been advantageous to the Warsaw Pact, while, at
the same time, dismissing many factors that were advantageous to NATO.
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1. Introduction
The method of complex risk analysis for region's population is offered in this work.
Following indexes are examined in this work as complex risk parameters:
• frequencies of different quantities of people (per year) which a-re perished from

all natural and man-made emergencies, typical for region;
• frequencies of different damages appearing (per year) from all natural and man-

made emergencies, typical for region.
The method is based on the event trees construction, and possible measures on risk
lowering are taken into consideration in this case. This method was approved during
the risk assessment for Novgorodsky region's population.

2. Methods and results
Authors of the present work develop the methodical device of the complex estimation
of natural and technical risks for the region's population allowing on the basis of the
event trees construction of most dangerous and hour released in region emergencies
to define parameters of levels of risks [I]. Thus, as complex parameters of risk for
the population are considered:
• frequencies of different quantities of people (per year) which are perished from

all natural and man-made emergencies, typical for region;
• frequencies of different damages appearing (per year) from all natural and man-

made emergencies, typical for region.
By result of practical approbation of the developed methodical device was: definition
of risk parameters on fire-, explosive objects, main pipelines chemically dangerous
objects, accidents on transport, and also floods, forest fires, storms and hurricanes
(for the population of Novgorod region).
The formation of initial data for the complex estimation natural and technical risks
was based on the analysis and generalisation climate features of Novgorod region,
and also information dangerous objects of area, structure of territory and characteris-
tics of industrial and habitable buildings.
In the territory of region are allocated everything 44 fire -, explosive dangerous ob-
jects (FEDO), including 4 pipelines. On the listed objects are stored, are transported
or are used: lacquers, propane, butane, methane, ammonia, natural gas, petroleum
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gas, trotyl, ammonia-saltpetre explosive substances, methanol, gas condensate and
petrol. Besides in the territory of region are revealed 29 chemically dangerous objects
(CDO), on which are possible technical failures with emission under toxic substances
(TS): enterprises of processing, food-processing industry, trade, and also public utili-
ties using TS. On listed objects are stored or are used, basically, ammonia and chlo-
rine.
Transport accidents, accidents on automobile and railway transport connected to
transportation fire-, explosive and chemically of dangerous substances on territory of
Novgorod region are considered.
Is revealed, that on territory of Novgorod fegion following dangerous substances are
transported:
• Gases compressed, liquefied, dissolved under pressure or deeply cooled,
• Inflammable liquids;
• Toxic substances.
According to the submitted initial data the extent of transport communications used
for transportation of dangerous loads is: motorways - 7626,8 km; railway ways -
1156 km.
Meanings of frequencies of initial events, scripts of occurrence and development of
accidents were accepted on the basis of the analysis statistical given about reasons
technical emergencies and known researches on industrial safety.
Consequences connected to indirect losses from a complete or partial stop of techno-
logical process, and also questions of forecasting of social and ecological conse-
quences were not considered.
The greatest probability of levels excess of the beginning of coastal territories flood-
ing (more than 40 %) has southern areas of Novgorod region (on the data of Russian
State meteorological centre) including pools of rivers Volkhov, Shelon, Psija, Polist,
Porusiy, Rediy, Lovat, Kuniy, Pola, Msta. The repeatability of floods, which drown
coastal territories, makes for southern areas of Novgorod region on the average 25
years and for other areas of region - 35 years.
The complex estimation of natural and technical risks for Novgorod region was car-
ried out on the basis /N- and /G-diagrams (see figures 1 2, received for accidents
on fire-, explosive, chemical dangerous objects, accidents on transport, and also na-
ture disasters connected to floods, forest fires, storms and hurricanes. The general
risk diagram from natural and technical emergencies for the population of Novgorod
re-ion is submitted on the figure 
As have shown the number of fatalities in territory of Novgorod region can be esti-
mated the value from several person up to several thousands persons. Thus the loss of
three-four persons is expected annually and it is caused by fine failures on industrial
objects ("industrial traumatism") and accidents on transport connected to transporta-
tion of dangerous substances. Simultaneous death of several thousands persons -
event for the population of Novgorod region extremely rare. The frequency of such
event (F) can be valued 10-7 till Iff" events per year, and its realisation can be con-
nected only to large accident on industrial object. For example, the accident on JSC
"Acron>, connected with release of the tank containing 10000 tons of ammonia and
emission of all this weight (under adverse weather conditions). Let's notice that tre-
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quencies 10-' till Iff" events per year are rather small and meet the requirements to
industrial risk in the West, for example, in the Netherlands.
Among industrial ob 'jects ocated on Novgorod region the greatest danger represents
manufactures using in the work cycle chemically dangerous substances. The most
dangerous object, as already it was marked above, is JSC "Acron". It is necessary to
note that the possible accident in this case is aggravated because this object is located
directly in city Novgorod. Much less often and with smaller quantity (in comparison
with accidents on FEDO and CDO) it is necessary to expect loss people in territory
of Novgorod region connected with failures with transportation of dangerous sub-
stances. Such frequencies of accidents are in limits from 1.8.10-7 for loss of 300 per-

sons up to 1.5- 10-4_ for loss of one person.
Especially it is necessary to note a curve describing death of people from storms and
hurricanes. Though the possible range of quantity lost from ston-ns and hurricanes
(from up to 200 persons) is the least, but frequency of realisation of these events is
rather high.
As a whole, the size of social risk for the population of Novgorod region is in the fol-
lowing range: the death of one person from considered emergencies is expected ap-
proximately times per one year, and death of several thousands persons - with fre -
quency 1.2. 10-5 per one year.

1,00E+01 

1,00E+00

1,00E-01

LOOE-03 

1,00 E-04 -

1,00E-05

1,00E-06

1.00E-07 -

1,00E-08 

I 10 100 1000 10000

Quantity lost, not less N

...... Accidents on FEDO Accidents on CDO
General frequency Storms and hurricanes
Transport accidents

Fig. I. Social risk (frequencies of different quantities of people (per year) which are
perished from all natural and man-made emergencies, typical for Novgorod region)

On the figure 2 frequencies of different damages appearing (per year) from all natural
and man-made emergencies, typical for Novgorod region are submitted. On the fig-
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ure 2 diagrams for accidents on fire-, explosive objects and main pipelines, accidents
on chemically dangerous objects, accidents on transport, floods, wood fires, storms
and hurricanes, and also the resulting diagram for all of emergencies in territory of
region are submitted.
From the figure 2 follows, that greatest frequencies (practically annually) in territory
of region there are floods and forest fires; in some years can be observed storms and
hurricanes. Thus the size of caused damages can be valued for floods - from 30 mln
roubles up to bIn roubles, for forest fires - from up to 500 mIn roubles; for storms
and hurficaries - from 20 up to 800 rnIn roubles.

LOOF+01
1.001F+00
1.0CF-01
LOOF-02
LOOE-03
LOOE-04
LOOE-05
LOOE-06 I T_

I.OOE-07
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I.OOE+00 LOOE+01 IOOE+02 IOOF+03 IOOF+04 IOOE+05 IOOE+06

Material damage, not less G mln roubles

Accidents on FEDO Accidents on CDO
Floods Forest fires
General frequency Storms and hurricanes
Transport accidents

Fig. 2 Frequencies of different damages appearing (per year) from all natural and
man-made emergencies, typical for Novgorod region.

Accidents on CDO has greatest frequency among technical emergencies frequency,
thus once in some years they can cause damages about several tens million roubles.
With considerably the smaller frequencies (10-2 _ -5 per one year) in territory of re-
gion can occur accidents on FEDO and accidents connected with transportation of
dangerous substances.
Thus the size of damages can be valued from mIn up to bIn roubles, and with fre-
quencies 10-6 _ 10-7 per one year - up to 100 bln roubles.

The greatest threat for territory of Novgorod region represent (on the parameter
"damage") floods described by regularity (practically annually) and large size of
damages [I].
Thus, the carried out research has allowed receiving the complex estimation of natu-
ral and technical risks for the population of Novgorod region. Results can be used by
development of the appropriate recommendations on reduction of levels of risks and
programs on development of territorial rescue teams
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3. Conclusion
Executed researches testify that the number of fatalities for the Novgorodsky region's
territory can vary fom few people to several thousands. According to calculations,
the death of tree men per year is awaited. These deaths are considered to be caused
by small accidents on industrial objects (so called "occupational injuries") and trans-
port accidents, connected with the transportation of hazardous substances.
Simultaneous death of several thousands people is an extremely rare event for the
population of the Novgorodsky region. The frequency of such event can vary from
I _ 10-7, I/year, to 10-8, I/year, and its happening can be connected only with a big
accident on industrial object. Examples: the accident on the chemical plant Akron",
connected with the unhermetization of vessel, containing 1000 tons of ammonium
hydrate and emission of all this mass into environment; the accident on the auto-
transporting industrial union "VoIna", with the momentary unhermetization of ves-
sels, containing 4000 cubic metres of liquefied propane, production of cloud, consist-
ing of the explosive air-fuel mixture, with the following detonation regime of its ex-

plosive transformation.
You must take notice of the fact, that frequencies, varying from 10-7 to Iff", I/year,
are very small and satisfy the demands to industrial risks in highly developed western
countries, for example, in Netherlands.
Biggest threats for Novgorodsky region's territory (in the material damage field) are
floods, characterised by regularity (happen, as a rule, every year) and big damages.
Thus, the carried out research has allowed receiving the complex estimation of natu-
ral and technical risks for the population of Novgorod region. Results can be used by
development of the appropriate recommendations on reduction of levels of risks and
programs on development of territorial rescue teams.
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1. Introduction
Sizes of territory of Russia and the climatic conditions of its regions define advan-
tages of railroads before other kinds of a freight transport. In Arctic areas of Russian
Federation and on a significant part of territory of Siberia and Far East the railroads,
as against sea, river or motor transport, are not only most economically favorable, but
also in essence by unique all-weather transport means, what to provide regular trans-
portations of cargoes.
Objective productive and economic conditions in Russian Federation, including re-
moteness of raw resources areas from large industrial centers. in which processing
manufactures historically was concentrated, is the cause of moving by rail on signifi-
cant distances the large volumes of dangerous cargoes: explosive, toxic, inflammable
and combustible substances, first of all - hydrocarbon raw and products of its proc-
essing. The volume of transported dangerous cargoes makes 20 from total of
freight traffic in Russia.
Intensity of transportations, significant quantity and variety of transported dangerous
cargoes, and also large extent of the railway communications (in Russia are ain-
tained 125 thousand kilometers of main railroads) is cause high probability of occur-
rence of extreme situations on a railway transportation.

2. Existing Problems in the Risk Management
The normative base, which regulates the approximation of buildings to objects of the
railway transportation, is traditionally conservative in Russia, as well as all over the
world. Therefore accepted more centuries back in the beginning of mass railway con-
struction in the Russian Empire sizes of a strip of alienation of railroads now any
more always correspond to parameters of zones of influence of factors at accidents
with transported dangerous cargoes. The nomenclature of transported dangerous car-
goes has extended. Today the nomenclature of transported dangerous cargoes in-
cludes more than 3000 units. Besides, there was a natural process of expansion of cit-
ies territory. For this reason in large industrial centers of Russia the sorting and cargo
stations and circuit ways, which was constructed in the past for transit cargo move-
ment far away from urban territories, now are surrounded with urban building. The

516



residential areas surround also accesses railways to the large plants, on which dan-
gerous cargoes move regularly.
Under existing conditions damage factors of explosion, fire, or toxic substance can
result injuring not only workers of the railway and participants of liquidation of con-
sequences of accident, but also population. Besides realization saving and rebuilding
works and final liquidation of consequences of large accidents with dangerous car-
goes there are difficult. Plenty of the people may be injured by poison. For example,
at liquidation by last on time of large railway accident with flood and ignition of
phenol (carbolic acid) in 1998 in Nyzhny Novgorod have received poisonings 0
men, from them - 00 firemen who participate in extinguishing of a fire.
It is necessary to relate the significant quantities of dangerous substances, which si-
multaneously can be released at failure to negative features of accidents with the
railway rolling-stock.
The area of emergency flood only from one immobile tetraaxial tank-wagon with pe-
troleum makes on an equal surface up to 300 M2 . But as against stationary store-
houses of dangerous substances (for example, petroleum storage plant) at which de-
signing necessary distances from inhabited and industrial building, protective dikings
beforehand are provided, the fire-fighting systems are design and other safety meas-
ures are provided, the accident with train transporting dangerous substances, practi-
cally can take place in any, most adverse place (on road moving, under an overpass,
in a tunnel, near to a passenger platform - place of a mass crowd of the people).
At explosion of the motionless tank-wagon with the liquefied gas formed the fiery
sphere by a diameter 200 m, on distance up to 150 m there can be new centers of
burning. Splinters of the blown up tank are scattered on distance up to 450 rn By
cases are known, when the explosion, by breaking the tank from a frame, this tank
was thrown away on 60 - 0 meters. At wreck of a train one tank at the expense of
kinetic energy can create along a road-bed the center of a fire by the area 10 thousand
M2. At ingress of burning substances in the urban water drain the burning can be dis-
tributed to objects located on distance up to I km from a place of accident. It is nec-
essary to notice, that electrified railway with aerial contact wire alive, represent addi-
tional danger by the not coordinated actions at extinguishing of fires (down to de-
struction of the not specially ready people, who participating in extinguishing of a
fire an initial stage).
It is obvious, that accidents at railway stations and in settlements can have in com-
parison with accidents on stage larger scales and heavy consequences for the follow-
ing reasons:
Al stations there can be simultaneously trains with the passengers and the trains with
various dangerous cargoes (to find out character of danger of these cargoes in the
shortest terms not always are obviously possible);
Other trains on the station ways, complicate evacuation of the people and dispersal
on safe distance of the intact rolling-stock, imit entrances and approaches to a place
of accident of special engineering;
At stations closely contiguous to another's potentially to dangerous industrial objects
in case of accident the "dominoes effect" can be realized;
The presence of the uncontrollable throng of the passengers ceates conditions for
panic beginning.
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In this connection, questions of risk management of transport goods by rail in Russia
get the more and more important and deserve attention and study.

3. Current Status of the Problem Solution
In Russian Federation the Federal Law <<About Protection of Population and Territo-
ries From Natural and Man-caused Emergencies>> came into force in 1994. The State
Program of safety promotion of movement on railway transportation develops on the
basis of this Law. The Program determines the task of risk management of transport
goods by rail in Russia, in which basis following principles are fixed:

• Choice of optimum routes, use of alternative types of transport (for exam-
ple, pipelines for transportation of petroleum liquefied gases, liquid chemi-
cal products - methanol, ammonia etc.);

• Tracking and control for movement of dangerous cargoes, drawing up of
special train schedules for trains with dangerous cargoes;

• Preliminary creation of a stock of material and technical resources for liq-
uidation of accidents consequences;

• Training of the railway personnel to safety measures and actions at liquida-
tion of accidents with dangerous cargoes.

For railway workers anti-damage training and schooling in rules of actions in ex-
treme situations, the participation in the exercises and trainings is considered as a
component of the official duties, the level of the acquired knowledge and skills is
taken into account at an estimation of professional suitability.
The creation and maintenance in readiness of material reserves necessary for liquida-
tion of accidents is one of duties of a railroads management.
Local authorities of civil defense and emergencies together with administration of
railways divisions:
periodically organize and realize trainings on improvement of actions in emergen-
cies,
develop the plans of evacuation measures in case of accidents,
participate together with administration of objects of a railroads in updating the plans
of liquidation of consequences of accidents.
Nevertheless, the risk level, caused by a usual infrastructure, for the population in
separate industrial centers and large railway junctions of Russia continues to remain
high, that one of which causes acceptance of additional measures, - estimation of
zones of influence of damage factors at accidents with dangerous substances.
For working railway junctions and stations the exact information on the sizes of
zones of influence of the damage factors can be used as initial reconstruction, given
for the design of fire-fighting systems, systems of' the annunciators, reconsideration
or updating of the shunting movement plans, plans of liquidation of consequences of
accidents.
It is obvious, that by an essential image to lower a risk level it is possible beforehand,
at designing new or capital reconstruction of working objects of a railway transport.
Using basic data about sizes of zones of influence of dangerous factors at accidents,
if necessary, it is possible to make optimum zonation of territory of projected station,
to allocate the isolated areas for the shunting movement operations with dangerous
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cargoes, beforehand to provide necessary stationary fire-fighting means, optimum
quantity and configuration of the branch lines for fire-engines and routes of evacua-
tion, to put forward additional restrictions on approximation of inhabited building or
industrial ob'Jects.
Such engineering decisions at all obvious expediency should be supported with the
requirements of the normative documents. For this reason in Russia the large atten-
tion the perfection existing and develop of new normative base now is given in the
field of the prevention of extreme situations, reduction levels of the man-caused
risks.

4. Research Activities
In particular, Russian Ministry of Communication together with the Ministry of
Emergency (EMERCOM of Russia) and State Fire-prevention Service of the Minis-
try of the Interior realize the number of researches devoted to the complex estimation
of amazing factors at emergencies on a railway transport concerned with transporta-
tion of dangerous cargoes. The purpose of researches was the development of rec-
ommendations directed on lowering of risk for the population and the personnel of
railroads in case of occurrence of emergencies.
The analysis of emergencies on railway shows, that each accident can have two basic
variants of development:

• Incident which is not accompanying with a fire (wreck of trains, collision,
derailment, overturning of the rolling-stock resulting to outflow, floods,
emissions and air venting of dangerous substances);

• Accident accompanying with a fire or explosion (burning of flammable
substance with formation of a cloud of toxic products of burning, distribu-
tion of a zone of a fire on other rolling-stock, buildings and constructions;
action of an air shock wave, dispersion of splinters and fragments).

Accidents concerned with burning of dangerous substances are heaviest, as just de-
velopment of a fire or consequences of explosion create conditions for increase of
accident sizes and consequences. The special attention was given to such study of ac-
cidents. In particular, the number of field tests and experiments with the real rolling-
stock on testing area was carried out. Such researches were carried out in Russia for
the first time.
Following theoretical and experimental methods were considered:

• Processes of clouds formation of fuel-air mixes and their parameters;
• Influence of the air-blast wave at explosion of clouds of -air mixes;
• Mechanical influence of ragments of the rolling-stock;
• Influence on various inflammable and combustible materials of then-nal ra-

diation at burning inflammable and combustible liquids, hydrocarbon gases
solid combustible materials, toxic substances;

• Direct influence of the flame on the rolling-stock, structures and equipment
of railroads;

• Characteristics of toxic emissions in an atmosphere depending on physical-
chemical properties of specific toxic substances;
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Influence of meteorological conditions on processes of formation of fuel-
air mixes clouds and clouds of toxic vapors, aerosols and gases.

At accounts the specific characteristics of the rolling-stock which used on railroads
for transportation of dangerous cargoes a-re used. Considered scripts included as in-
stant depressurization of tanks with flood of all volume of combustible liquids, and
long process of the expiration. The accounts were execute for various on the area of
through holes of the case, characteristic damages of drain cocks and stop valves.

5. The Results of Researches
As the result of researches the new data and achieve a number of the important re-
sults are received, in particular:
1. Parameters of influence of the dangerous factors on various distances from a
place of accident, and also safe distances for the people, buildings and structures at
accidents with transported dangerous substances are specified. Among the dangerous
factors an air shock wave, dispersion of fragments, thermal radiation, transfer of
high-temperature particles are considered. Sizes of explosive zones and zones of
chemical damage, area of flood of dangerous liquids are designed (characteristic for
the railroads zone of distribution of toxic substances clouds). This information repre-
sents significant interest as the additional input data for designing objects of the rail-
way transportation and urban building.
2. The help information was elaborate in the evident and systematized form. This
reference data is necessary for development of the plans of works on liquidation of
consequences of accidents on objects of the railway transportation with participation
of dangerous substances. This data is simple, but at the same time taking into account
specificity of objects of a railway transportation. Algorithms of account of zones of
the defeat are realized as the computer programs.
3. The classification of the scripts of development of emergencies is realized. All
their variety is shown to ten basic types. On objects of a railway transportation such
classification enables depending on a kind of the dangerous cargo quickly to deter-
mine typical variant of accident development and to undertake appropriate to it, be-
forehand developed actions on consequences liquidation.
4. The order of actions and general requirements of safety is specified at liquidation
of accidents consequences on a railway transportation, the special security measures
at accidents concrete ob .ects (loading racks, cargo warehouses etc.) are offered. Spe-
cific recommendations for organization of liquidation of consequences on open space
(on railroad stage) and in built-up area (at station) are given.
5. Measures on coordination and operative interaction of emergency services of
EMERCOM of Russia, Russian Ministry of Communication of and State Fire-
prevention Service directed on increase to efficiency and safety of works on liquida-
tion of consequences ofaccidents are offered.
Results of described researches are stated in the projects of two new non-native
documents - Manual by definition of influence zones of dangerous factors of acci-
dents with dangerous substances on objects of the railway transportations> and <<Rec-
ommendations for safety measures at liquidation of accidents with dangerous sub-
stances on railroads- now.
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6. Conclusion
These documents intend for emergency divisions, fire-brigades and representatives of
other departments participating in development of the plans and in organization of
works on liquidation of accidents on objects of a railway transportation. Besides,
techniques of account of influence zones of amazing factors at accidents at designing
railway stations and other objects of the railway transportation can be used.
The approval of these documents will promote risks reduction by transportation of
dangerous cargoes by rail in Russia.
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