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Abstract. Until recent years, those involved in the design, operation and regulation of nuclear power
systems devoted more resources to forward movement than to the back end of the fuel cycle. Now, though,
concerted thought and international cooperation have been devoted to the question of nuclear waste
management. The expert consensus is that sufficient knowledge exists to make e.g. disposal decisions with an
acceptable level of confidence. In the first phases of research, decision processes were adapted to the tasks at
hand. However, at some point in each nuclearized country, there came a time when waste management implied
finding repository sites. At that time management abruptly entered the social sphere—where unfortunate
experience has shown time and time again that classical decision processes are not adapted to facilitating societal
acceptance of management solutions. This paper recounts the various management frameworks that have been
tested in a number of countries in the goal of siting underground repositories or laboratories. Mechanisms of
public perception are examined in an effort to understand the context in which such management attempts take
place. In particular, the value messages sent—consciously or inadvertently—to the public by waste managers are
graphically illustrated and evaluated. A humorous tone and sympathy for the various stakeholders inside and
outside industry are shown in this presentation.

Nuclear waste. There it is1. We've been enjoying cheaper, cleaner electric power in many countries for
about half a century now. Most people have probably never given much thought to how it is generated, nor to all
the useful roles played by nuclear technology, nor to what the implications are for managing it and the wastes it
produces, like any human activity.

Even those directly involved in nuclear technology, its design, operation and regulation, state that until
relatively recent years the back end of the fuel cycle was not given as much thought as the forward movement.
However, concerted thought and international cooperation have been devoted to the question of nuclear waste
management, such that numerous sources state that « radioactive waste disposal is a rather trivial technical
problem)) (e.g. 1). The consensus in the expert waste management community is that sufficient knowledge
exists to make decisions with an acceptable level of confidence (e.g. 2). (Throughout this paper we will use the
term « waste managers » to refer to all those different actors involved as proponents—scientists, engineers,
administrators, decision makers—in the complex process of dealing with our radioactive waste; this in
distinction to « laypersons », « citizens », « members of the public », et alia, who generally are in a reactive
role.)

Generally, work on technical management has gone forward with little difficulty. Decision processes,
in particular, have been adapted to the problems at hand. However, comes a time when waste management
implies finding storage sites. Then we abruptly enter the social sphere.

Often then for the first time, citizens are confronted with the presence of wastes and the need to handle
them. And we observe that even where technical resources have been highly developed, and where public
acceptance of nuclear power is relatively high, no country appears to have negociated with ease the transition
from a closed-circuit scientific and regulatory process, to the new decision context in which broader, often
contradictory inputs from different social groups must be taken into account (3).

There is some degree of uncertainty in scientific views of nuclear waste and its behavior over time, and
a number of research avenues today are followed without firm conclusions as to which technical solution will
prove to be the best. However, when the issue comes before the public, as is the case in site search, suddenly we
have a much wider variety of problem views and perceptions. Nuclear engineers can forget their differences and
feel solidarity in facing their « major problems » : in one survey, engineers described those problems as
« political », and as concerning « public acceptability » (4).

Numerous illustrations were employed lor the presentation of this paper. To meet space requirements lor publication, only five of the
original illustrations are included. Our warm thanks for his drawings to G. Le Pare, Cachan, France.
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Now the public is confronted with this new technological issue of waste management. And soon after
learning that the wastes are there, we learn that they have been piling up for over forty years, and that they will
long outlive any of us : from three to one hundred centuries of solitude (5) are required for their repose far
from the madding crowd.

Is this image familiar? Does it come out of a science fiction film, or a comic strip, or an anti-nuclear
brochure, or just a bad dream ? It was drawn for this presentation, grouping elements that just about everyone
can identify, that seem familiar, even if you laugh at them or reject them, when the question of nuclear waste
arises. These are aspects of the public perception of the dangers and inconveniences of radioactive substances
and wastes.

The image may seem exagerated. From a scientific point of view, wastes have a rather tenuous
connection with the atomic bomb ; they will not produce two-headed calves, especially in the management
conditions planned. Even though disposal casks will degrade over the years, an appropriate geological barrier
will have been engineered.

The image may seem unflattering to the public as well. Research has shown that « irrational fear» or
« phobia » may be weaker elements in the public's negatives reactions to nuclear waste than are cognitive
aspects (attempts to formulate and solve the problems seen to be attached to the waste) (cf. 6).

However, negative the reactions are. Support for this statement can be found in the results of a number
of large scale psychological studies of public attitudes towards nuclear power, including management options for
nuclear waste specifically. You are probably aware that, while people very seldom spontaneously mention
nuclear waste as one of their major worries, when asked to consider a list of technological, natural or lifestyle
hazards they systematically put radioactive waste close to the top of their list for dangers to health in their
society (e.g. 7; 8).

One study asked people « What do you think of when you hear the words "underground nuclear waste
repository" ? » (9). The respondents could give several images. Ten thousand replies were collected (from a
sample of Nevada residents). These free, unprompted responses were sorted into just one category each. By far
the largest number of free responses (n=4000) could be grouped into a category of « danger» : 1722 answers
used the words « danger, hazard, unsafe, scary, toxic, poison, problems)). Other frequent responses under the
« danger » heading included these : « Death, cancer, sickness, health hazard, mutations, birth defects » (841 out
of 4000); «pollution, contamination, harmful, damage» (n=497); « leakage, accidents, earthquakes,
corrosion » (n=i30); « destruction, devastation, disaster, tragedy, end of world » (n=J/2); « harmful to
environment, contaminates water, soil, food » (n=232). In separate categories, issues of risk and safety were
raised (without clear positive or negative reaction) by 499 responses. Personal opposition or distaste were
expressed in 592 responses. In contrast, positive attributes of a repository, other than safety, showed up in a
grand total of 317 responses (« it's necessary » was the most frequent positive response at n=/i<5).

Such suggestive results can be refined with study. A good deal of research has been carried out on the
psychology of risk perception (see reviews in e.g. 10; 11). While the technical definition of risk is a
mathematical statement of damage x probability, laypersons use a non-mathematical, intuitive, albeit systematic
approach to judging the risks they may face, and to choosing among decision alternatives Laypersons, or « the
public », also incorporate other layers and levels of meaning into their vision of hazards than those defining
technical risk. Over two dozen descriptive dimensions can be shown empirically to shape representations of and
attitudes toward hazards. These touch on perceived characteristics of the hazard itself, on its potential impacts,
on aspects of the management and communication systems set up around these hazards in society.
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It has been shown that some of these hazard characteristics are particularly strong in shaping the
negative reaction of laypersons to radioactive waste. Those may include the fact that the dangers of these wastes
are seen by the public to be of a gut-wrenching, dreaded type (invisible rays causing cancer...); that possible ill
effects are time-delayed and may be catastrophic, that future generations are put at stake (e.g. 12).

The need to deal with nuclear waste comes at a very special time in history. In industrialized countries,
people have become accustomed to the benefits of technology, without however being highly educated to
technology. National and international decisionmakers have recognized that education is a vital key to easing
society's management of its risky technologies. Science education is more and more a part of the schools
curriculum, and indeed the nuclear community is devoting resources to developing materials useable by teachers
to inform the upcoming generation about the uses of radiation in society.

At the same time, protecting our environment, and also informing and involving citizens in democratic
decision processes relating to technology and environment, have become valued social goals. It is in this context
that nuclear waste management has had to « come out» of its old reserve, where defense secrecy was often the
reigning order, and where a strongly hierarchical decision chain eliminated uncertainty (3). Managing nuclear
waste is thus situated in a conflictual field of values, where highly ordered, rule-oriented systems confront
values on protecting diversity. Here are some of the value orientations involved: the partial list here is drawn
from the SYMLOG values research inventory, which we have applied in the nuclear context (13; 14; 15). (Note
that the values traditionally associated with hierarchical technical systems appear to "hang together" in a
coherent way, whereas values associated with today's public attitudes toward risk are themselves more numerous
and more diverse- making this context that much more difficult to handle by traditional systems! Across the two
columns, some values are complementary— as in the last line— while some are more or less opposed.)

Some Values Traditionally Favored
in Management Systems

Some Values Favored Today in
Public Attitudes on Protecting Environment, Health

A powerful centralized authority, law and order

Correct procedures, established, orderly management
Restrain initiatives and center on goals
Dedication, loyalty to the institution

Efficiency, strong effective management

Progress, social justice, democratic decision making
Protecting individuals most at risk

Egalitarianism, participation
Altruism, idealism, cooperation

Center on equity, sharing, discussion
Challenge to, non-cooperation with institutions

Trust in the good intentions of managing institutions

Thus, when site search puts waste into the social sphere, citizens are confronted not only with the
perceived threat of radioactive wastes, but witness the real, if understandable, difficulties of nuclear management
structures in adapting to their new value context. The history of repository site search in many countries has not
always been apt to inspire confidence in the public as to the competence or benevolent transparency of
proponents. Stated in value terms, the decisions and methods applied, when analysed by a wary individual in
the public, do not appear to be based on, or to take account of, the values he or she approves.

The highly negative perception of wastes, and the difficulty of adapting management structures to a
new set of values, have been two handicaps to waste management in the 1990's. There is a temptation to try to
bring the public to adapt their perceptions and evaluative criteria. However, offering educational information is
not a simple or quick answer to bridging the wide gap in knowledge, perceptions or value orientations between
laypersons and experts. Note that self-described opponents to nuclear power are often those who are or state
themselves to be most knowledgeable about the technology (e.g. 16). The complex nature of the scientific issue,
coupled with the perceived characteristics of danger described above makes it particularly hard to create an
effective public learning dynamic. Then there is the challenge of creating a management context in which
citizens will be motivated to participate in a constructive way in the finding of solutions to a waste problem. For
the moment, they may often be justified in thinking, on the basis of information available to them, that their
wisest move will be to oppose and hinder efforts to site waste installations.

Yet, there they are, those wastes, and now we must do something about them in a responsible way.
Somehow, gaps between waste managers and the public must be closed ; nuclear waste and the public must be
brought closer in an acceptable way. Many national agencies follow this reasoning in becoming neighbors, and
good neighbors, to the persons who see the prospect of nuclear wastes coming into their community at the time
of site pre-evaluations. Operators and executives bring their families to live in the same community, and
publicize this move, showing in effect that they have confidence in the safety of their management systems and
respect and liking for the social tissue and residents. Funds are often made available too to community projects
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unrelated to the repository idea. These moves are a clear appeal to values perceptions. They humanize waste
management, show that the persons involved share a broad value base with their neighbors.

Over the years a good amount of research and experience has accumulated in the sociology and
psychology of siting hazardous installations, including nuclear waste facilities. Facility siting guidelines,
condensing many of the lessons learned, have been proposed (17; 18). These guidelines point to the importance
of a number of actions, or conditions, to successful siting We will mention briefly only some of these.

Trust in managing institutions is a major determinant of the acceptance of a facility (19); sometimes
that trust appears to be granted only if citizens have direct oversight and control of the decision process or even
the facility itself (19; 18).

Safety is another major point of concern to members of the public, and a siting program must contain
visible measures to reduce all physical risks, but also address other types of danger perceived in the facility. If a
certain aspect of a facility, or its management, causes discomfort and worry to members of the community, it is
important to mitigate this aspect, even if no improvement in physical safety can be demonstrated. This implies
that the concerns of the public be effectively identified (see next paragraph). Creating procedures to identify
such concerns may be a trust-increasing process.

Only when all perceived risks (physical and of other natures) have been adequately mitigated can the
question of economic compensation be addressed without causing outrage. If a facility is perceived as
dangerous, for a community to accept it and money along with it would be a serious breach of moral conduct.
Economic models have sometimes discounted this ethical dimension, stating that « the right price » or
combination of benefits can be found leading persons to accept any risky activity This however is incorrect;
moral considerations are strong and deep rooted, and appear to be especially important in the case of hazards
perceived, like nuclear technology, to have an impact on future generations (cf. 18).

Participation by the public is another, multifaceted condition to a successful siting procedure.
Participation can take many forms (20). It is likely that different social, cultural and technological contexts will
require tailored conceptions of participation, and require specific approaches to make participation meaningful
to those present. Too often provisions for public participation leave the public very far out of the picture. It is
laudable that programs of public consultation give voice to representatives of the community. However, those
representatives may not be equipped, nor even motivated, in turn, to effectively consult their constituency.
Consultation by referendum tends to transform a multi-faceted problem into a "yes-no" question. How can
anyone be blamed for giving a precautionary "no" response?

Provisions for e.g. public inquiries seem to offer better opportunities for deliberation, but experience in
many countries suggests that this is not an ideal format for involving members of the public. Clearly it is not a
habit of a typical resident to consult voluminous technical files at the town hall and respond to them in writing,
or arrange to be present at hearings. Many do not seem to be aware of these opportunities, or prefer to delegate
expression of their concern by simply signing a petition or sending in preprinted objections which have been
prepared by militant groups. Proponents often complain that in practice, public enquiries and licensing
procedures serve mainly to delay decisions. Citizens are often disappointed to learn that positive planning
permission has been granted, overriding what they feel to have been their legitimate objection by form letter.
This situation produces lack of trust. Developing new forms of effective public involvement looks like a priority,
and social scientists may make a positive contribution here.

Equity is another central concern that must be addressed in a siting concept. Definitions and levels of
equity differ: utilitarian equity, equity in treatment (procedural) and equity in outcome (distributive) have been
discussed in this connection. Most often considered is distributive equity ; that is, that costs and benefits attached
to a facility must be appropriately and fairly shared on a national as well as local level.

These components identified as important to successful siting probably take on different meanings in
different contexts, marked by distinct histories and traditions (cultural, political, and so on) Cross-cultural
research (e.g. 7; 21) will be necessary to understand the different visions of participation, trust, equity, etc. We
must identify the values that must be served, in order for a given group to feel that the management approach is
adequate. Again, social scientists can contribute to clarifying the adjustments to siting guidelines needed in
specific circumstances.

How can all these elements be tied together ? And what will be the perception by the public of national
nuclear waste management efforts ? In our own research, we have come to understand that the formal
framework given to siting efforts in particular can have a great impact on perceptions and on public response
(22). The framework vehicules the social values chosen, implicitly or explicitly, to support and legitimate the
management effort. The framework says to the public what their management institutions see as important, what
their goals are, what they want to protect and what they are willing to sacrifice. And people are very sensitive to
such value issues. They are actively involved in interpreting the actions they can observe carried out by nuclear
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waste managers. The framework has a dominant role in determining this interpretation. If the framework seems
to be in contradiction with values approved of by members of the public, they may give a negative interpretation
to observed actions.

This produces stressful working conditions for managers. Sometimes their very best, sincere behavior
in the field—developing an information program, or a compensation scheme, or gestures such as physically
moving house to a proposed repository site—will be rejected, if the framework lets people think it's wiser to
interpret those actions as strategic or ungenuine.

Frameworks are a sort of perceptual « overlay » to observed management actions. In what follows, I
will show the « overlay » of various siting frameworks that can be found in the world today—the image given to
radioactive waste management by the framework chosen.

I want to illustrate that the framework has a determining influence on how people can reasonably react
to siting efforts. And in the process of working with an illustrator, I have measured that a picture is really worth
a thousand words. 1 defined four descriptive categories for siting approaches that are, or have been, used across
the world in response to the management challenges. (There may be many more.) And the images that can
illustrate these are truly caricatures. My apologies—but one of the lessons I want to get across, in a humorous
manner, 1 hope, is that frameworks will be interpreted in a sometimes simplistic manner by the public, based on
the broad strokes of what they are told by the media and on what they can piece together from actions they
observe. I want to draw your attention to the fact that such bold images are bound to be constructed by observers
of any framework, and that they will certainly overlay perceptions of proponents' work For these reasons, I
suggest that close attention must be given to frameworks, to defining them and to communicating them to the
public

* *

« What an image to give to Science, to the proud technological achievement that is nuclear technology,
by calling out... a battalion of the national guard. » Some of you may have heard this comment by Christian
Bataille, France's Mediator, in his plenary speech at SAFEWASTE '93. He was describing events that took
place in France in the late 1980's, when an underinformed public mounted protest on a site chosen for
geological investigations in view of an underground laboratory, believing that it was destined to become a
« nuclear dump ». A riot squad was indeed called out. France's Prime Minister at that time called events in that
rural location a « serious disorder» and pronounced a moratorium on siting activities. We have argued that these
events showed that the classic, authoritarian approach to nuclear waste decisionmaking (an approach that
before may have been appropriate, and that certainly brought France to its strong military and civil nuclear
position) fell itself into serious disorder when it encountered a concerned public (3). Have not other countries
seen a previously peaceful and productive management process fall into disarray when a public unexpectedly
mounted active resistance to an unannounced, unilateral decision ?
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In another true-to-life context, one country initiated the public part of its high level nuclear waste
management process with a progressive law, that outlined a fair, democratic siting procedure and gave explicit
guarantees to the public. Over the years, however, unanticipated local objections, difficulties in defining and
constructing suitable safety cases, and agency mismanagement, led to the same national lawmakers rescinding
the most progressive provisions of the law in an effort to expedite the siting process (23). Whatever the
conditions encountered, and whatever the experience of other countries who have had to draw back from a
previously progressive, democratic position, such events suggest to the public that the siting framework is
essentially duplicitous. This is an interpretation found in many countries where members of the public express
their lack of trust in the overt management process, convinced—sometimes quite reasonably, given events—that
the real decisions are taken behind closed doors. In such cases, pronouncements about openness and seeking
acceptable solutions, sincere information efforts, and so forth, are interpreted as attention-diverting manoeuvres,
no substitute for direct public decisionmaking—which then often takes the form of a veto

In other contexts, and sometimes in the absence of an avowedly democratic framework, the siting
approach is put forward as carried by scientific expertise. Is it not reasonable that highly trained, rigorous and
sometimes creative thinkers be entrusted with the task of clarifying risk issues attached to the disposal of nuclear
waste, and finding the best solutions to them ? Does not society delegate the responsibility for technological
developments to experts ? Of course... but notice how far these scientists and their concerns, their vision of the
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problems and how to solve them, seem to be from the people Risk perception research as described above
shows that laypersons see the dangers inherent to nuclear waste to be composed of far more dimensions than
physical danger. Their perception that management processes are unsatisfactory can even accentuate their rating
of the physical dangers (19). This observation has led some researchers to conclude that risk, for the public, is
not defined as damage x probability, but rather as hazard x outrage (24). In such a context, it is particularly
important to make decision processes take into account, in a clear and effective way, the concerns that most
preoccupy the public... even if the experts are justified, from a technical point of view, in dismissing these
concerns.

Another approach to siting might be called normalization. Radioactive waste facilities are assimilated
to almost any other type of national infrastructure, are subject to the same (or actually more stringent)
constraints and requirements, and bring the same benefits in terms of employment, economic development, and
so forth. This approach may probably be the most likely to bring positive results in coming years. However, in
its application, decision processes are still located rather far from the public : local elected representatives, or
administrators, or trade representatives, are those involved directly in making choices. The credibility of the
siting process will be only as good as the credibility of the politicians and notables called upon to act. Sometimes
the importance of interacting with the public to learn specific concerns is underestimated, as is the difficulty of
convincing the public, through information and education, that the decisions taken are sound.

The normalized approach has the merit of bringing economic dimensions (positive and negative) of the
nuclear waste management issue into the open. We have observed, though, that where the public has not formed
a trusting view that proper decisions will be taken, and that risks of all sorts will be properly recognized and
mitigated, the offer of compensation and economic benefit to a host community is interpreted as a sure sign that
« it's more dangerous than they're telling us ».

This series of images, and our commentary, will certainly have underlined something all of you knew
before this presentation : that is, managing nuclear waste in society is a tremendously complex and difficult
process. All sorts of factors—technical, psychological, sociological—are called into play, and in the search for
public acceptability, the best efforts may meet ignominous defeat in the face of « unfair » public reaction. I hope
though that some of the information given in this paper may help shed light on the way members of the public
form their perceptions of waste managers' work, and that tolerance for those perceptions may be improved. I
hope that proponents may be encouraged to seek out more input from social science, and perhaps come to
perceive that as much effort may rightly be put into designing a sound management framework as into necessary
engineering concepts.

Our understanding of what may constitute a truly acceptable nuclear waste management framework,
like efforts by waste managers, have come a very long way in the past decade. Discouraging experiences have
been met in every country. However, by committing ourselves to a truly cooperative view, people directly
involved in waste management, people like me working around them, and members of the public may in the
next generation see an image like this one : where nuclear waste becomes just one more article of modern
life, properly managed and acceptable. Part of moving towards cooperation, will entail studying the values
important to the different groups involved, and choosing— in a concerted way— values to be shared.
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