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Preface: The Future of Radioactive Waste
Governance: Lessons from Europe

This volume examines the radioactive waste management (RWM) policies of
ten European countries. An important proportion of the radioactive waste must
be stored safely for people and nature for hundreds of thousands of years. The
decision-making process thus needs to take into account an extreme long-term
perspective. This places high demands on the storage location, the way in which
that location is chosen and how society is involved.

None of the countries under scrutiny in this volume has an operational deep
geological disposal facility. Various countries are at various stages in the policy
process. Some countries are still in the process of policymaking, while others
have already made decisions about where to site the geological disposal of their
radioactive waste. Finland is furthest along in the process, and its deep geological
disposal facility at Onkalo is currently under construction.

Especially with respect to siting geological disposal facilities, many European
countries have been confronted with great social resistance since the 1970s. In
response, in recent decades countries have paid more attention to involving soci-
etal actors in decision-making on RWM. This volume offers insight into how this
participative turn in the policy of various European countries took place.

The Rathenau Instituut initiated this volume. The Dutch government estab-
lished this institute some 35 years ago in order to stimulate political and societal
debate on the influence of science, technology, and innovation on society. Cur-
rently approximately 60 people work here.

At present, the Rathenau Instituut is working on policy advice on how the
Netherlands can organise the decision-making process about the final storage of
its radioactive waste. We do this at the request of the Dutch Ministry of Infra-
structure and Water Management. This comparative edited volume is part of
this assignment. In addition, we examine how knowledge is created, shared, and
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maintained in relation to RWM, and scrutinise legal aspects concerning RWM.
We previously published a historical study on how Dutch decision-making on
RWM took shape since 1945.

We quite often collaborate with researchers outside of our institute, as with
this volume. I therefore would like to sincerely thank the authors of the respec-
tive country studies. A special thanks goes out to Maarten Arentsen (University of
Twente) for playing a key role in coordinating and editing this volume.

The book concludes with 17 lessons based on the national case studies. Those
lessons will likely find their way into the advice we will provide to the Dutch
government in 2024. I hope the insights will also provide inspiration for other
countries.

October 3, 2022 Prof. Dr. Ir. Eefje Cuppen
Director Rathenau Instituut
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Introduction: The Governance
Challenge of Radioactive Waste
Management

Rinie van Est, Maarten Arentsen and Romy Dekker

1.1 An Extreme Long-Term Governance Challenge’

In 1989, the US federal government initiated research into how future genera-
tions could be warned and protected against the hazards of an isolated high-level
nuclear waste disposal site. One project focused on the risks posed to the site.
Scientists from various prestigious American universities designed imaginary
future worlds surrounding the site and assessed the probability and impact of a
list of possible future risks. A second project investigated how to mark the site in
such a way that people in the future would understand the kind and hazards of the
materials stored in the location. Experts, among them artists, made suggestions
for the design of markers. The first study concluded that in the long-term human
intrusion of the waste disposal site was unavoidable (Hora et al., 1991), while the
second study looked at how markers could be used to prevent such human intru-
sion (Trauth et al., 1993).

"The authors would like to thank Anne Bergmans and Vincent Lagendijk for their very
helpful comments on earlier versions of this chapter.
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The fascinating thing about the studies was their timeframe: 10,000 years from
now. It was concluded that governmental control of the site is highly unlikely
over the entire time period of 10,000 years. The survival of information on the
content and hazards of the site was considered best preserved when it becomes
part of a legend or a myth. The experts stated that the conservation of incomplete
information is the most dangerous: “Knowing that something is there, but not
knowing what it is or what its value may be, may serve to attract investigations
such as archaeological digs or salvage operations” (Hora et al., 1991, ES-8).

This US research shows that the challenges and uncertainties incorporated in
the long-term disposal of radioactive waste are multifold. This book focuses spe-
cifically on how ten European countries are dealing with the long-term disposal
of radioactive waste (also see Box 1.2). Long-lived radioactive waste needs to
be disposed of safely for extremely long periods, mainly due to various unique
characteristics of radioactive waste. It emits ionized radiation (energy) that can
destroy (and disturb) the mitosis of all living organisms, and can remain danger-
ous for time periods up to hundreds of thousands of years, depending on the com-
position of a radioactive atom (UNSCEAR, 2000). Therefore, radioactive waste
needs to be managed to protect humans and the environment until it is no longer
harmful.

Although radioactive waste is mainly associated with the production of elec-
tricity in nuclear power plants (NPPs), it is also generated during other applica-
tions of nuclear technology, such as in health care, non-destructive research and
military activities. At present, there is no standard universal categorization of
radioactive waste; however, it is usually categorized as low-level waste (LLW),
intermediate-level waste (ILW) and high-level waste (HLW). Which waste should
be stored in a long-term repository depends not only on the degree of radioac-
tivity, but also on how long the waste will remain radioactive. This can differ
between countries since they can decide for themselves on how they categorize
and deal with different types of radioactive waste. This book therefore focuses
on all radioactive waste that is part of a nation’s long-term management policy,
regardless of how it is produced (i.e. in a research facility, NPP etc.) and how
long and intensely it will be radioactive. We note, however, that in all ten coun-
tries studied, nuclear-based power generation contributes the largest share of
HLW. Moreover, historically, the public debate about radioactive waste manage-
ment (RWM) has become strongly intertwined with the often polarised discus-
sions about nuclear energy. Recently, the debate on nuclear energy has become
topical again in various European countries (cf. Schneider & Frogatt, 2020) due
to the climate crisis (Rogner, 2010), and in 2022 the gas supply crisis due to the
Russian invasion of Ukraine.
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Currently, deep geological disposal (DGD) is the dominant preferred option
in ongoing research on final disposal options being considered internationally
(IAEA, 2003). The assumption is that disposal of radioactive waste for a time
period of hundreds of thousands of years should be possible from a geophysical
perspective. However, there are various uncertainties and disputes: to this day, no
geological disposal site is in operation, and there are concerns about the adequacy
of various—natural or geological, technical, and social—barriers that a geologi-
cal repository must maintain (cf. Di Nucci & Brunnnengréber, 2019).

From a societal and political perspective, it is hard to imagine how the world
will look some 10,000 years from now—e.g. in the year 12,023—Ilet alone in
100,000 years or longer. This is however, the timeframe we are facing when it
comes to political decision-making about the long-term disposal of radioactive
waste. These decision-making processes are ongoing in most European countries.
The history of RWM shows that when specific sites are designated for the estab-
lishment of a (deep geological) repository, most European countries face domes-
tic resistance from significant segments of the population (cf. Thurner et al.,
2017). Such resistance illustrates that RWM is not just a technical, but rather a
“wicked” sociotechnical issue (Brunnengriber, 2019). Section 1.2 presents ten
characteristics of the challenges of RWM.

Faced with considerable social resistance, and a consequent standstill in the
implementation of the chosen RWM policy, many European countries have
started looking for new approaches. This change in governance style is sometimes
typified as the ‘participatory turn’ in RWM governance strategy (Bergmans et al.,
2014). More attention is being paid to the input of local authorities, social organi-
sations and citizens in decision-making processes, but also in the production and
use of scientific and technological knowledge. But in addition to this participa-
tory turn, the new governance style in the field of RWM also involves recalibrat-
ing institutions and jointly establishing policy principles, including in legislation
and regulations. The premise of this book is that the ten countries described have
been renewing their decision-making processes and the institutions that support
them over the past two to three decades. Thus, the central question of this book is:
What lessons do the country studies teach us about the governance of long-term
RWM?

To address this question, we use a comprehensive framework, which will be
introduced in Section 1.3. The assumption behind this multi-level governance
ecosystem framework is that decision-making takes place within a complex field
of political, social, scientific, technological, economic and legal actors and insti-
tutions from different levels of government (from international and European to
national, regional and local). The function of the framework is twofold: analysing
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current problems in different national contexts in a comparative way, and iden-
tifying approaches and strategies for advancing the democratic decision-making
process around RWM.

The authors of the ten country chapters have been asked to analyse the state-
of-the-art of the governance of radioactive waste in each setting by means of the
governance ecosystem framework. Such an approach identifies the strengths and
weaknesses of the current institutional setting for democratic decision-making on
final disposal in several European countries. Chapter 12 addresses the question:
What lessons do the country studies teach us about the governance of long-term
RWM? Based on the ten country descriptions and analyses it aims to distill pro-
ductive ways to improve democratic decision-making on RWM.

This introductory chapter ends with a reader’s guide to the contents of the
book.

1.2  Ten Challenges of Radioactive Waste
Management

The three previous books on nuclear waste governance published in this Springer
VS series on energy policy and climate protection provide a good picture of the
nature of the problem of radioactive waste: Nuclear waste governance: An inter-
national comparison (Brunnengriber et al., 2015), Challenges of nuclear waste
governance (Brunnengriber et al., 2018), and Conflicts, participation and accept-
ability in nuclear waste governance an international comparison (Brunnengriber
& Di Nucci, 2019). In particular, the third book in the series (Brunnengriber
& Di Nucci, 2019) provides an elaborate understanding of the specificities of
nuclear waste siting as a highly complex, a so-called “wicked planning problem”
(Rittel & Webber, 1973) or “intractable controversy” (Hisschemdoller & Hoppe,
1995) along ten dimensions. Five of those dimensions refer to the nature of the
issues at stake, while another group refers to questions of how to deal with those
issues.

With regard to the nature of the issues, Brunnengréiber (2019, pp. 336-352)
identifies the following five dimensions. First, nuclear waste siting concerns prob-
lems that are not only characterized by facts, but are socially constructed, and in
which changing narratives (with a central role for visions, values and expecta-
tions) play an important role. Second, it is not just a technical challenge, but a
sociotechnical challenge. And given the complex interplay between social and
technical issues, a blueprint for solving the problem does not exist. Third, Brun-
nengriber talks of a double jeopardy situation because radioactive waste disposal
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raises both safety and security issues, and responses to safety concerns may
strengthen security concerns. Fourth, in dealing with radioactive waste systemic
risks are involved, that arise from the interaction between technology, politics,
society and economics. Fifth, the radioactive waste problem is characterized by
vast time scales.

With regard to organising the governance of long-term RWM, Brunnengriber
presents five dimensions. First of all, the governance task is specific to each coun-
try, because it depends on the national context, and the political, social and cul-
tural background. Second, it presents a multi-level governance challenge, which
implies that radioactive waste disposal is part of a system of international, supra-
national, and country-specific institutions and policies. Third, a multiplicity of
actors is involved in the decisions regarding the management of radioactive waste
at different levels of governance. Various actors bring in different ideologies and
interests, which leads to a landscape of conflicting actors. Fourth, dealing with
the radioactive waste issue requires inter- and transdisciplinary research and thus
crosses the boundaries of different scientific fields. Last but not least, radioac-
tive waste governance forms a democratic challenge, which is ultimately about
“reshaping state authority, a shift in responsibility and the integration of civilian
knowledge and experience” (Brunnengriber, 2019, p. 350).

This book draws on these entry points by exploring how countries in Europe
are currently organising or planning decision-making regarding long-term
RWM, explicitly acknowledging that this is a deeply challenging issue. In addi-
tion to continuing the analysis and explanation of problems, we intend to suggest
approaches and strategies for advancing the democratic decision-making process
around RWM.

1.3  Multi-Level Governance-Ecosystem Framework

Knowing that societal resistance in combination with (scientific and techno-
logical) uncertainties on radioactive waste disposal options are central issues
in national debates, our analysis focuses on trust-building policy measures and
socially robust institutions that are capable of shaping a continuous process of
interaction between politics, law, science and technology, and society over a long
period of time, far beyond electoral periods. To thoroughly analyse and com-
pare these decision-making processes we use a governance ecosystem approach.
Below we introduce its conceptual background and the design of the multi-level
governance ecosystem framework, which is based on an historical review of how
the Netherlands has dealt with ethical and social issues surrounding various new
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technologies, like biotechnology, ICT, clinical trials and animal experiments
(Kool et al., 2017).

1.3.1 Conceptual Background

The governance ecosystem framework combines two concepts. While the concept
of governance has a social science background, the concept of ecosystem origi-
nates from biology and ecology.

Multi-level governance

The concept of governance implies that the government is not seen as the only
guardian of public interests, but that public services can be delivered by a
diverse set of actors in the public and private sectors, ranging from organisations
at different levels of government (from international and European to national,
regional and local) to companies, scientific institutions, non-governmental organi-
zations (NGOs), and citizens (Kersbergen & Waarden, 2001). There will therefore
often be so-called multi-level governance, within which we can make an ana-
Iytical distinction between vertical, horizontal and diagonal interactions. Vertical
interactions take place between the public authorities of different administrative
layers. Horizontal and diagonal interactions are interactions between public and
private actors, respectively, within a particular tier of government and across dif-
ferent tiers of government. Moreover, governance does not just take place through
formal instruments such as legislation and regulation, but is also about creating
and reproducing shared principles, social norms and institutions by means of pub-
lic debate, negotiations, collaboration, joint vision development, etc. (Kersbergen
& Waarden, 2004, pp. 151-2). In short, governance is about achieving public
goods and services in a society by the interplay of public and private actors in the
context of a configuration of social, economic, political and legal institutions.

Ecosystem approach

The Cambridge Dictionary gives two meanings of the word ecosystem as 1)
“all the living things in an area and the way they affect each other and the envi-
ronment”, and 2) “any complicated system consisting of many different people,
processes, activities, etc., especially relating to technology, and the way that they
affect each other”. From a biological perspective, ecosystems are composed of
organisms living together in symbiotic relationships allowing them and the eco-
system they are part of to survive. The living organisms of the ecosystem are
plants, animals and micro-organisms. The ecosystem is able to survive through
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the exchange of matter and energy between the composing organisms and their
environment: soil, water and air. The social sciences, including public and busi-
ness administration, have adopted the ecosystem concept as a biological metaphor
to analyse the structure and organisation of (parts of) the social, political, eco-
nomic and technological world, with interdependence and interaction between the
constituent components as major explanations for reaching outcomes. The sec-
ond definition of ecosystem in the Cambridge Dictionary refers to this. Adner
(2017) suggests the following definition of a social science-focused ecosystem:
“The ecosystem is defined by the alignment structure of the multilateral set of
partners that need to interact in order for a focal value proposition to material-
ize” (Adner 2017, p. 42). Adner’s corporate business strategy-oriented paper dis-
tinguishes four dimensions of a business-oriented ecosystem. First the alignment
structure for analysing how positions and flows in the system are organised and
accepted. Multilaterality of dependencies as a second dimension refers to the type
of dependencies in an ecosystem, which are multisided by definition. The third
dimension, set of partners, refers to the idea that outcomes are the result of a col-
lective of actors. The fourth and final dimension refers to what the ecosystem is
heading for, in Adner’s paper, a certain value proposition; the normative outcome
of the ecosystem. In our framework, the goal of democratic decision-making is
to achieve public values, where “public value is the combined view of the public
about what they regard as valuable” (Talbot, 2011, p. 28).

1.3.2 Multi-Level Governance-Ecosystem Framework

In combination, the governance ecosystem can be conceptualised as the insti-
tutional setting in which societies deal with specific problems and challenges,
which need democratic decision-making. This conceptualisation implies that in
a society several governance ecosystems can be identified. A specific governance
ecosystem, therefore, is demarcated by a specific public problem or challenge. In
this book, the governance of long-term RWM demarcates the governance ecosys-
tem of interest. The conceptualisation of a multi-level governance ecosystem is
displayed in Fig. 1.1.

The framework consists of four mutually dependent societal domains: “poli-
tics and administration”, “science and technology”, “laws and regulations”, and
“civil society”. These four domains form the alignment structure of the ecosys-
tem, defining the positions, interactions and flows which shape decision-mak-
ing and lead to outcomes. But each of the four domains is also an independent
institutional setting, with its own history, structures, cultures and routines. In the
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Fig. 1.1 Multi-level governance-ecosystem framework (Adapted from: Kool et al., 2017,
p. 95). The figure shows both a top view and front view of the governance ecosystem, with
the top view showing the four social domains and their (horizontal) interactions and the
front view showing the multi-level nature of the governance ecosystem

ecosystem conceptualisation the alignment of the four domains is multilateral,
meaning that all four are mutually influencing and crucial to reach outcomes. The
four domains also define the set of actors carrying the interactions between the
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domains, and the inertia and dynamics of the decision-making processes. Below,
we elaborate on the four domains and the interactions between them to provide
examples that give the reader a clearer idea of the role of the various domains
and the interplay between them. While the domains are distinguished analytically
here, there is a strong overlap between them, as shown in Fig. 1.1, and as also
appears in the ten country descriptions.

Science and technology

The safe management of risks to humans and the environment from radioactive
waste is highly dependent on scientific knowledge and technological expertise,
capabilities and instruments. Science and technology play at least three roles in
political decision-making (cf. Beck, 1992, p. 163). First, the industrial use of sci-
ence and technologies creates social benefits and risks. With regard to political
decision-making, science and technology can provide practical solutions to soci-
etal problems. For example, in the case of long-term RWM, a geological stor-
age facility is often put forward as a possible long-term option. Second, science
and technology provide means to recognise and measure physical risks, but also
indicate and articulate social and ethical issues related to technologies. And third,
science and technology can be used to deal with risks in the best possible way.
Accordingly, many technologies and scientific fields, both physical and social,
may play a valuable role in the decision-making process on long-term RWM.
For the physical sciences, this varies from physics, chemistry to geology, ecology
and medical sciences. Here, the focus is on science and technology in the field of
radioactive materials and safety. These areas of knowledge have become highly
institutionalised internationally and play a central role in national legislation and
regulations (see Box 1.1).

The social sciences play a less institutionalised role in the field of RWM,
although more attention has been paid to this in recent decades. For example,
the work of the Radioactive Waste Management Committee (RWMC), as part of
the Nuclear Energy Agency (NEA) within the Organization for Economic Coop-
eration and Development (OECD), also covers societal aspects of nuclear waste
management, in particular stakeholder involvement in decision-making on man-
agement issues. According to the NEA website: “The decision-making process
for RWM, as well as for decommissioning and legacy management, is couched
in a socio-political context, in which issues of public concern and stakeholder
engagement must be addressed. This especially comes into play when consider-
ing final disposal and deep geological repositories” (RWMC website, 2022). In
2000, the RWMC established the Forum on Stakeholder Confidence (FSC) “to
foster learning about stakeholder dialogue and ways to develop shared confi-
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dence, informed consent and acceptance of RWM solutions” (ibid.) There is thus
an understanding that RWM is not just a technical issue but a socio-technical
issue, which requires all kinds of social scientific knowledge, ranging from ethics
and public administration to legal knowledge.

Box 1.1 Coordination of International and National Governance of Radia-
tion Protection and Nuclear Safety

Science and technology in the field of radiation protection and nuclear safety
have become organised along three pillars: radiology and radiological protec-
tion, nuclear installation safety, and radioactive waste disposal. The history
of radiological protection is well-documented (Clarke & Valentin, 2008).
Figure 1.2 shows how scientific knowledge feeds into recommendations at
multiple levels of governance. The International Commission on Radiological
Protection (ICRP) plays a central role. The ICRP was established in 1928 to
study the implications and effects of the discoveries of X-ray and radioac-
tivity (Clarke & Valentin, 2008, p. 77). The ICRP is an independent, inter-
national, non-governmental organization, with the mission to protect people,
animals, and the environment from the harmful effects of ionizing radiation.
Since the 1950s, epidemiological research of people being exposed to radio-
activity due to radioactive fallout from atomic bomb tests in the atmosphere
provides the scientific grounding of the safety standards. The United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)—
established by the General Assembly of the United Nations in 1955 to assess
and report levels and effects of exposure to ionizing radiation—published its
first report on human safety and protection in 1958, and the second in 1962
(https://www.unscear.org/unscear/about_us/history.html).

With regard to nuclear safety, the radiological protection standards are
translated into nuclear technologies, and technologies for the safe appli-
cation of radioactive materials in medicine, food safety and non-destruc-
tive research. Research and safety guidelines of the International Atomic
Energy Agency (IAEA)—an autonomous organization of the United
Nations, which seeks to promote the safe, secure and peaceful use of
nuclear technologies—provide the base for the global safety standards. In
the European Union (EU), the safety standards have been codified through
the European Union’s Directive on Nuclear Safety. The [AEA monitors and
reviews the safety of operational nuclear installations globally; the Opera-
tional Safety Review Team (OSART) reviews the installations and reports
on findings and recommendations.
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The Organization for Economic Cooperation and Development (OECD)
is the world’s leading organisation with regard to the safe disposal of radio-
active material and the development of scientifically grounded guidelines.
The OECD’s activities are organised in the Nuclear Energy Agency (NEA).
Its website states that “[t]he NEA assists member countries in the develop-
ment of safe, sustainable and societally acceptable strategies for the man-
agement of all types of radioactive waste”. In 1975 the NEA established
the Radioactive Waste Management Committee (RWMC), for supporting

Basic Scientific Studies
v

Scientific Evaluations (UNSCEAR, BEIR etc.)

v
=—*| Professionals
ICRP Recommendations
+—| (IRPA,ISR...)

e il I B -

:E%:?;a,:_éz’:;ﬁfg ; International Safety Industry Stand’s
' | |Standards: BSS (IAEA ISO, IEC
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o~ National : Demonstration
Regulations of Compliance

Fig. 1.2 The basis for and use of the International Commission on Radiological Protection
(ICRP) recommendations on radiological protection policy. (Source: Clarke & Valentin,
2008, p. 102)

members “... in the development of safe and economically efficient man-
agement of all types of radioactive waste including spent fuel considered
as radioactive waste based on the latest scientific and technological knowl-
edge” (Nuclear Energy Agency (NEA)—Radioactive Waste Management
Committee (RWMC) (oecd-nea.org)).

Civil society

Civil society includes all individuals and private organizations in a society not
associated directly with the government, such as schools and universities, inter-
est groups, professional associations, churches, cultural institutions, NGOs and
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businesses. This wide array of individuals and organisations represents different
groups, opinions and interests, and is thought to be essential for democracy (cf.
Rosanvallon, 2008). The goal of democratic decision-making is that it leads to
legitimised outcomes that are valued by many members of society. If that is the
case, it may increase people’s trust in the decision-making processes and provide
acceptability of the outcomes.

In democratic countries, periodic national, regional, and local elections are
means to influence political directions. Together with the rights to express opin-
ions, to demonstrate and to protest, people can influence political decision-
making and hence political outcomes. Civil society actors in many European
countries have become heavily involved in RWM issues, especially with regard to
the installation of waste disposal facilities. For example, protests have been very
intense in Germany in particular, but also peaked in other European countries
(Thurner et al., 2017). Civil society actors can also play a role as watchdog, and
for example, with the help of technical, legal or ethical experts if required criti-
cally scrutinize the information that official knowledge institutes, companies and
governments produce. Because policy is often based on scientific and technical
knowledge, the presence of such public counter-expertise can strongly influence
public debate and political decision-making.

As indicated above, public trust or distrust and social acceptance or non-
acceptance have played a major role in decision-making on long-term RWM,
which has led in many countries to a ‘participatory turn’ in RWM governance
strategy (Bergmans et al., 2014), and thus to all kinds of top-down participatory
experiments, organised by public or private organizations, to involve citizens in
decision-making and in the production of knowledge. The ten country studies
show various inspiring examples of this.

Laws and regulations

Laws and regulations serve many purposes. Four principal ones are establish-
ing standards, maintaining order, resolving disputes, and protecting liberties and
rights. In EU countries, the laws and regulations regarding long-term RWM are
based on international law and recommendations and guidelines from three inter-
national organizations (IAEA, ICRP and NEA) and European law. In the EU, the
Euratom Treaty legally grounds the peaceful applications of radioactive materials
and its accompanying safety standards. The Euratom Treaty is one of the funda-
mental treaties of the European Union and provided the legal context for Direc-
tive 2011/70/Euratom (European Council, 2011). Under the Directive, countries
are obliged to develop and design a regulatory framework for the management of
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the country’s radioactive waste. In addition to legislative frameworks regarding
nuclear technology activities, there are also relevant laws and regulations in the
field of environmental protection, spatial planning, and rules on public participa-
tion and access to information and the courts.

Figure 1.2 shows how rules and regulations are fed by and embedded in inter-
national scientific research, recommendations, guidelines and rules of conduct.
It shows the hierarchy in the process of developing rules and regulations and
their science-based grounding. The many organisations displayed in the fourth
layer of Fig. 1.2 indicate the wide range of applications of radioactive material
and its accompanying safety measures, mediated by many sector organizations.
Protection of the workforce and protection of the environment are the two main
addressees of safety standards. The internationally agreed recommended rules
and regulations are translated and implemented nationally under the ratification
requirements of the agreements.

A second relevant set of international input for national regulations are the
agreements made in 1998 under the Convention on Access to Information, Public
Participation in Decision-making and Access to Justice in Environmental Matters,
the Aarhus Convention: “In order to contribute to the protection of the right of
every person of present and future generations to live in an environment adequate
to his or her health and well-being, each Party shall guarantee the rights of access
to information, public participation in decision-making, and access to justice in
environmental matters in accordance with the provisions of this Convention (Arti-
cle 1). ”(UN, 1998). Article 6 under 1, obliges countries to develop and design
rules in accordance with the Convention for participation in radioactive waste
siting and availability of information on siting matters. Annex 1 explicitly men-
tions disposal of radioactive waste as one of the activities covered. The Aarhus
Convention provides an international legal reference for organising and designing
public participation in decision making on long-term RWM.

Politics and administration

The fourth domain is that of politics and administration. Politics can be defined as
the authoritative allocation of public values (Easton, 1965). The function of politics
and administration is to organise democratically legitimised decision-making and
to implement effective and socially acceptable policies. With regard to long-term
RWM it is about effective and democratically legitimised decision-making proce-
dures, decisions and policies. Building an effective and trust-inspiring radioac-
tive waste governance ecosystem is an important point of attention. Time plays an
important political and policy role in the governance of long-term RWM: in essence,
the governance of radioactive waste is time or temporal governance (see Box 1.2).
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Within the political-administrative domain we recognize three stages: 1)
Agenda-setting phase, in which public issues on new developments in science and
technology are identified and articulated; 2) policy development phase, in which
political decisions are prepared and made; in the latter, representatives of the peo-
ple play a central role, and 3) policy implementation phase, in which the above
decisions are put into practice. Figure 1.1. clearly indicates that the politics and
administration domain is in strong interchange and (horizontal) interaction with
the other three domains. The three other domains feed political decision-making
and receive the decisions taken in the politics and administration domain. In other
words, strong interference, exchange of knowledge and ideas and interaction are
particular features of the relationship between the politics and administration
domain and the other three domains. Policy implementation includes developing,
operating and maintaining the existing infrastructure of national radioactive waste
processing and storage industries. Countries applying radioactive materials have
established private or publicly-owned industries responsible for the logistics, pro-
cessing and storage of radioactive waste in all categories.

Box 1.2 The governance of radioactive waste as time governance

Because part of the radioactive waste can remain active for hundreds of
thousands of years, this waste must be managed in such a way that it does
not endanger people and the environment in the distant future, but such a
long period of time presents a unique governance challenge. Scientists and
policymakers see geological disposal of radioactive waste as the preferred
method. Laes (2016) argues that the technological and moral legitimacy
of geological disposal rests on the promise that it will enable future gen-
erations in the not-so-distant-future “to forget about radioactive waste”.
Because time plays such an important role in the governance of RWM, in
this book we pay special attention to time or temporal governance, which
refers to all time-related activities that contribute to organising or prevent-
ing collective action to reach common goals, such as the safe handling of
radioactive waste.

Firstly, time can be used as a governance tool for collective action. In
this case, Bornemann & Strassheim (2019) speak of “governance by time”.
Time can be used as a resource through, for example, time management
and/or time tactics (Pollitt, 2008), such as intentional delay, making prom-
ises, fixing deadlines, seizing opportunities from a crisis (cf. Carter, 2019).
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To give an example, according to current policy in the Netherlands, radio-
active waste is stored above ground for a period of at least a hundred years
at the Central Organization for Radioactive Waste (COVRA) in Zeeland.
The government wants to make a decision about long-term RWM in the
Netherlands around the year 2100. An important governance question is
whether this timing of the decision-making process is sensible and, if not,
what would be an appropriate time schedule, and if so, how can the period
up to 2100 be used wisely?

Second, because our social and political perspective on time has an
important influence on how we shape governance ecosystems, our view
on time is also an important object of governance. Political terms such
as sustainability, intergenerational justice, reversibility of decisions and
retrievability of radioactive waste have a strong time component. And if
such moral guiding principles are politically embraced, they will have a
strong impact on policy shaping and, in the longer term, the entire govern-
ance ecosystem. At the same time, policy proposals often contain implicit
assumptions and visions about time. For example, according to Laes
(2016), implementing geological disposal is aimed at realising the ‘imagi-
nation of forgetting” within a few generations. Such a time governance per-
spective would reduce the time horizon of the radioactive waste problem
from hundreds of thousands of years to several hundred years.

Interaction between the four domains

Effective and democratically legitimised governance of RWM depends on each of
the four social domains. Each domain also entails a specific condition for effec-
tive democratic decision-making. The political-administrative domain requires
political legitimacy and acceptance. The remaining three domains require scien-
tific knowledge and technological feasibility, legal admissibility and social desira-
bility and acceptance. Due to the importance of all conditions that must be met at
the same time, a constructive interaction between the domains is crucial. Here, we
briefly describe the (horizontal) interactions between the four domains regarding
RWM in a more theoretical way. Chapter 12 will provide a comparative empirical
analysis of these dynamics based on the ten country studies.

The central role of the scientific and technological domain in dealing with
radioactive waste implies that science and technology also play a central role in
the three other social domains. This can, for example, lead to a scientificisation
of the political decision-making process. For example, in the Spanish case, Josep
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Espluga-Trenc and Ana Prades state that HLW management is used by political
parties to profile themselves politically, which has led to a ‘nuclearization of poli-
tics’. As part of the same dynamic, the scientific and technological domain may
also become politicised.

Citizens can express their support for policy, existing regulations, or technol-
ogy in many ways, but they can also critically question or actively oppose their
implementation in many ways. Historian Rosanvallon (2008) argues that in addi-
tion to being a voter, citizens can fulfill three more democratic roles: as a watch-
dog or supervisor, as a protester or restrainer, and as users of the legal system. In
these three ways, citizens (individually or collectively) can give substance to their
so-called democratic mistrust, which aims “to make sure that elected officials
keep their promises and to find ways of maintaining pressure on the government
to serve the common good” (Rosanvallon, 2008, p. 8). In the first role, citizens
watch closely and critically and make themselves heard, for example through the
media, when they think things are not going well. In this role it is possible to col-
laborate with scientists and other experts who share this critical stance. If citizens
want to block a certain development, they can also go to court—the domain of
law. Finally, citizens can try to ensure through protest actions that parliamentary
legitimised government policy is not or cannot be implemented.

As described above, the political and administrative domain relies on science
and technology to identify RWM public problems and develop solutions. National
and international legislation and policy principles guide the ways in which the
government can act, and which technical options can be applied. For example,
French and Dutch policy both stipulate that after disposal, the radioactive waste
must be retrievable, which requires certain scientific knowledge and development
of technological options. In addition, the actions of the government require not
only legal legitimacy, but also social support. At the same time, politicians and
policymakers have a central public responsibility for good long-term RWM. They
can fulfill this role by adequately stimulating and regulating the development of
science and technology. In the field of radioactive waste, science and technology
are highly dependent on political support and funding. The government and rep-
resentatives of the people also play a central role in developing and implementing
policy, legislation and regulations, and also monitor and evaluate their applica-
tion. Finally, from a democratic perspective, governments have a responsibility to
properly inform citizens and to involve them in decision-making processes. This
is legally required due to, for example, the Aarhus Convention (UN, 1998), which
became operational in 2001, and Directive 2011/70/Euratom of the European
Council (2011).
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In addition to the political and administrative domain, the social domain and
the science and technology domain also play a role in the development of legisla-
tion and regulations. Legal frameworks and principles provide the rules on the
basis of which people act and interact in a constitutional state, and aim to protect
citizens against each other and the government. That is why high-quality legisla-
tion is important. In governance in general, and the drafting and implementation
of legislation and regulations in particular, the interaction between various levels
of government—Iocal, regional, national and international—plays an important
role. This is referred to as multilevel governance. In the field of radioactive waste
governance, international bodies such as the NEA of the OECD, the IAEA of the
UN, and the EU, or Euratom all play an important role.

1.4 A Reader’s Guide

The following ten chapters are devoted to the governance of long-term RWM in
ten EU countries. In each of those countries long-term RWM is a societal and
political challenge mainly because of the country’s nuclear-based production of
electricity, which is by far the largest contributor to long-lived radioactive waste
(European Commission, 2019, p. 15).

The first row of Table 1.1 lists the taxonomy of three types of radioactive
waste according to the IAEA: low-level waste (LLW), intermediate-level waste
(ILW) and high-level waste (HLW). All countries included in the book follow this
IAEA classification in one way or another. The second row lists the IAEA pre-
ferred technical option for the management, storage and disposal of each waste
type. For the long-lived LLW a (near) surface storage of at least 300 years is rec-
ommended. For ILW and HLW, deep geological storage for 100,000 years and
more are recommended. In all ten European countries discussed in this book, the
final disposal of LLW, ILW and HLW is still work in progress. So none of the
countries described (nor anywhere else in the world) has reached the operational
phase of long-term final disposal as suggested by the IAEA.

Table 1.1 Taxonomy of three types of radioactive waste and suggested waste manage-
ment options by the IAEA. (Source: IAEA, 2009)

Radioactive waste | Low-level waste Intermediate-level | High-level waste
type (LLW) waste (ILW) (HLW)

TAEA suggested Near surface disposal | Intermediate depth | Deep geological
technical option disposal disposal
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The ten European countries included in the book are working on near sur-
face or intermediate depth disposal options and DGD options, but the stage of
development, the technological challenges and governance approach differ from
country to country. The order of the chapters is mainly determined on the basis
of the development phase a country is in. We start with countries that are still in
a policy-making phase with regard to the final disposal of high-level radioactive
waste, and end with countries that are already in the implementation phase. We
therefore end with France, Sweden, and finally Finland since these three countries
are clearly ahead of the other seven countries, having decided on a technology
(DGD) and location, and are in the phase of developing the site for a geological
disposal facility. Starting with countries that are still far from such a final solution
and ending with countries closest to it, provides the reader with a rich overview
of the challenges involved in the different phases of the governance of RWM.

In Chap. 2, Romy Dekker, Vincent Lagendijk, Roos Walstock and Rinie van
Est describe how the Netherlands pursues a so-called ‘dual strategy’—national
and international—with regard to RWM. On the national level, an above-ground
facility was built in the 1990s to store radioactive waste for a period of at least
100 years. By around the year 2130 a geological disposal facility is envisaged
to be operational. The Netherlands also pursues an international strategy, which
leaves the possibility open for collaboration with other European Union Member
States to establish a shared geological disposal facility. Currently, the country’s
radioactive waste policy lacks a concrete step-by-step decision-making process to
implement its dual strategy.

In Chap. 3, Maria Rosaria Di Nucci and Andrea Prontera explain how radioac-
tive waste governance in Italy is characterised by complex interactions between
European, national, regional and local political-territorial levels. In 2011, the
European Council Directive 2011/70/Euratom (European Council, 2011) put
pressure on national decision-makers to initiate an inclusive process for a suit-
able site for nuclear waste on the basis of socio-technical and scientific criteria.
Accordingly, the nuclear waste operator SOGIN envisioned plans for the con-
struction of a central surface repository for the temporary storage of, amongst
others, HLW. Recently, after a long period of incoherent stop-and-go, local oppo-
sition to the plans and a subsequent deadlock, the mandatory search for a national
site is taking shape. The national map of potentially suitable areas was released in
January 2021.

In Chap. 4, Anne Bergmans, Catherine Fallon, Ron Corvers and Céline Parotte
discuss key dimensions for the future of radioactive waste governance in Bel-
gium. They highlight elements that a diverse set of Belgian stakeholders con-
sidered of importance for a national public debate. This foresight chapter gives


http://dx.doi.org/10.1007/978-3-658-40496-3_2
http://dx.doi.org/10.1007/978-3-658-40496-3_3
http://dx.doi.org/10.1007/978-3-658-40496-3_4

1 Introduction: The Governance Challenge ... 19

voices to actors who compose the current HLW governance ecosystem, from con-
cerned citizens, scientists, policymakers, civil society representatives, and public
administrators to environmental associations. These actors considered five impor-
tant governance principles: a flexible and stepwise approach, practicing transpar-
ency, providing clarity about the link between participation and decision-making,
ensuring monitoring and control, and robust financing.

In Chap. 5, Maria Rosaria Di Nucci and Achim Brunnengriber describe that
Germany has a long tradition and history in final disposal siting, but to date its
governance is still work in progress. After massive societal protest, Germany
decided to restart the governance process, this time from the bottom-up. Since
2013, the Repository Site Selection Act (StandAG) opened-up new opportuni-
ties, by providing a framework for the establishment of new state institutions
and a participation procedure for involving civil society and stakeholder groups.
The authors maintain that the StandAG leaves many unresolved issues, but per-
mits extensive room for manoeuvre, and represents an opportunity for new and
expanded forms of participation to be pursued.

In Chap. 6, Josep Espluga-Trenc and Ana Prades describe the complex inter-
actions between central and regional governments in Spain in the search for a
location for a centralised temporary aboveground repository for, amongst others,
HLW. The plan to build such an intermediate aboveground disposal facility has
been the subject of numerous social and political conflicts, so that it remains a
difficult issue to solve. Environmental legislation, required by European direc-
tives, requires public transparency and openness to citizen participation. The
authors argue that in Spain, opening the nuclear issue from the closed circles of
experts and their organisations to a broad public debate has created a “nucleari-
zation of politics”, leaving limited room for counter-expertise, as nuclear-related
arguments are employed opportunistically to serve broader political aims.

In Chap. 7, Sophie Kuppler, Anne Eckhardt and Peter Hocke critically discuss
the basic characteristics of the Swiss governance approach to RWM. In Switzer-
land, the selection procedure for a nuclear waste repository site is characterized
by deliberation and debate between different governmental levels, and lay persons
and experts. The usual Swiss decentralised democratic model has been amended,
with more centralised coordination in the decision-making process. For example,
the Swiss Parliament abolished the cantonal veto rights on deep geological dis-
posal in favor of an optional national veto right on the general license for such
a repository. Moreover, it was decided in 2008 to link the decision-making pro-
cess around finding a geological disposal facility to the methodology of a Sectoral
Plan, which is an established spatial planning instrument of the Swiss Confedera-
tion.
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In Chap. 8, Steve Thomas argues that the United Kingdom is still several dec-
ades away from building facilities that will provide a safe, permanent home for
HLW. Attempts to site new facilities have repeatedly failed. In 2007, the approach
changed from one driven by identifying an ideal site then implementing it, to one
that placed informed consent from the hosting community at the forefront. The
author estimates the new policy as risky, and has little confidence that it will iden-
tify a site for HLW that is both technically and politically acceptable.

As indicated above, France is one of the forerunners in advancing towards
implementation of a repository for HLW. In Chap. 9, Markku Lehtonen describes
how the state agency responsible for RWM, Andra, plans to start the construction
of the Cigéo facility in 2022, with a pilot-testing phase in 2025, and operation in
2040-2050. Although supported by most parliamentarians and key stakeholders
in the region, the project continues to generate controversy and recurrent clashes
between opponents and the police. To deal with public distrust, the French
authorities laid down the principle of reversibility by law in 2006, as a concept
that allows future generations to choose between either continuing the construc-
tion and operation of disposal through successive phases, or to re-examine the
earlier choices and modify the management solutions. Moreover, the government
together with the nuclear industry have institutionalised counter-expertise through
the establishment of permanent and ad hoc multi-stakeholder bodies, and have
set up experiments at “co-creation of knowledge” by experts and citizens holding
distinct types of expertise.

In Chap. 10, Johan Swahn describes how in January 2022, the Swedish gov-
ernment decided to allow the construction of a geological repository for SNF
(the SFL). The geological waste facility is based on the KBS-3 V concept, which
has three safety barriers (bedrock granite, bentonite clay, and copper canister)
designed to keep the HLW isolated from the biosphere for at least 100,000 years.
But the decision was controversial and may still be found to conflict with the
implementation of the Swedish environmental legislation developed since the
beginning of the twenty-first century. This chapter describes the long process
that has led to the decision to allow the construction of a repository for SNF,
and the controversies that have arisen. The most important controversy has been
the copper canister corrosion issue, which has been central in the discussions of
long-term safety of the repository since 2007, as well as to the repository licence
review process from 2011, until the decision in January 2022.

In Chap. 11, Jarmo Vehmas, Aleksis Rentto, Jyrki Luukkanen, Burkhard
Auffermann and Jari Kaivo-oja describe that Finland plans full operation of the
ONKALO geological disposal facility in 2024. The ONKALO project includes
an encapsulation plant and final disposal facility based on the Swedish KBS-3 V
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concept (see Chap. 10). The authors identify various factors that brought Finland
to a forerunner position in long-term RWM, like structural corporatism and high
trust in technology, nuclear expertise and politicians. Since the potential host
municipality has a veto right, the critical factor was local acceptability in the
municipal council of Eurajoki, which was reached after negotiations on mutual
benefits with Posiva, the company established by the nuclear power companies
Fortum and TVO for nuclear waste management.

We hope that the ten European country chapters contain examples of produc-
tive ways for collective decision-making, which may provide inspiration to better
democratic decision-making. Thus the concluding Chap. 12 aims to address the
question: What lessons do the country studies teach us about the governance of
long-term RWM? Rinie van Est and Maarten Arentsen make use of the govern-
ance ecosystem framework. They show that the governance of RWM is strongly
influenced by developments in the field of nuclear energy. To emphasize the
multi-level nature of RWM’s governance, they reflect on the interactions between
international and national governmental levels, and national, regional and local
levels. Next they focus on each of the four domains of the governance ecosystem
framework: politics and administration, law and regulation, science and technol-
ogy, and civil society. As a result the authors identify 17 lessons that may advance
the democratic decision-making process around RWM.
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Seeking Guidance for Decision-Making
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2.1 Introduction

The Netherlands currently stores its radioactive waste above ground at the Cen-
tral Organization for Radioactive Waste (COVRA). With regard to the long-term
management of radioactive waste and spent fuel, the Netherlands pursues a ‘dual
strategy’. First, there is a national route in which the government envisions a geo-
logical disposal facility (GDF) for a part of its radioactive waste and spent fuel to
be operational by 2130 (Ministry of I&E, 2016). Nevertheless, the option is left
open to deviate from this timeframe, as well as from the currently preferred long-
term disposal method (geological disposal), if there is reason to do so. Second,
the government pursues an international route with other European Union (EU)
Member States for the long-term management of radioactive waste (Ministry of
I&E, 2016). Although an approximate timeline has been developed, the concrete
decision-making process that should lead to a solution, either nationally or inter-
nationally, has not yet been established.
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The Netherlands is a medium-sized country with regard to radioactive waste,
characterized by a diverse nuclear technology portfolio (with four operational
nuclear facilities for energy, research, uranium enrichment and the production of
medical isotopes). Approximately 1,300 companies hold a license to work with
radioactive materials, of which two-thirds produce radioactive waste (Ministry
of I&E, 2016). In 2020, the central national facility of COVRA in Borsele con-
tained a total of 35,411.1 m? radioactive waste. 110.1 m? of this was high-level
radioactive waste (HLW), while 34,168 m? of the waste stored was low-level and
intermediate-level radioactive waste (LILW). Some 70% of the HLW brought
to COVRA annually originates from the production of nuclear energy, and 30%
comes from the production of medical isotopes and from the research reactors
in Delft and Petten. The LILW stems from various sources, such as nuclear reac-
tors, research facilities, hospitals, gas- and oil-drilling, discarded smoke detectors,
and the enrichment of uranium by the Netherlands branch of Urenco (COVRA,
2020a).! Because of the relatively small volumes of radioactive waste produced
in the Netherlands, and the relative high initial costs of geological disposal, the
Dutch government wants to place LILW that is still active at the time of disposal
in the same location as the HLW (Ministry of 1&M, 2016). This is in contrast to
other countries, such as Belgium, France and the UK, where (‘short-lived’) LILW
is to be placed in a surface or near-surface disposal facility (cf. Schroder, 2012).

At present, there is no detailed step-by-step approach to decision-making on
the long-term management of radioactive waste in the Netherlands. Therefore,
following the National Program Radioactive Waste (Ministry of I&E, 2016), in
2019, the State Secretary for Infrastructure and Water Management commis-
sioned the Rathenau Instituut to provide advice in 2024 on the decision-making
process regarding the long-term management of radioactive waste.> The Rathenau

'The classification system currently used in the Netherlands resembles the IAEA guideline
of 2009 (IAEA Safety Standard, 2009), but consists of four categories instead of six: ‘high-
level radioactive waste’ (HLW), ‘low-and medium-level radioactive waste’ (LILW), ‘short-
lived waste’ (with a half-time of less than 100 days) and ‘exempt waste’ (COVRA, 2014). A
subcategory of LILW consists of waste produced from the use of naturally occurring radio-
active material (NORM). NORM waste with an activity concentration of up to ten times the
exemption threshold, are disposed of as very low-level waste at special licensed dumpsites
(Ministry of I&E, 2016, p. 16). In this chapter, we only focus on the long-term manage-
ment of the waste stored at COVRA.

2The Rathenau Instituut is an independent technology assessment organization. It has been
involved in research and debate about the impact of science, innovation, and technology on
society for 35 years.
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Instituut aims to fulfill this task by organising research and dialogue between citi-
zens, experts and stakeholders. The authors of this chapter are involved in this
advisory process, of which this book and chapter are a part.

This chapter investigates various important challenges for the decision-making
process regarding the long-term management of radioactive waste in the Neth-
erlands. To this end, we use the conceptual model of a multi-level governance
ecosystem (Kool et al., 2017), as explained in the introductory chapter, which
consists of four domains and their interactions: ‘politics and administration’, ‘sci-
ence and technology’, ‘laws and regulations’, and ‘civil society’. We first describe
the historical development of the governance ecosystem in the Netherlands, based
on a reading of parliamentary documents, publications from the national waste
management organisation (COVRA), governmental organisations, NGOs, news
items, previous reviews of the national nuclear sector, as well as literature on the
governance of radioactive waste. Based on that overview, we reflect on the devel-
opments within the separate domains and identify current challenges for decision-
making. We end by drawing several conclusions.

2.2  History of Radioactive Waste Management
and Policy in the Netherlands

This section describes how the Netherlands managed radioactive waste from
1945 to 2016, and how decision-making took shape. This timeframe spans the
period between the building-up of the nuclear sector to the first National Pro-
gram for the management of radioactive waste. Since the management of radio-
active waste is closely linked to its applications, we also take developments in
the field of nuclear technologies into account. We show that over the years dif-
ferent waste management methods have been suggested, discussed, researched,
used, regulated, banned, and/or abandoned. For each of these methods, specific
decision-making processes took place, in terms of technical viability, and social
and political-administrative desirability and legal admissibility.

2.2.1 Development of the Nuclear Sector and Laws
and Regulations for Nuclear Safety and Radiation
Protection in the Netherlands

After World War I, with the support of the United States, the Dutch government
teamed up with scientists to explore the peaceful potential of nuclear technology.
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To this end, the government set up a knowledge and research infrastructure,
developed industrial policy, and provided information about nuclear technol-
ogy to the general public (Ministerie van Economische Zaken, 1957). The Neth-
erlands also became a shareholder in Eurochemic, an international company
founded in 1957 within the framework of the Organization for European Eco-
nomic Cooperation (OEEC). Its purpose was to build a factory for reprocessing
spent fuel, situated in Belgium. Dutch nuclear reactors came online for research
and education in Petten (1960 and 1961), Delft (1963), Wageningen (1963), and
Eindhoven (1969). Nuclear power plants (NPP) became operational in Dode-
waard (1968) and Borssele (1973). There was relatively little attention to radioac-
tive waste management (RWM) during this build-up phase, which also held true
for waste management in most other sectors at that time (cf. [AEA, 2002). Over
the years, there was a gradual increase in attention to radioactive waste, driven by
an international scientific discussion on how such waste should be handled.

In the 1950s and 1960s, new organisations were set up to promote the safe use
of nuclear technology, such as the International Atomic Energy Agency (IAEA)
in 1957, the European Nuclear Energy Agency (ENEA, later NEA) in 1958, and
the European Atomic Energy Community (Euratom) in 1958. The Dutch govern-
ment implemented legislation and regulations on nuclear safety and radiation
protection due to the expected increase in the use of radioactive substances in
medical, biological, industrial and agricultural fields (Radioactieve Stoffenbesluit,
1958, p. 7). On the basis of agreements within the Euratom Treaty, the Ionizing
Radiation Decree (Radioactieve Stoffenbesluit, 1958) provided guidelines with
regard to safety. In addition, the government used existing legislation to create
the preconditions for protection against ionizing radiation for employees and the
general public. In 1963 the Nuclear Energy Act was passed, that governed nuclear
activities and provided regulations for nuclear safety and radiation protection
(Kernenergiewet 1963). This law, which still applies, is a so-called framework
law, with associated Decrees and Ordinances providing more detailed legislation.

During the first two decades of the nuclear program in the Netherlands, there
was no explicit radioactive waste policy, just as there was no regular waste pol-
icy. However, a practice of managing radioactive waste did emerge (Berkers
et al., 2023). In 1963, the Minister of Social Affairs and Health established a spe-
cial designated service to collect LILW waste. This radioactive waste was sub-
sequently stored above ground in Petten, near the Reactor Center Netherlands
(RCN). Part of this waste was disposed in the deep sea. This latter practice was
supervised by ENEA after 1965. Between 1966 and 1974, spent nuclear fuel
was reprocessed at Eurochemic in Belgium, where—according to contract—the
leftover HLW remained. After Eurochemic shut down in 1974, new agreements
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were made for the reprocessing of spent fuel with the United States, United King-
dom and France. The remaining Dutch HLW would eventually be sent back from
the UK and France to the Netherlands. At the same time, social resistance to the
dumping of radioactive and other high-toxic waste into the deep sea grew, both
within and outside the Netherlands, and an international ban on the dumping
of HLW into the sea came into effect in 1972. An international moratorium on
dumping LILW was issued in 1983, followed by a complete ban in 1993.

2.2.2 Realizing an Above-Ground Interim Storage Facility
for Radioactive Waste

RWM became a topic in the Dutch societal arena in the 1970s, as exemplified by
the societal resistance to deep sea dumping. RWM also became a central issue in
the nuclear energy debate as the anti-nuclear movement arose. Furthermore, the
government at the time indicated that expanding nuclear energy was only pos-
sible after an ‘acceptable solution’ was found for radioactive waste (Ministerie
van Economische Zaken, 1974). In line with international scientific debates, the
Scientific Council for Nuclear Energy, and the Reactor Center of the Nether-
lands, among others, advised to examine the possibilities of disposing radioactive
waste in deep underground salt domes (cf. WRK, 1972). In 1976, the government
wanted to investigate the technological possibilities of disposing HLW in salt
formations in the northeastern part of the Netherlands. Regional and local resist-
ance by citizens, societal organisations, companies and politicians eventually
obstructed the proposed in situ test drilling (Berkers et al., 2023).

In 1981, the government initiated a Broad Social Discussion (BMD) on energy
policy in response to the political and social impasse that had arisen. Within
the BMD nuclear energy and radioactive waste were important topics. In 1984,
the BMD Steering Committee advised to keep existing nuclear power stations
open, but concluded that expansion of nuclear energy was undesirable.> Despite
this, the government opted for the construction of two new NPPs, leaving many
nuclear-critical participants in the BMD indignant. Political support for nuclear
energy disappeared after the Chernobyl accident in April 1986, and the two pro-

3This Steering Committee consisted of nine experts from political and scientific circles,
and was chaired by Mauk de Brauw, a socialist politician who had been minister of aca-
demic education and research, and previously worked for various companies including
Unilever.
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posed NPPs were never built. During the same period, the importance of nuclear
medicine grew considerably. In the Netherlands, the High Flux Reactor (HFR) at
Petten began to play a central role in the (world-wide) production of medical iso-
topes (Vijftig jaar HFR, 2011).

These societal and political developments impacted scientific research as well
as the policy process (Schroder, 2012). The Integral National Research Program
Nuclear Waste (ILONA) started in 1981. ILONA consisted of various committees
that examined different possibilities for the disposal of HLW: storage on land,
just above or below the earth’s surface, interim-storage of spent fuel elements
and nuclear fission waste, disposal in salt domes in the North Sea, and disposal
in geological layers beneath the deep seas (Ministerie van VROM, 1984). The
research on North Sea salt domes and deep sea geological disposal was rather
quickly abandoned due to higher than expected costs (Berkers et al., 2023). In
1981, the Committee Reconsidering Disposal of Radioactive Waste (Commissie
Heroverweging Verwijdering Radioactief Afval, HVRA) was installed to look for
alternatives for the deep sea disposal of LILW (Ministerie van VROM, 1984, p. 12).
HVRA concluded in March 1983 that it had a preference for disposing LILW in
salt layers, e.g. by means of deep salt cavities (Berkers et al., 2023).

The first RWM policy was presented in 1984 by the Minister of Housing, Spa-
tial Planning and the Environment (VROM). It included two goals in the field of
radiation protection. First, to comply with the ALARA (As Low As Reasonably
Achievable) principle, which had been recommended by the International Com-
mission on Radiological Protection (ICRP) in 1973 and endorsed by Euratom in
1980. This had to be done by isolating, managing and controlling the waste (in
Dutch the so-called IBC-criteria). Second, the sum of the received and expected
doses for humans should not exceed the established dose limits. The govern-
ment also decided to set up an above-ground interim storage facility for LILW
and HLW. This should be managed by COVRA, for a period of ‘several decades’,
which was later explained during parliamentary debates and related policy docu-
ments as at least 100 years (Ministry of I&E, 2016). This temporal policy pro-
vided time to further study options for a final GDF and to explore the possibility
of an international disposal facility. A designated committee under the aegis of
liberal politician W.J. Geertsema was tasked with finding a suitable and accepta-
ble location for the intended facility. This eventually led to an above-ground radi-
oactive waste storage facility in Borsele, near the NPP. Local residents and the
anti-nuclear energy movement participated in this decision-making process. By
August 1989, COVRA had obtained all necessary permits and was able to start
construction of the storage facility.
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2.2.3 Deep Geological Disposal: Elaboration of Policy
and Research

In subsequent decades, the government elaborated on its 1984 radioactive waste
policy through parliamentary debates, research and public consultation. This
included the formulation of an environmental policy framework, informed by
a public consultation on the acceptability of geological disposal of (radioactive
and highly-toxic) waste. This led to new modified principles for RWM: in line
with the IBC-criteria, reversibility of the decision-making process and retrievabil-
ity of the waste became requirements (Tweede Kamer, 1993). With this in mind,
the national scientific Committee on Storage of Radioactive Waste (CORA) was
asked by ILONA in 1996 to investigate the feasibility of retrievable disposal of
radioactive waste both in salt domes and Boom Clay. In addition to technical
aspects, one of its subcommittees focused on ethical and social aspects of long-
term RWM in a scoping study amongst environmental organisations (CORA,
2001; Selling, 2002). This was the first time a social scientific angle was included
in a national research programme on RWM in the Netherlands.

The work of international organisations influenced Dutch RWM policy and
research. This concerned, for example, international agreements in the IAEA-
framework, international radiation guidelines and standards by the International
Commission on Radiological Protection (ICRP) (via Euratom), and the work of
the Nuclear Energy Agency (NEA). The NEA developed the concept of a safety
case, which ‘comprises the findings of a safety assessment and a statement of
confidence in these findings’ (OECD, 1999, p. 22). The safety case methodology
was applied in the national Research Program for the Final Storage of Radioac-
tive Waste (OPERA), which ran from 2011 to 2016. This program was organised
by COVRA, and looked in particular into the possibilities of a geological disposal
facility in Boom Clay. In 2004, NEA also argued for a stepwise approach to deci-
sion-making, which was in line with the Dutch principle of reversibility. Further-
more, NEA stated that it is important that ‘the public, and especially the most
affected local public, are meaningfully involved in the planning process’ (OECD,
2004, p. 7). With regard to the legal domain, the Aarhus Convention came into
effect in 2001, and grants EU citizens the right to access to information, public
participation in decision-making, and access to justice in environmental matters
(UN, 1998).

Institutional arrangements also changed during this period, with several
changes in the division of ministerial tasks and responsibilities in the field of
nuclear energy, nuclear safety and radiation protection. For example, since 2010
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the Ministry of Economic Affairs was responsible for nuclear safety and radia-
tion protection, nuclear energy, the Nuclear Energy Act and the management of
the associated organisational units. The Minister of Social Affairs and Employ-
ment (SZW) was responsible for the protection of employees, and the Minister of
Health, Welfare and Sport (VWS) was responsible for protecting patients against
the risks of ionizing radiation (ABDTOPConsult, 2019). Influenced by the House
of Representatives and international guidelines from the TAEA, it was decided
in 2015 to set up a new independent Authority for Nuclear Safety and Radiation
protection under the Ministry of Infrastructure and the Environment (I&E): the
ANVS. The new authority could not fall under the Ministry of Economic Affairs,
which was responsible for (nuclear) energy policy (Wijzigingswet kernerner-
giewet, 2016). In 2019, a legal evaluation of the ANVS led to the transfer of
policy responsibility for the management of radioactive waste to the Ministry of
Infrastructure and Water Management (before I&E).

The EU also had an influence on the decision-making process regarding the
disposal and management of radioactive waste in the Netherlands. In accordance
with the 2011/70/Euratom directive, every EU Member State became obliged to
draw up a National Program (European Council, 2011). In preparation for the
Dutch National Program, four studies were carried out: 1) an inventory of the cur-
rent and future volume of radioactive waste by COVRA; 2) an initial study into
options for the long-term management of radioactive waste by engineering con-
sultancy ARCADIS; 3) a study on public participation by the Rathenau Instituut;
and 4) a study of the state of affairs concerning international research into dis-
posal by the Nuclear Research & Consultancy Group (NRG).

Building on earlier policies, the National Program from 2016 listed the fol-
lowing four policy principles: 1) minimization of the generation of radioactive
waste; 2) safe management of radioactive waste; 3) no unreasonable burdens
on the shoulders of later generations; 4) the producers of radioactive waste are
responsible for the costs of its management (Ministry of I&E, 2016). In addition,
the National Program underlined the importance of public participation and the
earlier mentioned dual strategy. Because the Netherlands has a relatively small
volume of radioactive waste, a multinational repository was considered logi-
cal “in terms of quality, safety, knowledge sharing, care and costs” by the con-
sultancy group of OPERA (Adviesgroep OPERA, 2017, p. 50).* International

4The consultancy group consisted of seven members from different backgrounds, such as
regional authorities, drinking water boards and universities.
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Fig. 2.1 Suggested timeline in the National Program of important decision-making
moments for a GDFE. (Source: OPERA, figure from OECD/NEA adapted to the Dutch situ-
ation)

collaboration is sought for this route within the European Repository Develop-
ment Organization (ERDO), which has been based at COVRA since 2021. Sev-
eral European Member States, including the Netherlands, work within this
international association on multinational radioactive waste solutions (COVRA,
2021).

The National Program opted for interim above-ground storage for at least
100 years, followed by geological disposal. It also suggested a timeline: a politi-
cal decision on a final repository will be made around 2100, and the GDF is to be
operational around 2130 (see Fig. 2.1). It is however possible to deviate from this,
both in terms of the timeframe and disposal method, for example due to tech-
nological developments or international cooperation. The government legitimised
this policy by stating that “the relatively long period of above ground storage will
provide time to learn from experiences in other countries, to carry out research
and accumulate knowledge” (Ministry of I&E, 2016, pp. 4-5). This should ensure
that no unreasonable burden is placed on the shoulders of future generations.

The National Program also announced the construction of a consultation group
(Klankbordgroep) that would be tasked to focus on issues including:

e public participation (‘identifying specific forms of participation’);

e siting of radioactive waste disposal facilities (‘potential suitable search areas
for the disposal of radioactive waste that can be reserved, and identifying the
necessary policy harmonization, given other future functions of the (deep)
underground environment at those sites’);

e knowledge infrastructure (‘options for maintaining the necessary knowledge
infrastructure in the Netherlands for the management of radioactive waste’),
and,;
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e practical implementation of the principle of retrievability (‘defining the criteria
for determining the period of retrievability of radioactive waste from disposal
to allow a decision on a period of retrievability supported by society’). (Minis-
try of I&E, 2016, p. 6)

The Ministry of I&W asked Van Soest to explore how such a consultation group
process could be organisationally embedded. Van Soest concluded that the mis-
sion of such a group could be “to think through a possible participatory decision-
making process aimed at a social agreement about the disposal of radioactive
waste and spent fuel, and to advise relevant parties on this” (Van Soest, 2018, p. 8).
As a result of this preliminary investigation, it was decided to task the Rathenau
Instituut with issuing advice in 2024 on the decision-making process regarding
the long-term management of radioactive waste.

2.3  Current Challenges

The long-term interim above-ground storage at COVRA provides time to work
on a final solution for the long-term management of radioactive waste. While the
National Program provides a tentative timeline, the step-by-step process of deci-
sion-making needs further elaboration. To better understand the challenges that
need to be addressed, this section reflects on historic and current development of
the four domains of the governance-ecosystem: 1) laws and regulation, 2) pol-
icy and administration, 3) science and technology, and 4) civil society. Because
each domain depends on the others for their functioning, we consider their mutual
interactions. Moreover, since various levels of government play a role in dealing
with radioactive waste, we also consider the multi-level character of the domains.

2.3.1 Laws and Regulations

In the Netherlands, legislation and regulations regarding the management of
radioactive waste are part of the legal framework for radiation protection and
nuclear safety. This is covered by the Nuclear Energy Act of 1963 (Kernener-
giewet 1963). This Act, and its associated decrees and ordinances, have been con-
tinuously adapted to guidelines provided by international organisations such as
IAEA, Euratom, and ICRP. Various political and social developments have had
an influence on international legislation and regulations. This for example has led
to international bans on the dumping of radioactive waste into the deep sea, and
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to a European Directive for the responsible and safe management of spent fuel
and radioactive waste—which pays attention to public information provisioning
and public participation. Moreover, the latter is in line with more general (inter-
national) regulations such as those drawn up under the Aarhus Convention, and
obligations for public participation as part of licensing (UN 1998). A study of
the current legal framework for the long-term management of radioactive waste
concludes that the Dutch framework complies with all international and European
rules for RWM, and that most of the recommendations of the IAEA have been
followed (Akerboom, 2023).°

2.3.2 Policy and Administration

Since the advent of nuclear technology in the Netherlands, the domain of politics
and administration gradually started to pay attention to RWM. To enable the safe
use of nuclear technology, the nuclear sector was institutionalized (both interna-
tionally and nationally), which led to guidelines for the management of radioac-
tive materials, including radioactive waste. In the 1970s, RWM became part of
the societal and political debate on nuclear energy. That, combined with interna-
tional scientific debates on radiation protection standards, led the government to
set up various research programmes and organise the Broad Societal Discussion
(BMD) on energy policy. Both inputs were used to formulate the 1984 radioactive
waste policy plan. This policy opted for the long-term interim above-ground stor-
age of radioactive waste. To achieve this, COVRA had been established in 1982,
and a GDF was foreseen as a long-term solution via either a national or an inter-
national route. The National Program reaffirmed this policy in 2016, and offered
a timeline according to which the political decision on a final repository will be
taken around 2100, and a GDF will be operational around 2130 (see Fig. 2.2).
Since EU regulations require that National Programs need to be updated every ten
years, a new one is scheduled for 2026.

Dutch RWM policy has been both hailed and criticized. First, the organisation
of centralised long-term interim above-ground storage of radioactive waste has
been deemed as ‘good governance’ by member states of the Joint Convention on
the Safety of Spent Fuel, and on the Safety of Radioactive Waste Management,
because the packaging and storage facilities are also designed with a term of 100

3This study has been conducted as part of the current assignment of the Rathenau Instituut.
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to 300 years in mind, which facilitates a high level of safety (Ministry of I&W,
2020). In line with this, the TAEA (2009) considered the incorporation of passive
safety features in the design of the packaging and facilities as a ‘good practice’,
because it makes the safety of the interim-storage less dependent on maintenance,
and the packaged materials can be monitored more easily. Second, the IAEA con-
cluded that COVRA communicates well with the public, for example through art
and by organising open days, which has increased the confidence of the public
regarding the activities of COVRA (IAEA, 2009).

There is also criticism, for example on the intention not to realize a GDF until
2130. According to LAKA, a Dutch documentation and research center rooted
in the anti-nuclear energy movement, the long duration of this more than 100-
year period can lead to a political “wait-and-see” situation in the present (LAKA,
2015). A similar point is put forward by the advisory board of OPERA.® They
supported the century-long horizon, but remarked that this time period should
be used effectively, as it could lead to a lack of urgency among contemporary
politicians and policymakers. They advised to start with public participation and
scientific research as soon as possible (Adviesgroep OPERA, 2017). However,
the study by the Rathenau Instituut that was carried out in preparation for the

6The OPERA advisory group was asked to advice on the quality of the research and on its
social relevance. In addition, they had an advisory role on the communication about the
program and the results.
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National Program, showed that the absence of actual decisions negatively impacts
the sense of urgency amongst the public, making public participation a complex
challenge (De Vries et al., 2015).

Other organisations also emphasise that the period up to 2100 should be used
meaningfully. The Netherlands Commission for Environmental Assessment
(NCEA) advised the designation of a number of potentially suitable search areas
for possible disposal of radioactive waste, to prevent an outcome that by the year
2100 the most suitable sites for geological disposal of radioactive waste would
already be occupied (Commissie m.e.r., 2015).7 Reserving potential search areas
implies an implicit choice for a disposal method and a location, for which pro-
visional selection criteria must be determined. However, it is uncertain whether
the subsurface will actually become fully occupied, in view of the current strong
social resistance to and distrust of various existing and potential developments
in the Dutch subsurface, which ranges from natural and shale gas extraction
(Waes etal., 2014) to CO, storage and geothermal energy (Smink et al., 2017).
Therefore, it should be made clear whether, and if so at what moment in time,
search locations for a potential GDF have to be reserved. This challenge has been
included as a point of attention in the National Program (Ministry of I&E, 2016).

Other actors have also made suggestions about how the long-term interim
period should be used. In 2019, the advisory board of the ANVS suggested that
the ANVS should open the discussion about bringing forward decision-making by
the government regarding the type and location of a final GDF (Raad van Advies,
ANVS, 2020).% This would allow for more time to study and evaluate the host
rock, and realize the selected type of disposal in 2130. Based on experiences from
other countries, this might take a long time. A study commissioned by the Min-
istry of I&W recently concluded that stakeholders are in need of a more detailed
step-by-step plan that identifies moments for public consultation and decision-
making (Berenschot, 2022). To date, there is no such plan (Ministry of I&E,
2016). The European Commission (EC) even questioned in 2017 whether the
government had in fact taken reasonable and concrete steps to ensure that future
generations will not have to carry the burden of radioactive waste produced in the

7The Netherlands Commission for Environmental Assessment (NCEA) advises govern-
ments on the quality of environmental information in environmental assessment reports.
The NCEA does not get involved in decision-making or political considerations.

8The advisory board of the ANVS consists of independent experts from the Netherlands

and abroad, its task is to provide the ANVS with solicited and unsolicited advice on matters
related to the tasks of the ANVS.
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past and present, as required by the Euratom guidelines (Tweede Kamer, 2017).
In response to this question, the Minister of 1&M referred to the reasons for the
current policy as stated in the National Program, and to the government plan to
start a consultation group. As noted, the latter gave rise to the current assignment
to the Rathenau Instituut.

Although the policy intention to switch to geological disposal following a
period of above-ground storage has not changed since 1984, two additional
requirements have been set for the long-term management of radioactive waste.
The principle of retrievability has been given a somewhat narrower interpretation
in the National Program than in the 1993 Parliamentary paper, by stating that it
means “that the possibility for retrieving waste (packages) must be included in
the design of a facility” (Ministry of I&E, 2016, p. 26). The optimum period of
retrievability is to be decided in consultation with society. In addition, as far as
practically desirable, the decision-making process must be reversible. This is
associated with the step-by-step approach to licensing (Ministry of I&E, 2016)
and is explained as follows: “before each step is taken, consideration will have
to be given to whether the step should be taken, or whether a step back should be
taken in the process” (see Fig. 2.2). Although this principle offers the opportunity
for flexible decision-making, according to the Committee’s environmental impact
assessment, the concept version of the National Program did not provide instru-
ments or mechanisms to reassess risks and adapt to unexpected developments
(Commissie m.e.r., 2015). It remains unclear to what extent decisions should be
reversible—with a view to ‘manageability’—and how this should be assessed.

Another important development over the last two decades is the redistribution
of ministerial tasks and responsibilities. Since the 1950s, responsibility for both
nuclear energy and nuclear safety in the Netherlands has rested most of the time
with the Ministry of Economic Affairs. In 1994, the IAEA Convention on Nuclear
Safety stipulated that each Member State had to ensure a separation between
organisations in the fields of nuclear safety and nuclear energy. Currently there
is a clear division between the responsibilities for energy policy that lie with the
Ministry of Economic Affairs, and on the responsibilities for nuclear safety and
radiation protection that lie with the Ministry of I&W. The ANVS, established in
2015, was given both policymaking and supervision responsibilities. In 2020, the
responsibility for policymaking was transferred from the ANVS to the Ministry
of I&W. This creates a better distinction between the duties of the Ministry of
1&W, and ANVS as a supervisor and licensing authority (ABDTopconsult, 2019).

In recent years, the nuclear energy discussion has resurfaced, partially because
of the climate crisis. In the wake of this discussion, radioactive waste also
returned to the political and social agenda. In its coalition agreement, the current
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government intends to keep the nuclear power plant in Borssele open longer, to
build two new NPPs, and to provide for the safe disposal of nuclear waste (Kabi-
netsformatie, 2021). What this will mean for the decision-making process regard-
ing the long-term management of radioactive waste remains to be seen.

2.3.3 Science and Technology

The domain of science and technology continues to play an important role in
the development of standards for radiation protection and nuclear safety. The
same holds for the investigation of the viability and safety of technical options
for (long-term) RWM. It thereby influences the development of legislation,
regulations, and policy. Below, we describe how despite increased awareness
of the importance of interdisciplinary and transdisciplinary knowledge, an inte-
gral, participatory and sociotechnical knowledge agenda is still missing in the
Netherlands, and it is unclear where the institutional responsibility for such an
agenda lies. Moreover, we highlight that the vitality of the science and technology
domain would benefit from a long-term vision on knowledge development.

Until the 1990s, Dutch RWM research primarily focused on technical aspects,
such as the technical feasibility of geological disposal in salt domes. From CORA
(which ran from 1996 to 2001) onwards, ethical and social aspects of the long-
term management of radioactive waste, and the role of public participation in
decision-making, have received attention. Within ILONA (the research program
which ran between 1981 and 1993), it was argued that social scientific research
should be limited to an inventory of the processes that play a role in decision-
making (Tweede Kamer, 2002). OPERA, the subsequent national research pro-
gram (which ran from 2011 to 2018), set up the previously mentioned OPERA
advisory group. The group dealt with the “wider societal issues of disposal,
including stakeholder engagement and conditions for an inclusive process for
long-term decision-making on disposal” (Verhoef et al., 2017, p. 8). The advi-
sory group stated that this requires a participatory process and the recognition of
emotions and values, which can be used to shape and direct technological devel-
opment; so-called “value sensitive design™ (cf. Correljé et al., 2015). In 2015,
the Rathenau Instituut concluded that RWM transcends various academic disci-
plines (technical, geological, ethical, social, psychological, economic), and that
it is therefore important “to retain sight of the issue’s multidisciplinary charac-
ter and the consequent need for interdisciplinary cooperation” (De Vries et al.,
2015, p. 19). Despite intentions to set up a broader research program, the current
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long-term program at COVRA focuses primarily on technical aspects. A more
integrated sociotechnical research agenda is thus still lacking.

Moreover, it is unclear where the institutional responsibility for setting up
such an integral research agenda lies. According to the TAEA, the government
should be responsible for ensuring that the necessary knowledge and expertise is
maintained (IAEA, 2000). As seen above, since the beginning of the 1980s, the
government and the nuclear sector have developed various research programmes
in collaboration with a specially designated scientific committee. However, cur-
rently the government’s involvement in research on the final disposal of radioac-
tive waste is somewhat limited. After the CORA research program ended in 2001,
COVRA started to play a key role in coordinating research (Berkers et al., 2023).°
And for the first time, the current research program is not financially (co-)sup-
ported by the government, but solely financed by COVRA (COVRA, 2020b). Part
of the money that COVRA receives from the producers of radioactive waste is
used for this purpose.!”

According to the consultancy firm Berenschot (2022), this and previous
research programmes have been appreciated by companies and NGOs, however,
they also experience a lack of insight into the current steps of knowledge devel-
opment regarding disposal: “[even though] the report of the research programs
are public [...] it is not clear what will happen with these insights and what the
next steps are. Linked to this, an overview of the lessons until now, and what we
still want/need to know before a safe geological disposal facility can be realized
is lacking”!! (Berenschot, 2022, p. 19). This raises the question to what extent it
is up to COVRA to provide insights into these aspects, or whether this should be
a responsibility of the government, or a combination of both. In addition, stake-
holders have also indicated that the lack of insight into what still needs to be
investigated to realize a GDF is related to the absence of a more detailed step-by-
step decision-making process (Berenschot, 2022). As mentioned before, the lack
of this step-by-step plan is another challenge for the government, and part of the
present assignment of the Rathenau Instituut.

9 Although COVRA is fully owned by the Dutch state, it is an independent administrative
body (in Dutch: Onathankelijk Bestuursorgaan) that performs government tasks, but does
not fall directly under the authority of a ministry.

10This is in line with the polluter pays principle. This principle assures that organisations
which deliver their radioactive waste to COVRA pay for all costs related its management,
including research (COVRA, 2020b).

' Translation from Dutch by authors.
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Fig. 2.3 Overview of Dutch research programs (COVRA, 2020b)

The NEA recommended that the public should be involved in the develop-
ment and implementation of a safety case (OECD, 2000). The Rathenau Instituut
proposed that a participatory knowledge agenda is an essential feature of knowl-
edge assurance for decision-making on the long-term management of radioactive
waste. Such an agenda should be based on “information sources originating from
[...] citizens, scientists in various disciplines, stakeholders and (lower tiers of)
government” (De Vries et al., 2015, p. 46).12 A transdisciplinary mode of knowl-
edge production is seen as important in science in general (cf. Gibbons & Now-
otny 2001; Nowotny, 2003) and in RWM in particular (Brunnengriber, 2019),
because it may contribute to more socially robust knowledge. There has been
some level of involvement in Dutch research programmes, by means of informing
the public and parliament of plans and findings, and by collaborations between
science, industry and policy. However, the general public has so far been absent
in the design and execution of research programmes. Involving civil society
actors, such as citizens and civil society organisations, remains a challenge in the
Netherlands, since those actors may lack the will or resources to participate (De
Vries et al., 2015). These issues should be addressed in order to develop a partici-
patory knowledge agenda.

The permanence and vitality of the science and technology domain remains a
point of attention. Successive research programmes often had gaps between them
ranging up to ten years (see Fig.2.3). In some cases, this implied that “earlier
collected knowledge had to be recovered and that the research infrastructure on
the geological disposal of radioactive waste had been diminished and weakened
over time” (COVRA, 2020b, p. 12). To prevent this from happening in the future,
COVRA’s most recent research programme has a long-term scope.

From the point of view of institutional independence, checks and balances,
and spreading knowledge, as well as COVRA, the Ministry of I&W, ANVS and

12While preparing the national programme, ANVS asked the Rathenau Instituut to formu-
late a vision on public participation in decision-making about long-term radioactive waste
management, to serve as a supporting study for the national programme.
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other relevant stakeholders must also continue to have access to sufficient and
(independent) knowledge and expertise to continue to perform their institutional
duties (cf. Raad van Advies ANVS, 2020). The Ministry of I&W is currently
exploring how the knowledge landscape of nuclear technology and radiation can
be strengthened, including in the long term (cf. Van de Zande et al., 2020).

2.3.4 Civil Society

Over the last few decades, the societal domain has been involved in decision-
making on the long-term management of radioactive waste in several ways. In
some cases, involvement was initiated by the government, and in others by civil
society actors themselves. We show here that this had various outcomes, and took
multiple forms: from protest and resistance to informing and consulting. Over the
years, awareness of the importance of public involvement in radioactive waste
decision-making has increased. It even became legally required by international
and national guidelines, treaties and laws. Part of the assignment to the Rathenau
Instituut is to develop an advice on a (possibly participatory) decision-making
process for the final disposal of radioactive waste on behalf of the Ministry of
1&W. This has been lacking until now, partly due to the absence of concrete deci-
sion-making steps, which influences willingness to participate.

Civil society has influenced both policy and research. In the 1950s, companies
worked closely with scientific institutions to erect a nuclear industry in the Neth-
erlands. In the early 1970s, governmental policy to expand the nuclear sector was
criticized by an emerging anti-nuclear energy movement. Dealing with radioac-
tive waste became a central issue in the nuclear energy debate after the govern-
ment indicated that expanding nuclear energy was only possible if an ‘acceptable
solution” had been found for radioactive waste. At the same time, the existing
practice of disposing radioactive waste in the deep sea was also met with increas-
ing public protest, resulting in a ban for first HLW (1975), and subsequently
LILW (temporary moratorium in 1983, legal ban in 1993). The announcement of
in situ test drillings in salt layers in the northeastern part of the Netherlands to
find potentially suitable places for a GDF, led to regional political-administrative
and social resistance among both proponents and opponents of nuclear energy.
To this day, conducting research in the subsurface for the geological disposal of
radioactive waste remains a sensitive issue (De Vries et al., 2015).

The government has also consulted the public on policy development at vari-
ous times—often under pressure from parliament, local and regional authorities,
and society. This was the case during the BMD in the early 1980s, and the broad
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consultation regarding the desirability of geological disposal of radioactive and
highly toxicological waste in the early 1990s. Local residents were also consulted
by COVRA in the search for a suitable location for the interim aboveground stor-
age of radioactive waste.

Scientific studies show that public participation can lead to higher levels
of trust, but that this is not a causal relationship (cf. Wang & Wan Wart, 2007,
OECD, 2017; Liu et al. 2019). The broad societal discussion on energy policy
(BMD) in the Netherlands, for example, has not led to more confidence in the
government among opponents of nuclear energy. The government saw the BMD
as a public consultation and had clearly indicated in advance that it would not
automatically follow the outcome of the BMD. At the start of the BMD, many
opponents of nuclear energy had low faith in the government and saw the BMD
as fake participation. After the BMD in 1984, they felt reinforced in that opinion
when the government ignored the outcome of the BMD, that there should be no
further expansion of nuclear energy. This experience still seems to play a role in
current debates on RWM (Berkers et al, 2023). In a 2015 study (De Vries et al.
2015), the Rathenau Instituut concluded that there is “limited trust in the gov-
ernment with regard to this specific policy issue” (p. 7), and that there is a lack
of urgency to participate because of the absence of actual decisions. The Rath-
enau Instituut proposed that the best way of bolstering trust and willingness to
participate, is “to develop a public participation model whose subject matter and
procedural design enjoys widespread support” (De Vries et al., 2015, p. 15), and
concluded that decision-making on long-term RWM requires a more extensive,
long-term and systematic process of public participation. To this end, it proposed
the following: 1) the development of a shared plan for public participation, 2) the
tailoring of issue-based participation clusters, and 3) periodic reflection to deviate
from the plan if necessary.

Public participation has in fact become obligatory following the 1998 Aarhus
Convention (UN 1998) and through the 2011/70/Euratom directive (European
Council, 2011) and Dutch legislation (Akerboom, 2023). Rather than serving as
blueprints for the participatory process, these guidelines and regulations should
therefore be seen as ‘minimum standards’.

24 Conclusions

Since the materialization of NPPs in the 1960s and 1970s, political and societal
debates on radioactive waste and nuclear technology, in particular nuclear energy,
have become entangled. This has made long-term RWM a sensitive issue. While
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the government opted for the further development of nuclear power since the
opening of the nuclear power plant in Borsele in 1972, the 1986 Chernobyl acci-
dent put a stop to such plans. Recently, the political discussion on nuclear energy
has resurfaced. This might influence the long-term management of radioactive
waste. The entanglement is also visible from an institutional point of view. For
example, the Nuclear Energy Act regulates the licensing of nuclear installations
and the safe management of radioactive materials, including radioactive waste.
And the division of ministerial responsibilities has shifted because of a perceived
conflict of interest between the fields of nuclear energy, and nuclear safety and
radiation protection, including RWM.

Over the years, societal resistance against various waste management options,
such as disposal into the deep sea and exploratory drillings for geological dis-
posal in salt layers, has influenced the political decision-making process regard-
ing long-term RWM. Since 1984, the radioactive waste policy has resulted in the
establishment of an above-ground storage facility, after which geological disposal
is foreseen either nationally or internationally. The National Program in 2016
stated that a decision on a final GDF should be taken around 2100. The possibil-
ity is left open to deviate from this scenario—both in terms of the timeframe and
disposal method. In this way, future generations should not be left with an unrea-
sonable burden. In addition, various policy principles and requirements have been
formulated over the years, and a legal framework has been developed that pro-
vides guidelines for the decision-making process that lies ahead. Moreover, over
the past two decades the ministerial tasks and responsibilities regarding nuclear
energy, nuclear safety and radiation protection are split between the Ministries of
Economic Affairs and I&W, which may contribute to the checks and balances in
the field of RWM.

Although there is a National Program and a suggested timeline for RWM, the
road to a final solution is only partly worked out. The Dutch policy of long-term
above-ground storage, followed by a GDF, is not only hailed but also criticized. It
is seen as good governance and as a good practice in terms of safety and commu-
nication with the public. On the other hand, parties such as the European Com-
mission, societal organisations and the Rathenau Instituut are concerned that the
century-long period for decision-making leads to a decrease in political urgency
and willingness to participate and act on the subject. Various parties, such as the
NCEA and the Council of the ANVS, therefore recommend using the interim
period meaningfully and to concretize and possibly bring forward the decision-
making process. The National Program named several issues that should be clari-
fied as part of the decision-making process.
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1) Define the optimal period of retrievability,

2) Set up criteria to reserve potential search locations for a GDF,

3) Clarify options for maintaining the necessary knowledge landscape, and

4) Concretize the role of public participation within research and various national
and decentralised political decision-making processes.

The reflections in this chapter on the separate domains bring to light four addi-
tional cross-domain issues to be addressed in the decision-making process:

5) Further elaborate the requirement of reversibility of the decision-making pro-
cess to clarify to what extent decisions should be reversible and how this will
be assessed.

6) Develop a long-term, integral and participatory knowledge agenda to support
the decision-making process and to keep the science and technology domain
vital, now and in the future.

7) Spread knowledge over various (public) institutions, so that there can be an
institutionally sound knowledge landscape with sufficient checks and bal-
ances. And lastly,

8) Develop a participatory decision-making process for the final disposal of radi-
oactive waste that enjoys broad public and political support in terms of content
and procedure to bolster trust and willingness to participate. Laws and regula-
tions in the field of participation can serve as minimum standards.
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Nuclear Waste Governance in Italy:
Between Participation Rhetoric
and Regionalism

Maria Rosaria Di Nucci and Andrea Prontera

3.1 Introduction’

Over the last 65 years nuclear power in Italy has been characterised by cyclical
stop and go activities. Starting with the pioneer phase in the 1950s, and engag-
ing at the beginning of the 1960s in various technological developments, Italy has
witnessed a discontinuous nuclear research strategy, as well as incoherent tech-
nology and industrial policies to promote this “modern” source of energy. Fol-
lowing the Chernobyl accident in 1986, the debate on nuclear power led to a 1987
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referendum and the definitive shut-down in 1990 of all four country’s nuclear
power plants (NPPs). After attempts to revive the nuclear option, a second refer-
endum three months after the Fukushima disaster in March 2011 led to the with-
drawal of all Italian nuclear ambitions. However, nuclear waste stemming from
the four permanently shut down NPPs, various research reactors, and reprocess-
ing and fuel fabrication facilities represents a pressing problem.

Nuclear waste governance in Italy is characterised by complex, intertwined
relationships and interaction between political-territorial levels from the national,
through the regional to the local. The jurisdiction and responsibilities for nuclear
waste are centralised; the governance of radioactive waste is shaped by a large
number of national institutional actors and a limited number of regional and non-
institutional actors, and has been characterised until recently by non-transparent
top-down decisions.

The mandatory implementation at the national level of the Council Directive
2011/70/Euratom (European Council, 2011) put pressure on decision-makers.
One of the major challenges was to initiate an inclusive process for a suitable
site for nuclear waste on the basis of socio-technical and scientific criteria. Plans
for the construction of a repository stayed strictly locked in the drawers of the
nuclear waste operator SOGIN (Societa Gestione Impianti Nucleari) for over five
years. These plans envisaged the construction of a central surface repository and
a technology park for the storage of both very low level (VLLW) and low-level
waste (LLW) as well temporarily for intermediate-level waste (ILW) and high-
level waste (HLW). However, the siting selection has been in a stalemate situation
for a decade.

Recently, after a long period of incoherent stop and go, local opposition to
the plans and a subsequent deadlock, the mandatory search for a national site is
taking shape. The national map of potentially suitable areas was released in Jan-
uary 2021. The site search process should lead to the location of a site, which
should house 78,000 cubic metres of VLLW and LLW, as well as temporarily
17,000 cubic metres of HLW. The latter should be stored for a maximum of 50
to 100 years and then placed in a repository for deep geological disposal (DGD),
about which nothing has yet been revealed.

In this chapter, we identify the issues that dominate the governance debate on
the storage and management of the Italian nuclear waste. Our analysis focuses
on four domains: politics and administration; laws and regulations; science and
technology, civil society, and on the interrelations between the domains. Special
emphasis is laid on public participation and the involvement of local authorities,
local communities and civil society in the site search procedures and planning.
We look at the dynamics of the institutional actors, in particular the involved
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Ministries, the regulatory authority (Ispettorato Nazionale per la Sicurezza Nucle-
are e la Radioprotezione, ISIN) and operator SOGIN and their interaction with
civil society. They are all challenged to adopt a procedure on the basis of socio-
technical criteria, which incorporates inclusive and decentralised forms of deci-
sion-making and interaction among players and stakeholders at all levels of (risk)
governance. The process is therefore expected to be cumbersome and will require
a new and more democratic approach to nuclear waste management. Such an
approach will not be easy to implement in a country like Italy, which is character-
ised by scarce trust in public institutions and a long legacy of top-down decision-
making.

This chapter is structured as follows. In Sect. 3.2, we describe the evolution
of the Italian waste management strategy. We provide a brief historical back-
ground and key facts on the Italian nuclear programme and illustrate recent
developments that have led to the current concept for the national repository. In
Sect. 3.3, we consider the political, institutional and legislative domains of Italian
nuclear waste governance. In Sect. 3.4, we investigate the scientific and techno-
logical domain. Then, in Sect. 3.5, we focus on the societal domain and its inter-
actions with the previous ones. In particular, we look at these interactions with
regard to the ongoing, more participatory siting policy, for which we provide a
first assessment. Finally, in the Conclusion (Sect. 3.6), we ask what we can learn
from the interaction between the different domains (how are science and politics
integrated, how is civil society engaged in governance, etc.) and try to delineate
what is unique about the Italian case. We suggest that nuclear waste governance
in the country is affected by a vicious circle of (low) trust that is difficult to break
despite the changing participation approach.

3.2  Evolution of the Waste Management Strategy
3.2.1 Brief Historical Background?

Italy had a pioneering role in the early development of nuclear power in the
1950s. Nuclear energy was seen as the answer to the lack of domestic fossil
resources. In the 1960s, following the nationalisation of the electricity sector and
the establishment of the national electricity monopolist ENEL (Ente Nazionale

2The facts referred to in this section are based on Di Nucci (2009, 2015).
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Energia Elettrica), and due to cheap oil prices and powerful petroleum lobbies,
the nuclear option was no longer pursued (Di Nucci, 2009)- As a reaction to the
oil crises of 1973 and 1979 there was a renaissance of nuclear power, and two
massive nuclear development programmes were planned (Di Nucci, 2009). Nev-
ertheless, the share of nuclear power remained marginal. Following the Cherno-
byl disaster in 1986, there was first a moratorium on nuclear plans, followed by a
referendum in 1987, and finally a phase-out of all NPPs in 1990.

In the mid-1990s, ENEL abandoned fuel reprocessing in its own pilot facilities
and opted for reprocessing abroad, and for an interim dry storage of the remain-
ing spent fuel from its nuclear plants. Spent fuel from the British technology
Magnox reactor in Latina was shipped to Sellafield in the UK for reprocessing,
whilst used fuel from the other three Italian NPPs was sent for reprocessing in La
Hague (France). Following reprocessing, vitrified waste will be returned to Italy.

In spite of the unambiguous results of the referendum in 1987, the debate on
the nuclear option was revived in 2008 by the pro-nuclear centre-right Berlusconi
government, which introduced a package of nuclear rulings and by-laws includ-
ing measures to simplify the licensing of siting and construction. New legislation
(Law 99/2009) was passed in July 2009, and envisaged six months to select sites
for new NPPs.? However, this triggered a civic and institutional opposition. The
regions with potentially suitable sites for new NPPs (Basilicata, Emilia-Romagna,
Latium, Liguria, Molise, Marche, Calabria, Tuscany and Umbria) appealed
against Law 99/2009, which they considered unconstitutional. In June 2010, the
Italian Constitutional Court rejected the joint appeal by the regional governments,
but the national government had to approve a new legislation on nuclear sites,
in order to adjust to the decision of the Constitutional Court. Further, organised
protest arose as members of the new Nuclear Regulatory Agency were named
directly by the government in November 2010, without Parliament’s approval.
In December 2010, a joint meeting of the Parliamentary Commissions for Envi-
ronment and for Industry rejected one of the nominations, halting the Berlusconi
government’s plans. In the aftermath of the Fukushima disaster in 2011, the initi-
ative “Vote Yes to stop nuclear power”, started by over 60 associations, promoted
a referendum to repeal a number of the new laws introduced to pave the way for

3In the same year ENEL and Electricité de France (EdF) launched the joint venture Svi-
luppo Nucleare Italia to build at least four 1,650 MWe reactors deploying the EPWR
(European Pressurised Water Reactor) technology of Areva.
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new NPPs.* This referendum, held on 12-13 June 2011, reached a 55% voter
turnout.’> About 94% of respondents voted against restarting nuclear energy pro-
grammes. This confirmed the results of the Chernobyl referendum, showing that
the majority of Italian citizens are against nuclear power.

3.2.2 The Current Dimension of the Waste Problem

Almost all the waste generated by the operation of nuclear installations is stored
at the sites of origin. In addition, radioactive waste produced by R&D activities
and medical and industrial uses is preliminarily stored in specific facilities. Most
of this waste has been stored in untreated form, and dismantling activities, treat-
ment and/or conditioning are on-going at NPPs and fuel cycle facilities. Concern-
ing management of spent fuel, Italy decided to reprocess abroad. Following the
stop of all nuclear power activities, the shipments of spent fuel for reprocessing
terminated; the last shipment to the UK took place in 2005.

The Technical Guide 26, issued in 1987 by the former national environmental
and safety agency ANPA (ANPA, 1987), subdivides waste into: Category I: very
low-level waste (VLLW); Category II: low or intermediate-level waste (LILW)
and Category III: long-lived and/or high-level waste (LLW/HLW). Radioactive
waste of differing levels is being temporarily stored in at least 20 sites scattered
throughout Italy (NEA/OECD, 2013; World Nuclear News, 2021).

Most of the radioactive waste derives from the operation of the NPPs and
nuclear installations. Further radioactive waste stems from decommissioning
activities, and the return of ILW and HLW from reprocessing of spent nuclear
fuel abroad. The national inventory of radioactive waste, updated until 31 Decem-
ber 2020 by the regulator ISIN, indicates that there are approximately 31,751
cubic meters of radioactive waste, of which 14,000 cubic meters are VLLW,
12,500 cubic meters is LLW and 3000 cubic meters is ILW (ISIN, 2020, 2021a;
SOGIN 2021c). To these volumes one needs to add the HLW returning after
reprocessing abroad, and the medium-level radioactive waste expected from the
dismantling of decommissioned nuclear plants (ENEA, n. d.). According to ISIN
estimates, the waste returning in the next few years from reprocessing in UK and

4The questions posed in the referendum concerned the abrogation of about 70 regulatory
and legislative measures established since 2008 in order to enable the construction of new
NPPs.

31n Italy, legislative referenda require a turnout of over 50% of all eligible voters.
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France will amount to approximately 35 cubic meters of HLW and approximately
48 cubic meters of ILW (See Table 3.1).

It has been estimated that the national repository will host 78,000 cubic meters
of VLLW and LLW. Of this volume, approximately 33,000 cubic meters have
already been produced, whilst the rest is expected to be produced in the future from
the operation and decommissioning of NPPs, and from nuclear research facilities,
nuclear medicine and industry. In addition, the national repository will also include
a high activity storage complex for the temporary storage of approximately 17,000
cubic metres of IHLW. A part of this (approximately 400 cubic meters), consists
of residues from fuel reprocessing carried out abroad and non-reprocessable fuel.
SOGIN manages approximately 15,000 cubic meters stemming from the four
NPPs and five nuclear facilities (Bosco Marengo, Casaccia, Ispra I, Saluggia and
Rotondella). Additionally, NUCLECO,° stores temporarily 8138 cubic metres of
radioactive waste in the Casaccia facilities (Deposito Nazionale, 2020). The major
nuclear facilities and their locations are illustrated in Fig. 3.1.

3.2.3 Early Attempts to Develop a Waste Disposal
Concept

In recent decades several attempts were made to develop and implement a radio-
active waste disposal concept. In 1996, the national energy agency (ENEA) estab-
lished a “Task Force for a National Site for a Radioactive Waste Repository” tasked
with undertaking the conceptual and system projects and site prospection, selecting
suitable sites and preparing the preliminary safety report. In 1999, the government
launched a strategy for the complete decommissioning of nuclear facilities by 2020.
The underlying precondition for this was the construction of a LILW repository to
be used also for the temporary storage of HLW (see Di Nucci, 2015).

The Minister of Industry’s timeline disclosed in December 1999 envisaged
treatment and conditioning of waste from NPPs in on-site storage within ten
years, with the perspective of a successive transport to a national waste reposi-
tory; site selection and construction of a national repository for LILW within ten
years, and decommissioning of NPPs and other nuclear facilities within 20 years.

SNUCLECO is a company belonging to the SOGIN group and acts as the operator for the
collection, treatment, conditioning and temporary storage of radioactive waste and sources
from nuclear medicine and scientific and technological research activities.
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Table 3.1 Volume of radioactive waste according to category in 2020 and expected vol-
ume of returned waste (in m?)

Waste cat- International | Source Volume in (m3) Art of waste
egory classification 2020 Estimated | disposal
(m?) Volume*
(ISIN inven-
tory)
Category | Very short Industry, 1,241.91 Controlled
-lived waste | medical and discharge
(VSLLW) research
establish-
ments
Very low Industry, 14,618.28 78,000 Long term
level waste | medical and surface
(VLLW) research storage in
establish- the national
ments repository
Category II | Low level Fuel cycle 12,700.07
waste (LLW) | facili-
ties; NPPs,
research reac-
tors; decom-
missioning
Category III | Intermediate | NPPs, nuclear| 3,141. 83 17,000 Temporary
Level waste | facilities, storage in
(ILW) research reac- the national
tors repository
ILW Reprocess- | 47.6 of which 400 | Waiting for
ing of spent m? repro- emp lacement
fuel, vitrified cessed fuel ina DGD
ILW returning
from Areva
High Level | Vitrified HLW, 19 and non
waste returning reprocessable
(HLW) from BNFL fuel
HLW Vitrified HLW| 15.4
returning
from Areva

“SOGIN estimates reported in Deposito Nazionale (2020) (https://www.depositonazionale.

it/consultazione-pubblica/progetto-preliminare/pagine/stima-dei-rifiuti.aspx)

(Source: Compiled and adapted from Di Nucci (2015), ISIN (2021) and SOGIN (2021c).
Estimates until 2020)


https://www.depositonazionale.it/consultazione-pubblica/progetto-preliminare/pagine/stima-dei-rifiuti.aspx
https://www.depositonazionale.it/consultazione-pubblica/progetto-preliminare/pagine/stima-dei-rifiuti.aspx
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Fig.3.1 Location of nuclear facilities where waste is temporarily stored. (Source: SOGIN
(2020))

In 1999, an agreement between the government, regions and autonomous
provinces was signed to define and initiate measures to promote the safe man-
agement of radioactive waste. In the framework of this agreement a working
group was set up with the aim of preparing a document encompassing technical
options and participatory procedures for the local population. The document was
approved in January 2002 by the Conferenza Stato-Regioni—the body for hori-
zontal coordination between the national government and regions (SOGIN, 2003,
p. 24).

In 2001, the “Task Force Site” submitted to the environmental agency ANPA
(later renamed ISPRA), which was acting as interim regulatory authority, a first
draft of the conceptual and system projects designed for a repository for LLW,
with the aim of starting a preliminary evaluation and testing the acceptability of
directives and methodologies for the safety analysis. In 2002, the “Task Force



3 Nuclear Waste Governance in ltaly: Between ... 59

Site” also considered the near surface option. Following the selection criteria,
around 33 areas for a surface facility were identified. (Di Nucci, 2015). However,
in the end, the siting process failed in the wake of increasing local opposition
(see Section 3.5).

3.2.4 Recent Developments and Design of the National
Repository

The current disposal concept—as stated in the Legislative Decree 31/2010—
focuses on a waste storage solution. It specifies the construction of a central
repository as a surface structure (with reversibility and retrievability options)
to store approximately 78,000 m? of VLL and LLW, as well as approximately
17,000 m? of HLW (Deposito Nazionale 2020). For the latter, a deep geological
disposal (DGD) is considered necessary, and therefore high activity waste will
be stored only temporarily (50-100 years) in a special area of the repository, and
will then be permanently transferred to a DGD (Deposito nazionale n.d).

The decision for a centralised surface repository was based on the assump-
tion that transferring the waste into a central structure could guarantee maximum
safety for people and the environment, and could allow for the complete resto-
ration of environmental systems, optimising time and costs and eliminating the
need for temporary storage sites (Di Nucci, 2015).

The concept for a national repository also includes a technology park with
a centre for R&D and innovation in the field of decommissioning and radioac-
tive waste management on-site. The dedicated official portal on the repository
explains the design of the facility. The repository will extend over 150 hectares,
of which 40 hectares are foreseen for the technology park. The conditioned
encased solid waste (or solidifying liquid waste, in cement or glass) is to be
sealed inside steel drums filled with cementite. The drums will be sealed in rein-
forced concrete boxes, and all the boxes will be placed in a large cement above-
ground tank which will be covered with a layer of soil and turf. These tanks will
be sealed for 300 years. The total investment for the construction of the national
repository and technology park is estimated to reach 900 M € (but could rise to
1.5 Bn € with related works), and will be financed through the electricity bill (the
so-called A2RIM tariff component), which already covers the costs of disman-
tling nuclear plants (www.depositonazionale.it).


http://www.depositonazionale.it
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3.3 Nuclear Waste Politics, Administration
and Legislation

3.3.1 Institutional Framework and Main Actors

Italy has a rather complex organisation and institutional setting. At the national
level, a number of ministries share responsibilities in the nuclear waste area. We
focus on the major institution with competence for regulations and for issuing the
operating licence for nuclear and radioactive facilities. The Ministry of Ecologi-
cal Transition, established in 2021, is responsible (under the technical advice of
ISPRA) for assessing and inspecting nuclear facilities and activities involving
the use of radiation sources, for technical recommendations and legally bind-
ing requirements. Moreover, its Department of Ecological Transition and Green
Investments—DG for Waste, performs functions to ensure protection of the soil,
air and water. Two further key institutional actors are: the Regulator ISIN and
the Operator SOGIN. The former is the independent nuclear safety authority in
charge of the regulation and control of nuclear installations safety and radiation
protection.

The operator is responsible for decommissioning NPPs and fuel cycle plants
and the disposal of LLW/ILW as well as the temporary storage of HLW. Other
actors are the regional administrations where the sites are located, the Parliament,
the national Regulatory Authority for Energy, Networks and the Environment
(ARERA), and ISPRA. Additionally, there are consulting bodies such as the Con-
ferenza Stato-Regioni in charge of discussing issues where competence is shared
between central and regional governments. Under the Italian constitution, the
opinion of this body is non-binding, but it represents a clear political message for
the central government.

3.3.2 TheLong Road to the Establishment of an
Independent Regulator

Art. 5.2 of the Nuclear Safety Directive (Council Directive 2009/71/Euratom of
25 June 2009) requires European Union Member States to establish and maintain
a competent regulatory authority functionally separated from any organisation
associated with “[..] the promotion or exploitation of nuclear energy or radioac-
tive material; the production of electricity using isotopes; the management of
spent fuel and radioactive waste”. The fact that such activities in Italy were for
long time under the jurisdiction of the Ministry of Economic Development (an
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actor traditionally closely connected with the nuclear industry) has been consid-
ered as a very critical issue (Di Nucci, 2015).

Indeed, the execution of regulatory and safety functions in Italy has a trou-
bled history characterised by a continuing change of agencies. It started in 1964
with the creation of Comitato Nazionale per I’Energia Nucleare (CNEN) as regu-
latory agency using safety criteria from the UK and USA, and later was taken
over by the Nuclear Safety and Health Protection Directorate, a department of
the National Energy Agency ENEA (ENEA-DISP) (WNA 2021).7 In line with
Law 99/2009, a new Agency for Nuclear Safety (ASN, Agenzia per la Sicurezza
Nucleare) was to be established with staff from ISPRA and ENEA-DISP. Follow-
ing the cancellation of the ASN through Legislative Decree 201/2011, its func-
tions were temporarily assigned to ISPRA, which de facto acted as the national
nuclear safety authority.

ISPRA, established in 2008 as a governmental institute with administrative
and financial autonomy under the supervision of the then Ministry of Environ-
ment, was in charge of the control and supervision of nuclear facilities and radia-
tion protection. ISPRA’s authorisation was required for detailed designs of any
structure, system and component relevant to safety in any nuclear plant. Within
ISPRA, the duties of the regulatory body were carried out by the Nuclear, Tech-
nological and Industrial Risk Department.

Legislative Decree No. 45 of 2014 finally provided for the establishment of a
national independent nuclear regulatory authority responsible for nuclear safety
and radiation protection, in accordance with the Directives 2009/71/Euratom and
2011/70/ Euratom (European Council, 2011). However, the Italian regulatory
authority (ISIN) only began to operate in August 2018. ISIN is a technical body
governed by public law and enjoys operational and administrative autonomy. It is
responsible for the regulation and supervision (by inspection) of nuclear installa-
tions in matters of nuclear safety and radiation protection.

The bodies of ISIN are the Director, the Council (composed of three experts,
one of whom has organisational coordination functions within ISIN) and the
Board of Auditors. Both the Director and the Council are appointed by decree
of the President of the Republic, after deliberation of the Council of Minis-
ters. The Inspectorate took up all the functions concerning nuclear safety and

7In 1994, the responsibility for safety and licensing was transferred to ANPA, National
Agency for Environment Protection and Technical Services (renamed APAT in 2002, and
later in 2009, ISPRA).
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radiation protection that over the course of decades had been attributed by the
national legislation to several different agencies. The structure of ISIN is made up
of about 65 units with proven expertise in the specific areas covered by the regu-
lator, and stem mostly from staff of ISPRA’s Nuclear, Technological and Indus-
trial Risk Department, and other public administrations and research bodies.

ISIN is responsible for the authorisation processes and the technical assess-
ments, control and supervision of the nuclear installations, including research
reactors, plants and activities related to the management of radioactive waste and
spent nuclear fuel, protection of nuclear materials and installations, use of ion-
izing radiation sources (www.isinucleare.it). Moreover, the remit of ISIN includes
the issue of technical guides in matters of transport and certifications of radioac-
tive materials.

3.3.3 Operator/Implementer

There is a long history of industrial interdependencies leading to the birth of the
state-owned nuclear waste management and disposal company SOGIN. SOGIN
started operating in 2001, but became a group in 2004 after the acquisition of a
60% stake in NUCLECO SpA, the operator responsible for collecting and con-
ditioning as well as for the temporary storage of radioactive waste from nuclear
medicine and R&D activities. Apart from management and decommissioning of
NPPs, spent fuel and nuclear materials, SOGIN is also in charge of designing,
constructing and operating the national repository for LILW and the interim stor-
age for HLW. SOGIN operates according to the strategic guidelines of the Italian
government. Authorisations are granted by the Ministry of Ecological Transition,
on the basis of the technical advice of ISIN.

The company is financially solid and has approximately 1,150 employees.® At
the end of the 2020 financial year, there has been an increase in the volume of
decommissioning activities that grew from 48.3 M € in 2019 to 72.5 M € in 2020
(SOGIN, 2021a).

81n the past, due to its non-transparent management, its personnel recruiting practices, con-
sulting services abroad and high expenses, SOGIN has been the object of various parlia-
mentary interrogations, and has also been criticised by the Court of Auditors (Corte dei
Conti) as well as by the Energy Regulatory Authority. See Rovai (2009) and Di Nucci
(2015).


http://www.isinucleare.it
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3.3.4 ThelLegal Framework

There is a high number of laws and rulings (mostly decrees) regulating nuclear
activities and radioactive waste.” A milestone is Law 282/2005, promulgated for
the Italian ratification of IAEA’s “Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management”. Further
major references are the Legislative Decree 230/95 (implementation of vari-
ous Euratom directives) later integrated and modified by the Legislative Decree
24172000, as well as the Legislative Decree 314/2003, modified and converted in
Law 368/2003, as well as Law 239/2004. Other important legal and normative
references are Law 99/2009, and the Legislative Decree 31/2010, with their sub-
sequent amendments.

Legislative Decree 31/2010 (“Discipline of the storage systems for radioac-
tive fuel and waste as well as economic benefits [...]”") belongs to the primary
nuclear legislation. In the case of nuclear waste, this decree regulates steps and
scheduling of the siting procedures of the national repository, including also pub-
lic consultations. Art. 22 provides built-in provisions related to the funding of
the decommissioning activities and compensation measures for the municipali-
ties hosting nuclear facilities. Art. 4 states that construction and management of
nuclear facilities are activities of state interest, are subject to a single authorisa-
tion upon request of the operator and are granted (in terms of Legislative Decree
66/2010)— and subsequent to a consultation with the Ministry of Defence and
the respective region of the site in accordance with the “Unified Conference”
(Conferenza Unificata)!%— by decree of the Ministry of Economic Development
in agreement with the Ministries of Environment, Infrastructures and Transpor-
tation. The response of the region is mandatory, but not binding, and is to be
delivered within 90 days after the request for authorisation. Should there be no
reaction after this time, the Conferenza Unificata will examine the matter. This
Legislative Decree assigned to SOGIN the task of implementing the storage

It would be an enticing task to list with references all relevant legislation. We there-
fore refer to the website of the Italian Parliament (http://www.parlamento.it), ‘Laws’
section,where it is possible to consult the laws, decree-laws and legislative decrees
approved since the 13th Legislature (9 May 1996).

10The “Unified Conference” is a governance body consisting of a state-region conference,
state-municipalities and autonomous bodies’ conference, i.e. regions, provinces, municipal-
ities, etc. Its aims are to enhance cooperation between the state activities and other bodies’
and examine issues of common interest.
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concept and made it also responsible for construction and operation of the
national repository. Finally, it provides—along with Law 241/1990 and the Direc-
tive of the Presidency of the Council of Ministries 2/2017—the framework for the
participation process that is organised around a ‘National Seminar’. This process
is open to all parties identified on the basis of the provisions of Art. 27, and to
all those who participate in the public consultation by submitting comments and
technical proposals, which should be made available on a dedicated website.

As anticipated, Legislative Decree 45/2014 that implemented the Euratom
directive 2011/70 (European Council, 2011), provided for the establishment
of the regulator ISIN. A joint Ministerial Decree (by the Ministry of Economic
Development and the Ministry of Environment) of 7 August 2015, then imple-
mented other Euratom directives providing for a renewed classification of nuclear
waste. The legislative framework was subsequently upgraded with Legislative
Decree 137/2017 and Legislative Decree 101/2020, which also improved the role
of the new regulator.

3.4 The Science & Technology Domain

Italy has a long tradition in nuclear research, which dates back to the pioneer-
ing work of Enrico Fermi in the 1930s. This legacy is still reflected in the Italian
research community and institutions. The dynamics between science, technology
and society have been evolving over recent decades. On the one hand, policymak-
ers manifested an increased need for scientific advice (science-policy interface).
On the other hand, science continuously interacts with society. In his analysis of
the risk society, Beck (1986) pointed out the importance of the inclusion of differ-
ent expertise and forms of knowledge for gaining new insights.

Due to the many unanswered questions about nuclear waste disposal, multi-
disciplinary expert knowledge is required as a productive source for making the
best possible decisions in balancing risk technologies with societal interests and
concerns. Since the 1970s, opposition to the Italian nuclear programme has also
been animated by an important part of the scientific community that developed
contacts with environmental movements and NGOs (Baracca, 2008).

After the abandonment of the nuclear programme, the Italian nuclear research
community has maintained a niche role. This role has occasionally expanded in
conjunction with the re-launch of the nuclear option in the political agenda, espe-
cially under the centre-right government of Berlusconi in the late 2000s. How-
ever, the simple fact that Italy no longer has a nuclear power programme in place
has favoured the separation between civil society and the niche of the nuclear
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research community. Moreover, the public debate on nuclear waste is no longer
influenced by the debate on the role of nuclear power in the country’s energy mix.
On the one hand, this situation has simplified the debate on nuclear waste man-
agement. On the other hand, however, the lack of a nuclear power programme
has reduced the visibility and salience of the nuclear waste issue for Italian public
opinion at large, with the exception of the local communities directly affected by
the site location process.

The research community involved with nuclear waste includes various uni-
versities and research institutes as well as dedicated agencies. Theoretical
nuclear research is performed by laboratories belonging to Consiglio Nazionale
delle Ricerche (CNR) and Istituto Nazionale di Fisica Nucleare (INFN). All of
the INFN’s research activities are undertaken within a framework of interna-
tional cooperation, in close collaboration with Italian universities. The leading
agency for applied nuclear research is ENEA, which performs dedicated nuclear
research, and manages research centres at Casaccia (Latium), Bologna, and Brasi-
mone (Emilia Romagna).!!

Research and emerging technologies in the field of decommissioning and
waste management are carried out by SOGIN alone, as well as in cooperation
with universities and research centres. They all participate in cooperative projects
on nuclear safety, waste management and decommissioning within the framework
of the Euratom Research and Training Programme. SOGIN participates in a num-
ber of European projects. Additionally, there is a number of international coop-
eration projects running within programmes and schemes of the OECD/NEA and
the IAEA.

The scientific community is involved in nuclear waste management in differ-
ent ways. First, experts from governmental agencies lay down the technical nor-
mative framework on the matter. The Technical Guide 26 (ANPA, 1987), provides
waste classification as well as the technical requirements. The Technical Guide
no. 29, issued in 2014 by ISPRA defines the criteria for the location of a sur-
face disposal facility for LLW and ILW. It identifies 15 exclusion criteria includ-
ing: volcanic and seismic activities, ggomorphological and hydraulic risk, altitude
above 700 m, distance from the coast line within 5 km, unsuitable distance from
residential areas, distance from motorways, suburban roads and railway lines,
proximity to industrial activities, airports and military facilities, hydrology and

"For an account of the Italian nuclear R&D organisations and cooperation activities, see
TAEA (2021).
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hydro-resources; importance of biodiversity. Among the investigation criteria are
the presence of secondary volcanic and tectonic activities, presence of erosion
phenomena, weather and climatic conditions, soil and groundwater conditions,
hydrogeological parameters, natural habitat, availability of transport infrastruc-
tures, presence of strategically important infrastructures, etc. (ISPRA, 2014).

A proposal for the Technical Guide no. 32, ‘Safety and Radiation Protection
Criteria for Engineered Surface Disposal Facilities of Radioactive Waste’, has
been published on the ISIN website and was subject to consultation with the pub-
lic and interested companies, bodies and organisations for a period of 60 days.
The criteria stipulate that the site qualification, design, construction, operation,
closure and post-closure of disposal facilities must be planned and conducted
in accordance with criteria that guarantee the safety and radiation protection of
members of the public and workers, as well as the protection of the environment
in the vicinity of the installation (ISIN, 2021c).

In addition, experts from the research community are involved in the decision-
making and the participatory process for site location. This involvement exposes
the interactions between science and society.

3.5 The Societal Domain and Its Interactions with the
Political-Administrative and Scientific Domains

3.5.1 Italian Society and Nuclear Energy: An Evolving
Relation

Italian citizens have twice manifested their opposition to nuclear energy through
referendums. The relation between Italian society and nuclear energy, however,
is more complex than these results suggest. The outcomes of the 1987 and 2011
referendums have been strongly influenced by international negative events,
namely the Chernobyl and Fukushima nuclear disasters. Surveys from the late
2000s showed that about 46% of Italians were in favour of building nuclear
power plants in the country, whereas 44% were against (European Commission,
2010).'> The number of opponents increased to 50% when people were asked if
they were willing to have a NPP in their province. Younger people and centre-
left voters were more against the nuclear option, which was mainly supported by

12See the data available at http://www.demos.it/a00231.php (accessed 25 October 2021).
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elderly people and voters from centre-right political parties. The Fukushima dis-
aster represented the turning point. After that event, opponents of nuclear energy
increased. Surveys show that the number of citizens against nuclear energy has
been constantly over 60% since 2012.'3 In 2021, this figure reached 67%. Inter-
estingly, among those against nuclear energy, 60% motivated their opinion by
worries about possible mismanagement in the treatment of nuclear waste. This
figure is even larger than the number of opponents that were worried about possi-
ble accidents in NPPs (49%). This apparent paradox has its roots in the low level
of trust citizens have in public institutions in charge of environmental safety and
protection. The trust in national institutions has progressively reduced over the
last decade, and is lower than the average in OECD countries; a trend that cor-
relates with the emergence and reinforcement of populist parties. In 2020, only
37% of the respondents trusted the government, and merely 28% of citizens
trusted the Italian parliament.'* Moreover, this paradox is also linked to the leg-
acy of the past top-down nuclear waste siting policy, which was a failure.

3.5.2 The Failure of the Past Top-Down Siting Policy

In Italy, the direct involvement of civil society in (large) infrastructural projects is
still in an infant stage. Until a few years ago, siting processes have been inspired
by Decide-Announce-Defend (DAD) strategies, even at time when the designa-
tion of a national site for waste disposal represented a political priority.

As anticipated, the “Task Force Site” created by ENEA in 2002, identified 33
areas with favourable physical and territorial characteristics for a national reposi-
tory (Ventura, 2003). The list of potentially suitable national sites did not find a
consensus. After a technical evaluation, a site in the region Basilicata (Scanzano)
was selected by the government, and was included in the Legislative Decree
314/2003 (“Urgent Dispositions for the collection, disposal and storage of radi-
oactive waste”). This Decree also established an extraordinary Commissioner in
charge of the validation of the site, the approval of the economic and financial
plan, as well as the procurement and tenders for planning and constructing the
national repository (Cianciullo, 2003a, b). The Government then mandated the

13See the data available at https://nucleareeragione.org/2021/07/05/sondaggio-swg-oltre-
un-italiano-su-due-possibilista-sui-nuovi-reattori-nucleari/ (accessed 29 October 2021).
14See https://www.statista.com/statistics/1264813/citizens-who-express-trust-in-public-
institutions-in-italy/ (accessed 31 May 2022).


https://nucleareeragione.org/2021/07/05/sondaggio-swg-oltre-un-italiano-su-due-possibilista-sui-nuovi-reattori-nucleari/
https://nucleareeragione.org/2021/07/05/sondaggio-swg-oltre-un-italiano-su-due-possibilista-sui-nuovi-reattori-nucleari/
https://www.statista.com/statistics/1264813/citizens-who-express-trust-in-public-institutions-in-italy/
https://www.statista.com/statistics/1264813/citizens-who-express-trust-in-public-institutions-in-italy/

68 M. R. Di Nucci and A. Prontera

Chairman of SOGIN, a former army General acting as “Extraordinary Commis-
sioner”, to select a location for radioactive waste of category I and II. Experts
identified underground salt caverns in Scanzano Jonico as a potentially suitable
repository for HLW at 700 m depth (La Repubblica, 2003; Di Nucci, 2015). This
location had been selected in spite of criticism about the high population den-
sity and the proximity to the sea. Local residents had not been consulted (Cianci-
ullo, 2003b). Zinn (2007) talks about “militarisation” of the project. The site was
defined as a military defence installation of national property. Some of the press,
praised Decree 314 and considered it a courageous move which represented a
break with the modus operandi of postponing difficult choices, described as typi-
cally Italian.

Indeed, the top-down, militaristic procedure triggered harsh reaction. For
nearly two weeks, residents blocked motorways and shut down shops and busi-
nesses. Approximately 150,000 people marched in what was described as the
largest demonstration held in the southern region of Basilicata (Rossano, 2003).
The regional, provincial and municipal administrations of Basilicata opposed
Decree 314. The regional council declared the area a denuclearised zone and
initiated a lawsuit against the government decree. As a result of the protest, the
Berlusconi government was forced to withdraw from the decision to make Scan-
zano Jonico the site of the main nuclear waste repository in Italy. It amended the
decree (deleting the name of the designated location), and commissioned SOGIN
to undertake the search for a new site.

3.5.3 Site Identification and Participatory Siting
Procedures

The popular revolt in Scanzano has gained an iconic status for civic protest. The
resistance was articulated at two parallel and complementary levels, institutional
and popular, and was characterised by a deep and continuous discourse exchange
(Zinn, 2007). The lessons learned are that siting procedures require an open, dem-
ocratic process, where all stakeholders’ interests can be discussed and where both
residents’ opinions and scientific arguments are considered, rather than de lege
enforcement (Di Nucci, 2015).

Currently, the newly started siting procedures try to focus on transparency
and openness, but the legacy of the past represents a serious hurdle to create the
trust necessary for such a process. Politicians and authorities have often given
misinformation in the past, and these mistakes represent a critical burden. After a
long stalemate, and with over five years delay, on 5 January 2021 a new map was
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published with potential sites considered suitable to host the surface repository
to store all radioactive waste. Elaborated by SOGIN, the National Map of Poten-
tially Suitable Areas (CNAPI) proposal has been validated by the regulator ISIN,
and subsequently by the responsible ministries. The release of the documents rep-
resents the first step on a new participatory path that should lead to the identifica-
tion of the single site at national level where to realise the national repository and
technology park.

The CNAPI proposal identifies the areas whose characteristics meet the loca-
tion criteria defined by the regulator ISIN in Technical Guide no. 29 (ISPRA,
2014). The CNAPI proposes a grouping of the 67 potentially suitable areas sub-
divided into four sets, with decreasing order of suitability with “equal safety con-
ditions” (A1, A2, B and C). This classification has been reached by considering
socio-environmental, logistic and seismic aspects. For each of the potentially suit-
able areas identified, a report on the geological, naturalistic and anthropic charac-
teristics at a regional scale has been prepared and made available online.

The map identifies 67 locations in seven regions (Piedmont, Tuscany, Latium,
Apulia, Basilicata, Sardinia and Sicily) (Table 3.2). Al sites are located only in
two regions: Piedmont (7) and Latium (5), which also host 3 A2 sites. Several
A2 sites are located between Apulia and Basilicata. Sardinia and Sicily, mainly
due to their insular positions, only host B and C sites. A table attached to the map
indicates the 69 municipalities involved. The most likely are expected to be in
two areas in the province of Turin (Caluso and Carmagnola), five in the province
of Alessandria (including Bosco Marengo and Novi Ligure), and in the province
of Viterbo.

Table 3.2 Number/category of potential sites for the national repository in each Region.
(Source: Authors’ elaboration on the data available at www.depositonazionale.it/documen-
tale/documenti_proposta_cnapi/ordine_di_idoneita/dngs00226_procedura_risultati_classi-
ficazione_aree.pdf)

Region Al A2 B C Tot.
Piedmont 7 1 8
Latium 5 2 15 22
Apulia/Basilicata 6 11 17
Tuscany 2 2
Sardinia 14 14
Sicily 1 3 4
Tot. 12 11 15 29 67
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5 January 2021 Publication of the National Map of Potentially Suitable Areas
(CNAPI), starting of public consolation (180 days)
(website: depositonazionale.it)

5 July 2021 End of the public consultation

3 August 2021 Promotion of the National Seminar

7 September 2021 QOpening of the National Seminar
(website: seminariodepositonazionale.it)

14 September 2021  First national session of the Seminar

28 September 2021  Territorial session of the Seminar (Sardinia)
Phase 2:
National
seminar 3 November 2021 Territorial session of the Seminar (Tuscany)

26 October 2021 Territorial session of the Seminar (Basilicata and Apulia)

9 November 2021  Territorial session of the Seminar (Latium)
15 November 2021 Territorial session of the Seminar (Piedmont)
15 December 2021  Closing of the National Seminar and publication of its results

(stakeholders can submit additional observations within 30 days)

15 March 2022 National Charter for suitable areas (CNAI) submitted by Sogin
within 60 days from the closing of the public consultation.

Summen 2022 pending approval by Ministry of Ecological transition

Phase 3:

Localisation of ?? Expression of interest to host the national repository and science park
th‘(’i“““‘f?al 2025 22? Localisation of the national deposit and the science park
eposi

Fig.3.2 Timeline of the consultation process. (Source: Authors’ elaboration on the data
available at www.depositonazionale)

The publication of the potential sites marked the start of a two-month phase of
public consultation of the documents, which were made available on a dedicated
website (i.e. depositonazionale.it) (Fig. 3.2). This was followed after four months
by a national debate (the National Seminar) involving local authorities, trade
associations, trades unions, environmental NGOs, universities and research bod-
ies, as well as citizens. During this phase, all aspects of the proposed facility were
analysed, including the possible economic benefits and related territorial devel-
opment. Subsequently, regions, provinces and municipalities have been allowed
to submit observations regarding the map. On 7 September 2021, the national
seminar began, with the aim of reaching a shared decision on the location of the
site for the national repository. The seminar was organised on a dedicated website
(https://www.seminariodepositonazionale.it/) and was articulated into seven work
sessions, one national and six territorial, which covered the potentially suitable
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areas in the regions involved (Table 3.2). ISIN guaranteed the correct application
of national and international criteria (ISIN, 2021b).

At the end of this process, SOGIN updated the CNAPIL. On 15 December
2021, the results of the seminar were presented (Deposito Nazionale 2021). Sub-
sequently SOGIN needed to skim further through the candidate territories, arriv-
ing at a new map: the National Charter for suitable areas (CNAI). This provides
the final shortlist of sites from which to choose the future location of the national
repository. At the end of the National Seminar, a second stage of the public con-
sultation started and lasted thirty days, during which any further observations
and technical proposals could be sent. The procedure was finalised by 14 January
2022.

On 15 March 2022, the CNAI has been submitted by Sogin to the Ministry
of Ecological Transition within the within 60 days from the closing of the public
consultation, as envisaged by Legislative Decree 31/2010. In the next step, the
Ministry of Ecological Transition following ISIN’s technical opinion will approve
the map by its own decree. The map will then be published (Deposito Nazionale,
2022c).

The final draft of the CNAI will need the approval of the ministries involved
in nuclear decommissioning, and from the regulator ISIN which will review
comments and documents received by SOGIN to arrive at a shortlist of suitable
sites. Following the publication of the CNAI, municipalities will be able to sub-
mit expressions of interest for hosting the storage facility. The interesting point is
that Legislative Decree 31/2010 recognises that these expressions of interest are
non-binding until the final identification of the site, which is a procedure resem-
bling the “decision in principle” from Finland (Di Nucci 2019). The final decision
rests in the hands of the Ministry for Ecological Transition (in accordance with
the Ministry of Transport and Infrastructures) who will identify the area with a
decree, after a Strategic Environmental Assessment is performed. The goal is to
build the repository by 2025.

3.5.4 Participation in the Consultation Process
and Position of the Main Actors

The first phase of the consultation process following the publication of CNAPI
lasted 180 days. Several institutional and civil society actors took part in this
process, submitting documents, technical reports and expressing their positions
and concerns. Overall, 318 participants were involved in this phase. The largest
group were regional and local governments (62%), followed by associations and
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Non-CNAPI _National
Regions \4%
1% \

Latium

11%

Piedmont
20%
Sardinia
38%
Sicily

6%

Tuscany
Basilicata Apulia 10%
7% 3%

Fig.3.3 Territorial distribution of the participants in the consultation stage. (Source:
Authors’ elaboration on the data available at www.depositonazionale)

civic committees (20%), citizens (13%) and companies (4%) (Deposito Nazionale
2022a, b). The territorial distribution of the participants reflects, in part, the dis-
tribution of the geographical areas possibly affected by the siting of the national
repository (Fig. 3.3).

Participation has been particularly high in Sardinia and Piedmont. This fact is
not surprising, as seven out of twelve of the Al sites are located in Piedmont. In
Sardinia however, there are no Al and A2 sites, although there are 14 C sites.
In the Southern regions (Sicily, Basilicata, Apulia), participation has been lower.
This is likely because they host fewer potential areas for siting the national repos-
itory, and because these regions are generally characterised by lower levels of
public participation than those located in Northern and Central Italy.

Overall, the position of the main actors has manifested dissent with regard
to the CNAPI proposals. Regions involved have expressed their firm opposition,
both within the framework of the consultation process and in institutional bodies,
such as the Conferenza Stato-Regioni. This opposition came from both regions
governed by centre-right (Piedmont, Sardinia, Sicily, Basilicata) and centre-
left (Apulia, Latium, Tuscany) political parties. Several regions have contested
the CNAPI proposal, pointing to technical gaps in the selection process of the
sites, which they claim have underestimated several important risks. For exam-
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ple, Sicily pointed to the very high risk posed by the sea transportation of nuclear
waste. Besides, many regions have highlighted the ‘incompatibility’ between the
national repository and local development strategies based on tourism, agricul-
ture and the valorisation of local traditions and landscape. For example, Apulia
and Basilicata protested that their areas are unsuitable to build a national reposi-
tory, as they are of particular natural value. Similar arguments were put forward
by other regions with a strong tourism sector, such as Tuscany and Sardinia.
For these assessments, regions have involved their technical bodies, experts and
regional environmental agencies (the ARPA). Some regions have established ‘Sci-
entific and Technical Committees’ with experts from universities and the research
community.

The mayors of several municipalities throughout Italy also stressed the unsuit-
ability of their respective territories to host nuclear waste. Concerns about the
potentially negative impact of the national repository on agriculture, tourism and
places of high natural value have represented the most common observations sub-
mitted during the consultation phase, both by local governments and civil society
organisations.

In addition, some regions, along with civil society organisations, pointed
to their limited involvement in the process that led to the CNAPI formulation
(Deposito Nazionale, 2022a, b). The governor of the Piedmont Region, for exam-
ple, complained that the CNAPI map was drafted without actively involving the
region and the mayors of the areas affected. Piedmont is the region that already
hosts the majority of nuclear waste.!3

Worries about potentially underestimated risks were further expressed by envi-
ronmental NGOs and civil society organisations. For example, WWF-Italy pro-
vided 73 pages of observations, in which they indicated fundamental limits and
gaps in the CNAPI. Legambiente, the largest environmental NGO in Italy, under-
lined that the single national repository should be chosen wisely, objectively and
transparently, in full compliance with the exclusion and investigation criteria.
They reiterated that the identification of a single site for the safe storage of LILW
radioactive waste is the only way to ensure the proper treatment and disposal of
radioactive waste.

Finally, among the research community, criticisms have been expressed by
two important organisations including experts from universities and research

51t is estimated that 75% of radioactive activity from nuclear waste is concentrated in the
area where there are three nuclear sites of Saluggia, Trino Vercellese and Bosco Marengo.
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institutions, i.e. the Scientific Commission on Decommissioning (established
in 2014) and the Interuniversity Research Centre for Sustainable Development
(CIRPS). Both these organisations criticised the choice to apply the criteria of
Technical Guidelines no. 29 (ISPRA, 2014)—which was drafted for LLW and
ILW—to HLW, as well as the limited independence of ISIN and SOGIN from the
government.

3.5.5 Plans vs. Reality: A Preliminary Assessment of the
Participation Process

According to SOGIN (2020), the siting process is based on three fundamental
principles: transparency, information and participation. But how transparent and
genuinely participatory is the search process?

The National Seminar can be considered as the first public consultation in
Italy regarding an infrastructure of national importance. Invited parties had to
register by 30 September 2021, according to the procedures indicated in the let-
ter sent on 10 August 2021. Information and transparency can be considered as
partly achieved. The National Seminar, which took place online, was subdivided
into nine working sessions (three national sessions and six regional sessions).
Each meeting was broadcast live via streaming, and was made accessible from
the page dedicated to each event. Each session was moderated by an expert in
participatory processes, and envisaged an hour in which the operator SOGIN
commented on the observations and technical proposals received during the first
phase of the process (which were available on the dedicated website). Other
members of the scientific community were also invited to illustrate specific ele-
ments of the project, such as experts from ISIN, NUCLECO or researchers from
universities, particularly from the Polytechnic University of Milan. The rest of
the time was left for discussion. Spokespeople from the local communities had
ten minutes and five slides at their disposal, other comments or questions could
be sent by email. Moreover, citizens could use this channel for questions or
comments or to get involved in a dedicated chat on the event platform. Experts
commented and replied to these inputs at the end of the session (a total of 66
questions were asked during all the events) (SOGIN, 2021b). In addition, after
each session, all the material has been made available on the dedicated website of
the National Seminar together with a summary of the session. SOGIN considers
this format as an assurance in terms of transparency and information sharing. But
are the formats chosen also participatory? Can the future operator both lead the
participation process and be perceived as neutral?
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Table 3.3 Number and groups of actors involved in the territorial sessions of the National
Seminar.

Regional | Regional | Local |NGOs |Civic | Citizens| Ass.** | RI* | Others | Tot
session | governm | gov- Com-

ernm mit-

tees*

Piedmont | 1 16 4 4 5 5 - 2 37
Latium |- 7 4 2 4 7 - 4 28
Apulia/ |1 6 1 1 - 4 2 3 18
Basilicata
Sardinia | 1 1 7 1 - - 1 17
Tuscany |1 1 - - 1 - 1 6
Sicily 1 0 1 - 1 - - - 3
Tot. 5 37 12 14 11 17 2 11 109

(Sources: Authors’ elaboration on the data available at https://www.seminariodepositonazi-
onale.it/. Notes: (*) Including committees against nuclear waste (e.g. Comitati No Scorie).
(**) Ass.=associations (e.g. trade unions, business associations, business tourism associa-
tions); (*) RI=Research institutions (e.g. Universities, national research agencies). The
sessions of Latium and Piedmont lasted two days)

Overall, more than 100 stakeholders took part in the regional sessions (see
Table 3.3). Participation has been higher in those regions where the majority of
Al potential sites are located, i.e. Piedmont and Latium (see Table 3.2).

In Apulia/Basilicata and Sardinia participation has also been significant. These
regions host respectively 17 and 14 potential sites, although no A1 site is present
in their territories. Finally, Tuscany and Sicily show the lower level of stakehold-
ers’ involvement, but they are also the regions with fewer potential sites.

Local governments (municipalities and provinces) have been the most active
parties in the regional sessions (34%), followed by associations representing sev-
eral organised interests (e.g. business associations, business tourism associations)
(16%), civic committees (e.g. committees created to oppose the siting of the
national repository) (13%), and environmental NGOs (11%) (Fig. 3.4). Among
the latter, Legambiente has been the most active and joined each regional session.
A few citizens and other actors (e.g. companies, park authorities) also took part
in the regional sessions, along with research institutions which participated only
in the Apulia/Basilicata session. Regional governments have been involved in
almost all the territorial sessions.
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Others Regional gov.
4%

Research Institutions
2%

Local gov.
34%

Citizens
10%

Civic Com. NGOs
13% 11%

Fig.3.4 Actors’ participation in the regional sessions. (Source: Authors’ elaboration on
the data available at https://www.seminariodepositonazionale.it/)

As in the previous stage of the participatory process, local governments and
associations have generally contested the selection of the sites and criticised the
scarce consideration for the socio-economic impact of the national repository,
often by highlighting the limited compatibility of the national repository with
local development strategies based on agriculture or tourism. Some actors also
disputed site decisions, pointing to technical shortcomings in addressing spe-
cific risks, such as ground water, seismic criteria or environmental issues. Envi-
ronmental NGOs also pointed to technical shortcomings in the selection of the
sites. Concerning the Piedmont region, it has been noted that especially the areas
around the Saluggia and Trino sites already host notable radioactive volumes
and that a further site would involve a concentration of health and environmental
risks for local population, thus rendering this area a hot-spot from the nuclear risk
point of view (see also Borgogno-Mondino et al., 2021).

Only Confindustria, the general Italian industry confederation, has shown sup-
port for the national repository and the technological park. Trades unions have
been mostly critical, although in some cases they have been sensitive to the
potential positive impact of the repository on jobs. Local governments have often
coordinated their actions with regional governments, civic committees and local
associations in order to build a common front to oppose the siting procedure.
Nonetheless, the large majority of stakeholders showed a positive attitude towards
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the new participatory process and SOGIN’s role. SOGIN in turn appreciated the
process and claimed that the new information and data provided by the partici-
pants would be duly taken into consideration when drafting the CNAI

3.5.6 Voluntarism as an Option to Break the Stalemate?

With the approval of the CNAI a phase of voluntary expression of interest will
be initiated. According to this voluntarist perspective, which is the first option in
the current nuclear waste management framework, SOGIN will check whether
any municipality is interested in hosting the national repository. But what are
the prerequisites to make the procedures understandable and to gain political and
societal acceptance for a repository at regional and local level? Is voluntarism, as
in the Scandinavian countries, a path that can also be followed in Italy? Are the
planned compensation measures attractive enough to persuade the affected popu-
lation to host a repository?

Compensation mechanisms are provided for the communities involved. In par-
ticular, economic compensation for the territory is subdivided according to crite-
ria set in Art. 23 of the Legislative Decree 31/2010, and is to be paid by SOGIN
according to criteria to be set by the Ministry of Economic Development in agree-
ment with the Ministries of Environment and of Finance, depending on the level
of radioactivity. There are additional expected benefits for the hosting area of the
national repository.'® These include an employment impact for over 4000 peo-
ple (of which 2000 are direct) per year during the four years of construction. In
addition, in the operating phase lasting 40 years, direct employment is estimated
on average at around 700 employees, whilst downstream activities could help
increasing employment for around a thousand people.

Yet, the first reaction from regions and local communities to the CNAPI pro-
posal has been a firm ‘No’. No regional or local government has explicitly con-
sidered claiming the compensation mechanisms provided by the legislation or
appears attracted by the direct and indirect benefits connected with the repository
and technology park. This strong reaction is common within the majority parties
supporting regional and local governments as well as within the opposition. The
leeway for changing this position during the next phase of the participatory pro-
cess appears rather limited.

16See the data available at https://www.depositonazionale.it/deposito-nazionale/pagine/
quali-sono-i-benefici-del-deposito.aspx#territorio (accessed 26 October 2021).
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3.6 Conclusion

Fierce opposition over three decades and a contradictory nuclear policy have pro-
voked a stalemate, and still render the mandatory search for a national repository
site for nuclear waste in Italy a political and societal challenge. In the last few
years progress has been made, at least on the institutional side. The legal frame-
work and main governance bodies for nuclear waste management are in place
and are becoming robust. It was certainly a success that after so many years ISIN
could be established in 2018 as the competent licensing authority and as a body
independent of economic interests, and that there is a clear demarcation between
the regulatory authority and the developer/operator.

However, the reinforcement of a competent and independent authority that
can be considered trustworthy by the largest majority of stakeholders and by the
entire society, as well as the initiation of an unambiguous participation process
that deserves public confidence remain the Gordian knot in Italy as elsewhere in
the European Union (Di Nucci et al. 2021). The “independence” and distribution
of roles and responsibilities are partly disputable, especially because of the direct
dependence of the regulator ISIN on the Executive. Moreover, the double involve-
ment of the operator SOGIN as implementer and future operator of the repository,
and as the main actor responsible for the whole public participation process does
not help to make it trustworthy to the sceptical or opposing local authorities and
population.

In the consultation and participation process, SOGIN represented the official
technical and scientific standpoint. Its technical competence is acknowledged
by a wide spectrum of stakeholder groups, but the search for a nuclear reposi-
tory is only partly a technical and scientific matter. Especially in siting issues, the
affected population has built up knowledge over decades. For these reasons, siting
strategies can no longer rely merely on “official” scientific knowledge. SOGIN
technical expertise has been increasingly confronted with lay expertise, e.g. citi-
zen science and alternative expert opinions. There have been criticisms about the
suitability of many territories selected by SOGIN in the national map. For exam-
ple, in a recent analysis of siting criteria adopted by SOGIN, Borgogno-Mondino
etal. (2021, p. 20) point out that a site in Piedmont is located in a critical area
as the depth of the ground water table can interfere in a substantial way with the
vault of the repository.

Social conflicts and opposition are deeply rooted and are exacerbated by the
fact that in the past technical approaches have neglected socially relevant ques-
tions and have not been made transparent. It appears that in this most recent
attempt, Italy is also risking the opportunity to address real and potential conflicts



3 Nuclear Waste Governance in ltaly: Between ... 79

in a rigorous and open way by failing to integrate the potentially affected local
authorities and local residents in the decision-making process. Finding a nuclear
waste disposal option requires iterative learning, addressing societal conflicts, and
the possibility of readjusting strategies. Following the disclosure of the gener-
ally suitable sites, it should have been necessary to gather the consensus of the
communities concerned and local institutions, through a more full-fledged public
consultation, eventually extended over a longer period of time. However, the par-
ticipation remained limited to a few hundred people and was concentrated over
approximately three months.

The site search procedure could have represented an opportunity for structur-
ing a process in which science and society together cultivate a new art of dis-
course and are prepared to learn from each other. SOGIN as the responsible actor
for the consultation could have gone beyond just informing the public compre-
hensively, and could have tried to involve the potentially affected territories in
the selection process as “co-designers”. Such an innovation could have helped to
overcome the difficult legacy of the past that has triggered what can be described
as a vicious circle of (low) trust. Indeed, the previous top-down approach and
the limited involvement of local communities has undermined citizens’ trust in
public institutions in charge of nuclear waste policy. In general, the relationship
between the state and civil society is fundamental to generate and maintain public
trust in governmental institutions, and often implies the willingness to delegate
negotiation of agreements to them, as this is perceived to be in the public inter-
est (Di Nucci et al., 2021). Exactly this lack of perceived communities’ interests
makes the new participatory approach problematic, as the standard reaction of the
social and institutional local actors involved is a firm ‘No’, followed by the per-
sistent “protection” of competing local interests. Hence, there is a risk that also
decision-makers may lose confidence in the process. No matter how this process
is designed and implemented, it can be expected that the actors involved will not
change their initial negative stance. They are confronted with other stakehold-
ers and political decision-makers who see little room for manoeuvre in their own
logic and standpoints, and this generates mutual distrust. Distrust is also triggered
and reinforced by technical, social and political uncertainties and complexities.

Although the whole procedure somehow depended on SOGIN’s goodwill, in
a preliminary assessment the consultation and role of SOGIN can be considered
as fair. The stakeholders expressed their satisfaction, especially with respect to
transparency and openness of communication and of the procedures, and were
prepared to have confidence in SOGIN’s declaration that criticism is going to be
taken into consideration.
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A timely solution for the waste problem is urged by the Euratom directive
(European Council, 2011). However, against this background, 2025 as the point
in time envisaged for the localisation is totally illusory. Moreover, it appears
that in spite of the good intentions, the initial steps taken towards transparency
and openness are not sufficient to instigate trust in the process and in the insti-
tutional actors in charge of it. There are no signals of the intention to open up a
phase of co-decision for the local communities in the designated sites on the short
list. This would be an important step to build confidence in the procedures and
to break the enduring stalemate situation. In spite of the potential compensation
mechanisms for the affected communities it is unlikely that there will be success-
ful cases of voluntary candidates for the repository, not even by municipalities
close to existing nuclear sites. If no candidature is put forward, SOGIN will have
to promote bilateral negotiations to find a shared solution. The final decision rests
in the hands of the Ministry for Ecological Transition. The worst-case scenario
would be for the government to revert to its old reflex and, justified by the pres-
sure to implement the Euratom directive, move back to the old Decide-Announce-
Defend strategy. But history has shown that this will not solve the problems and
could end up increasing mistrust between society and the government and further
hindering the implementation of Italian nuclear waste governance. A more radical
way to involve local communities, interest and visions is needed to avoid this roll-
back and to make steps forward.
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4.1 Introduction

On April 2, 2022 the Belgian radioactive waste management agency, ONDRAF-
NIRAS, and the federal minister of Energy announced a “major national dia-
logue” to be a launched in the near future on what should happen to the high-level
and long-lived radioactive waste from the country’s nuclear power plants (NPPs)
(Winckelmans, 2020). This would be the second consultation around this matter.
In 2009-2010, ONDRAF-NIRAS conducted a Strategic Environmental Assess-
ment (SEA), flanked by a societal consultation involving expert and stakeholder
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dialogues and a citizen forum, before issuing its Waste Plan in 2011 (ONDRAF-
NIRAS, 2011) calling for a decision in principle on geological disposal
(ONDRAF-NIRAS, 2012). A subsequent political decision did not materialise
until a decade later (see Section I), opening the floor for a public debate on how
to organise a “step-by-step plan to further the R&D activities for deep disposal”
(Council of Ministers, 2022a).

This chapter discusses key dimensions for the future of high-level radioac-
tive waste governance (HLW) in Belgium. It highlights elements that a diverse
set of stakeholders considered to be of importance for a national public debate,
and puts them in the context of the theoretical notion of ‘caring’, as developed by
Maria Puig De La Bellacassa. Drawing on the work of feminist thinkers explor-
ing the concept of care in various scientific disciplines, Puig de la Bellacasa
focuses on care as a relational concept between humans and non-humans: “Care
is a force distributed across a multiplicity of agencies and materials and supports
our worlds as a thick mesh of relational obligation.” (Puig de la Bellacasa, 2017,
p- 20). Facts can be established, but they can also be unclear or disputed. Con-
cerns and interests that feed knowledge production can differ and possibly clash.
Even though caring can be enacted in a variety of ways, introducing a care per-
spective holds a stronger promise of common ground, of a basis to start from.
Based on empirical data from the Belgian case, this chapter explores the added
value of a caring approach for the long-term governance of materials such as radi-
oactive waste.

What follows is not an attempt to update previous works describing Belgian
radioactive waste management from the 1920s (see e.g., Schroder & Bergmans,
2012; Lits, 2015; Parotte & Delvenne, 2015; Schroder et al., 2015), or to identify
nuclear events that sustain the (dis)continuities in the HLW programme (Parotte,
2019). This contribution is a foresight chapter that gives voices to actors who
compose the current governance ecosystem of HLW (and spent nuclear fuel—
SNF)—from concerned citizens, scientists, policymakers, civil society represent-
atives, and public administrators to environmental associations. These ‘voices’
were collected during a research project between June 2018 and December 2019,
the largest part of which was dedicated to a two round enquiry into the problem
definitions of those concerned actors, including their expectations regarding a
future multi-stakeholder governance process.

This chapter is structured in three sections. Section 4.1 introduces the past
and current situation of Belgian radioactive waste. Section 4.2 presents the key
(future) dimensions identified by Belgian stakeholders for the HLW long-term
governance process. It offers insights regarding planning, policy development and
implementation these stakeholders desire. However, the aim is not to highlight
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what perspective every type of actor develops, often resulting an emphasis on
points of disagreement and conflict. Rather, the perspectives are considered as an
interrelated collective in which each has its own merits and reasons for existence.
It can be argued that these perspectives keep each other in balance. From that
position, Sect. 4.3 develops recommendations to consider a future HLW govern-
ance process by introducing the notion of ‘matter of care’ as a conceptual frame-
work. This offers the context for focusing on the commonality of the problem
rather than divisiveness over the solution, as well as on the interrelations beyond
those between human actors. Concrete elements are suggested to recognize
potential joined pathways when considering possible futures of HLW long-term
governance, and to organize collective action by allowing for multiple ways of
‘caring’. In the conclusion, we link back to the governance ecosystem framework
presented in the introductory chapter of this volume.

4.2 Radioactive Waste and Nuclear Activity

Radioactive waste in Belgium comes from various sources, but the bulk is related
to nuclear energy production, resulting from seven pressurized water reactors
(PWR) on two different sites, four in Doel (municipality of Beveren, Flanders
region) and three in Tihange (municipality of Huy, Walloon region). In 2021,
together both NPPs provided 21.3% of net energy generation and 49.7% of elec-
tricity production in Belgium (FEBEG, 2022).

4.2.1 From Past to Present

Belgium’s nuclear history has its roots in the 1920s, with the exploitation of
uranium mines in Katanga, at that time a province in the colony of Congo. In
return for supplying the US and UK with uranium for the Manhattan project, an
agreement was signed in 1944 enabling Belgium to start its own nuclear research
programme. Experimentations with nuclear reactors for civil energy production
began in the 1950s with the support of a national nuclear research centre, now
the Belgian Nuclear Research Centre (SCK CEN), situated in the Flanders region.
In the following decades, the area around the nuclear research centre attracted
nuclear companies, such as an experimental reprocessing plant (the Eurochemic
plant was operational from 1966 to 1974), MOX-fuel production plants, and a
waste treatment facility.
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Since January 2003, Belgium has a “gradual nuclear phase out” policy (Phase
Out Law, 2003). The maximum life span of a number of reactors has meanwhile
been extended. Current regulations (various amendments to the Phase Out Law)
still stipulate 2025 as the year all nuclear power production in Belgium will end
(AFCN-FANC, 2022). However in 2022, Belgium still has no clear plan to secure
energy supply after the nuclear phase out, and lacks a long-term vision regarding
a national energy policy. In response to the current energy crisis, the federal gov-
ernment decided on March 18, 2022 to “take the necessary steps” to extend the
lifetime of two reactors (Doel 4 and Tihange 3) by ten years (Prime Minister of
Belgium, 2022). Whether this will prove to be more than a decision in principle
will depend on ongoing negotiations with the owner of the NPPs, Engie Electra-
bel.

4.2.2 Radioactive Waste Management Today

Belgium deals with a relatively large amount of radioactive waste, given the size
of the country, as it has depended on nuclear energy for a long time. ONDRAF-
NIRAS, the national agency for radioactive waste management, founded by law
in 1980-1981 as a government agency and implemented by Royal Decree, distin-
guishes three categories of radioactive waste, classified according to the half-life
and level of activity (ONDRAF-NIRAS, 2021; National Programme Committee,
2015):

e category A for low- and medium-level, short-lived conditioned waste (equiva-
lent LLW—IAEA 2009);

e category B for low- and medium-level, long-lived conditioned waste (equiva-
lent ILW—IAEA 2009);

e category C for high-level, short- and long-lived conditioned waste (equivalent
HLW—IAEA 2009).

In addition, the waste manager also identified five types of waste labelled as
“other” given their specific properties, which are managed differently.

Both category B and C waste, (further referred to as HLW), demand a dif-
ferent long-term management strategy than LLW or category A (National Pro-
gramme Committee, 2015, p. 28). For category A waste, a long-term management
strategy, namely surface disposal in the municipality of Dessel, has been devel-
oped through a participatory governance process launched in 1998. In 2006, this
strategy was confirmed by the Federal government, after which the project’s
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blueprints were refined. Meanwhile, various technical and societal subprojects
have materialized, such as a long-term health study (2011), a quay for transport-
ing building materials over water (2013), a local fund (2016), a visitor center and
exhibition space (2021), and an encapsulation and caissons plant (2022). How-
ever, the licence application for the disposal facility itself has been under review
since 2013 by the regulator, the Federal Agency for Nuclear Control (AFCN-
FANC).

While the program for category A waste is quite advanced, the management
of HLW remains the key challenge in Belgium. As indicated before, the radioac-
tive waste management agency, ONDRAF-NIRAS, issued a Waste Plan for HLW
in 2011 (ONDRAF-NIRAS 2011), preceded by a SEA and a social consultation.
Based on this plan, ONDRAF-NIRAS suggested the Federal government take
a decision in principle regarding geological disposal in poorly indurated clay as
the long-term management option for HLW, including non-reprocessed SNF.
ONDRAF-NIRAS considered the SEA to have determined geological disposal
as the way forward. Reference was made to international consensus on this long-
term management solution. Also a citizen forum, organised by the independent Roi
Baudouin Foundation, had judged the ONDRAF-NIRAS’ solution to be acceptable
under a number of conditions, such as the establishment of an appropriate deci-
sion-making process guaranteeing ‘more transparency, and more interaction with
society’, or the technical reversibility of the facility for at least 100 years (KBS,
2010, pp. 7-8). The emphasis on poorly indurated clay stemmed from the fact that
research for the last 50 years had focussed on this particular type of host rock and
that review processes (e.g., by the OECD’s Nuclear Energy Agency, NEA) of this
research programme had so far been positive. However, in its advice to the Fed-
eral government, AFCN-FANC acknowledged geological disposal as the refer-
ence solution to manage the HLW waste safely, but considers it premature to take a
decision regarding the geological host formation (FANC, 2011).

The European Waste Directive (2014) was transposed into Belgian legisla-
tion (Transposition Law, 2014), stipulating (in Art. 4) that any national policy
regarding a long-term radioactive waste management strategy should be based
on disposal by means of a concept of passive safety. It holds ONDRAF-NIRAS
responsible for proposing a location for such a facility, and suggests the pos-
sibility for installing an “independent, multi-disciplinary body” to follow-up
the national policy. A National Programme, was subsequently adopted in 2015
describing the situation with regard to the legal and regulatory framework, con-
cerned actors and their respective responsibilities, the state of the waste inventory,
existing management practices, plans for the long-term, and financial provisions
(National Programme Committee, 2015).
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In 2018, the Federal Minister of Energy asked ONDRAF-NIRAS to update
its SEA from 2009. A public enquiry on this updated SEA was organized from
April-June 2020 during the first COVID-19 lockdown. This led to a new request
to the Federal Government to take a decision in principle on geological disposal,
leaving the issue of the geological host formation open. In April 2022, the Federal
Government agreed on a draft Royal Decree and Draft Law regarding the national
policy for the long-term management of HLW, requiring ONDRAF-NIRAS to
“draw up a step-by-step plan for the R&D activities for deep disposal in Belgium
of high-level and/or long-lived waste”, to “sound out neighbouring and other
interested countries about the possibility of developing shared disposal facilities”,
and “to organise a participatory process and public debate” (Council of Ministers
2022a, April 1). Another Draft Law regarding the provisions for the decommis-
sioning of the NPPs and the management of SNF was also agreed. This law aims
to tighten the existing rules regarding the management of the nuclear provisions,
including the establishment of an independent oversight body (Council of Minis-
ters 2022b, April 1).

Much will depend on further implementation, but both Federal Government
decisions have the potential to be a next step in closing the gap between research,
policy and practice (Schroder et al., 2015). Under pressure from the regulator,
the issue of the geological host formation is most likely to feature prominently
in ONDRAF-NIRAS’s future R&D plans. What the topics of the “major national
dialogue” will be, and how this process, announced as ‘“deliberative” by an
ONDRAF-NIRAS spokesperson (Winckelmans, 2020) will influence the course
of events remains to be seen.

4.3 Imagining the Future for a Long-Term
Governance Process in a Participatory Way

Our study consisted of three tiers: (a) extensive desktop research, consisting of
22 in-depth interviews with key Belgian and Dutch stakeholders, and two focus
group discussions with local actors directly concerned with nuclear sites (Mey-
ermans & Bergmans, 2019); (b) two rounds of a bilingual online Delphi survey
consisting of 109 items, in which 242 Belgian stakeholders participated (Parotte
& Fallon, 2020); (c) three scenario workshops with ONDRAF-NIRAS senior
staff and management (Rijkens-Klomp & Corvers, 2020).

The starting point was the deadlock situation in which the process of develop-
ing the Waste Plan of 2011 had ended, without a political decision being taken.
Therefore, the questions regarding respondents’ expectations for a governance
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process were focused on general principles and “What next?”’; rather than how
to govern the implementation of a specific long-term management option, in
particular geological disposal. By continuously approving (either explicitly
or implicitly) the direction of ONDRAF-NIRAS’ R&D program over the last
50 years, implicit steps towards disposal (with geological disposal clearly in the
minds of the decision-makers) have been taken long before the 2022 decision by
the Council of Ministers. This has framed future national policy, as well as the
mindset of several of the respondents.

4.3.1 Framing the (Start of) the Debate(s) ... Again: What
Are the Problems?

Initially more than 580 persons were targeted. All had either been involved in
extra public consultations organized by ONDRAF-NIRAS (2009-2010), partici-
pated in a legal public consultation (2010), made public statements in the media
on the nuclear waste plan between 2009 and 2011, or shown an interest in HLW
issues through participation in seminars, workshops, etc. over the previous dec-
ade. The 242 respondents presented themselves mainly as ‘citizens’ and ‘scien-
tific experts’, though some were also members of environmental associations or
trades unions, healthcare professionals, or federal/regional/local civil servants
(Parotte & Fallon, 2020, p. 8).

What do Belgian stakeholders have in common regarding their views on the
future of the country’s HLW? Those who responded to our interactive survey gen-
erally recognised that the radioactive waste is already out there; that the way it is
stored today may be considered safe for now, but cannot go on for ever; and that
the European Waste Directive requires Member States to put an appropriate long-
term policy in place.

So far, the 2010 Citizen Forum’s request for ‘more transparency, and more
interaction with society’ has not been met. Neither the Transposition Law (2014),
nor the National Programme (2015) attracted much public or media attention.
Both passed as low key, inner-circle events, to settle formal EU obligations, and
no public connection was made to the Waste Plan debate initiated by ONDRAF-
NIRAS in 2011 (Parotte & Delvenne, 2015; Schroder et al., 2015). Although the
SEA public enquiry in Spring 2020 appears to have attracted record numbers of
responses (ONDRAF-NIRAS, personal communication, September 29, 2021),
one could question the appropriateness of such outreach in the unprecedented
time of the full lockdown during the first wave of the COVID-19 pandemic
(Parotte, 2020b).
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Our results show that in Belgium, awareness of the problem of radioactive
waste in general and HLW in particular appears to be limited amongst actors
who do not see themselves as directly linked to or particularly interested in the
nuclear sector (regardless of whether they position themselves as supportive, criti-
cal or neutral). Such findings are in line with those of the most recent SCK-CEN
Barometer, which demonstrates that people in general have little knowledge of
how high-level (or other) radioactive waste is currently managed. About half of
the respondents to that public survey reported believing that it is already stored
underground (Turcanu et al., 2018).

Of the respondents to our more targeted survey, more than half regarded geo-
logical disposal as the ‘most realistic’ solution, and more than half were of the
opinion that ‘doing nothing’ (i.e. delaying any steps towards implementation)
was not a solution. Nevertheless, a large majority of the respondents insisted that
the future of HLW management should not be discussed without addressing the
entire nuclear production chain, the role of new nuclear technologies, and the
status of SNF, in addition to exploring the possibility of multi-state joint man-
agement solutions. There were some similarities between the more informed
respondents participating in our study and the sample of the public invited to
respond to the SCK-CEN Barometer. In the Barometer, almost as many respond-
ents (66%) reported believing that geological disposal should be implemented
as soon as possible, and 57% did not think that geological disposal would solve
the HLW problem (Turcanu etal., 2018, pp.47-49). This indicates potential
for discussing geological disposal without pretending that going down that path
instantly solves the HLW problem.

Our respondents also considered that uncertainty remains regarding the radio-
active waste inventory (related to the ambiguous status of SNF, and lack of clar-
ity about the nuclear phase-out). While most insisted that a full overview of this
inventory would be needed before deciding on a strategy for all waste types,
many also acknowledged that shifts may occur in the future and that develop-
ments in technology and/or policy may call for changes.

In combination with the reasons that a number of stakeholders provided for
refusing to take part in our research project, the results point to a general feel-
ing that the focus of geological disposal is excessively restricted as the definitive
solution to the problem of HLW in Belgium. Respondents regarded the problem
as multi-dimensional and argued that the governance process should aim to incor-
porate these dimensions as much as possible, rather than screening out some from
the start. Therefore, re-framing the issue of radioactive waste would seem recom-
mended: starting from the problem, rather than from an envisioned solution, invit-
ing societal actors and stakeholders to participate in a debate on the question of
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Fig.4.1 The multiple dimensions of the HLW problem. (Source: Bergmans et al., 2020,
p. 11)

high-level and long-lived radioactive materials present in society—some declared
as waste, others not (yet). This debate should not be restricted to technical man-
agement features or the financial cost of the disposal project, but should also
consider related environmental, ethical, socio-political, financial and legal issues
regarding the entire production chain.

Figure 4.1 provides an overview of the themes associated by the respondents
to the issue of HLW (or category B&C waste). The themes in blue directly relate
to ONDRAF-NIRAS’ realm of competence, for the themes in grey, other actors
have a leading role.

4.3.2 How to Organize the (Future) HLW Governance
Process?

We also asked respondents what core principles and main organisational features
they considered important for HLW governance. Their answers could be clustered
around the following five governance principles: (1) a “flexible and stepwise”
approach, (2) “practising transparency”, (3) providing “clarity about the link
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between participation and decision-making”, (4) ensuring “monitoring and con-
trol” and (5) “robust financing”.

Flexible and Stepwise

Given the long-term nature of the HLW problem, a reflexive, flexible and step-
wise governance process is called for. For our respondents, this meant that an
overall framework should be prepared, identifying key steps and general prin-
ciples to ensure participation on a continuous basis. Many indicated a prefer-
ence for this to be laid down in law to provide some guarantee. However, a clear
demand for continuous participation does not mean respondents expect this to
take the same form throughout the process. On the contrary, they insist it should
be regularly reassessed and adapted according to the phases of the process and
audiences targeted. These insights are not new, but resonate with the general prin-
ciples and specific actions identified by the NEA in 2004 regarding decision-mak-
ing for long-term radioactive waste, inspired, among others, by the partnership
approach taken in Belgium for the long-term management of category A waste
(NEA, 2004; Pescatore & Vari, 2006). Our respondents considered the federal
level to be the most appropriate for organising such a debate on criteria regard-
ing location, technical options, (economic) incentives, public and stakeholder
involvement, etc., with an important role for the regulator, AFCN-FANC.

Practising Transparency
More clarity and transparency is expected from ONDRAF-NIRAS and other
responsible actors on the management of HLW. Regarding our respondents’ request
for transparency, three clear expectations could be summarized from the interviews
and the survey: (1) active sharing of information on the issues, (2) traceability of
the (decision-making) process, and (3) a varied information system. Our respond-
ents explicitly pointed out that making information accessible is one thing; actively
sharing it, is something else. During the interviews in particular, more effort was
requested regarding outreach and making people aware and knowledgeable. Out-
reach activity by ONDRAF-NIRAS was seen as too fragmented, both in time and
vis-a-vis stakeholder groups. From the Delphi survey the suggestion came to set up
a high-quality and varied information system, bringing together contributions from
multiple sources, including what respondents referred to as ‘“contradictory exper-
tise”. Making explicit who the concerned actors are and what they stand for with
regard to the question of HLW waste was also seen as important.

Regarding the traceability of the process, respondents’ expectations not only
concerned the process ahead. How the current situation was reached is impor-
tant to know for people who consider becoming engaged in HLW governance.
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However, the related legislative history appears to be characterised by a relatively
high level of obscurity. Starting with the creation of ONDRAF-NIRAS in 1980,
the framework for a national waste management policy and its institutional organ-
isation were ‘buried’ in one dedicated article (Art. 179) of a law on budget pro-
posals (Budget Law, 1980).

Finally, the survey respondents connected the need for a varied information
system with their demand to organize the traceability of decisions. They sug-
gested putting into place a “Pluralist Documentation Centre” (Parotte & Fallon,
2020, pp. 50-55), to collect and preserve relevant information from a variety of
sources (public agencies, NGOs and the research community), and to distribute
this to diverse audiences: politicians and civil society, but also the scientific com-
munity and professionals in the field. Independence from the nuclear sector was
considered important almost unanimously, but opinion was divided on how to
realise this in practice. Some argued for joint management by a broad range of
stakeholders. Others considered this a role for a public body.

Being Clear about the Link Between Participation and Decision-making

Our respondents asked for more clarity on the role of participation in the deci-
sion-making process. In general, they expect politicians at the appropriate lev-
els of government to decide about the management of radioactive waste. But
they also insist that a broad range of actors should be (more) actively involved
in preparing those decisions. A feeling that “backroom politics” dominated the
decision-making process on radioactive waste was often recorded, which can be
linked to the perceived lack of transparency.

The participatory approach to local partnerships for category A waste was
referred to by several interviewees as an example of how things can be done dif-
ferently (without saying a future process for HLW should be designed identically)
and is seen as an exemption to the rule. This can also be deduced from the sec-
tion on “transparency and participation” in the National Programme for the Man-
agement of Spent Fuel and Radioactive Waste (National Programme Committee,
2015, pp. 16-17). So far, the Belgian legislator has not invested in providing a
legislative framework for public participation, other than the general obligations
regarding public access to government, and access to information and public par-
ticipation in decision-making on environmental matters (often imposed through
transposition into Belgian law of international laws and conventions).

However, the lack of legal obligation does not mean one cannot set up a par-
ticipatory process with stakeholders. In Belgium, both the partnership approach
(Bergmans, 2008) and ONDRAF-NIRAS activities in 2009 and 2010 for elabo-
rating the 2011 Waste Plan (Parotte & Delvenne, 2015) highlight how it is pos-
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sible to envision supplementary participatory initiatives aimed at specific
stakeholder groups, experts, and citizens, beyond what the law prescribes. How-
ever, policy practice thus far provides an inconsistent pattern when it comes to
public and stakeholder participation. A closer look at the information provided in
the National Programme as ‘transparency and participatory practices’ (National
Programme Committee, 2015, pp. 20-21, 25, 41-44, 46-49) makes this clear.
The partnership approach for category A waste, and the societal consultation for
the 2011 Waste Plan notwithstanding, the current practices listed are passive ways
of making information available, and the related communication is almost solely
directed at official bodies. Our respondents clearly expect more. They insisted
that public and stakeholder participation as a key feature of long-term governance
of HLW is only valid if a genuine connection is ensured with the institutional
decision-making process. Therefore, at the start of the decision-making process,
it should be clear what the purpose of participation is, when participation is possi-
ble, what is open for discussion, and how the input by stakeholders will be taken
up in the decision-making process.

Ensuring Monitoring and Control

The survey respondents expressed a number of expectations that can be catego-
rised under the heading of ‘monitoring and control’. It is important to stress that
they see a combined need for monitoring and follow-up of both the long-term
management strategy and the related governance process, which they consider as
intrinsically linked.

A majority of respondents insisted on monitoring of the governance process,
which stems from their requirement for such a process to be flexible and adap-
tive. They expect both technical and societal aspects to be jointly addressed in the
governance process, and therefore also by any control mechanisms. In line with
expectations regarding the role of the regulator, respondents suggest making this
more active in terms of providing information, adopting regulations, and organ-
ising debates on safety aspects. In support, many respondents consider it useful
to establish an independent mixed pluralist body at the federal level. The possi-
bility for setting up such an entity is foreseen in the Transposition Law (1980).
Our respondents did not express clear views or expectations regarding the com-
position of such a body, but expect it to work closely with the public authori-
ties to assess the HLW management process at strategic level. To a lesser extent,
respondents thought it could also be responsible for evaluating the operational
process and public consultations. The possibility for enrolling counter-expertise,
particularly for affected communities (present or future) at the local level, was
also put forward as an important feature of a system of monitoring and control.
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Robust Financing

The respondents insisted on ensuring the principles of reliable financial manage-
ment for HLW. For them, in the case of insolvency, the State is ultimate responsi-
bility and should be clearly organised, by considering the evolving nature of the
costs, presenting a risk analysis about producers’ insolvency scenarios, and ensur-
ing strict control of the sufficiency of funds at the national and European level. At
the national level, respondents suggested organising financial control attached to
the parliament (in the spirt of the Court of Auditors).

Regarding these suggestions, how to envision the long-term governance pro-
cess of radioactive waste in Belgium? Combining the views collected from the
stakeholders with the authors’ past research in a European and international set-
ting, and putting this in a perspective of considering radioactive waste as ‘matter
of care’, Sect. 4.3 identifies three overall principles for building a long-term gov-
ernance process HLW (and SNF) in Belgium.

4.4 Building a Long-Term Governance Process Based
on the Notion of ‘Caring’

From the field of science and technology studies we have learned that no tech-
nology is value-free and that science and technology development does not deal
solely with facts, but also with interpretations, with cognitive, practical and finan-
cial boundaries, etc. These values and interpretations impact relations between
human actors, but also interactions with non-human actors, in this case most par-
ticularly the waste, and any technology developed to manage it. How to manage
these materials is not only a matter of established techno-scientific facts, but also
a matter of interests, a “matter of concern(s)”, as Bruno Latour would put it. Facts
and concerns are intimately interrelated, as concerns “add reality” to facts (Latour
2004, p. 232). Therefore, concerns tie and hold together matters of fact. They
contribute to “enrich and affirm their reality by adding further articulations” (Puig
de la Bellacasa, 2011, p. 89). ONDRAF-NIRAS, like all other actors involved
in the radioactive waste management program, produces matters of concern or
appreciations, strongly entangled with, and sometimes also presented as, facts.
The exclusive research focus on poorly indurated clay, for example, mainly stems
from the availability of that host rock in SCK-CEN’s backyard. That in itself is
not necessarily problematic, as long as it is recognised as such.

As Puig de la Bellacasa (2011, 2017) points out, often we are dealing with
more than interrelated matters of facts and concerns; a situation she refers to as
“matters of care”. Caring in this sense takes being concerned (or having an inter-
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est) in a particular issue or fact to another level. Our practices, discourses and
engagement regarding a particular issue or situation differ, depending on whether
we ask ourselves: “Is it a fact?”, “Am I concerned?”, “Do I care?”. Applied to
radioactive waste, an answer to each of these questions could be “The waste is
already here and it must be managed”, “I’m concerned about what will happen
with these radioactive materials”, and “I care about the way they are handled”.

Caring is about projection onto another (even where that other is the self or
a non-human entity); it is an outbound activity, whereas concerns and interests
are directed inward. One will undoubtedly find acts and considerations of care in
the current radioactive waste management approach by the responsible agency or
other actors concerned when analysing discourses and practices. But the empha-
sis has so far remained on providing facts (based on the persisting idea that facts
are neutral) and on weighing, and at best balancing, interests.

This is not unique to radioactive waste management. It is symptomatic of the
way we deal with various complex societal questions, in particular in the field of
urban planning, and regarding environmental and technological risk. Many partic-
ipatory practices remain instrumental, and limited to what is legally required. But
many of the more voluntaristic initiatives continue to be guided by Fischhoff’s
(1995) famous plea for inclusive risk management, which he represented as con-
secutive stages of development (see Fig. 4.2).

Although ‘treating people nice’ (Fischoff's sixth developmental stage) is a way
of caring, it is not a matter of care, as put forward above. Analysing 20 years of
evolution in risk management, Fischhoff argued that this practice should, ide-
ally, be guided by the facts. However, what is recognised as facts is often limited
to the “sizes of the risks and benefits involved”, while “changes in political and
social status that arise from the risk-management process” should also be taken

All we have to do is get the numbers right

All we have to do is tell them the numbers

All we have to do is explain what we mean by the numbers

All we have to do is show them that they’ve accepted similar risks
in the past

All we have to do is show them that it’s a good deal for them

All we have to do is treat them nice

All we have to do is make them partners

All of the above

Fig. 4.2 Developmental Stages in Risk Management (Fischhoff, 1995, p. 138)
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into account as facts. In that way, Fischhoff saw the social contract between those
who create and those who have to bear risks (at least partly) fulfilled. Not through
eliminating conflict, but as a way of “having fewer, but better conflicts” (Fis-
chhoff, 1995, p. 144). Twenty-five years on, it may be time to reflect on whether
adding concerns as another layer onto facts (still too often interpreted as either
technical facts, or social and political concerns) and creating spaces in which
these could be discussed, is enough to tackle complex questions of environmental
and technological risk.

Before returning more explicitly to what it could mean in practice to approach
radioactive waste as matter of care, we consider three features of a related long-
term governance process that have been given attention by social sciences, and
that were put forward by our respondents. For each we will indicate how we see it
linked to a perspective of care.

4.4.1 Long-Term Radioactive Waste Management is
and will Remain a Socio-Technical Challenge

Many of the Belgian stakeholders we questioned stressed the interconnected-
ness of social and technical aspects and the need to integrate the socio-technical
challenge into one approach. This is also the ‘Leitmotiv’ of ONDRAF-NIRAS’
official communication. However, when it comes to public and stakeholder par-
ticipation, this is often mainly directed at what is considered the social aspects
(Bergmans et al., 2015; Hietela & Geysmans, 2020). Therefore, it is worthwhile
to consider four observations on the interconnections between those dimensions
that directly relate to our respondents’ expectations (Kallenbach-Herbert et al.,
2014, pp. 27-31).

First, the process of radioactive waste management is composed of a broad
variety of interactions between humans and non-humans (the environment and
other living entities, but also created artefacts), in various constellations, spread
over space as well as over time. However robust or stable such a process may
seem at a certain point in space or time, reconfigurations of these interactions and
players will inevitably occur due to changes in the socio-political or economic
context, the accumulated knowledge base, technical development, etc.

Second, wider societal involvement means more than offering citizens a way
to express democratic values or getting approval for an already elaborated techni-
cal fix. It means that new inputs could feed the technical project and vice versa.

Third, if taken seriously, opening up to wider societal involvement has the
potential to bring in alternative perspectives that could contribute to the creation
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of new knowledge and the identification of new solutions which could influence
technical choices.

Fourth, concerned societal actors could and should be invited to participate
more explicitly in the technical debate, and be encouraged to contribute to this
debate beyond discussing the local impact of implementing a specific technology
at a specific location.

The technical and social, but also ecological, ethical, financial, dimensions of
radioactive waste management are not mutually exclusive. They are seldom the
exclusive competence of one particular stakeholder, and every stakeholder should
have the possibility to take part in the debate on each dimension. However, in
practice people who genuinely care and have a legitimate interest (e.g. those liv-
ing close to existing waste infrastructure or NPPs), often refrain from entering
such a debate (particularly when this is framed as about ‘technical choices’). This
is largely because it tends to be centred around facts, and many do not feel com-
petent enough or are reluctant to start an engagement process by studying large
files with graphs and technical information. With respect to interests or concerns,
when aiming for early and “upstream” engagement (Stirling, 2008), people may
not yet fully comprehend the extent to which they are concerned. But they may
care nevertheless. A perspective of care means one does not start from a proposed
technical solution, but from the perceived problem, and how that matters to vari-
ous stakeholders. In that way, it could lower the threshold for participation and
serve as leverage to emphasise the social in the technical, and the entanglement of
all relevant dimensions.

4.4.2 TheLong-Term Management Solution is and will
Remain Experimental by Nature

The term “experimental” was not one the respondents offered. Still, several inter-
viewees pointed out that long-term radioactive waste management is a first of its
kind endeavour, which cannot yet rely on past experience. This calls for a par-
ticular type of governance to deal with uncertainty over a long period of time.
However, interviewees also indicated that even with regard to a specific technical
solution such as geological disposal, different interpretations exist of what this
implies as a practice (e.g. regarding notions of reversibility and retrievability, the
need for monitoring). They expect these differences in interpretation to continue,
which could be seen as positive, because it creates room for dialogue.

Various authors have labelled this as “experimental” or as “an on-going pro-
cess of technological innovation” (see e.g., Barthe & Lindhart, 2009; Felt et al.,
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2007; Kallenbach-Herbert et al., 2014; Landstrom and Bergmans, 2015; Parotte,
2018, 2020a). Considering the associated time-scales clearly acknowledged by
most respondents, it is unlikely that at present we are able to envisage all changes
or potential problems that could arise over time.

This calls for a governance approach to deal with uncertainties and give room
for (social) learning. The respondents’ comments are thus in line with observa-
tions from previous research, proposing to understand the implementation of a
long-term management programme as “a (scientifically) controlled, open-ended
exploration towards a possible solution” (Kallenbach-Herbert et al., 2014, p. 29).

This implies maintaining the capacity for technical innovation and scientific
knowledge, and the continuation of the research programmes as part of the imple-
mentation process, as explicitly indicated by the respondents. It also means letting
go of a classical project-based approach with a clear beginning and endpoint (Fal-
lon et al., 2013, Kallenbach-Herbert et al., 2014; Parotte, 2018). Lastly, it implies
identifying regular or milestone ‘meeting points’ rather than a rigid roadmap (Bar-
the et al., 2010; Kallenbach-Herbert et al., 2014; Parotte, 2018). Those milestones
could also be understood as a momentum to assess the ongoing process and to
steer a process of progressive participation, as called for by our respondents.

Approaching radioactive waste as matter of care and striving for ‘communities
of care’ rather than ‘host communities’ could be meaningful. It allows the debate
to unfold over the thing all care for, namely the waste and its safe future, not a
particular waste management solution. A care perspective offers more opportunity
for those who may not agree with, or have reservations about, the path taken to
participate in the governance process. Furthermore, it holds a promise of allowing
such governance processes to be truly adaptable or reversible, as new care per-
spectives will inevitably develop over time and generations.

4.4.3 A Transparent and Democratic Way of Addressing
This Challenge

Our research results show there is a tendency to see the (Belgian) HLW govern-
ance process as participatory technology assessment to be applied in various
phases of decision-making, and at various levels of government. According to
the respondents, such a process could be piloted by an interdisciplinary commit-
tee of scientists and representatives from different stakeholder groups, including
directly concerned local communities. Around particular aspects (or dimensions,
as presented in Fig. 4.1), specific consultations could be held at specific points,
targeted at a diverse range of stakeholders or existing advisory bodies.
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The Transposition Law (1980, Art. 4) provides for an “independent multidis-
ciplinary body” to follow-up the National Policy on radioactive waste and SNF.
Our findings indicate that engaging such a committee in co-constructing the
National Policy would be in line with stakeholder expectations. Building on sug-
gestions from the respondents to the Delphi survey, one option could be to install
a long-standing committee with rotating membership linked to parliament with an
advisory role (at the Federal level and potentially also the Regional Government),
reporting back on its activity at distinctive moments throughout the process.

Such a multi-level approach could be embedded in a broader ambition to
strive for multiple debates in multiple interconnected arenas. This is not a task for
ONDRAF-NIRAS alone. It would be extremely challenging, if not impossible,
to address the multiple dimensions of HLW in one process or arena. Therefore,
rather than incorporating all dimensions into a single debate on a governance
process for the long-term management of HLW, one could envisage a different
framework, within which different actors are mandated to organise a broad stake-
holder debate on one (or more) aspect(s). These would not need to keep the same
pace, nor engage the same actors at the same levels of government. But it could
put the question of the long-term governance of HLW in a broader perspective
and help to meet the range of related expectations from various actors.

In an ideal scenario, such a governance process is either preceded or accompa-
nied by a public debate on national energy policy, as in Germany where the (re)
launch of the radioactive waste debate came a few years after “a collective project
for the future” for the country’s energy transition was discussed and presented
by a transdisciplinary Ethics Commission for a safe energy supply (BMU, 2011).
Our respondents acknowledge it is not ONDRAF-NIRAS’s role to organise such
a public debate, and that the radioactive waste debate cannot be postponed indef-
initely. Nuclear energy and radioactive waste are undeniably interconnected, as
claimed by the respondents and other observers (e.g., Laes, 2015). In this respect,
the decision of the Belgian Constitutional Court in March 2020 (Cour Consti-
tutionnelle, 2020) to quash the decision to extend the lifetime of reactors Doel
1 and 2 could be seen as an opportunity for public consultations which couple
nuclear energy and radioactive waste policy.

A recognition of the interconnectedness between nuclear energy and radioac-
tive waste should be made more explicit by paying (more) attention in the HLW
debate to the impact of various future scenarios for nuclear energy production,
other nuclear technologies, and the management of SNF on the HLW inven-
tory and related strategies. This would meet a primary concern expressed by our
respondents of the need to raise awareness among a variety of stakeholders and
engage them in (joint) problem definition and the analyses of potential solutions.
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Our respondents had a clear focus on well-defined processes for participation
with a clear purpose. However, despite inclusive principles that may lie behind a
formal participatory process, some stakeholders may remain (purposely or not)
outside such a structure. Therefore, a flexible and adaptive governance process
should not only look inside (invited participation), but should be aware of what
goes on outside (uninvited participation). It should continuously monitor its envi-
ronment in order to be responsive to opinions raised, new issues arising, or new
stakeholders emerging, or when new stages in the process are reached (see e.g.,
Chilvers, Pallet & Hargreaves, 2018; Cuppen, 2018).

An opportunity could lie in making the waste the object of care. Caring is not
about providing one pre-fixed initial programme, but ensuring the waste is being
taken care of by means of a collective and open decision-making and governance
process. Since caring is an outward activity, it enables engagement with all who
care, and in particular those directly affected, such as local (site) communities
and citizens. This process of caring will inevitably span decades and generations
of stakeholders. Intergenerational engagement should be aimed for, but this can
only be reached by starting with the present generation.

4.4.4 Considering Belgian HLW and SNF as Matters
of Care

Considering HLW and SNF as matters of care changes the way concerned actors
are engaged in the programme and the way they frame it. According to Puig de
la Bellacassa (2011, 2017), ‘caring’ has three concrete consequences. First, and
related to concern, care has strong affective ethical connotations. Concern denotes
worry and thoughtfulness about an issue, while care adds a strong sense of attach-
ment. Second, the more you care, the more you are actually engaged in the pro-
cess: arguably, the individual or organisational commitment to the object thus
becomes stronger, also potentially criticism. And third, one could assume that
those who ‘care’ develop a stronger sense of responsibility and a particular vision
of the current state and future of things, enabling going beyond “past responsibili-
ties” to create continuity in such a responsibility.

Each of these consequences cuts across the three features of a long-term HLW
governance process described above, and makes caring substantially different
from managing. A perspective of caring does not require a legal mandate, related
position, nor expertise. Caring can be highlighted by actions (what people do),
promoted by ethics (how people justify actions) or the labour of maintenance
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(invisible daily practices) (Puig de la Bellacasa, 2017). There are multiple ways
of caring as well as different ‘carers’, people who care. The notion of ‘caring’
requires regular re-assessment: “Who cares and what are their concerns?”, “What
are the critical standpoints?”, but also “Who will do the work of care, as well as
how to do it and for whom?” (Puig de la Bellacasa, 2011). From the perspective
of a waste management agency, ‘caring’ about what happens to the waste does not
mean ‘controlling’ an entire process. It means being in charge, and ‘taking care’
in spite of all the unexpected things that might change.

The waste management agency does not care alone. As became clear from
the survey responses, multiple committed people and organisations are will-
ing to challenge or support the programme. They are as engaged in ‘caring’, as
ONDRAF-NIRAS, even if ‘how to care’ and ‘what dimensions to focus on’ var-
ies. Engaging other stakeholders in waste governance from a perspective of care
allows entry to other forms of caring. A commitment to ‘caring’ means to “remain
speculative” and not let “a situation or a position [...] define in advance what is
or could be” (Puig de la Bellacasa, 2011, p. 96). This is in contrast to an instru-
mental approach to engagement with a strong focus on finding acceptance for a
pre-defined solution. Introducing care “requires critical standpoints that are care-
ful”, and that ““... manifest visions that have become possible by learning to care
for some issues more than others” (Puig de la Bellacasa, 2011, p. 96). It should
not be decided up-front whether or not positions or standpoints are relevant to a
programme. One must ‘care’ for the different standpoints, keeping in mind that
it could have been otherwise. In the context of long-term radioactive waste gov-
ernance, the objective is not only to expose or reveal care practices and matters
of concern; it is also to generate them. This means there is no fixed future for
these wastes, but there are multiple ways of caring about the future(s) of the pro-
gramme. Our study clearly highlighted who are the stakeholders who care and
what dimensions matter to them, including those who did not participate, who
criticize the process from the outside and contribute to it in other ways.

Lastly, there is no monopoly of caring narratives. Beyond recognition of forms
of care, the challenge is to allow forms of care to co-exist. Therefore, it would
be recommended for a future HLW governance process not to be the reflection
of one dominant narrative. We suggest the key question for ONDRAF-NIRAS
should be: how to allow multiple care narratives to co-exist in one long-term gov-
ernance programme for HLW (and SNF).
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4,5 Conclusion: Time for a Paradigm Shift?

Expectations regarding the long-term governance of HLW depend on the con-
cerned actors’ framing of the radioactive waste problem, which may or may not
include a pre-conceived idea about a solution. Our research made clear that some
respondents seem to be willing to support ONDRAF-NIRAS to take further steps
with regard to geological disposal of HLW as (part of) a long-term solution. How-
ever, others do not support this solution (and may never will), and those who do,
do not necessarily share the same problem definition on which they base their
conclusion. Therefore, it will be very difficult, if not impossible, to define a one-
sided governance approach that covers virtually all dimensions and expectations
from all stakeholders in a satisfactory way. Multiple efforts and a mix of initia-
tives and responsive actions towards new developments will be needed to ensure
engagement and maximum transparency in the long-term governance process of
Belgian HLW.

As described in the introductory chapter to this volume, planning a govern-
ance process for the long-term management of radioactive waste, and particularly
HLW, is a long-haul process. The importance of a reflexive, flexible and stepwise
collective governance approach cannot be emphasised enough. This means the
governance ecosystem will be in constant flux. Its composition and institutional
setting will evolve over time, potentially leading to a shift in structure, changes in
culture and the adoption of new routines.

In this chapter we reflected on what constitutes a long-term governance
approach. We have drawn on the opinion of actors as a sample of the Belgian
HLW governance ecosystem and on the theoretical concept of ‘care’. There
appears little contestation (in academic literature, nor in the opinion of concerned
actors) that long-term HLW management is and will remain a socio-technical
challenge, that any solution will remain to some extent experimental in nature,
and that it is our moral duty to ensure a transparent and democratic way of
addressing this challenge. On how to ensure that, opinions and expectations tend
to differ, and interests come into play.

We have argued for a perspective of care in order to lower the threshold for
participation and to serve as leverage to emphasise the social in the technical.
Such a governance approach requires an empathic attitude towards the needs and
expectations of all current and future stakeholders in the nuclear energy and radi-
oactive waste debate. In the framing and enacting of the announced public debate,
ONDRAF-NIRAS and other stakeholders have the opportunity to show how
they care. Caring means assuming that sociotechnical uncertainties will remain,
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regardless of the preferred long-term option for radioactive waste. Caring is also
about allowing real spaces for others who care to express what they care about
and how they desire to do so. Caring is not about providing one pre-fixed initial
programme, but is about ensuring the waste is being taken care of by means of a
collective and open decision-making and governance process.

Putting forward a perspective of care does not mean disregarding facts and
interests or concerns. However, the COVID-19 pandemic has shown that conflicts
over facts are often not the ‘better’ type of conflicts Fischhoff wanted, and that
balancing interests is in some cases an impossible mission. We clearly need more
than “all of the above” (see Fig. 4.2 here).

Figure 4.2 Rather than adding ‘caring’ as an additional stage in Fischhoff’s list,
we strongly recommend taking a care perspective first, before addressing facts and
concerns. A practice of care as a more profoundly different approach to addressing
environmental and technological risk could be a way forward. It is not our inten-
tion to claim that a perspective of care will prove to be the magic formula for deal-
ing with ‘reluctant stakeholders’, or ‘inconsiderate project developers’ under all
circumstances. However, we do consider this a worthwhile path to follow.

Addressing radioactive waste as matter of care means a paradigm shift at
three levels. First, it means acknowledging there are multiple ways of caring
that can co-exist. Rather than aiming to establish agreement on facts, and which
facts matter first, establishing common ground from a perspective of care is bet-
ter served by starting from identifying and acknowledging that uncertainties of
various types will remain. Second, it appears recommended to talk about waste
before talking about waste management solutions. This allows establishment of
a community across the whole governance ecosystem of those who care about
the waste, not only those who care about a particular endpoint for it. Third, since
caring is an outward activity, it enables engagement with all who care, and in par-
ticular those directly affected, such as local (site) communities and citizens. This
process of caring will inevitably span several decades and generations of stake-
holders, and intergenerational engagement should be aimed for, but this can only
be reached by starting with the present generation in a collective and open deci-
sion-making and governance process.

In support of such a paradigm shift in governance practice, further research
into the consequences of addressing radioactive waste as matter of care would be
helpful. The need for a closer understanding of the affective, ethical, and practical
engagements of caring remains, both in terms of human interactions (the classical
focus of governance studies) and of interactions between humans and non-human
actors.

Another thing that remains is the waste and the need for it to be taken care of.
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Nuclear Repository State: Nuclear
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5.1 Introduction

The decision-making processes in the field of high-level radioactive waste
(HLW) in the Federal Republic of Germany (and the former German Demo-
cratic Republic (GDR) until 1989) have been dominated by the decide-announce-
defend (DAD) strategy. This approach, which endured until the beginning of the
last decade, led to conflicts with civil society, mistrust of authorities and block-
ages, and can be epitomised by the expression “nuclear state”, a term coined by
Robert Jungk (1986). Nuclear policy decisions were also enforced with police
coercion. Consequently, massive resistance from the anti-nuclear-movement
developed against the state and the planned final geological repository waste
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site at Gorleben. A stop and go policy came after each decision, characterised by
court orders allowing construction followed by occupation of the site by the anti-
nuclear movement (Roth and Rucht 2008; Rucht 1980).

Commencing in 2010, after more than 60 years of nuclear energy deployment,
the political balance of power in the energy sector in Germany has fundamentally
changed. The movements against nuclear power and the transport as well as stor-
age of radioactive waste have grown stronger over the decades and are now key
political actors in the current siting process for deep geological disposal (DGD).
Part of the anti-nuclear movement has integrated into the institutions, e.g. politi-
cal parties and the German Bundestag, and contributed significantly to the deci-
sion in 2011 to completely phase out nuclear power.

Subsequent to the decision in 2011 to phase out nuclear power plants (NPPs)
in Germany by 2022, and with insight into the failures of the past, an ambitious
Repository Site Selection Act (StandAG) was passed in 2013, and amended in
2017. This Act provides the framework for the establishment of new state institu-
tions and a far-reaching participation procedure involving civil society and stake-
holder groups.

The search for a DGD site that offers the greatest possible safety and security
potential was started with a blank map, potentially considering the whole of Ger-
many. In September 2020, following the release of a preliminary report evaluat-
ing regions with potentially suitable host rock formations for a DGD, the Federal
Company for Radioactive Waste Disposal (Bundesgesellschaft fiir Endlagerung
mbH (BGE)), acting as the operator, designated around 90 potential areas across
Germany (BGE 2020). The overall geological situation in Gorleben was assessed
as “unfavourable” and the site was eliminated in this first round, putting an end to
a decades-old conflict. Yet the process is still confronted with significant resist-
ance and hence challenges. It was planned to find a suitable, socially accept-
able location by 2031 and to dispose of all HLW by 2080. In November 2022,
the operator BGE announced that the search for the site would take much longer
and indicated a timeframe between 2046 and 2068. It is expected that Germany
will now have to elaborate a concept for a long-term interim storage facility as is
already the case in several European countries.

This chapter analyses the multi-level governance of HLW in Germany by
focusing on the following domains: (1) legislation, politics & administration, (2)
science & technology, (3) civil society and (4) the interactions between them.
The chapter is structured as follows: In Section 5.2, we provide a short histori-
cal account of German nuclear waste management and discuss the wickedness
(Brunnengriber 2019b) of the waste problem. In Sect. 5.3, we address govern-
ance aspects and analyse the legal, political and institutional domains. We focus
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on legal aspects of the StandAG, especially those providing the framework for
the other domains. Section 5.4 is dedicated to the scientific and technological
domain, and we analyse in particular the role and function of experts. In Sect. 5.5,
we turn to the societal domain and its interactions with the other domains and
focus on the current participatory process for a DGD siting. In the conclusion
we emphasise that procedural fairness and inclusiveness of the process remain
important and necessary prerequisites for building public confidence and for
the social acceptability of the political siting decisions. We maintain that the
legal framework and the StandAG leave many unresolved issues, but this per-
mits extensive room for manoeuvre and represents an opportunity for new and
expanded forms of participation to be pursued.

5.2 From the Hard Nuclear State to More
Participatory Approaches

5.2.1 Historical Context’

The Federal Republic of Germany had an early start in the use of nuclear power.
Between 1961 and the end of the 1980s, 36 NPPs entered into commercial opera-
tion. In 2005/2006 Germany’s 17 NPPs supplied almost one-third of the country’s
electricity, but this share has fallen steadily. In 1998, the newly elected Social
Democratic/Green government radically changed the previous nuclear policy, and
in 2000 announced the nuclear consensus (Atomkonsens) that enabled the phase-
out of NPPs within two decades. In 2009, the subsequent conservative Christian
Democratic/liberal government announced a 12-year extension of the scheduled
phase-out, which provoked harsh protests, especially from the Green Party and
the anti-nuclear-movement. In the aftermath of the Fukushima disaster in 2011,
the same government reversed its previous plans and decreed the definitive phase-
out by 2022. (World Nuclear Association 2022). Following the Russian invasion
of the Ukraine and the subsequent turmoil on the energy markets, the shutdown
of the last three NPPs still in operation has been postponed until April 2023.

! For reasons of space we can only supply a brief historical account of the nuclear waste
policies in Germany, thus for the early years of nuclear development and waste treatment,
we refer to a number of important publications (see among others Blowers (2017, 2019),
Hocke and Renn (2009); Kamlage et al. (2019); Radkau and Hahn (2013). This Section
builds heavily upon Di Nucci et al. (2021b).
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The advance and decline of nuclear power in Germany has been characterised
by conflicts and intractable disputes. Public opinion widely opposed building
NPPs, and public debate, the extra-parliamentary opposition and the anti-nuclear
movement enjoyed broad societal and partially political support (Rucht 2008).
The anti-nuclear movement emerged from the peace movement, but the dangers
and risks of nuclear energy triggered the wider mobilisation of civil society.? The
search for a DGD site for HLW has equally been accompanied by strong public
opposition.

The roots of the problem date back to the 1970s, when plans for an integrated
reprocessing and waste disposal site in Gorleben, a village in a rural area in the
northern German state of Lower-Saxony with salt rock geological conditions,
were announced. While plans for the reprocessing plant were discarded, Gorleben
remained the designated site for a waste repository (Blowers, 2017; Tiggemann
2019). Di Nucci et al. (2021b) argue that the German government strategy until
2013 rested heavily on a politically driven top-down approach. The fact that all
nuclear waste sites for HLW and LLW (Gorleben, Asse, Konrad and Morsleben)
were designated top-down by government decisions triggered conflicts and polar-
isation and led to a growing mistrust of state institutions (Di Nucci et al. 2021b).

The loss of trust in state and federal state authorities by the anti-nuclear move-
ment and the population directly affected by nuclear facilities can be attributed,
among other reasons, to a process described as “messy muddling through”
(Hocke and Renn 2011). Government institutions and responsible political actors
had no coherent action plan and reacted to protests with harsh and repressive
measures (Roth and Rucht 2008). The failure of the “nuclear state” in governing
and regulating nuclear waste can be partly ascribed to earlier political-administra-
tive control concepts, economic interests, and repressive attitudes towards local
and civil protests (Kamlage et al. 2019). Di Nucci et al. (2021a) point out that
the long-standing dualistic role of state institutions as both advocates and watch-
dogs in the nuclear field rendered a neutral moderating position problematic, if
not impossible, for example with regard to civil society demands for participation
and transparency in decision making.

However, an adaptation of political institutions, the expansion of renewable
energies and the introduction of new participatory elements in policymaking has
taken place. Following the change from the conservative Christian Democratic-

21t is interesting to note that the very large public demonstrations, especially in 1979, were
induced by both national and international events; the international expert hearing about
Gorleben in Hanover, Germany, and the Three Mile Island accident in Harrisburg in the
USA. See Rucht (1980).
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Liberal coalition in 1998 and the establishment of a red-green cabinet, revision of
the nuclear policy culminated in a moratorium in 2000. The agreement of 14 June
2000 between the federal government and the energy companies for the phasing
out of nuclear energy, also agreed a moratorium on the planned repository at Gor-
leben. This put exploratory activities for a DGD at Gorleben on hold for a period
of three to ten years. The moratorium’s goal was to settle questions, especially
about the feasibility of the salt dome (Tiggemann 2019, p. 79).

Under the red-green government, the potential for the moratorium to induce
trust remained rather limited, and the initial government-industry consensus led
to a rather limited engagement of opposition groups in discussing a possible dis-
posal strategy (Di Nucci et al., 2019). In the political process, the positions of the
various interest groups hardened and the lines of conflict became more rigid, so
that no progress could be made. It was only in 2011 that the conflictual relation-
ship between the state and civil society, and between the opposing parties, was
somehow smoothed by the Fukushima nuclear reactor disaster and the subsequent
nuclear phase-out. One could claim that the divide between nuclear power advo-
cates and opponents became less dramatic following the phase-out decision. Nev-
ertheless, despite the significance of this decision and its potential to build trust
between political actors and create confidence in a fresh start for nuclear waste
policies, conflicts did not vanish entirely. One of the reasons for this could be
that the phase-out decision was triggered by an exogenous event, and was not
reached through a critical consideration of past development paths, or because of
an intrinsic and endogenous awareness of the problem (Di Nucci et al. 2021b).
Yet, with the adoption of the StandAG in 2013, the German Bundestag made a
first move to revise the technical path dependency of a research and nuclear waste
policy exclusively oriented towards DGD in salt rock formations. In the ongoing
process, clay and crystalline rock formations are also taken into consideration.

5.2.2 The Nuclear Waste Problem Today

To date, there has not been a complete survey of the volume of radioactive waste
produced in Germany or of the amount that can be expected in the future. The
inventory of radioactive waste is difficult, because different sources use different
designations for the volume of waste, and different units (tonnes, cubic meters,
etc.) for its measurement. The classification of waste is thus rather complex and
is also dependent on the method of disposal (e.g. surface or DGD). Because the
plans envisage the disposal of all radioactive waste types in DGD, following the
dose rate, it is the (related) heat generation during radioactive decay that is key
for the classification and hence the inventory in Germany. Germany has used its
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own classification system since the mid-1980s, and distinguishes between heat-
generating waste and waste with negligible heat generation. Differing slightly
from the International Atomic Energy Agency (IAEA) classification, nuclear
waste is thus categorised into high-level radioactive waste (HLW), intermedi-
ate-level active waste (ILW) and low-level active waste (LLW). Heat-generating
waste includes HLW and part of ILW. Waste with negligible heat generation cor-
responds to the categories of LLW and to the major part of ILW, i.e. the IAEA
classification of very low-level waste (VLLW) and low-level waste (LLW), and
intermediate-level waste (ILW) (BASE 2016).

According to the BGE, Germany has accumulated approximately 27,000 cubic
meters of HLW (BGE n. d.). Currently, nuclear waste with different radioactive
levels is scattered across different federal states. The majority of it is hosted in
facilities at the nuclear reactor sites, at interim storage facilities or at the facilities
for packaging and repackaging. Non-reprocessed spent fuel is stored in twelve
interim storage facilities; vitrified reprocessed waste and spent fuel is stored at the
three centralised storage facilities at Gorleben, Ahaus and Lubmin (see Fig. 5.1).
Waste produced through the reprocessing of fuel in the UK and France has par-
tially been returned to Germany or is expected to be returned in the near future. In
addition, about 300,000 cubic meters of LLW and ILW are expected from NPPs,
research centres, industry and medical facilities (BASE 2020). Furthermore,
100,000 cubic meters stem from the uranium enrichment facility at Gronau, and
220,000 cubic meters from Asse rock salt mine (Asse II, see below). The size of
the future DGD facility cannot be decided until the host rock and the according
container concept have been determined.

The former iron ore mine, Konrad, in Lower Saxony, is licensed as a final
repository for LLW and ILW. Starting in 2007, it was converted into a repository
and is expected to be put into operation by 2027. Between 1976 and 1978, Asse
II, in Lower Saxony, was used to dispose, at a depth of 650 m, 125,787 drums and
casks with LLW and ILW, and a further 1300 drums with ILW from NPPs and the
Karlsruhe nuclear research facility (BMUV 2021). Every day, 12,000 L of water
trickle into the mine and have to be pumped out. Therefore, the casks stored there
are to be retrieved by 2033. The final closure of the Asse II mine is expected by
2050 at the earliest, but a roadmap is not available yet (Niedersidchsische Staats-
kanzlei 2021).

Following the reunification of Germany in 1990, responsibility for the for-
mer repository for LLW/ILW of the German Democratic Republic (GDR) in
Morsleben (ERAM) was transferred to the Federal Republic of Germany. The
emplacement of radioactive waste took place until 1998, and has been completed.
Approximately 37,000 cubic meters of LLW and ILLW are stored here at a
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depth of around 480 m. Stabilisation measures have been carried out since 2003.
Morsleben is the first German repository that is to be decommissioned under the
German Atomic Energy Act, with the waste being retained.

5.3  Nuclear Waste Governance: Legislation, Politics,
Administration

5.3.1 The Legal Framework

The major instrument of the legal framework for HLW is represented by the
Repository Site Selection Act (StandAG 2017). In spite of widespread critique, the
law represented a novelty in the German legislative system, which had not pre-
viously regulated the siting process (Hocke and Kallenbach-Herbert 2015). This
Act sets out exclusion criteria, minimum requirements and consideration criteria
as well as requirements for the organisation, the procedure of the selection pro-
cess, the examination of alternatives and public participation. Moreover, it estab-
lishes a transparency norm. It was the outcome of a long procedure made possible
through a compromise between political parties and other involved stakeholders
about a stepwise approach for siting a DGD (Smeddinck 2019).

Starting from a blank map, the site for the final disposal of HLW should be
found through a science-based and transparent procedure, and is to be carried out
in a participatory, science-based, transparent, self-questioning and learning process
(StandAG 2017, §1(1)). In principle, all three host rocks (salt, clay and crystalline)
can be considered. The best possible site should be selected in a comparative proce-
dure and should be able to guarantee the safe containment of the waste for a period
of one million years. However, the repository should be sealed with the possibility
of retrieval for the duration of the operating phase for 500 years after closure.

5.3.2 The Political Dimension, Institutional Framework
and Main Actors

German nuclear waste governance is shaped by several socio-technical interde-
pendencies at various levels (Brohmann et al. 2021). We find ministries of the
German Federal Government (Bund) and the federal state governments (Bun-
deslédnder), local authorities (mayors, city councils), and civil society (environ-
mental organisations, anti-nuclear movement, citizens’ initiatives). The political
feedback between these levels of action and decision-making (from federal to
local and vice-versa) are not always transparent. These interdependencies will
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continue to play a role in the future, as recent developments already show as the
relationship continues to be characterised by conflicts and different approaches of
how to handle the wicked problem of nuclear waste (Hocke and Brunnengriber
2019). Such a problem is difficult or impossible to solve due to incomplete, con-
tradictory and changing requirements that are often difficult to identify.

The enactment of the StandAG in 2013 was the result of a compromise
between the political parties at the national level which was agreed in the Bunde-
stag. However, the consensus became fragile. At the federal state level, there has
been no explicit backing for a restart of site selection, as only Baden-Wuerttem-
berg, Lower Saxony and Schleswig—Holstein supported the siting for a DGD in
the following years. By contrast, other federal states declared that they would not
qualify for siting. This shows that the search for the best location will not only be
science-based, but also politically influenced.

A multiplicity of actors is involved in the decisions regarding multi-level gov-
ernance of nuclear waste. Hiafner (2016) identified 300 institutional actors from
a wide range of spheres, subdivided into state, market, science and civil society
actors. The state includes state decision-making bodies, ministries, supervisory
and authorising authorities. The market consists mainly of the nuclear industry
and the electric utilities that operate NPPs and their respective lobbies and think-
tanks, as well as several energy companies. However, responsibility for final
disposal was handed over to the state. In addition, civil society includes various
environmental, peace and anti-nuclear organisations, as well as many regional
and site-specific citizen initiatives (Hatner 2016).

Federal states, especially Lower Saxony, where Gorleben is located, took a
central role. At the central federal governmental level, in the past, HLW fell within
the remit of various federal ministries and the subdivision of responsibilities
changed over time. As of June 2022, major responsibilities lie within the Minis-
try of Environment, Nature Protection, Nuclear Safety and Consumer Protection
(BMUYV). The Ministry for Economy Affairs and Climate Action (BMWK) and
the Ministry of Education and Research (BMBF) also share responsibilities. The
BMUV is the supervisory authority and thus the highest federal authority in the
siting process. This means that all decisions by the regulator in its area of respon-
sibility must be taken in accordance with the requirements of the Ministry, be con-
tinuously reviewed, and may be amended by the BMUYV at any time.

5.3.3 The Institutional Actors

Germany established its new governance structure fairly recently in response to
EU Directive 2011/70/EURATOM (European Council 2011). The StandAG man-
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dated the reorganisation of the existing institutional structures and procedures,
and ensured the required functional separation of the supervisory and licensing
authority from all other government agencies or organisations involved in waste
management. The StandAG stipulates a clear separation between the regulatory
authority and the developer /implementer. However, the new waste governance
is based on reformed rather than new institutions. As a result of this restructure,
two powerful actors emerged: the Federal Office for the Safety of Nuclear Waste
Management (BASE, Bundesamt fiir die Sicherheit der nuklearen Entsorgung?)
as supervisory and licensing authority, and the Federal Company for Radioactive
Waste Disposal (BGE, Bundesgesellschaft fiir Endlagerung mbH) as the operator
responsible for the implementation.

The Regulator BASE

BASE is a higher federal authority under the supervision of the Federal Ministry
BMUYV, and independent of economic interests. It was established in 2014 on the
basis of a provision of the StandAG (2013, § 7), and finally took up its duties in
July 2016.* The authority is tasked with:

e regulation, licensing and supervision in the field of long-term nuclear waste
storage, interim storage and the handling and transport of radioactive waste,

e process management and enforcement monitoring in the site selection proce-
dure for the long-term nuclear waste storage facility,

e the organisation of public participation in the search for a site.

BASE’s responsibilities are the overall site selection procedure and the overall
organisation of public participation. Within the competence of BASE we also find
review of the quality of the information provided by the BGE and the release of
its proposals (as BGE itself is not allowed to do this). Consequently, BASE has
the legal obligation to prepare and distribute “comprehensive and systematic”
information for the public, which is required by law.

The fact that ultimate responsibility for the site selection procedure and for
public participation lies within the same authority is controversial. BASE itself

3Formerly the Federal Office for Safety of Nuclear Disposal (BfE, Bundesamt fiir kern-
technische Entsorgungssicherheit).

4Act on the Establishment of a Federal Office for Nuclear Waste Management of 23 July
2013 (Gesetz iiber die Errichtung eines Bundesamtes fiir kerntechnische Entsorgung vom
23. Juli 2013—BGBI. I S. 2553, 2563).
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has addressed this problem, and declared that it finds itself caught between the
legally required control of the procedure and the necessary cooperation with the
other actors. The fact that in other countries, such as Belgium or Canada, this
responsibility has been defined differently, and other bodies are responsible for
public participation, shows that this is not, nor has to be, a core task of the regula-
tory authority (Di Nucci et al. 2021a).

The Operator BGE

BGE was established in December 2016 by merging three other institutions: the
Federal Company for Radioactive Waste Disposal (DBE) was founded in 1979
as a company in charge of the planning, exploration, construction and opera-
tion of facilities for securing and disposing of radioactive waste. DBE, together
with Asse-GmbH and parts of the BfS, were transferred to the BGE in 2017. It
is important to note that since 2008, two-thirds of the DBE belonged to GNS
(Gesellschaft fiir Nuklear-Service), which in turn belongs to the German NPP-
operators. The DBE had been responsible for the operation and maintenance of
the exploration mine in Gorleben, the construction of the storage facility for low
and intermediate level radioactive waste in the mine Konrad, and decommission-
ing of the former DDR deep storage facility in Morsleben.

The BGE is under the supervision of BASE and is 100% owned by the
BMUV.> GaBner et al. (2018) explain in this context that the technical super-
vision of the BGE under organisational law is the responsibility of the federal
government and not BASE. Thus, the regulatory authority can neither influence
nor control the fulfilment of the BGE's tasks. The BGE acts in accordance with
StandAG (2017, § 3), and is responsible for operational activities (establishment
and operation of DGD facilities), and implementation of the repository site
selection procedure and informing the public about the initiated steps and meas-
ures of the process. In the first phase of the procedure (see Sect. 5.2) the BGE
designated sub-areas in which host rock formations can potentially be found
(Fig. 5.3). In the second phase, potential regions are to be explored by the BGE.
During the final phase, it is responsible for site-related exploration programmes
and assessment criteria.

5Section 9a (§ 3) of the Atomic Energy Act (AtG) stipulates that the Federal Government
“shall entrust the performance [of the securing and disposal of radioactive waste] to a third
party, which shall be organised in a private legal form and of which the Federal Govern-
ment is the sole shareholder”.
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The Oversight Committee NBG

The National Citizens’ Oversight Committee (Nationales Begleitgremium,
NBG) was established in 2016 under the responsibility of the BMUV. It was set
upe upon recommendation by the “Commission for the Disposal of High-Level-
Waste” (EndKo 2016). Its members may neither belong to a legislative body nor
to a federal or provincial government, nor can have any economic interests in the
site selection (Di Nucci et al., 2021b). In addition, lay persons and the younger
generation are represented. Some observers maintain that participation of lay citi-
zens on this board can help restore trust, as laypeople are expected to be driven
less by self-interest and more by concern for the common good (Schreurs and
Suckow 2019).

The NBG advises institutions in the site selection procedure until the siting
decision. Its tasks encompass mediating the process and accompanying the pub-
lic participation process. The focus of the NBG is not only monitoring the pro-
cess; it also sees its task as building and continuously maintaining trust between
the actors involved. However, the NBG is subordinate to the BMUYV and thus not
entirely independent. Until now, the NBG has had little influence, and its rec-
ommendations representing public input so far have only been marginally con-
sidered. Parts of the anti-nuclear-movement have considered the work of the
committee rather critically from the very beginning (Ehmke 2020).

54 The Science & Technology Domain. Dealing
with Expert/lay Knowledge and Society

5.4.1 Science, Technology and Civil Society

In the German case, “safety first” remains the main principle. Attributing prior-
ity to safety aspects over other criteria in all decisions related to the search and
construction of a final repository is imperative. The technical safety aspects point
to the socio-technical complexity of the challenging disposal measures. Factors
to be considered range from political issues related to conditions for retrievability
(in the first 500 years), to different types of host rock or the so far very limited
standardisation of containers.

The scientific community and expert panels have tended to regard such com-
plexity primarily as a technical challenge that can be dealt with through estab-
lished forms of scientific and engineering research and development (R&D). The
rationale is that any risks arising can be reduced to an acceptable degree by taking
adequate measures. In the selection process, social science and techno-scientific
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criteria are alleged to have an important role. Yet, the so-called exclusion criteria
such as earthquakes, fault zones, volcanic activity or influences from current or
past mining activity, and minimum requirements such as thickness of the inclu-
sion-effective rock mass area or the preservation of the barrier effect, are purely
determined by technical and scientific criteria. The social-science based criteria
are only applied at a later stage during the evaluation of the sub-areas.

Complex and wicked problems associated with the long term management of
radioactive waste (Brunnengréiber 2019b) require an integrative analysis and con-
textualised planning. Debates within society and science are nowadays expres-
sions of uncertainties, both at the scientific and normative levels. This makes it
difficult to define a clear long-term strategy. It is not possible to understand all
the dynamics of such complex systems, in which known unknowns and unknown
unknowns are frequently found (Eckhardt and Rippe 2016). To offer solutions or
to possess extensive knowledge is no longer considered an exclusive capability
of scientists. Due to the many unanswered questions about DGD (which reposi-
tory concept, which host rock, which container? etc.), interdisciplinary expert
knowledge and transdisciplinary research is called for as a productive source for
making the best possible decision in balancing risk technologies with societal
interests and concerns.

BASE conducts research to fulfil its duties in the field of the tasks assigned to
it by the StandAG. Research is carried out at two levels: firstly, BASE is involved
in the implementation of the BMUV’s research (BASE 2019), which forms the
scientific advisory basis for political decisions; secondly, BASE has a specific
research budget for nuclear safety. Furthermore, additional research projects
can be supported through third-party funding, e.g. from the European Union.
The research priorities and central goals are defined in the research strategy and
agenda under the BASE research budget (BASE 2019). For this, BASE appoints
external experts and/or participates in third-party funded projects and research
networks. This procedure has been criticised, but BASE’s own R&D is justified
by the need to maintain its own supervisory expertise and by the need for compe-
tent and independent examination of the operator’s proposals and arguments. The
OECD/NEA also points out that scientific and technical expertise is strengthened
when relevant R&D is carried out directly by the regulator (OECD-NEA 2010).

5.4.2 The Role of Experts and Committees

In the field of radioactive waste governance there is a tradition of interdisciplinary
expert committees that have advised various governments. Isidoro Losada et al.
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(2019) examined the work and background of five advisory bodies and tried to
shed some new light by juxtaposing the way these commissions provided expert
advice and enlarged the level of understanding of the socio-technical challenges
connected to nuclear waste. They stated that the design and performance of advi-
sory bodies has started to change, and to show a slow development towards more
openness and plurality to increase robustness in decision-making (Isidoro Losada
etal. 2019).

Amongst the most prominent committees in Germany we find the ad-hoc
working group on the “Selection Procedure for Repository Sites”, known as
AKEnd, which was established in 1999 as an interdisciplinary expert advisory
body and was in charge of analysing scientifically proven criteria for searching
for a repository site. In its final report in December 2002, AkEnd recommended
a number of criteria for site selection and new forms of participatory governance.
AkEnd was the first expert board to point out the importance of socio-political
criteria and of participation for the siting process, and of public involvement in
the decision-making process, traceability and transparency of the information, as
well as the acceptance of the affected population (AkEnd 2002).

In 2014, a new site selection commission for a repository, EndKo, was set up.
It consisted in total of 34 representatives from the political and scientific com-
munities as well as civil society, and its tasks were defined by the StandAG. This
commission represented a milestone, marking a new beginning in the relation
between state and society. Its main task was to work out the basic principles for
decision-making concerning site selection for a DGD. These included the defini-
tion of procedural steps within the selection process, the development of criteria
used for the site selection as well as the design of the process of public partici-
pation (EndKo 2016; BASE 2021). In its constituent meeting in 2014, the Com-
mission stressed its intention to build upon the work of AkEnd, especially with
respect to the aim of a systematic and transparent development of criteria for the
search of a repository as well as public participation.

There appear to be strong similarities between the recommendations of EndKo
and those put forward ten years earlier by AkEnd, especially with regard to the
selection criteria (Isidoro Losada et al. 2019). For both commissions, concepts of
safety and risk played an important role, and both considered natural science and
technical criteria to be key to the identification of a potential repository site. This
is not surprising, as there was also a strong continuity between the two commis-
sions, ensured among other things by a number of experts that served on both
commissions and who, however, brought along a number of old areas of conflicts.
Nonetheless, both AkEnd and EndKo recommended a site selection procedure
with a participatory process that goes beyond basic participation, which was later
agreed upon in the StandAG.
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The selection and participation of the experts in the new commission and
the limited opportunities to influence the outcome have been widely rebuked by
the anti-nuclear movement, and by a large number of environmental organisa-
tions and initiatives (Brunnengridber 2019a, 110 ff). Thus, the enactment of the
StandAG and the work of EndKo showed once again that conflicts have histori-
cal roots, and the legacy of the past affects the work and discussion towards the
search for solutions.

5.5 The Civil Societal Domain and Its Interactions
with the Institutional and Scientific Domains

5.5.1 German Civil Society and the Nuclear Issue

Both the construction of NPPs and the DGD option have been controversial in
Germany. The anti-nuclear movement was formed in the early 1970s, but funda-
mental demonstrations against nuclear power started as early as 1968, in Wiir-
gassen. Further milestones of the movement were the occupation of the Whyl
construction site in 1975, mass demonstrations in Grohnde, Brokdorf and Kalkar
in 1976 and 1977, and the resistance against the planned reprocessing plant in
Wackersdorf between 1981 and 1989 (Radkau 2011; Rucht 2008). The names of
these sites are still iconic for the movement regarding the strong polarisation of
West German society in dealing with nuclear power. The mass protests against
the Castor transports® to Gorleben between 1977 and 2000 denounced the risks
of nuclear energy and of the inadequate disposal programme of the various fed-
eral state governments. Through the establishment of the Green Party in 1980,
anti-nuclear protests became institutionalised in the political party system of West
Germany (Kolb 2007).

Indeed, Gorleben remained a synonym for German nuclear conflicts, and
has been a permanent subject of the discourse on nuclear issues (Blowers 2019;
Blowers and Lowry 1997). More recently, nuclear opponents considered the ini-
tial non-exclusion of the Gorleben site from the current siting process as a signal
for the path continuity of the nuclear policy of conservative parties and govern-
ments. Even after the enactment of the StandAG in 2013, due to the distrust

6“Castors” are special containers for storing and transporting highly radioactive materials,
for example spent fuel elements from NPPs or vitrified waste from reprocessing.
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accumulated under the previous disposal policy there was a strong concern that
the “politically driven” selection of Gorleben could be legitimised through the
new participation procedure (Di Nucci 2019). The citizens’ initiatives of the Gor-
leben region persistently pointed out that—because of the intensive exploration in
the past—the Gorleben salt dome should have been excluded from the new search
(Kamlage et al. 2019; Tiggemann 2019).

Large infrastructure projects call for robust decision-making procedures; this
is especially true in the case of the final disposal of radioactive waste, in particu-
lar because of the extremely long-time horizon involved. Over the years there
have been growing social expectations and a quest for participatory elements.
This is especially linked to the legacy of the past top-down nuclear waste siting
policy, which provoked enormous damage to public confidence vis-a-vis the state
institutions.

The StandAG stipulates that [t]he public participation procedure shall be fur-
ther developed accordingly. For this purpose, the parties involved may make use
of further forms of participation beyond the minimum requirements stipulated by
law. The suitability of the forms of participation shall be reviewed at “appropriate
intervals.” This provides an incentive for a critical reflection on the participatory
process. If the public is not involved, it will be unlikely to “find a solution that
is supported by a broad social consensus and can thus also be tolerated by those
affected” (StandAG, 2017, Sect. 5.5 (1)).

5.5.2 Participation and Consultation in the Site Selection
Process

An important feature of the StandAG is the opening up of the path for the insti-
tutionalisation of public participation in nuclear waste governance (Hocke and
Smeddinck 2017), even though the process leading to the entering into force of
the law was itself not sufficiently participatory. The StandAG provides for trans-
parent and dialogue-oriented public participation in the search for the best pos-
sible site.

In the public participation concept “Information, Dialogue, Public Participa-
tion in the Initial Phase of the Repository Search”, the regulatory authority points
out that “transparent, open and confidence-building participation” is only possi-
ble if in particular the three stakeholders BASE, NBG and BGE (...) and in the
further course of the procedure the regional conferences cooperate on a perma-
nent basis (BfE 2019, p. 4), (BASE 2021). Actors from civil society and NGOs,
such as the German Federation for the Environment and Nature Conservation
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Fig.5.4 Overview of the three phases of the site selection procedure. (Source: BGE
2020, p. 33)

(BUND), mistrusted the new approach and feared a low degree of openness with
regard to their concerns (Schwarz et al. 2021a, b).

Against the background of previous experiences, it was declared that partic-
ipation should not be limited to information and consultation modes (StandAG
2017). Instead, concerned citizens and stakeholders should be empowered to par-
ticipate in a way that goes beyond previous participation patterns. (Themann et al.
2021a) remarked that such an approach requires an institutionalisation of and new
forms of participation, but above all co-determination rights, as well as the provi-
sion of support measures for concerned citizens.

In the original intentions, the site for a DGD for HLW was to be found by
2031. As shown in Fig. 5.4, the site selection procedure in these plans could be
subdivided into three phases. Against the newest postponement of the siting for
the repository, the figure below is no longer realistic, but still provides a good
overview of the phases and steps of the siting process. The operator BGE has
refrained from further concretisation of the steps and timeline beyond 2031. Any
further time estimate would be highly speculative and would only reflect a range
of several possible scenarios.

Phase I: Sub-regions and proposal for siting regions
Phase II: Surface exploration

Phase III: Underground exploration

Final Phase: Site proposal and site decision.
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In the first step of Phase I, the operator BGE carried out assessments on the
basis of the exclusion criteria, minimum requirements and geo-scientific weight-
ing criteria, and subsequently identified the so-called sub-areas, i.e. those areas
with favourable geological conditions for the safe final disposal of HLW. At the
end of this step 1 of Phase I, BGE published the interim report on the sub-areas.
Subsequently, the regulator BASE organised the first standardised procedure for
public participation, the so-called Sub-areas Expert Conference. This consisted
of three conferences and was in part co-organised by major stakeholders, poten-
tially affected municipalities and regional authorities, scientists, representatives of
social organisations and citizens. This first step of Phase I was concluded in 2021.

Due to COVID-19 restrictions, BASE organised the kick-off event of the Sub-
Areas Conference (Fachkonferenz Teilgebiete, FKTG) as an online event on 17
and 18 October, 2020. The FKTG was the regulator’s first formal participatory
event of Phase 1 (see Fig. 5.4) in the site selection procedure, and was intended
to open up space for the participation of a broad public. It started with the first of
three consultation meetings foreseen by the StandAG in February 2021. Expecta-
tions were correspondingly high. The aim of the kick-off event was to present the
“Sub-areas Interim Report” published shortly before by the operator (BGE 2020)
and to give all interested citizens, municipal representatives and civil society
organisations the opportunity to ask questions about the report and the procedure.
There was discussion about how the exclusion and consideration criteria as well
as the minimum requirements were being applied, and about how the site search
was going to move into the future. However, during the presentation of the results
of the interim report on sub-areas, there were hardly any opportunities for critical
questions or specific discussions of the questions formulated by the participants.
Instead the moderator passed on selected and often bundled questions from the
panel to the representatives of the BGE (Themann et al. 2021b).

The second consultation of the FKTG took place in June 2021, and the third in
August 2021. These events concluded the first step in Phase 1. The use of learn-
ing elements, transparency, self-questioning and science-based criteria envisaged
by the StandAG marked significant differences vis-a-vis the hard nuclear state
approaches that previously shaped nuclear policy in Germany. Themann et al.
(2021a, b, c) analysed the various events belonging to step 1 by conducting par-
ticipatory, qualitative and quantitative observations based on the concept of power
over, power to and power with (Partzsch 2017). The authors asked how power
manifests itself while using the concept of the soft nuclear repository state as a
normative orientation. They highlighted in particular heterogeneous public stake-
holders, power asymmetries between state actors and civil society in the process,
and the withdrawal of civil society actors who were not satisfied with the process.
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Because the FKTG was not considered sufficient for the first phase of the
site search, at the end of 2021 the Forum Endlagersuche was launched (Schwarz
et al. 2021b). This, however, was not envisaged in the StandAG. The Forum is
supposed to critically reflect on the work’s progress and to discuss the way the
state institutions develop siting regions for the coming phase of the procedure.
It represents a forum for meeting, information, exchange, opinion-forming and
co-shaping, with the goal to increase willingness to participate while providing
an introduction to the topic of siting. As a preparatory step, members for the advi-
sory and planning group of the Forum Endlagersuche were elected by the partici-
pants at a public event on 13 November, 2021. This group was kept in place until
the first meeting/consultation of the Forum. BASE offered organisational support
for the work of the forum and the advisory and planning group, and provide the
resources necessary for the work.

In step 2 of Phase I, following publication of the interim report on the sub-
regions, representative preliminary safety studies will be prepared for the sub-
regions in question. According to § 27 of the StandAG, in the preliminary safety
investigations the repository system is considered as a whole, and its safety is
assessed in accordance with the state-of-the-art in science and technology. Pre-
liminary safety investigations are key for the decision whether an area will be
considered further in the selection procedure.

At the end of this complex assessment, the operator will propose to the regu-
lator BASE siting regions to be explored above ground. The Bundestag and the
Federal Council will then decide which siting regions are to be explored above
ground. As soon as the siting regions have been designated by the BGE, BASE
will initiate the establishment of so-called regional conferences. The regional
conferences have extensive information and control rights in the further site selec-
tion procedure.

In Phase II, the BGE is expected to explore the siting regions whilst BASE
reviews and approves these exploration programmes. On the basis of the explora-
tion results, the BGE carries out further preliminary safety investigations accord-
ing to the requirements and criteria defined in the StandAG. The BGE will then
prepare socio-economic potential analyses in the siting regions, which will be dis-
cussed by the regional conferences. Subsequently, BASE will assess the propos-
als and determine exploration programmes and assessment criteria. At this point,
the Bundestag and the Bundesrat will decide which sites are to be explored under-
ground, and how. Thereupon, a judicial review is also possible before the Federal
Administrative Court.

In Phase III, the underground exploration starts. The BGE explores the sites
selected and prepares comprehensive preliminary safety assessments on the
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basis of the exploration results and the requirements and criteria defined in the
StandAG. On the basis of the results, which also include a comparative assess-
ment of the sites, BASE performs an environmental impact assessment.

In the final phase, BASE assesses the BGE proposal, considering all concerns
and the results of the participation procedure, to determine the site with the best
possible safety. BASE will then submit the site proposal to the Federal Ministry
for the Environment and Nuclear Safety. The final decision on the site is taken by
the Bundestag and the Bundesrat.”

5.6 Conclusions

The socio-technical complexity of the nuclear waste governance and multilevel
structures indicate that the political regulation of siting a DGD cannot be based
on a singular understanding of the problem. Within the various stakeholder
groups, up to now the definition of the problem, the social perception and atti-
tudes to problem-solving are highly divergent and have been shaped by the legacy
of the past, formal as well as informal rules, and political constraints. In the past,
as well as during the ongoing siting procedure for a DGD, political regulation and
the interests of the state actors, in particular BASE and BGE, were brought to the
fore. However, their preferences and logics of action did not always match the
preferences and expectations of civil society and NGOs, who have been active in
the anti-nuclear movement in Germany for decades.

A lot has been done; governance mechanisms to improve participation have
been set-up and reinforced, whilst state actors endeavour to engage the interested
public more intensively. The siting procedure is required to be self-questioning,
science-based, reversible, transparent, mutually learning and fostering participa-
tion on an equal footing between state and civil society. However, as long as a
number of stakeholders (in particular the environmental NGOs and civil society
groups) continue to perceive the participation procedures as little more than uni-
directional communication, the state institutions run the risk that once again civil
society will distrust the entire process. In fact, the level of participation remained
below expectation due to the withdrawal of NGOs such as the German Federa-
tion for the Environment and Nature Conservation (BUND) in the middle of the
process in 2021, and low public interest in the first Beteiligungskonferenz in May

"For further details of all phases and steps, see the website of the operator BGE, https://
www.bge.de/de/endlagersuche/standortauswahlverfahren/.
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2022. Amongst the 300 participants from various stakeholder groups, only a little
more than a dozen citizens took part in the event (BGE 2022).

Alongside the existing economic and technical problems, the root of the cur-
rent difficult siting process is the way the various governments managed the siting
process in the past. Consequently, politics and policies continue to be constrained
by past development paths and events and stakeholders that have shaped this past.
This continuity and persistence, combined with uncertainty and a long timeline
are part of the difficult socio-technical challenges facing the siting process. In
addition, the present development is characterised by the fact that as of December
2022, half of the area of Germany could still be suitable for siting, and there-
fore there is not yet a directly “affected” population. Yet, in the course of recent
years, there have been changes within the state institutions and among civil soci-
ety actors. Institutions are learning how important it is to take the concerns and
fears of the potentially affected population and interest groups earnestly and give
them a voice. This increases the chances for a debate that is taken seriously by all
parties and can thus potentially lead to “acceptable” results. Moreover, the par-
ticipation of younger generations as new actors in the process might open-up a
new window of opportunity.

The site search process is proceeding along the trajectories of the StandAG,
which defines the tasks for the involved actors and specifies all key criteria
and requirements. Although the ongoing process is experiencing a stall, poten-
tially there is some room for manoeuvre. Whilst the intention of the legislator
was ground-breaking and forward-looking, the StandAG (2017) leaves exten-
sive space for interpretation, and therefore implementation. The fact that the law
leaves many issues open should not be considered as a flaw, but on the contrary
as an opportunity to reflect on the success or failure of the current participation
procedures and to influence the process towards an acceptable solution. It remains
to be seen to what extent and with which formats the participation of interested
people will be enabled.

Hocke and Brunnengriber (2019) have pointed out that more attention should
be paid to the different national, regional and local levels of action. Novel forms
of multi-level governance must be developed and implemented to ensure that the
knowledge and concerns of civil society are actually listened to, taken up and
integrated into state-driven and -steered processes. Initiatives at regional and local
level are now forming and they demand a role and a voice in the process. For
the next steps in the site selection procedure envisaged by the legislator, i.e. the
Regional Conferences and the Council of the Regions (see Fig. 5.4), more far-
reaching participation formats could be developed and coordinated. Further ele-
ments of a bottom-up approach could be integrated into the procedure.
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In spite of the progress made, the DGD issue will remain a thorny matter for at
least a century. We have learnt that a generally acceptable procedure depends on trust
and willingness within civil society to cooperate with the state. Fairness and inclu-
siveness of the process remain important and necessary prerequisites for confidence-
building, and for the acceptability of the siting decisions. Ultimately, even if the state
actors (BASE and BGE) are perceived as independent, competent and credible, new
forms of participation, and dialogue on an equal footing, remain key. The participa-
tion processes initiated in the first of the three phases of the site selection represent
an initial step towards a potential historical course-setting, through which the “hard
nuclear state”” and the social polarisation of past decades can be overcome.

Despite all the criticism of the first phase of the site selection and the need
for improvement, the fulfilment of this possibility is linked to the clarification of
many downstream issues concerning state intervention in the process. At the same
time, it is necessary to master a balancing act in the design of participation cor-
ridors. Whilst participation should be thematically focussed on the final disposal
in order to do justice to complex challenges, it is paramount to open up new are-
nas for a transparent discourse. This challenging task needs to be mastered before
phases II and III of the selection process begin.
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6.1 Introduction

Nuclear waste management shows the Spanish evolution from top-down, uni-
directional strategies applied in the earlier decades since the 1960s, to more
comprehensive, bidirectional and participative approaches for interacting with
society since the end of the 1990s. The internalisation of European Directives
has increasingly required more public transparency and openness to citizen par-
ticipation. This has been reflected in the approach to managing the location of
the repository for high-level nuclear waste (HLW), so far without success due to
the peculiar structure of the nuclear conflict in Spain, which relegates the role of
science and technology to marginal positions in the debate. This process, initiated
in 2004 by national politics but as yet unfinished, illustrates the challenges that
inclusive nuclear waste governance entails in a country with a multi-level govern-
ance system, characterised by a complex and intertwined political decision-mak-
ing process, where the nuclear issue is used instrumentally by political parties
(for electoral purposes), and in a social context with highly sceptical public opin-
ion towards nuclear energy.
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The Spanish institutional context leaves little room for fact-based argumenta-
tion based on experience. In this way, instead of opening up the nuclear issue to
a broad public debate, counter-expertise has tended to be excluded from formal
debates, finding its leading role in social conflicts outside institutional frame-
works. Factors leading to public acceptance of radioactive waste repositories go
beyond the competence and capabilities of Spanish institutions, since none of
them is in a position to prevail in the political game and prevent the partisan use
of the nuclear waste issue, which means that, no matter how much technical data
they can offer, this will never be enough to win the public’s trust. As we will see
in this chapter, without substantial structural changes in the Spanish political and
institutional system, the conflicts surrounding nuclear waste management will
continue for a long time.

6.2 The Spanish Nuclear Program in Context

Despite being a relatively poor country under a dictatorship regime, Spain
belonged in the mid-1950s to the group of pioneering nuclear countries, connect-
ing its first nuclear reactor to the grid by 1968. This happened due to the full sup-
port of the government, the commitment of the private utilities which controlled
the oligopolistic electricity market, and the transfer of technology and funds,
mostly from the United States but also from France and Germany (Rubio-Varas
etal., 2018). The geopolitical position of the Spanish dictatorship (Francoism)
during the first part of the Cold-War period (1947-1962) favoured its integration
into the Western-capitalistic bloc, allowing international recognition of the regime
and access to US commercial funds and technology in exchange for American
military sites in Spain, among other diplomatic commitments.

An ambitious nuclear programme, set up in the 1960s and 1970s, foresaw
the construction of almost 40 nuclear reactors. By the mid-1970s, the govern-
ment pre-authorised the installation of over 15,000 MWe. Yet, a combination
of economic, political and social factors led to the contraction of the Spanish
nuclear program to only 10 reactors connected to the grid by 1988, with just over
7,500 Mwe; at that time around 35% of national electricity consumption. The 7
reactors still in operation in 2022 provide about 20% of Spanish electricity.

The early nuclear projects faced barely any opposition. Yet competing uses
of territory and resources (tourism along the coast, and agricultural water needs
inland) brought critical voices and administrative complaints through the late
1960s and 1970s (Lemkow, 1984; Rubio-Varas et al., 2018). The dictatorship
regime forbade civil activism, but informal and unstructured social antinuclear
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groups arose from the mid-1970s, led by a handful of people, mainly to defend
local livelihoods such as tourism and agriculture (Costa Morata, 2001).

The oil crises in the 1970s contracted the economy and the expected electric-
ity demand, increasing the financial burden of nuclear projects and making them
unsustainable for the private utilities. So, beyond the social critical voices at the
local and regional level, the national and international economic and political
cycle played a crucial role in slowing and eventually paralysing the expansion of
the Spanish nuclear program. The economic crisis was paired with the uncertain-
ties of the transition to democracy (1977-1982), and the nuclear program was
drastically reduced in 1979 by the first elected parliament in 40 years.

In this context, democratic Spain emerged as one of the societies most
opposed to nuclear power in Europe, with a latent public opposition acknowl-
edged by all actors (Espluga etal., 2017; Rubio-Varas et al., 2018). Nuclear
development was targeted for a long time as a dictatorship project, so the popular
struggle against nuclear energy (expanding throughout the Western world since
the Three Mile Island incident in the US in 1979) was equated with the strug-
gle against Francoism. All the left-wing opposition political parties relied on the
antinuclear flag (despite the fact that some of them had been earlier supporters
of nuclear energy). This sociopolitical dynamic influenced the public image of
nuclear energy in Spain for decades, and is still shaping some of the contempo-
rary responses to radioactive waste management.

In 1984, the Spanish government, then ruled by the socialist party (PSOE),
approved a moratorium for the nuclear programme, for which the private utili-
ties obtained large compensation. After the abandonment of the programme, the
nuclear industry opted to keep a low public profile, focusing its efforts on taking
advantage of the accumulated technical expertise and human capital, becoming a
strong international player in engineering services and components. The morato-
rium generated some local and national debate during the 1980s, yet waste man-
agement and the reactor lifetime extensions remained the only truly contentious
issues in recent times.

Much of these debates have been related to the search for a location for a cen-
tralised repository (Almacén Temporal Centralizado; ATC), an unfinished process
that has been greatly influenced by deep-rooted institutional mistrust, in a coun-
try with a complex multi-level governance system that favours permanent ten-
sions between central and regional governments, whose political parties tend to
leverage comparative grievances in the distribution of risks and benefits between
regions or territories, often for instrumental purposes.

Although it has been possible to establish a permanent site for low- and
medium-level nuclear waste (LILW), it has not been possible so far to do the
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Fig. 6.1 Spanish nuclear power plants and waste repositories sites. (Source: authors)

same for HLW. An ambitious plan to build a centralised temporary warehouse,
which could house all this type of waste, started almost two decades ago, and
has been the subject of numerous vicissitudes and social and political conflicts, so
that it remains a pending and difficult issue to solve (Fig. 6.1).

6.3  Evolution of Radioactive Waste Management
in Spain

The generation of radioactive waste in Spain began in the 1950s as a result of
early research into the use of radioactive isotopes in medicine, industry and agri-
culture, as well as in particular research centres. Since 1968, nuclear power plants
(NPPs) have become the main source of radioactive waste production, due both to
normal operation and the dismantling of some NPPs. Spain currently has 7 reac-
tors in operation, in 5 locations. In addition, there are 3 shut down reactors, which
are in different administrative situations (figure 6.1). The Vandell6s I NPP, which
ceased operation in October 1989 after a serious incident, is currently in a dor-
mant phase after partial decommissioning, pending total decommissioning. The
José Cabrera NPP (a.k.a. Zorita) ended operation in April 2006, and is currently
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in the total decommissioning phase. The Santa Maria de Garofia NPP, which has
been shut down since December 2012, ceased operation in August 2017, pending
decommissioning.

Other radioactive waste-generating facilities in Spain include a fuel assem-
bly factory, research centres, universities, hospitals, industries, etc. The uranium
oxide fuel assembly factory for light-water reactors (LWRs)—Ilike pressurised
water reactors (PWRs), their Russian counterpart Vodo-Vodjanoi Energetitsjeski
Reactor (VVERSs), and boiling water reactors (BWRs)—located in Juzbado, Sala-
manca province, started operation in 1985, with an annual production capacity of
about 500 tons of enriched uranium (by 5%) (MITERD, 2020, p. 19). In addition,
the public National Radioactive Waste Company, (Empresa Nacional de Resid-
uos Radioactivos; ENRESA), has signed collection contracts with 934 Spanish
companies and facilities, and also manages waste from conventional companies,
mainly from the steel industry and metal recovery (MITERD, 2020, p. 19).

It is also necessary to manage spent nuclear fuel (SNF) produced by all Span-
ish NPPs, both those in operation and those in shutdown, with the exception of
the SNF produced at the Vandellés I NPP, which was sent to La Hague (France)
to be reprocessed and should have been returned to Spain years ago.

In Spain, LILW has had a consolidated and efficient management system for
years. But that is not the case with regard to HLW, the management of which is
still a pending issue, and likely to be troublesome in the future, as is also the case
in most countries with nuclear installations (Di Nucci et al. 2018).

6.3.1 Low-and Intermediate-Level Radioactive Waste:
Learning on the Job

The management of LILW in Spain is based on an integral and consolidated
system with a centralised permanent repository in El Cabril, a former uranium
mine located in the municipality of Hornachuelos, in the Province of Cérdoba.
El Cabril dates back to 1935 when uranium ore was discovered, intensively
exploited from the 1940s until its closure in 1959, and had informally operated as
a repository since the 1960s. From 1961, the Nuclear Energy Board (JEN) started
to use the former uranium mine for storing low-level radioactive waste (LLW).
Storage was first regulated by the Nuclear Energy Law of 1964. In October 1975,
El Cabril was formally licensed as a deposit for radioactive waste, with more than
3000 drums already stored (Rubio-Varas et al., 2018), and it was at this time,
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when the existence of the deposit became public, that the first social protests took
place.

In the 1990s, the waste stored at El Cabril was moved from the mine into new
buildings, becoming a near-surface disposal facility with engineering barriers,
taking the French Centre de L’ Aube as reference. Designed by INITEC Nuclear
(Westinghouse Electric Spain), preparatory work started in 1986, construction
in January 1990, and authorisation for start-up was granted in October 1992.
ENRESA, the public company in charge of radioactive waste management, has
operated El Cabril since then, when it began to receive LILW. El Cabril is con-
sidered by the United States Nuclear Regulatory Commission (NRC) as a good
model for other countries (ENRESA, 2017).

As of 2018, it is calculated that more than three quarters of the low-, very
low- and medium-level waste generated in Spain are permanently deposited in El
Cabril (69% of the 22,457 m? of radioactive waste of very low activity, and 83%
of the 40,300 m? of LILW) (MITERD, 2020, pp. 20-21).

Six decades of operation of the El Cabril repository has entailed different
phases and types of management, from initial secrecy, through timid attempts at
transparency in the 1990s, to the recent implementation of deliberative actions
with local society. In this sense, the management of LILW has been an interest-
ing learning field for all the involved institutions (also for civil society and social
movements). The sparse available evidence on public perception indicates that,
at first, in a context of lack of information and, consequently, distrust towards
ENRESA, the facility was perceived as being imposed on local residents. The
media echoed this distrust, emphasising the fear of the unknown. The Anti Cabril
movement, supported by environmentalists, politicians and trades unions, argued
that the facility has hindered the development of the region. This opposition
included anti-ENRESA demonstrations outside the main entrance of EI Cabril
(years 1987-1989).

During the licensing process of El Cabril in the late 1980s and early 1990s,
the legislation in force requested an environmental impact assessment to evaluate
the suitability of the site. That assessment was carried out in the context of the
construction authorisation of an existing facility which was expanded. A number
of local institutions were involved in this communication process, although the
Town Council played the main role. One of the first actions was the opening of an
information bureau to explain the details of the disposal facility, and its socioeco-
nomic impacts (such as job-related opportunities, and requirements for workers
and contractors). In this way, ENRESA, in collaboration with the local authori-
ties, provided training to the local population and gave priority to local companies
in any service contract (Molina, 1996).
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From 1989, ENRESA commissioned several studies to track public percep-
tions of the facility and its economic and social impacts in the area (in 2009, 2010
and 2014). In addition, the Chair on Sustainability created at Cordoba University
in 1996, has been active in promoting deliberative workshops in the area of influ-
ence of El Cabril (Local Encounters for Sustainable Development; ELDS). Thus,
stakeholders who believed they could contribute to the sustainable development
of their villages were invited to present opinions and proposals and discuss them
with local institutions, including ENRESA.

In terms of economic compensation, measures to provide financial allocations
to the municipalities have been in force since 1988. Such financial allocations
were taken from the Fund to perform the activities of the General Radioac-
tive Waste Plan (Plan General de Residuos Radioactivos; PGRR), managed by
ENRESA. Besides Hornachuelos (the municipality hosting El Cabril), the Span-
ish legislation provides financial allocations to villages located up to 8 km from
the facility. Studies on the economic impact of El Cabril indicate a positive effect.
This indicator is manifested in the index of job creation and the impact on the
remuneration of the work of residents in the local municipalities, as well as the
direct allocations linked to the operating company ENRESA (Rubio-Varas et al.,
2018).

Key findings from the local participatory workshops show that the origi-
nal local rejection was mainly based on the perceived negative socio-economic
impact in nearby villages, which felt they were not sufficiently compensated.
Notably, dissatisfaction was not limited to El Cabril, with other local matters
also perceived to be restricting the sustainable development of the area (public
policies on natural environment or rural development). The environmental media-
tion led by the local university allowed the integration of ENRESA’s representa-
tives in local debates for the first time. This change in the institutional image of
ENRESA fostered the creation of the ‘Group for active social dialogue towards
local sustainable development’. Tensions were reduced, and smooth interactions
were promoted between ENRESA and local residents. Finally, following sugges-
tions by the ELDS-mediators, any change in El Cabril activities that may pro-
voke social destabilisation or damage the fruitful relationship between ENRESA
and the local communities would require special communication and engagement
actions at the local level. In fact, although with a low profile, new and limited
social opposition appeared when the economic funds transferred to the munici-
palities in the area were reduced from 2014 onwards.

Recent debates on lengthening the operating time for Spanish NPPs has put
local social movements on the defensive, as they fear the repository will receive
more waste than planned. This fear is coupled with concern that the Spanish gov-
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ernment is unable to find a place to store HLW, and that HLW will also be depos-
ited in El Cabril in the long term. This, together with the reduction of economic
funds for nearby municipalities, has reactivated local opposition to El Cabril in
recent times (since 2014), although the social climate is still calm and the facility
can operate normally (Table 6.1).

Table 6.1 Decision-making process around low- and intermediate-level radioactive waste
management in Spain

Time Event

1951 Establishment of the Spanish Nuclear Energy Board (Junta de Energia
Nuclear, JEN)

1961 The Nuclear Energy Board (JEN) started to use the former uranium mine in
El Cabril (Cérdoba) for storing low-level radioactive waste. No regulation
at that time

1964 Nuclear Energy Law, first attempt to regulate nuclear waste storage

1975 El Cabril was formally licensed as a deposit for radioactive waste (ending
the period of illegality). Start of early social protest

1978 New democratic system in Spain led to the adoption of international stand-
ards on nuclear management. Increasing social protests against El Cabril

1980 Establishment of National Safety Council (CSN), independent regulatory
body

1984 (scientific body) and the Sociedad Estatal de Participaciones Industriales
(SEPI) (a conglomerate of public companies that depend on the govern-
ment)

1986 Establishment of the Center for Energy, Environment and Technical
Research (CIEMAT), the scientific body
ENRESA takes over the El Cabril facilities

1988 Start of economic compensation for the surrounding municipalities

1992 Start of operation of the new near surface disposal site (inspired by the
French Centre of I’ Aube)

Start of a new phase of social protest mobilisations (lasting several years)

1996 Setting of El Cabril Information Center

2004-2012 | Deliberative workshops with local society (led by the ENRESA Chair of
the University of Cérdoba)

2008 Facilities expanded with complementary modules

2016 Facilities expanded again with more complementary modules
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6.3.2 High-Level Radioactive Waste: The Great
Unfinished Business

The situation for HLW is quite different. After decades without planning or tak-
ing any action, the 6th Spanish Plan for the Management of Radioactive Waste
(released in 2006) considered the centralised temporary waste store (ATC) as a
suitable transitional strategy for the management of HLW and SNF (MITC,
2006). It was argued that the ATC option was economically, strategically and
technically better than the Individualised Temporary Stores at the NPPs, as it
provides more time to adopt ‘final solutions’ and reduces the number of nuclear
installations.

The decision to build the ATC seems to be initially related to the Spanish Gov-
ernment’s obligation to prepare the return of radioactive waste reprocessed in
France (with a contract expired in 2011) (Costa Morata & Baios, 2010), origi-
nated by the dismantling of the Vandellés I NPP (13 m? of vitrified HLW). Thus,
the Spanish Parliament approved in December 2004 a resolution urging the gov-
ernment to solve this pressing problem by installing an ATC. It was assumed that
the ATC would provide the system with a framework of sufficient reliability and
flexibility during the time necessary for the development of the definitive man-
agement program (MITERD, 2020, pp. 23-24). To this end, the government cre-
ated an Inter-ministerial Commission (IC) and a Dialogue Table to determine the
most suitable location; a complex process illustrative of the sociopolitical con-
ditioning factors of nuclear management in Spain, which is analysed (Sect. 6.3)
from a governance-ecosystem perspective (Kool et al., 2017).

Meanwhile, SNF has been temporarily deposited in the storage pools of
NPPs and in individual dry warehouses (Temporary Individual Warehouses; ATI)
located in the NPPs. Despite the absence of a more definitive location, the gov-
ernment always warned that these ATIs were only complementary to ATC, not
substitutes. However, in November 2022, the Spanish Ministry of Ecological
Transition published a amended version of the 7th General Plan for Radioactive
Waste draft. In this new version, the centralized temporary warehouse (ATC) pro-
ject seems to be definitively rejected, and replaced by seven decentralized tem-
porary repositories (ATD), one for each nuclear plants site. These decentralized
temporary warehouses will include, in an expanded form, the current individual
temporary warehouses (ATI) of the respective nuclear plants. The 7th General
Plan for Radioactive Waste is (Februrary 2023) still pending approval by the
Spanish Parliament, so it is not definitive yet, although it seems reasonable to
think that it will remain as it is now.
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On December 31, 2018, the total volume of nuclear fuel elements in the NPP
pools or the ATIs was approximately 7300 m?>. Forecasts indicate that the 7 reac-
tors in operation will produce an additional 3100 m? of HLW. Altogether, it is
expected that those with high activity will account for 4% of the total volume of
radioactive waste in Spain (MITERD, 2020, p. 29).

6.4 The Actors

Following the scheme proposed by Kool et al. (2017, p. 95), in this section we
describe the main actors corresponding to the four social domains of the gov-
ernance-ecosystem: politics & administration, laws and regulations, science &
technology, and civil society. Later, we address the complex interactions between
these actors and domains around the ATC development, which have led to the
current situation of political stalemate.

6.4.1 Politics and Administration

The political and administrative actors involved in the management of radioac-
tive waste in Spain have evolved over time. In a first phase, during the Francoist
dictatorship, everything related to nuclear energy was managed by a single insti-
tution of a military nature, the Spanish Nuclear Energy Board (Junta de Energia
Nuclear, JEN), formally created in 1951. With the transition to a democratic
regime, with the Spanish Constitution of 1978 and after the dissolution of the
JEN, several key institutions were created to adapt the sector to international
standards, which are those in force today.

In 1980, the Nuclear Safety Council (Consejo de Seguridad Nuclear; CSN)
was set up as the regulator of the Spanish nuclear sector. It is a public body, inde-
pendent from the General State Administration, with legal personality and its own
assets, and is not accountable to the government, but to the Spanish Parliament.
The mission of the CSN is to protect workers, the population and the environment
from the harmful effects of ionising radiation, ensuring that nuclear and radio-
active facilities are operated safely by licensees, and establishing prevention and
correction measures against radiological emergencies. It has the power to propose
regulations on nuclear safety and radiological protection to the government, and
to adapt the national legislation to international requirements. The CSN can also
dictate mandatory regulations, which may determine the immediate cessation of
the activity of nuclear facilities. The Plenary board of the CSN is made up of a



6 The Melancholic Lock: High-Level Radioactive ... 151

president and four councillors, normally well-known experts, who are elected for
six years after consultation with the Industry Commission of the Spanish Parlia-
ment. This institutional design favours substantial changes in its composition,
depending on the ruling parties at each legislative stage.

At present, the Ministry for the Ecological Transition and the Demographic
Challenge (MITERD, formerly the Ministry of Industry) is in charge of the radi-
oactive waste management policy of the Spanish Government, with particular
prominence by the Secretary of State for Energy, and the Secretary of State for
the Environment.

The other two basic institutions in the field of radioactive waste management
are ENRESA, established in 1984, and the Center for Energy, Environmental and
Technological Research (CIEMAT), created in 1986 as a public body dedicated
to R&D on energy and its environmental impacts. These institutions, due to their
design, function in a coordinated manner, the first being a management body and
the second a research body.

ENRESA was established to provide services and special facilities for storage,
transportation, disposal and handling of radioactive waste. It was set up as a state-
owned limited liability company, independent of waste producers, and is super-
vised by the government. It also deals with decommissioning disused nuclear
and radioactive facilities and the environmental restoration of uranium mines.
ENRESA’s shareholders are CIEMAT and the Sociedad Estatal de Participaciones
Industriales (SEPI) (a conglomerate of public companies that depend on the gov-
ernment). ENRESA is obliged to periodically inform the Spanish Parliament on
its activities and projects, to express its legislative needs, and to report on techno-
logical innovations that arise in its field of action. ENRESA is funded by the con-
tribution of companies that generate radioactive waste and, ultimately, by citizens
through the electricity bill.

6.4.2 Science and Technology

The main scientific institution in Spain producing knowledge about radioactive
waste management is CIEMAT, although ENRESA has a wide scientific compe-
tence and devotes important resources to R&D activities too. It is important to
keep in mind that the activities of these two entities are strongly interrelated.

Both CIEMAT and ENRESA, in collaboration with various research groups
(mainly from the Polytechnic Universities of Madrid, Barcelona, Valencia, among
others), have developed an important scientific-technical program around nuclear
energy, including waste. For example, since 1987 numerous studies have been
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carried out on the geology of Spanish territory and its different types of litholo-
gies (in particular granite, clay and salt), to propose designs for deep geological
storages, and evaluate the behaviour of the land in the very long-term (MITERD,
2020), which has allowed the establishment of potential territorial areas to host a
future deep geological repository.

These scientific groups have also participated in the dismantling of uranium
ore treatment facilities (such as the old uranium factory in Anddjar/Jaén, or La
Haba/Badajoz and Saelices el Chico/Salamanca), as well as the restoration of
mining operations, the deferred partial dismantling of the Vandell6s I nuclear
NPP, the closure of two research reactors (Argos, in Barcelona, and Arbi, in Bil-
bao), or the dismantling of research facilities of CIEMAT itself (PIMIC plan).
Since 2010, they have been involved in the dismantling of the José Cabrera NPP.

Two research areas in CIEMAT explicitly address the issue of nuclear waste.
The Scientific Area of Ionising Radiations carries out Research and Development
plus Innovation (R&D +1) programmes and technical services related to radiolog-
ical protection of the public and the environment. Their expertise is on method-
ologies for the recovery and rehabilitation of contaminated land, and on processes
that affect the migration/retention of radionuclides in the natural environment or
in radioactive waste storage barriers. The CIEMAT Nuclear Fission Area provides
scientific and technical support to the management of radioactive waste, through
activities such as its radiological and physicochemical characterisation, or the
analysis and evaluation of the stability and separation of high-activity waste from
nuclear irradiated materials.

As far as radiological characterisation is concerned, non-destructive meth-
ods for determining the activity in medium-to-low activity waste containers are
being developed and applied at CIEMAT itself (as support to other divisions and
decommissioning), at ENRESA-EI Cabril Storage Centre, and at Spanish NPPs.
Destructive characterisation methods have also been developed, and sample and
chemical separation procedures are being applied to over 20 low and/or medium-
energy alpha, pure beta and gamma radionuclide emitters, in addition to spectro-
metric procedures for high-energy.

In the field of HLW, CIEMAT carries out research on the stability of high-
activity waste (irradiated nuclear fuels) under storage conditions (temporary or
final), and studies radionuclide separation. Thus, CIEMAT provides scientific
and technological support to the main Spanish nuclear entities, mainly NPPs and
ENRESA.

ENRESA also dedicates part of its activities to scientific-technical research.
ENRESA'’s 8th Research and Development Plan (2019-2023) is divided into four
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technical work areas and a fifth horizontal one: 1) activities related to the physical
and chemical properties of the components of radioactive waste, as well as their
temporal evolution and the influence of their irradiation history; ii) actions related
to the conditioning of radioactive waste before its deposit, to reduce its volume
and radiotoxicity, or those other actions applicable to the dismantling of nuclear
or radioactive facilities; iii) materials and containment systems, with the aim of
acquiring and expanding knowledge and technologies related to the materials
used in storage facilities as barriers between the waste and the biosphere, such
as cement, clays, metals, etc., considered both individually and collectively; and
iv) radiation protection and safety studies, such as improvement of the numer-
ical models used in evaluations of the safety of storage facilities in the short-,
medium- and long-term. Additionally, ENRESA has developed activities of sup-
port, coordination and knowledge management, in order to integrate existing
research results and transfer them to potential recipients (scientific-technological
dissemination).

ENRESA currently has the Mestral Technological Center, dealing with the
dismantling and decommissioning project for the Vandell6s I NPP in Tarragona,
whose lines of research are related to the exchange of experiences in the disman-
tling of nuclear facilities. In the future, ENRESA plans to start up another Tech-
nology Center associated with the hypothetical ATC, with the aim of developing
the R&D projects necessary for the correct management of SNF. This is one of
the main assets argued to convince potential host municipalities that the ATC will
mean the creation of quality jobs in the area.

Given the “long periods of management, development, operation and surveil-
lance” (MITERD, 2020, p. 85) inherent to the management of radioactive waste,
ENRESA expresses serious concern about the management of the knowledge
generated through the different R&D programs. A design of institutional mech-
anisms to ensure knowledge transfer to new generations of technicians (from
ENRESA itself) has already been suggested.

In addition, both ENRESA and CIEMAT participate in initiatives and projects
of international organisations such as NEA/OECD and IAEA, and other national
and European R&D forums related to the generation of knowledge on radioactive
waste management. In addition, both institutions actively participate in the Span-
ish R&D platforms CEIDEN (Fission Nuclear Energy Technology Platform),
PEPRI (National R&D Platform in Radiological Protection), and in the European
IGD-TP (European Platform for geological storage), SNE-TP (European Platform
for Sustainable Fission Energy), as well as other European R&D platforms in
radiation protection.



154 J. Espluga-Trenc and A. Prades

6.4.3 Laws and Regulations

The legislative domain plays an important role in the long-term governance of
nuclear waste management. Directives of the Council of the European Union
(Council Directive 2011/70/Euratom of 19 July 2011 establishing a Community
framework for the responsible and safe management of spent fuel and radioac-
tive waste; and Council Directive 2009/71/Euratom of 25 June 2009 establishing
a Community framework for the nuclear safety of nuclear installations) impose a
series of obligations for the establishment of a national nuclear safety framework
applied to nuclear installations.

In Spain, the Law 25/1964, of April 29, on nuclear energy (LEN), contains
the requirements and basic principles for the management of radioactive waste,
providing that the management of radioactive waste and SNF, and the disman-
tling and closure of nuclear facilities, constitute an essential public service that
is reserved to the ownership of the State, as stated in the Spanish Constitution of
1978 (Article 128.2). ENRESA is entrusted with the management of such public
service, its activities and financing system, as set out in Royal Decree 102/2014,
of February 21, for the responsible and safe management of spent fuel and radio-
active waste. The financing system of this public service consists of a system of
four rates, due to the producers of radioactive waste. Law 24/2005 of November
18, of reforms to boost productivity, regulates the fees for the provision of its ser-
vices, the collection of which will be used to provide the Fund for the financing
of the activities of the General Radioactive Waste Plan (PGRR).

The government is responsible for approving the regulatory developments
of the laws approved by Parliament, and MITERD is currently the ministerial
department in charge of processing regulatory proposals in the field of nuclear
energy. When the proposals refer to matters that may affect nuclear safety or
radiological protection, the initiative corresponds to the CSN, which transmits the
proposals to MITERD for processing.

The PGRR collects the strategies and activities to be carried out in Spain in
relation to radioactive waste, the dismantling of facilities and its economic-finan-
cial study. It is approved by the government and is periodically reviewed and
updated. Since ENRESA was created in 1984, there have been six PGRRs, which
have set the lines of action and objectives for a comprehensive waste management
system that the company has been developing and implementing. The 6th PGRR,
currently in force and approved in 2006, was the first to undergo a public infor-
mation and consultation process with the Autonomous Communities (regional
governments). This illustrates the changes in the radioactive waste management
practices in Spain over time. This PGRR established the need for an ATC for the
management of SNF and HLW generated in Spain.
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In more detail, the 6th PGRR (MITC, 2006) contemplates the following strate-
gies:

e Maintaining LILW management, in particular to the definitive storage in El
Cabril.

e Maintaining the unified temporary management strategy for spent fuel, HLW
and special waste in a single facility, the most important milestone being the
start-up of the ATC.

e Providing additional radioactive waste storage capacity in those NPPs requir-
ing it (either in operation or decommissioning), while the ATC is not built.

e Developing technological and social acceptance capabilities to guide and
implement the future definitive storage solution for high-activity radioactive
waste and SNF in a Deep Geological Warehouse (AGP, by Almacenamiento
Geoldgico Profundo, in Spanish).

e Maintenance of the dismantling and closure strategy of nuclear facilities until
the release of their sites in the shortest possible time, in accordance with the
criteria of minimising doses and protecting human health and the environment.

The recent draft of the 7th Radioactive Waste Management Plan (still preliminary
and pending approval) establishes that most of these strategic approaches will
continue to be valid in the future and, consequently, will remain as the foundation
of the new PGRR, varying its timeframe (MITERD, 2020). However, in Novem-
ber 2022, the MITERD aproved a new updated version of the 7th PGRR draft,
with the great novelty that the centralized temporary storage (ATC) is left aside,
and instead it is proposed to create seven decentralized temporary repositories,
one at each nuclear site. It is a temporary strategy with the purpose of finding a
deep geological storage for the year 2073.

6.4.4 Civil Society

Spanish public opinion tends to be largely anti-nuclear. The scant longitudinal evi-
dence at the country level (based on data from Eurobarometer and the Spanish Soci-
ological Research Center, ranging from the early 1990s to the present) shows that
the majority of Spaniards (around 2/3) tend to be against nuclear energy (Espluga
etal., 2017). Data from the last Eurobarometer on public attitudes towards nuclear
(Eurobarometer, 2010) shows 73% of Spaniards consider that NPPs represent a risk
rather than a benefit. Spain shows the highest percentage, together with Greece and
France, which all score above the 52% average for Europe.
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After the turbulent decades of the 1970s and 1980s, with numerous anti-
nuclear mobilisations during the transition to democracy, from the 1990s the
social pressure decreased considerably. In recent years, the most intense popular
mobilisations in this field have been directed against the ATC site. The announce-
ment of the participatory procedure for the location of the ATC in 2006 (see
below) triggered numerous local social movements, either for or against, depend-
ing on the interests they claimed to defend. At the same time, the main environ-
mental organisations, such as Greenpeace, Ecologistas en Accién, or Amigos de
la Tierra (local branch of Friends of the Earth), actively re-engaged in the social
conflicts related to nuclear energy, which originally gave them prominence in the
1980s and allowed their expansion and consolidation as large and influential envi-
ronmental social movements. These processes will be further developed in the
following sections.

Another key actor representing civil society is the Association of Munici-
palities Affected by Nuclear Power Plants (AMAC). Formed in 1990, it brings
together a series of municipalities geographically close to the Spanish NPPs, to
demand greater safety measures and guarantees of future economic diversifica-
tion. Although AMAC has become a key actor in the Spanish nuclear sector, some
authors consider it is not a classic environmental social movement, as it tends to
instrumentalise a process based on “(1) arguing fear and unsafety, (2) asking for
money and investments and, after obtaining it, (3) prolong this spiral strategy,
exploiting the circumstances to the maximum and always bartering, ultimately,
material compensation in exchange for their conformity with regard to nuclear
safety. In short, it thus becomes an invaluable aid to the nuclear sector; compa-
nies, Government and, singularly, ENRESA” (Costa Morata & Bafios, 2010, pp.
153-154). However, AMAC claims that a large part of its activity focuses on gen-
erating alternative economic paths, and that it has established fruitful and sustain-
able economic development programmes in all nuclear areas. AMAC provides
consultancy and coordination services to facilitate access opportunities that may
arise, for example, in the current context of the energy transition. AMAC has
been a pioneer of exchanges between nuclear municipalities in different European
countries, and as such was a leading promoter of a network of European nuclear
municipalities known as GMF (Group of European Municipalities with Nuclear
Facilities). In any case, AMAC has become a powerful actor without whom it is
very difficult to legitimise decisions on nuclear issues, especially in relation to the
management of radioactive waste.
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6.5 High-Level Nuclear Waste Management: The
Vicissitudes of the ATC

The 2006 6th PGRR, drawn up by ENRESA, gave priority to the ATC. Notably,
a major requirement was that the decision-making process should comply with
the principles of voluntarism, transparency and openness; something really new
in the nuclear management approach in Spain. This is a substantial milestone,
when issues like transparency, trust, and reliable information and communica-
tion—including new forms of engagement and participation—became essential
elements for the new institutions in their communication strategies and missions
for interacting with society. Lessons learnt at El Cabril repository could probably
contribute to inspire this new approach.

In this context, a relevant antecedent was the creation of the Dialogue Board
for the evolution of nuclear energy in Spain (“Mesa sobre energia nuclear”) in
2005. The Dialogue Board was chaired by the General Secretary of Energy and
included representatives from all political parties in Congress and Senate, public
bodies in charge of nuclear, environmental and industrial matters, trade unions,
municipalities, consumers and environmental groups. The Dialogue Board con-
cluded that the ATC was a need for the country, with only the environmental
groups disagreeing. It should be noted that as long as there are NPPs in opera-
tion in the country, the Spanish environmental groups refuse to participate in
any negotiation on waste management policy. Their precondition is first to have
agreed to the closure of the Spanish nuclear program (Costa Morata & Baios,
2010).

Another milestone was the launch of the Community Waste Management
(COWAM) Spain initiative (2004-2006) with the involvement of AMAC, the
CSN and ENRESA. Based on the COWAM experiences at the EU (and its meth-
odology to search suitable candidate sites), AMAC announced its commitment
to support the government in the ATC siting process, and organised a number of
information meetings, seminars and debates in the nuclear areas (Vila d’Abadal,
2006).

Taking into account these institutional, political and social contexts, we now
look at the evolution of the process, where the interactions between the four
social domains of the governance-ecosystem (Kool et al., 2017) become highly
visible.
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6.5.1 Phase 1: The Preparation

The need for an ATC was fully debated in, and supported by parliament on at
least three occasions between 2004 and 2006. Thus, in April 2006, an Inter-min-
isterial Commission (IC) for the ATC was set up by the government to look at the
transparency and openness of the decision-making process around the siting of
the ATC (RD 775/2006). With the support of a Technical Advisory Committee,
the IC defined the basic criteria for the ATC and facilitated all the necessary infor-
mation to municipalities and entities potentially interested in hosting the ATC.
This preparation phase took place with a ruling socialist government (PSOE).

In December 2009, a public call was launched which gave any interested
municipality a month to apply as candidate to host the ATC. The call defined
the basis and the procedure of the decision process, specifying that the Span-
ish Government would designate the ATC site once the process ended. The IC
deployed a series of informative and support actions to help potentially interested
municipalities. All documents produced by the IC during the selection process
were uploaded to the web (www.emplazamientoatc.es). In February 2010, the IC
reported on the selection process and presented the final list of selected candidate
sites. It should be noted that most candidate municipalities were rural, isolated,
underdeveloped areas, and/or already nuclear areas.

A month later, a Public Information and Participation (PIP) procedure was
opened so that any interested party could present arguments and request clarifica-
tions on the decision-making process. In addition, individual notifications on the
PIP procedure were sent to municipalities, councils, Autonomous Communities
(regional governments), the Spanish Federation of Municipalities and Provinces,
associations and organisations.

Finally, and taking into account the considerations (if any) by the Autonomous
Communities, in September 2010, the IC published a report with the proposed
candidate sites. A total of 8 municipalities from 5 Autonomous Communities
were finally accepted. The accepted sites were then evaluated against the pre-
defined quantitative and qualitative criteria that had been favourably valued by
the CSN. The IC concluded that although all sites were technically viable, Zarra,
Ascd, Yebra and Villar de Canas (in this order) were the most suitable, with little
technical differences among them.

6.5.2 Phase 2: The Decision

Although the most feasible candidates seemed to be Yebra and Ascé (Ansede,
2010) due to their geographical position, communications, proximity to existing
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nuclear facilities, and a population accustomed to living with them, both cases
ran into political opposition that made their candidacy difficult. The Catalan vil-
lage of Ascd, which was probably the main candidate because it had 2 reactors in
operation and a railway line, collided with the refusal of the autonomous Catalan
government, then in the hands of the socialist party (PSC, the Catalan branch of
PSOE), with a President (José Montilla) who a few years before had been the
Minister of Industry who launched the ATC project (which gives an idea of the
interference of the political system in the matter).

On December 30th 2011, the Spanish Government (ruled by PP, the right-wing
Popular Party since December 20th) designated Villar de Caiias, a very small
rural municipality in the province of Cuenca, far from nuclear facilities and with-
out rail communication, as the site to host the ATC. It should be noted that the
regional government (of Castilla-La Mancha Autonomous Community) was also
in the hands of the Popular Party (PP), since May 2011.

ENRESA started the licensing process by sending the corresponding formal
request to the Ministry of Industry, Energy and Tourism (currently MITERD).
The process took over 4 years. In July 2015, the CSN issued the favourable sit-
ing license report and established the limits and conditions to be met in terms of
nuclear safety and radiological protection. By law, all the information related to
the nuclear-related ATC licensing process was made available at the CSN website
(www.csn.es/almacen-temporal-centralizado).

The Plenary Session of Villar de Caifias City Council unanimously agreed to
present its candidacy to host the ATC. The first and main argument was the need
to stop the increasing depopulation in the area. But as in other candidate sites,
platforms and movements emerged at the local level to both support and reject
the ATC candidacy. On the one hand we find the ‘Platform Yes we want the ATC
in Villar de Cafas’ and the Association of Companies of Villar de Cafias; on the
other, the ‘Platform against the nuclear repository in Cuenca’.

The pro-ATC collective claims that the facility is the best solution for the huge
depopulation problem in Villar de Cafias. They argue that ATC will transform
the area in an internationally recognised research, development and innovation
reference in the search for solutions to radioactive waste management. The Yes
Platform became very active throughout the decision-making process, collecting
signatures and presenting their arguments.

The ‘Platform against the nuclear repository in Cuenca’ rejects the ATC, not
only for Villar de Cafias but for any other municipality in the region (Castilla—
La Mancha), and commits to mobilising citizens to avoid it. It was formed by
49 organisations, including public and private bodies. A key argument in their
manifesto relates to the decision-making process. They argue that in a complex,
long-term, and global issue (such as radioactive waste management), the final
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responsibility cannot be assigned to local entities. They support a new energy
model based on renewables, sustainable tourism, and high-quality foodstuffs; a
model that enhances local values and resources (historical, archaeological, natu-
ral, etc.). They claim to represent the opinion of a majority of Cuenca’s society.
The anti-platform was also very active throughout the process, organising pro-
tests, demonstrations, and deliberative workshops at the local and regional level.

At the wider level, Spanish environmental groups are opposed to any type
of radioactive waste policy, as long as NPPs are in operation. Two of the main
environmental NGOs (Greenpeace Spain and Ecologistas en Accidn) were also
actively engaged in the ATC decision-making process. For instance, Ecologistas
en Accion presented a request for a negative Environmental Impact Assessment
for the ATC at the Government Delegation in Cuenca. Their request was mainly
grounded on the need to preserve the Natura 2000 network, and on the lack of
appropriate geological or accident risk assessments. In 2015, Greenpeace asked
the government to recognise that the ATC is not a viable option, and to defini-
tively cancel the project. They argued for a dialogue process to find a solution for
radioactive waste, involving the whole society, which should start with an agenda
to close the NPPs. Greenpeace also published a document highlighting the ATC
transport risks: radioactive waste will pass through 216 municipalities in the way
from the NPPs to the ATC. Lastly, and in line with the Anti Platform at Villar de
Cafias, a relevant argument in the environmentalist narrative is that radioactive
waste management is a global, transboundary, issue which cannot be just “con-
fined to a limited piece of land” (Costa Morata and Baifios, 2010, p. 151). In their
view, as for other techno-environmental problems, social legitimacy does not nec-
essarily come together with the municipal-administrative one.

6.5.3 Phase 3: The Stalemate

A crucial element in the licensing process was a combination of the complex
Spanish political system and the changing position of the affected Regional Gov-
ernment (Castilla-La Mancha). In February 2010, the Regional Parliament, ruled
by the socialist party (PSOE), declared that no ATC (or any other nuclear facility)
should be installed in any of the provinces or municipalities under their control,
as they supported a sustainable development model based on renewables. In 2012,
with the conservative Popular Party (PP) now ruling the region, the ATC was fully
supported. Yet, in July 2015 the PSOE took over power in the region again, oust-
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ing the conservative Popular Party, which rules at the national level, and the ATC
was (once again) fully rejected at the regional level. The collision of interests
between the national and the regional government was set. The regional govern-
ment strategy focussed on expanding a Specially Protected Bird Area (ZEPA in
Spanish) known as Laguna del Hito (from 1000 Ha to 25,000 Ha) to include ATC
land.

ENRESA insisted on the arguments of job creation, economic investment,
and a pioneering technological infrastructure. The Spanish Government, in turn,
argued that stopping the work would cause economic losses, €51 million per year
(and an increase in the electricity bill of 25-30%), and insisted that the decision
had been made with an important social, territorial and institutional consensus.

However, the regional government (of Castilla-La Mancha) argued irregulari-
ties in the planning, warned about contradictory external reports on safety guar-
antees, highlighting the need to expand the ZEPA zone. The Official College of
Geologists and experts from the CSN (Earth Sciences Area) also expressed their
doubts about the viability of the site, warning of possible additional economic
costs.

The pro-ATC platform reacted against the extension of the ZEPA area pro-
posed by the Autonomous Community. Signatures were collected through the
change.org platform, and citizens travelled to the province capital (Cuenca) to
demonstrate against the uncertainty created by such a ‘stand-by’ situation, and its
implications for the local economy. More than 1500 individual allegations were
presented at Villar de Cafias municipality.

Nearby town councils expressed their concern about the expansion of the
ZEPA, as it could cause losses to farmers and to the development of the ATC.
The mayor of Alconchel de la Estrella (neighbouring municipality) affirmed that
ENRESA offered them 12,000 euros per year until the ATC began to function.
Meanwhile, Greenpeace and Ecologistas en Accién continued to argue their posi-
tion against the ATC.

This decision by the regional government of Castilla La Mancha was chal-
lenged by the (central) State’s Attorney, and the final statement by the Courts is
still pending, but ENRESA finally revoked to continue with the process. After
long negotiations between the national and regional governments, following mul-
tiple swings in political power constellations, the project was on hold for a long
time, and ENRESA was looking into alternatives. Even in 2022, the project has
been officially suspended, and a new PGRR is currently being drawn up that will
try to find new solutions (Table 6.2).
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Table 6.2 Decision-making process around high-level radioactive waste management in

Spain

Time

Event

2004

The Spanish Parliament urged the Government to solve the pressing
problem of HLW by installing a Centralised Temporary Waste Repository
(ATC)

2005

Creation of the Dialogue Board for the evolution of nuclear energy in
Spain, which included representatives from all political parties in Congress
and Senate, public bodies in charge of nuclear, environmental and industrial
matters, trades unions, municipalities, consumers and environmental groups

2004-2006

Community Waste Management Initiative (COWAN, which was formed
in 1990; part of European GMF: Group of European Municipalities with
Nuclear Facilities), including Association of municipalities affected by
NPPs (AMAC), CSN (Nuclear Safety Council), ENRESA

2006

6th Spanish Plan for the Management of Radioactive Waste (PGRR pub-
lished by ENRESA). Announced the wish to develop a Centralised Tem-
porary Waste Storage for HLW (ATC). The first plan to undergo a public
information & consultation process

2009

A public call was launched to search for interested municipality candidates
to host the ATC. Institutional participative process

2010

Inter-ministerial Commission and Dialogue Table publish the final list of
selected candidate sites. 8 municipalities meet the criteria, from which 4
were the most suitable

2011

Choice for Villar de Cafias (province of Cuenca)

City Council agreed. ‘Platform Yes we want the ATC in Villar de Canas’
(solution for huge depopulation trend) versus ‘Platform against the nuclear
repository in Cuenca’ (procedural argument: such a discussion should not
be based on local decision; content: there is a need for a new energy and
economic model)

2012

Regional government: Conservatives fully supported ATC

2015

Regional government: Socialist ruled and fully rejected the ATC. Expan-
sion of a Specially Protected Bird Area (ZEPA) to make it impossible

2020

Draft of the 7th PGRR (still pending approval). Commitment to the ATC is
maintained, suggesting restarting all the procedures to search for a suitable
location

2022

HLW remain stored at the respective NPPs in the so-called ‘individual-
ised temporary storage’ (Decentralised storage of HLW), waiting for the
approval of the 7th PGRR (which will supposedly dismiss the ATC and
promote decentralized storage).
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6.6  Conclusion: Interactive Dynamics within the
Country’s Governance Ecosystem

Radioactive waste management shows the Spanish evolution from top-down, uni-
directional, strategies applied in the earlier decades since the 1960s to more com-
prehensive, bidirectional and participative approaches for interacting with society
since the end of the 1990s. In that sense, the management of the near surface dis-
posal site of LILW at El Cabril from the early 1990s exemplified how continu-
ous and direct contacts with local populations, incorporating some participatory
methods, contributed to generate local trust-building processes, although resist-
ance from local environmental groups remains active.

In turn, the decision-making process for siting the ATC for HLW, initiated in
2004 by national politics but yet unfinished (and probably discarded in the future
management plan), illustrates the challenges that inclusive nuclear waste govern-
ance entails in a country with a multi-level governance system, characterised by
a complex and intertwined political decision-making process, where the nuclear
issue is used instrumentally by political parties (for electoral purposes), and in a
social context with sceptical public opinion towards nuclear energy, inheritance
of the social movements of transition from dictatorship to democracy during the
1970s.

Despite the willingness to define and implement an inclusive decision-mak-
ing process (based on public information and participation procedures, and open
and transparent principles), the final result of the process—the selection of Vil-
lar de Canas—did not obtain the expected support, and the ATC remained politi-
cally blocked for long time. In the Spanish case, HLW management seems to be
weaponised in national and regional political struggles, and the Spanish political
party system seems willing to take advantage, for its own electoral benefit. This
has made it difficult to decide on the location of the ATC: The central national
government launched the process to decide on the location, and several munici-
palities presented their candidacy. One of these municipalities (Asc6) was located
in the territory of the Autonomous Community of Catalonia, whose regional gov-
ernment (ruled by a political party other than the central one) decided to oppose
it, arguing unfair imbalances between what the central government offers and
takes, and blaming it for imposing its decisions over regional self-government.
Meanwhile, general elections were celebrated and a new political party took over
the central government, which decided to locate the ATC in a municipality in the
Autonomous Community of Castilla-La Mancha, ruled then by the same party.
When the procedure was already underway, regional elections occurred and the
regional government fell in the hands of the political party which previously
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launched the ATC process at national level, which was now totally opposed to the
ATC being installed there, arguing unfair distribution of territorial risks and ben-
efits. The paradox about the case is that all these political parties are, in principle,
in favour of nuclear energy, but in practice they alternatively support or oppose it
for reasons of electoral tactics.

In Spain, a deep mistrust of state institutions and instrumentalisation of
nuclear issues for political purposes can be found (Espluga et al., 2018), which
limits the space for fact-based argumentation based on expertise, which would
correspond to what Ylonen et al. (2017) call “depoliticization” of nuclear issues.
Depoliticization can be defined as the scientisation, technicisation, economisation
and/or legalisation of issues, which are thus transferred from the public sphere
to the “closed circles of experts and their organisations”. Through depoliticiza-
tion, political actors express and seek to build trust in technical and matter-of-
fact arguments. Politicisation, by contrast, would be a strategy designed to open
up the issue at stake to a broad public debate, facilitating democratic delibera-
tion on the various technical and non-technical issues (Ylonen et al., 2017). As
stated by Lehtonen et al. (2021), in the Spanish case, mistrust of institutions has
been spurred by the view that the state has granted undue privileges to the private
utilities, and by the instrumental use of nuclear issues in battles between the cen-
tral and regional governments, with politicians shifting their positions on nuclear
according to political constellations. According to the available data on the Span-
ish case, instead of a “politicization of nuclear issues”, which would have led to
opening the nuclear issue to a broad public debate, in Spain a “nuclearization of
politics” has taken place, leaving limited room for counter-expertise, as nuclear-
related arguments are employed opportunistically to serve broader political aims
(Lehtonen et al., 2021, p. 15).

Another issue to take into account in the Spanish case is the tension between
territories with different development models. It is no coincidence that ATC sites
are always located in economically depressed areas, with little industrialisation
and distant from large conurbations. As seen in the case of the LLW (EI Cabril),
local pressure decreased significantly when the surrounding municipalities
obtained economic compensation allowing them new economic activity options.
Often, the arguments to oppose any nuclear facilities, not only the disposal of
waste, have to do with the attempt to maintain certain types of economic activities
and ways of life (agricultural, tourism, etc.), which are perceived as threatened by
the new nuclear infrastructures. This brings us back to the delicate public sensi-
bility regarding the fair distribution of risks and benefits, and the hard and com-
plex game between political parties and their different territorial levels.
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One of the main lessons of the Spanish case is that the principles of transpar-
ency and participation are not easy to put into practice, at least regarding finding
a place for HLW temporary centralised storage, and that much more long-term
work is required to generate trust between actors. In the case of LILW, public
acceptance has been more favourable, and a timid participative approach has
allowed better management, although its location has also suffered conflictive
episodes in the past, especially with local environmental groups, which are still
monitoring any changes in the management of radioactive waste.

Nuclear waste management in Spain has been influenced by environmental
legislation that increasingly requires more public transparency and openness to
citizen participation, mainly due to the internalisation of European Directives.
This has been reflected in the way of managing the location of the repository for
HLW, without success so far due to the peculiar structure of the nuclear conflict
in Spain, which relegates the role of science and technology to marginal positions
in the debate.

It seems clear that currently, the Spanish context does not allow a discussion
based on data (and expertise), since actors respond to logic based on the mobi-
lisation of emotions and feelings of grievance in the public sphere. The gener-
ally negative public perception of nuclear energy that prevails in Spanish society
may be conditioning the erratic behaviour of political parties, which despite being
mostly in favour of nuclear energy, do not dare to maintain this option in pub-
lic in the long-term, especially in territories that they consider sensitive for their
electoral interests. Generating trust between actors becomes quite difficult in a
political-institutional context in which nuclear issues have already been used too
many times in a tactical and instrumental way by political parties, in accordance
with their conjunctural electoral interests at each historical moment.

The stalemate has become melancholic because the process entailed a loss of
enthusiasm by the most active professionals in institutions in charge of radioac-
tive waste management, as they had high expectations of the (limited) new par-
ticipatory and transparent procedures. It became clear that the factors that can
lead to public acceptance of a radioactive waste repository go beyond the com-
petence and capabilities of the involved institutions, since none of the institutions
in charge of managing nuclear waste in Spain, much less ENRESA, is in a posi-
tion to prevail in the political game and prevent the partisan use of nuclear waste,
which means that, no matter how much technical data they can offer, this will
never be enough to win the public’s trust.

Looking to the future, the management of radioactive waste in Spain could
only be carried out through a serious investment of resources dedicated to build-
ing trust between the different actors, on at least two levels: On the one hand,
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trying to minimise territorial tensions (the perception of comparative grievances
between territories) through a redesign of the political and institutional system
that currently promotes and favours them. On the other hand, it would be neces-
sary to build trust between public administrations and social movements around
nuclear issues, which would require a long-term process of mutual recognition
and potential convergence of objectives. However, it is foreseeable that all this
would require long-term planning and temporal rhythms that neither the political
system nor the nuclear management may have.

Finally, a novelty in this scenario is that from 2019 the Spanish government
will close all NPPs as their operational life is considered fulfilled. This was one
of the essential conditions for environmental groups to agree to discuss the man-
agement of radioactive waste, which may lead to a new scenario more favourable
to the management of HLW. However, the future scenario also foresees a decar-
bonisation of the European economies (in 2022 pushed by the war in Ukraine and
the associated energy requirements) that, indirectly, may favour an extension of
the NPPs’ operational life, which in turn could shift that window of opportunity
over time.
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7.1 Introduction

Switzerland is one of the countries that experienced failures in its original
approach to identifying one or several sites for nuclear waste repositories. In
consequence, the country initiated a new site selection procedure in 2008, based
on a blank map. Since then, despite some delays, good progress has been made
towards the goal of granting a general license for one or two deep geological
repositories in 2031. So far, the different actors involved in the selection process
have cooperated effectively and without major disruptions. Emerging conflicts
can be solved in a way that does not threaten the implementation of the site selec-
tion procedure according to plan. Nevertheless, it is worth taking a critical look at
some aspects of the process—especially with regard to future governance aspects.

In this contribution, we will show how the Swiss democratic model was modi-
fied for nuclear waste governance, how this affected the actors involved, and what
role different actors play within the site selection process. This also includes a
debate on how the participatory elements are integrated into decision-making,
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for example who is involved in what kinds of tasks and decisions, and how the
borders are drawn between experts and the public, particularly with regard to the
debate on safety. We will discuss how the actors communicate and interact along
and across those borders. We draw conclusions about how successful the Swiss
approach to decision making is in dealing with conflicts and moving towards safe
disposal of nuclear waste. The results presented in this contribution are based on
our research in several inter- and transdisciplinary research projects on nuclear
waste governance. The focus lies on interactions and cooperation between the
responsible collective actors.

7.2 Radioactive Waste Management in Switzerland
7.2.1 Origins of Waste and Interim Storage

Four nuclear power plants are currently in operation in Switzerland, Beznau I and
II, Gosgen and Leibstadt. A fifth power reactor, Miihleberg, finally terminated
its commercial operations in 2019 and is now being decommissioned. Today, the
nuclear power plants produce around one third of the electricity generated in Swit-
zerland (Swissnuclear, 2021). All nuclear power plants are predominantly owned
by the public sector. This presumably promotes the perception of waste disposal
as a collective task to be solved by Switzerland as a whole. After the severe Fuku-
shima reactor accident in 2011, the Swiss government, the Federal Council (Bun-
desrat) and the Parliament decided that Switzerland should phase out the use of
nuclear energy. However, the existing nuclear power plants may continue to be
operated as long as they are safe.! New nuclear power plants can no longer be
licensed, but this does not signify an absolute ban on nuclear technology.

The use of nuclear energy in Switzerland is controversial. In 2013, 57% of
Swiss citizens were opposed to energy production by nuclear power plants (TNS
opinion, 2013). However, about two thirds of the Swiss consider the nuclear
power plants (NPPs) in their own country to be ‘safe’ or ‘rather safe’ (Swiss-
nuclear, 2021). Various referendums calling for a phase-out or a faster phase-
out of nuclear power have failed over the last twenty years, most recently the

'A nuclear power plant is considered safe if the legal safety requirements are met.
Demands on the implementation of the legal safety requirements are substantiated by the
Swiss Federal Nuclear Safety Inspectorate (ENSI) in guidelines and, if necessary, in addi-
tional subordinate specifications.



7 Who Decides What is Safe? Experiences from Radioactive Waste ... 171

“Atomausstiegsinitiative” (nuclear phase-out initiative). This wanted to ban the
construction of new NPPs in Switzerland at the constitutional level and limit the
operating lives of the five existing Swiss NPPs. In 2016, it was rejected by Swiss
voters with 54.2% of the vote against it (DETEC, 2016).

The radioactive waste in Switzerland, especially the ca. 1500 m3 of high-level
radioactive waste, originates mainly from the nuclear power plants. Medicine,
industry and research account for about 30% of the total volume of low- and
intermediate-level radioactive waste which amounts to 56,000 m?, including dis-
posal containers (Nagra, 2022). Facilities for the conditioning and interim stor-
age of the radioactive waste that is produced during operation are located at the
nuclear power plants. A central interim storage facility, ZWILAG, accommodates
all types of radioactive waste. Aside from storage buildings it encompasses a con-
ditioning plant as well as an incineration and smelting plant. Waste originating
from the medical, industrial and research sectors is stored temporarily in a fed-
eral interim storage facility. This facility is located at the site of the Paul Scherrer
Institute (PSI), the largest research institute for natural and engineering sciences
within Switzerland. PSI has also facilities for the treatment of its own radioactive
waste and of radioactive waste from the medical, industrial and research sectors.
The ZWILAG- and the PSI-sites are located in the immediate vicinity of each
other in the canton of Aargau (ENSI, 2021b).

7.2.2 The Recent Evolution of Radioactive Waste
Disposal

The Swiss governance ecosystem for the long-term management of radioactive
waste has changed considerably over the past 20 years. The transformation started
in 2000 with the societal and political agreement on the concept of deep geologi-
cal repositories, as described in the final report of the Expert Commission on Dis-
posal Concepts (Expertengruppe Entsorgungskonzepte fiir radioaktive Abfille,
EKRA) (EKRA, 2000).> This concept was novel at the time and contains specific
features, like the so-called pilot repository, which are unique to Switzerland.
Further, the original plan of the implementer, the National Cooperative for the

2Members of the EKRA discussed this concept with NGOs, industry and safety authori-
ties and addressed their concerns before publication of the report. The report was widely
acknowledged and the concept it described laid the basis for further planning activities in
Switzerland.
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Disposal of Radioactive Waste (Nagra), to start underground investigations for a
repository for low- and intermediate-level waste at the Mount Wellenberg site had
to be abandoned due to two cantonal vetoes against this endeavour. The agreement
on geological repositories for high-level and low- and intermediate-level radioac-
tive waste, together with the events at the Wellenberg site and other developments,
paved the way for new nuclear energy legislation which went into force in 2005.

This legislation envisaged regulating the site selection procedure with a Sec-
toral Plan. A Sectoral Plan is an established spatial planning instrument of the
Swiss Confederation (Kreusch et al., 2019; Jud, 2014), which is used for any
activities affecting or altering space within federal responsibility. Other Sectoral
Plans exist, for example, for transport infrastructure and transmission lines for
electricity (ARE, 2021). Usually, they provide a framework and guidelines for the
planning activities of the cantons and—in contrast to the Sectoral Plan for Deep
Geological Repositories—do not entail additional participatory elements. At the
same time, the lead management of the site selection procedure was transferred
from the implementer, Nagra, to the Swiss Federal Office of Energy (SFOE) and
thus to the public administration—a step that fostered confidence in the procedure
among the Swiss population.

The conceptual part of the “Sectoral Plan for Deep Geological Repositories”
(SFOE, 2008) entered into force in 2008. There, a step-wise site selection pro-
cess is fixed, which aims at identifying one or several repository sites for radioac-
tive waste produced in Switzerland in a transparent and comprehensible manner
while ensuring safety and security (Hocke & Kuppler, 2015). Stage 1, the selec-
tion of suitable geological areas, was concluded on December, 1st 2011 when
the Federal Council gave its consent to the result report issued by the SFOE. In
stage 2, the public was invited to participate in the siting of the surface facilities.
Further, the responsible actors had to select at least two sites that would be sub-
ject to extended exploration in order to identify suitable sites at the end of stage
3. Stage 2 was concluded in 2018. In September 2022, Nagra announced that a
combined site in the siting area of Nordlich Liagern would be the safest option
according to their current assessments (Nagra, 2022a). Stage 3 is expected to be
concluded in 2031 with the approval of the Federal Council’s decision on the gen-
eral licenses by Parliament and a possibly subsequent referendum (SFOE, 2008,
see Fig. 3). After this, construction, operation and closure of the repository have
to be decided upon and carried out.
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7.3  AFederalist Governance Ecosystem

Switzerland has developed over centuries from a network of various alliances into
a federal state whose national borders were internationally recognised in 1815.
The political system dates back to the Federal Constitution of 1848. The federal
state consists of 26 cantons. Each canton has its own cantonal constitution and its
own legislative, executive and judicial authorities.

The federal structure of Switzerland is deeply rooted in the self-concept,
the political culture and the legislation of the country (cf. for example Maissen,
2015). The cantons are responsible wherever the Federal Constitution does not
explicitly delegate responsibilities to the Confederation. Therefore, the Confed-
eration has a primarily coordinating effect in many policy areas. In the case of
nuclear energy, the responsibility lies with the Confederation according to the
Federal Constitution. Nevertheless, the cantons and regions are strong actors that
clearly shape the process. Their influence on agenda setting, policy development
and policy implementation is significant; in practice, the federal government can-
not act without the cantons. In addition, direct democratic elements are imple-
mented in Swiss political decision-making, which comprise for example the right
to call for public votes on certain legislations.® The Swiss governance ecosystem
can only be understood if this specificity is taken into account. This characteris-
tic is also referred to as multilevel governance, which implies that in governance
in general the interaction between various levels of government—Iocal, regional,
national and international—may play an important role. For the analysis in this
chapter, Switzerland’s governance ecosystem therefore requires a subdivision of
the political sphere into the level of the Confederation and the other two levels of
government: the cantons and the municipalities (see Fig. 7.1). They are grouped
together here for the sake of clarity (see also Fig. 7.2).

Over the course of time, the governance ecosystem established due to the
enforcement of the Sectoral Plan has shown some dynamics that have helped
to mitigate conflicts, but have also led to new conflicts emerging. In the follow-
ing, we first give a short overview of the actors involved in the different societal
domains, which form the governance ecosystem, to then analyse their interaction
and dynamics.

3For detailed information on the Swiss democratic system see for example Linder and
Mueller (2021).
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Fig.7.1 The governance ecosystem framework for Switzerland. (Adapted from Kool
etal., 2017)

7.3.1 Laws and Regulations

The main legal documents guiding nuclear waste governance in Switzerland are
the Nuclear Energy Act (SNEA, 2021) and the Nuclear Energy Ordinance (SNEO,
2019), which entered into force in 2005. In the previously applicable Federal Act
on the Peaceful Use of Atomic Energy (or Atomic Energy Act), radioactive waste,
referred to there as residues, was mentioned only in passing (1959). In the present
nuclear energy law three leading principles are stipulated (SNEA, 2021, Art. 30):

1. Radioactive substances shall be handled in such a manner as to ensure that as
little radioactive waste as possible is produced.

2. All radioactive waste produced in Switzerland shall, as a general rule, be man-
aged in Switzerland.

3. Radioactive waste shall be managed in such a manner as to ensure the perma-
nent protection of humans and the environment.
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Fig. 7.2 Main institutions involved in the site selection procedure. (Adapted from SFOE,
2019)

AdK: Siting Cantons Coordination Committee

AGSiKa: Cantonal Safety Working Group

ARE: Federal Office for Spatial Development

BMUYV: Federal Environment and Consumer Protection Ministry

BW: Federal State Baden-Wuerttemberg and its districts

DETEC: Federal Department of the Environment, Transport, Energy and Communications
DKST: German Coordination Office for Swiss Deep Geological Repositories

EGT: Expert Group on Deep Geological Disposal

ESchT: Expert Group Swiss Deep Geological Repositories

FOEN: Federal Office for the Environment

KES: Cantonal Expert Group on Safety

NSC: Nuclear Safety Commission

NWMAB: Nuclear Waste Management Advisory Board

SFOE: Swiss Federal Office of Energy

Swisstopo: Federal Office of Topography TFS: Technical Safety Forum

These principles do not differ substantially from the way the waste was handled
before 2005. What is new is that they became legally binding. The implementa-
tion of the first principle can essentially be left to the waste producers, as it is in
their own interest to keep the amount of radioactive waste that has to be disposed
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of at high cost as low as possible. The second principle is sporadically challenged
politically with ideas of disposing of radioactive waste abroad, but these ideas
have so far never found significant resonance. The third principle is to be imple-
mented sustainably with deep geological disposal. Further important principles
are the ‘polluter pays’ principle, the prohibition of reprocessing spent fuel ele-
ments, and the explicit obligation to dispose of all types of radioactive waste in
deep geological repositories.

The Federal Constitution of the Swiss Confederation states that the Confedera-
tion is responsible for legislation in the field of nuclear energy (Federal Consti-
tution, 2021, Art. 90). This also includes the legislation on nuclear waste. In the
Nuclear Energy Ordinance (SNEO), it is specified that the “federal government
shall specify in a Sectoral Plan the objectives and criteria for the disposal of radi-
oactive waste in deep geological repositories which are legally binding for the rel-
evant authorities” (SNEO, 2019, Art. 5). The legal framework in Switzerland has
remained stable since the new nuclear energy law came into force. The political
hurdles for adjustments to the Nuclear Energy Act are high. There are currently
no signs of changes in the coming years.

7.3.2 Population and Civil Society

In Europe, the Swiss case is often considered a special case from which it is not
straightforward to draw lessons learned for other countries. The main reason for
this is the Swiss model of democracy, which Linder (2004) classifies as “semi-
direct”, and which is unique in Europe. Due to the direct-democratic elements in
the political system, citizens entitled to vote play a particularly important role in
political issues such as the disposal of radioactive waste. In common Swiss par-
lance, the community of those entitled to vote, is therefore also referred to as the
sovereign («Souverin»).

When taking a closer look at the way decision-making processes take place in
cooperation between the political and the public domains, it becomes clear that
for example the Swiss electorate’s veto rights can fulfil a similar function as for
example extra-parliamentary protests in representative democracies, such as Ger-
many (Kuppler, 2016). At the same time, in view of the “participatory turn”, the
Swiss political domain has the clear advantage of being familiar with consulta-
tions with a wide variety of actors in policy processes (cf. Linder, 2004; Saurug-
ger, 2010; Linder & Mueller, 2017, 2021.

Representative surveys, for example based on the Eurobarometer studies,
show that about half of the general population of Switzerland has a rather critical
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and rejecting attitude towards the disposal of radioactive waste as it is planned
today. The other half is more in favour of the disposal in deep geological reposi-
tories as it is planned currently. About 50% of Swiss citizens agree that deep
geological disposal is the most appropriate solution for long-term management
of high-level radioactive waste. At the same time, over 80% think that there is
no safe way of getting rid of this waste (TNS opinion, 2013). The proportion
of those who would take a negative view of a deep geological repository in the
vicinity of their own place of residence declined from 2012 to 2018. In 2018, it
was around 65% (SFOE, 2018b, p. 15).

There are several citizens’ initiatives in Switzerland actively lobbying against
the construction of a nuclear waste repository at specific sites or, more gener-
ally, advocating for modifications in the site selection process.* The larger envi-
ronmental NGOs, such as the Schweizerische Energie-Stiftung or Greenpeace,
seem to not consider nuclear waste as one of their main fields of activity as no
larger campaigns on this topic could be observed in Switzerland. One reason for
this is that Switzerland is now phasing out nuclear energy. As the use of nuclear
energy—due to the danger of a strong uncontrolled nuclear reaction—is associ-
ated with a far higher disaster potential than the disposal of radioactive waste,
these NGOs have aleady reached their most important goal. Another reason might
be that the path currently being followed for disposal can build on a broad con-
sensus among the population and politicians (see below). Therefore, the opportu-
nities to mobilise opponents are limited.

In the past, the citizens’ initiatives have regularly organized protest activities.
Several of their members also participate in the regional conferences (‘“Region-
alkonferenzen”), which are the official participatory bodies in the potential siting
regions. The motivations of the various NGOs have not been well studied. It is
assumed that both the concern not to have a repository in one’s own neighbour-
hood (NIMBY arguments, e.g. Kraft & Clary, 1991) and values that differ from
those of other actors play a role.

4Those include for example KLAR! Schweiz (“for a life without atomic risks”, https://
www.klar-schweiz.com/), LIKE Weinland (“no repository in the Weinland”, http://www.
likeweinland.ch/go/), KAIB (“no nuclear waste in Bozberg”), NOE (“Niederamt without
repository”, http://www.kaib.ch/), LOTI (“Nordlich Lagern without repository”, https://
10ti2010.ch/). All slogans in brackets were translated by the authors (see also Alpiger 2019:
191).


https://www.klar-schweiz.com/
https://www.klar-schweiz.com/
http://www.likeweinland.ch/go/
http://www.likeweinland.ch/go/
http://www.kaib.ch/
https://loti2010.ch/
https://loti2010.ch/

178 S. Kuppler et al.

7.3.3 Politics and Administration I—Cantons,
Municipalities and Regions

Socio-economic issues associated with a deep geological repository affect not
only the siting municipality, but a specific region. This also applies to other
issues, such as the transport of radioactive substances or the long-term safety of
the repository.

Therefore, regional participation is a pivotal element of the Sectoral Plan. The
core of regional participation is the regional conferences, founded in 2011. They
consist of around 90 to 100 members from diverse backgrounds, such as local
stakeholder representatives, civil society representatives and representatives from
the German communities bordering the potential repository sites. In stage 2 of
the Sectoral Plan, they expressed (among others) their views on where the facili-
ties above ground of a deep geological repository should be built. In stage 3, they
are involved in the optimisation of these infrastructures. The regional conferences
also discuss compensation and measures that can support the desired develop-
ment of the region (SFOE, 2023).

From the outset, the participatory elements in the Sectoral Plan process were
understood as complementary to the democratic processes and instruments (Jordi,
2006). In the conception of the Sectoral Plan process however, the intertwining of
democratic and participatory structures and processes elicited crucial questions,
which had to be discussed and working compromises had to be found.

One adjustment was the formation of panels on safety issues within the
regional conferences (“Fachgruppen Sicherheit”). The Sectoral Plan assigns tasks
to regional participation primarily in the area of the design and placement of
surface facilities and the socioeconomic impacts of deep geological repositories
(SFOE, 2008, p. 34f). In addition, the regional conferences decided to also set up
safety panels to examine safety issues (c.f. for example Standpunkt, 2012, p. 7).
By installing these panels, members could allocate funds to invite experts of their
choice and had the right to read and comment on technical reports. Before the
installation of the panels, no public participation on safety issues was planned by
the responsible authorities.

With the start of stage 3, some of the tasks of the regional conferences were
concluded and new ones were added. As the level of concretion increased, certain
communities within the potential siting regions became more directly affected
than others. The evaluation process of the application for the general license is
work in progress and needs to be well prepared. This applies particularly to the
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participation of the regional conferences and the involvement of the selected sites
(Jordi, 2021).

Even though the regional conferences are contributing to the site selection pro-
cess in a constructive manner, conflict lines between the local actors represented
in the regional conferences can be observed. Indemnities (“Abgeltungen”) are
payments that the siting region receives for performing a national task. Compen-
sation (“Kompensationen™) is used to compensate for negative impacts that arise,
for example, during the construction of a deep geological repository. There are
various ideas on the use of the indemnities. Therefore, in future, a newly created
organisation managed by the siting regions will decide on the use, distribution
and management of the payments. Those communes that are designated as infra-
structure communes in the Federal Council’s decision at the end of stage 3 should
be able to use part of the compensation amounts freely (SFOE, 2021).

With the enforcement of the Nuclear Energy Act (SNEA, 2021), the role of the
siting region in decision-making processes has changed fundamentally. The veto
right, as it was established at cantonal level before the enforcement of the new
nuclear energy legislation, can be considered an institutionalized link between the
political sphere and the electorate in the Swiss democratic system, which fulfils the
same function as public protests or law suits in other democratic systems (Kuppler,
2016). After the events at the Mount Wellenberg- site, political actors were concerned
that with the cantonal veto right in place, no repository will ever be built in Switzer-
land (Kuppler 2017). If suitable sites for deep geological repositories were blocked
by cantonal decisions, this could have serious consequences because the radioactive
waste could not be disposed of in a sustainable manner (c.f. among others, Nuklear-
forum, 2002). Finally, the cantonal veto right on underground investigations was
abandoned in favour of an optional national veto right on the general license for a
deep geological repository (Alpiger, 2019, esp. p. 53; Kriitli et al., 2010). This politi-
cal compromise has endured from 2005 to the present day, but has recurrently been
the subject of criticism (cf. for instance SFOE 2018a; UREK-N, 2013). In the con-
sultations that accompanied the development of the Sectoral Plan, concerns were
expressed that the envisaged role of the regions in the selection process and their pos-
sibilities to raise issues of their interest was too limited. The reasons for this concern
were the abandonment of the cantonal veto right and the transfer of responsibility
for parts of the general licence application process to the national level. Before the
enforcement of the Sectoral Plan, the cantonal authorities were responsible for water
permits, for example. Those concerns resulted in the installation of a Committee of
the Cantons (‘“Ausschuss der Kantone™) (Kuppler, 2017).



180 S. Kuppler et al.

7.3.4 Politics and Administration Il—National Politics,
Administration and the Implementer

The general political consensus on the Sectoral Plan process in Switzerland has
been strong since its inception in 2008. Political initiatives in both chambers of
Parliament cover a wide range of specific issues, concerning among others safety,
participation, governance and the financing of the disposal of radioactive waste.
Since the start of the site selection process, only criticism of the lack of inde-
pendence between the Swiss Federal Nuclear Safety Inspectorate (ENSI) and the
National Cooperative for the Disposal of Radioactive Waste (Nagra), emerging
in 2012 after the serious reactor accident at Fukushima, has elicited a significant
political and media response (Curia Vista, 2021). Fundamental criticism of the
way Switzerland is managing its radioactive waste is not voiced.

In Switzerland, the ‘polluter pays’ principle applies to the disposal of radioac-
tive waste (SNEA, 2021 Art. 31). Therefore, Nagra, as an organisation founded
by the waste producers, is responsible for the safe long-term disposal of the waste
(Nagra, 2021a). Nagra proposes geological siting regions and sites, submits
an application for a general license (SFOE, 2008, p. 77) and is later in charge
of building and operating the deep geological repositories. Nagra can be under-
stood as a boundary organization between the political-administrative and science
and technology domains. On the one hand it is part of the public sector, acting
as an implementer of radioactive waste policy. On the other hand, it is also part
of the sphere of science and technology as it carries out applied research and is
responsible for scientific and technical aspects of the site selection process and
the following steps of disposal (as described in Sect. 3.4 on science and technol-
ogy below).

The cost of disposing of Switzerland’s radioactive waste is estimated today
at approx. CHF 22 billion (approx. EUR 22 billion). A waste disposal fund was
created in 2000 to finance the disposal of radioactive waste. Together with the
decommissioning fund, which was established in 1984, they constitute the
Decommissioning Fund for Nuclear Installations and Disposal Fund for Nuclear
Power Plants (STENFO). The bodies of STENFO are the administrative com-
mission, the administrative office and the statutory auditors. The members of the
administrative commission and the statutory auditors are appointed by the Federal
Council for a term of office of four years (STENFO, 2021).

The political and administrative institutions involved in nuclear waste govern-
ance have remained more or less the same since the introduction of the Sectoral
Plan in Switzerland, but their role has changed over time. As described in Jost
(2012) and Hocke and Kuppler (2015), the central political and administrative
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actors in Switzerland on the national level are the Swiss Federal Office of Energy
(SFOE) and the Swiss Federal Nuclear Safety Inspectorate (ENSI), the Federal
Council, and Federal Department of the Environment, Transport, Energy and
Communications (DETEC). Several other public institutions bear responsibility
for specific topics in the site selection process, supporting the central actors with
their expertise. Examples for such institutions are the Federal Office for Spatial
Development (ARE) or the Federal Office for Environment (FOEN). In addition,
there is a broad network of actors who help to shape the process. They have dif-
ferent responsibilities and different degrees of influence (see Fig. 7.2).

The SFOE has the important role of ensuring that the Sectoral Plan is put
into practice in a high-quality manner. The SFOE takes the lead in the site selec-
tion procedure and is responsible for centralised operational and administrative
activities (SFOE, 2008). Next to overall coordination, this includes the setup of
the regional participatory processes. Other federal actors, such as ENSI and ARE
remain fully responsible for their specific tasks within the site selection process.
ENSI reviews and assesses safety aspects. This includes evaluating applications
and reports issued by Nagra as part of the site selection procedure regarding
safety issues.

A special aspect of the SFOE’s task fulfilment is that a number of active politi-
cians from the Social Democratic Party took and still take leading roles in the site
selection process. These individuals bring political experience to the site selec-
tion procedure and—due to their specific political orientation—also a particularly
good understanding of the concerns of individuals and organisations critical of
nuclear energy. The fact that the political orientation of representatives of the
SFOE has never played a significant role in public discourse is probably due to
the fact that the Swiss political system is generally very consensus-oriented, and
most politicians, even the members of both chambers of the Swiss parliament,
exercise their mandates in part-time.

In the international context, the Nuclear Safety Commission (NSC) has an
exceptional function. This commission consists of seven part-time members who
are experts in areas of science and technology that are relevant for nuclear safety.
In the field of radioactive waste management, the NSC examines fundamental
questions of nuclear safety and issues statements to the licensing authorities. Politi-
cally, this commission plays an important role in Switzerland as a second-opinion
body, which ensures an independent quality control for the supervisory authorities.

In the Sectoral Plan process, it became apparent early on that many of the
potentially suitable sites are located close to the German border for geologi-
cal reasons. Therefore, German administrative units, municipalities, NGOs and
citizens were involved in the Sectoral Plan at an early stage. Communication
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between representatives of both countries proved challenging at times but has
improved over time (cf. for example Besmer, 2021). Challenges are mainly
encountered in the areas of political participation, legislation, competences of the
authorities and at the political-cultural level. For example, it became clear that
participation processes must be embedded in the respective structurally prede-
termined political processes in both Switzerland and Germany. Parallel struc-
tures must not be created that compete with the established political structures.
Because the disposal issue has a different status in Germany and a greater poten-
tial for conflict than in Switzerland, the Swiss authorities must adapt their conflict
management accordingly (El Mohib, 2010).

7.3.5 Science and Technology

Nagra carries the main responsibility for conducting the research, investigations
and development needed for ensuring and assessing the safety and feasibility of
the deep geological repositories. In addition, ENSI and SFOE conduct their own
regulatory research. While ENSI invests in research concerning the safety of radi-
oactive waste management—sometimes embedded in international co-operations
(ENSI, 2021a)—SFOE commissions research in the social sciences and occasion-
ally also in the humanities, although to a very limited extent (AGNEB, 2019). This
applied research is directly related to the supervisory tasks of both institutions.
Fundamental research on radioactive waste management is conducted at sev-
eral universities and university-related institutions. The PSI, with its competences
in natural and engineering sciences, plays a major role in this. Generally, there
is a strong emphasis on natural science research in Switzerland. Fundamental or
applied fundamental research on societal aspects of the management of radio-
active waste is currently rather marginalized (for one of the rare exceptions see
Alpiger, 2019). One explanation for this is that problems related to the manage-
ment of radioactive waste in Switzerland are solved pragmatically, so far success-
fully, and—following an internalised and lived principle of subsidiarity—at the
lowest possible societal level.> The perceived need for social science reflection,
articulated e.g. in the context of the Sectoral Plan, is correspondingly low. Social

S For example, the decisions for a repository in clay in the deep underground and for a site
close to the German border in the upper Rhine valley find general acceptance. Other con-
cepts, such as the “Guarding Concept” (“Hiite-Konzept”) or maintenance free final disposal
are currently not debated.
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science studies seem to be noted by implementer and regulator, but exert little
(visible) influence on disposal structures and processes.

Further, a number of consultants and consultancy agencies are involved in the
site selection process. They usually answer to tenders on specific topics like stud-
ies on the socioeconomic consequences of disposal facilities, or carrying out and
evaluating deep drillings.

7.3.6 Interactions Between the Spheres

Nuclear waste governance in Switzerland is highly influenced by interactions
between the different spheres. The site selection process as described in the
Sectoral Plan as a whole can be interpreted as a result of such interactions. As
is customary in Switzerland, in the preparations for the Sectoral Plan, a variety
of actors were consulted in different ways. Among others, the SFOE conducted
focus groups with interested citizens (ISOPUBLIC, 2006). A hearing was organ-
ized, in the course of which public actors could hand in their statements and
members of the SFOE exchanged views in person with representatives of central
stakeholder groups, such as local mayors. These activities led to important adjust-
ments in the Sectoral Plan as described above, which increased its acceptability to
a variety of actors (Kuppler, 2017).

A central platform for actors and stakeholders is the Technical Safety Forum
(TSF), chaired by the Swiss Federal Nuclear Safety Inspectorate (ENSI). The
TSF receives, discusses and answers questions from the public about technical
safety aspects. The questions and answers are posted on the Internet after replies
have been given. In the TSF, representatives of the federal administration, can-
tons, communes, communities in neighbouring countries, NGOs, the interested
public and others are gathered (TSF, 2021).

The implementer and regulator in Switzerland collaborate intensely with sci-
entific institutions. Every five years, according to Art. 52 of the Nuclear Energy
Ordinance, Nagra has to submit its waste management programme. This waste
management programme is associated with a research, development and demon-
stration plan (Nagra, 2016). Both programmes are reviewed by ENSI and SFOE,
which also monitor compliance. The review makes it possible to better coordinate
the research programmes of implementer and regulator. It also gives the authori-
ties, mainly ENSI and SFOE, the opportunity to bring up their research require-
ments at an early stage.

With the progress of the Sectoral Plan, new questions move into focus. If
Switzerland wants to continue the transparent and inclusive pathway it entered
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with the Sectoral Plan, discussing and finding an answer to those questions well
before they become acute would be key. None of the questions can be classified
as belonging in one sphere only. Rather, they need to be answered in close coop-
eration between the spheres (cf. Fig. 7.1). A particularly important question is
what requirements must be imposed on the general license for a repository. This
question touches the legal sphere, as laws and regulations have to be adhered to,
especially with regard to safety and security of the planned repository. It is also
a political question, insofar as the Federal Council and the Parliament decide
whether the general license is granted. This means that those political bodies—
with the support of the federal administration—have to decide whether in their
view one or two safe and secure repositories can be built at the suggested site
or sites. It is also a question that touches the public sphere, as an optional refer-
endum can be held on the Parliament’s decision if sufficient persons or cantons
demand it. It concerns the regional, cantonal and community levels because these
levels are most directly affected by the impact of granting a general license. And
it is of course also a scientific question, as issues of safety, security, feasibility
etc. require scientific assessments.

7.4  Current Topics in Nuclear Waste Governance

The existing governance ecosystem in Switzerland is influenced by further pro-
gress on the path of disposal and challenged by current debates that can affect
nuclear waste management.

7.4.1 Sectoral Plan—and What Next?

Current issues in radioactive waste management in Switzerland are primarily
determined by the status of the site selection procedure. As mentioned above,
Nagra has submitted a site proposal in September 2022 (Nagra, 2022a). The sites
not included in this proposal are put on hold, i.e. no further investigations are
undertaken at these sites for the moment. If the site proposed by Nagra should for
some reason prove unsuitable, they can re-enter the process. The evaluation pro-
cess of the following application for a general license needs to be well prepared.
This applies particularly to the participation of the regional conferences and the
involvement of the communities where those selected sites are located (Jordi,
2021). Presently pertinent questions are
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1. How will Nagra’s siting proposal be received in the affected region—and in
the regions that have been put on hold in the long-term?

2. How will the mode of governance change in the period between 2022 and the
2030s when the final decision on a general licence application is made? Adap-
tations can become necessary, for example, because new issues that already
refer to the construction and operation of a repository require the inclusion of
new competences and responsibilities.

3. The general licence application and the application for determination of a site
in the Sectoral Plan are reviewed by the federal authorities. Will they and will
the Federal Council and Parliament approve the site and the general licence
application? Will the optional referendum that comes at the end of the Secto-
ral Plan process result in the site being accepted and a general licence being
granted to Nagra? What happens if the general licence application is rejected
by the electorate?

4. How to continue with public participation after a general license has been
granted to Nagra?

Nagra expects to be able to start construction of a repository for low- and inter-
mediate-level waste in 2045 and its operation in 2050. From 2053, the part of
the combined repository for high-level radioactive waste will be built and should
be in operation from 2060. The entire repository is to be closed at the end of an
observation phase, the duration of which is open and which will be terminated
by a political decision. Nagra supposes that the repository will be closed around
2125. Then it can be released from nuclear energy legislation. Nagra will have
fulfilled its task and can be dissolved (Fig. 7.3).

During this process, the governance ecosystem will have to adapt to additional
requirements and new developments. Switzerland benefits from its experience in
handling major projects that take decades to complete, such as the New Railway
Link through the Alps (NRLA), the planning for which began in 1986 and whose
implementation is still in progress. Parts of the NRLA, such as the Gotthard Base
Tunnel, took 17 years to build. It can be assumed that over time other pressing
political challenges, such as climate change, will bind more resources and take
up more space in the political and public debate. At the same time, once a sit-
ing decision has been taken and if construction and operation of the repository
do not cause any major accidents, the population and politicians will increasingly
perceive the nuclear waste disposal project as a “normal” large-scale project that
requires negotiations and participation, but does not give rise to fundamental or
fierce societal controversy.
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Fig.7.3 Time plan for a combined repository in Switzerland (Nagra, 2021b, date for start
of HLW repository corrected by Nagra June 2022)

However, the further procedure is accompanied by some interesting ques-
tions that must be answered by collective actors, such as the communication with
future generations: The Nuclear Energy Ordinance (SNEO) obliges the owner of
a deep geological repository to “compile documentation that is suitable for secur-
ing information about the repository over the long term” (SNEO, 2019, Art. 71).
This documentation has to be handed over ultimately to the Federal Department
of the Environment, Transport, Energy and Communications (DETEC) (SNEO,
2019, Art. 71). The SNEO also states that the owner must ensure a permanent
marking of the repository (SNEO, 2019, Art. 69). Representatives of Nagra and
the SFOE participate in international bodies on both issues, for example in the
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OECD’s Nuclear Energy Agency (NEA). However, no concrete ideas have been
presented yet. Following the guideline of the Swiss Federal Nuclear Safety
Inspectorate (ENSI), “a concept for permanent marking of the deep geological
repository has to be submitted with the construction license application. The
permanent marking concept has to be specified in concrete terms in subsequent
licensing steps” (ENSI, 2020, p. 7).

7.4.2 Looming Debates

Debates that are already looming could intensify in the future and affect the dis-
posal of radioactive waste. They address for example the following topics:

Dealing with insights from nuclear waste disposal in neighbouring countries

So far, Switzerland is one of the countries worldwide whose disposal programme
for high-level radioactive waste is most advanced. Nagra and the Swiss authori-
ties have become accustomed to receiving international visitors interested in the
“Swiss model” and to presenting their solutions as exemplary at international
conferences. Against this background, the disposal programme in France, which
is also at an advanced stage, and the site selection procedure underway in Ger-
many, present entirely new challenges. The larger neighbouring countries main-
tain programmes of research and development that exceed those of Switzerland.
Moreover, France and Germany are currently also gaining experience with partic-
ipation processes. This means that Switzerland can no longer sell itself as a role
model in the long run, but must face the challenges that come with the fact that
different, or even better, solutions may be found elsewhere and fuel the discussion
on the “right disposal solution” in its own country.

The resurgent use of nuclear technologies

Currently the Nuclear Energy Act stipulates that “The granting of general licences
for the construction of nuclear power plants is prohibited” (SNEA, 2021, Art. 12a).
However, the Swiss government and Parliament stated that this prescription does
not imply a ban on nuclear technology (Swissnuclear, 2019, p. 3). The debate at
the World Climate Summits (2021 in Glasgow and 2022 in Sharm el-Sheik) on
whether the European Commission should classify nuclear power as a sustain-
able source of energy and thus encourage future investment in this area, as well as
global investment in new small modular reactors, put the rejection of nuclear power
in Switzerland into perspective. Extensions of the operating lives of the newer
nuclear power plants are already being examined (Meier, 2021), and Swiss media



188 S. Kuppler et al.

are taking up the debate on the climate friendliness of nuclear power plants. The
current broad social consensus on the disposal of high-level radioactive waste in
Switzerland is closely linked to the decision to phase out the use of nuclear energy.
Extensions of operating lives or even decisions to build new nuclear power plants
could threaten this consensus. The fact that Switzerland, with the European Organi-
zation for Nuclear Research (CERN), PSI and Ecole polytechnique fédérale de
Lausanne (EPFL), is home to nuclear research facilities gives a particular boost to
ideas for new nuclear applications (cf. for example, Transmutex, 2021).

International solutions for the disposal of radioactive waste

Joining an international project or an already existing solution for the disposal of
radioactive waste abroad, is a recurrent topic in the political debate in Switzerland
(Curia Vista, 2021). If a convincing solution for a joint disposal facility were to
emerge in Europe or outside, this would certainly lead to substantial discussions
on whether Switzerland should and could join such a solution.

7.5 Conclusions on the Future Governance
Ecosystem

7.5.1 Consensus Through Complexity

The governance ecosystem for radioactive waste disposal in Switzerland is com-
plex. The site selection procedure, following the Sectoral Plan, brings together
actors with various scopes of responsibility and at different levels of government,
institutions with decision-making powers and advisory bodies, science and tech-
nology, and a population that is used to having a political say. Prima facie this
system raises questions including:

What happens if the Swiss Federal Nuclear Safety Inspectorate (ENSI) and
the Nuclear Safety Commission (KNS) disagree in their technical assessment
of the proposed repository site for the Federal Department of the Environment,
Transport, Energy and Communications (DETEC)? Who is to take on the role
of arbitrator here? DETEC does not have the scientific and technical expertise to
fulfil this task (IRRS, 2012). Nagra, the implementing body, is largely owned by
the cantons. At the same time, the potential siting cantons are following the site
selection procedure with a critical eye.

A second look, though, shows that this governance ecosystem is very well
adapted to the specific political and cultural environment of Switzerland. The
Swiss Federal Chancellor put it this way: “What makes Switzerland special is how
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we deal with political power. We are world champions in fragmenting power. In
restraining and keeping a check on power” (Thurnherr, 2018). In a political cul-
ture that is geared towards consensus and consultation with all potentially affected
parties, the interaction of many partners with different interests is well-rehearsed.
At the same time, the established political culture of consensus and consultation
ensures that the Sectoral Plan process functions so far successfully despite the
large number of actors involved, and their complicated and not always clearly reg-
ulated interactions. Therefore, a general lesson that can be drawn from the Swiss
case is that good integration into the specific political culture of a country with a
functioning system of checks and balances is both necessary and rewarding.

However, the so far favourable site selection process in Switzerland does not
guarantee a smooth and successful continuation in the future. The interaction of
all participants must be permanently supported and promoted with great effort,
so far especially by the leading SFOE. And ultimately, it is the Swiss electorate
that has the say. In the 2030s, Swiss citizens could reject the results of an elab-
orate site selection procedure that took more than twenty years. Only then will
it become clear whether the site selection procedure was ultimately successful.
Whether the optional referendum has an enabling effect on the current process is
an open question, due to the fact that on the one hand it will be a national refer-
endum that does not give the communities at the selected site any particular veto
rights, but on the other hand the national public could sympathize with the host
community if they feel that it was not fairly treated. The further steps on the path
to deep disposal involve other actors and require new participation procedures.
Hence, sustained efforts and significant resources are required over a long time
period.

7.5.2 Pragmatism as a Virtue and a Limitation

The relaunch of the search for sites for deep geological repositories in Switzer-
land at the beginning of the 2000s started with a pragmatic compromise. The
newly developed concept of controlled long-term geological disposal combined
the final disposal of radioactive waste with control and reversibility. Thereby it
met the demands of both advocates of permanent surface disposal and propo-
nents of a final repository. Another example of pragmatism is the Sectoral Plan.
For deep geological repositories no specific political instrument for site selec-
tion was developed, but it was adapted from an already established instrument in
spatial planning. Pragmatism can also be seen in the composition of the regional
conferences: The majority of delegates to the regional conferences are members
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of already existing institutions such as municipalities, regional planning authori-
ties and stakeholder organizations. In addition, representatives of the popula-
tion can apply to the regional conferences for membership (SFOE 2018c, p. 17).
Stakeholders include, for example, regional businesses, agriculture and environ-
mental organisations.

Throughout the Sectoral Plan process, numerous compromises were reached
at various levels on topics such as the specific composition of the regional con-
ferences (Planval, 2014, p. 38), the selection of possible siting areas (SFOE,
2018d, p. 9) or even the weighting of flight paths for the safety of surface facili-
ties (Regionalkonferenz Nordlich Léagern, 2013, p. 20). In several cases, however,
conflicts emerging within the governance ecosystem have not been resolved in a
way that resulted in agreement among all actors involved. Rather, a working com-
promise has been found that made it possible to proceed with site selection even
if the conflict has not been resolved. One example is the debate on whether the
abandonment of the veto right at cantonal level was compatible with the Swiss
democratic tradition. While no agreement was found, the Sectoral Plan—with its
promise of a high degree of transparency and cooperation between the responsi-
ble actors at national level, the regional and local authorities as well as the gen-
eral public—serves as a working compromise in this case.

A downside of pragmatism is a lack of independent applied fundamental
research on disposal, especially in the field of social sciences. What has not been
addressed so far is, for example, a sketching of the societal resources required to
carry through technically demanding monitoring activities, interpret the data col-
lected and take appropriate decisions based on the interpretation. Monitoring and
retrievability are socio-technical concepts that require knowledge, skills, finan-
cial resources and appropriate decision-making structures—possibly over a long
period of time (Hocke & Kuppler, 2019). A forward-looking evaluation and dis-
cussion of needs and requirements therefore seems appropriate.

Limits of pragmatism are also revealed by the superficially purely technical
question of what kind of repository should be built: a single repository for high,
low- and medium-level radioactive waste, or two separate repositories, one for
high-level waste and one for low- and medium-level waste. A combined reposi-
tory would be an efficient solution in terms of the effort required for licenses,
compensations, construction and operation, monitoring during the observation
phase, marking of the repository, closure etc. On the other hand, a combined
repository poses higher safety requirements, for example with regard to poten-
tial interactions between the different types of waste or to operation during stor-
age of the wastes. In this context, the questions, “What does the safety, we strive
for, look like?”, and “How safe is safe enough?”’, become highly relevant. The
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central Swiss guiding principle, “Safety First”, does not answer how conflict-
ing goals regarding safety should be handled. This also applies to the question
of the extent to which compromises in the operational and long-term safety of
the repository may be accepted in favour of monitoring in the observation phase,
which reduces uncertainties about the development of the deep geological reposi-
tory. There remains a lack of concrete guidance regarding research needs on, e.g.
environmental protection associated with a repository, economic costs of different
solutions, and assessment tools regarding safety and side effects.

It is possible that more fundamental reflections on this topic in other countries
could reflect back on the Swiss procedure and call into question what has already
been achieved. However, due to path dependencies, the hurdles for adjustments
in later phases of disposal are very high. It remains to be seen whether accom-
panying research will play a greater role in the future of the Swiss governance
ecosystem than it has to date. In our view, accompanying research is an essential
element of any well-functioning governance of radioactive waste management.

7.5.3 Safety as a Socio-Technical Concept

Among the issues affecting several or all of the five spheres, safety plays a piv-
otal role. The Sectoral Plan sets the focus on safety, “with land use and socio-
economic aspects playing a secondary role” (SFOE, 2008, p. 5). What does this
mean in practice? Basic requirements for the safety of deep geological reposito-
ries are laid down in the nuclear energy legislation. These requirements are spec-
ified by ENSI in guidelines (especially ENSI, 2020) and other documents (e.g.
ENSI, 2010). However, since Nagra, the implementer, bears the main responsi-
bility for the safety of the deep geological repositories, the requirements of the
supervisory authority are generally limited to concise, basic specifications. The
Sectoral Plan stipulates that Nagra (“the waste producers”) evaluates the proposed
geological siting regions and sites, particularly with respect to safety in accord-
ance with the requirements of the Sectoral Plan and the relevant legal provisions
(SFOE, 2008, p.78). The safety authority ENSI (Swiss Federal Nuclear Safety
Inspectorate) “reviews and evaluates the siting proposals of the waste producers
from a safety viewpoint and advises the SFOE on safety issues” (SFOE, 2008,
p- 27). Is it, therefore, Nagra that has to prove the safety of their repository plans
and ENSI that has to evaluate this proof of safety?

In the Swiss process, the main responsibility for defining what is safe lies with
the scientific and technical experts. Once they have demonstrated and assessed
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the safety aspects in the application for a general license, the question of what is
safe is handed over to the political sphere: The Federal Council and the Parlia-
ment decide upon this question as part of their decision on the granting of the
general license. However, experience shows that the political institutions rely sig-
nificantly on the judgement of scientific and technical experts when deciding on
topics that touch the safety and security of nuclear installations. But: Safety and
security are socio-technical constructs. This implies that public institutions and
authorities together with the political and juridical spheres cannot define safety
independently of the public debate.® Civil society and stakeholders in Switzerland
are part, or are actively demanding and working towards becoming a part, of the
process of developing a shared interpretation of safety and security—a process
that could be characterized as co-creation in decision-making. Should not respon-
sible authorities and scientists therefore put questions of safety and security more
actively forward for debate by the public? The sphere of public administration
deals with such boundary questions by realizing a high degree of transparency
and demanding the same from the other actors involved in the Sectoral Plan, such
as Nagra and the regional conferences.

Currently, cantons, municipalities and regions, the Swiss population and
civil society have a certain but limited influence on safety-related decisions.
The cantons maintain their own working group on safety and an expert group
on safety. These groups assess application documents which are submitted by
Nagra, as well as other important information for the attention of the Commit-
tee of the Cantons. The regions enforced the implementation of safety panels of
the regional conferences during the course of the Sectoral Plan. The regional con-
ferences were granted their own budgets for inviting experts of their choice and
paying them to write reports about topics they found relevant. If conflicts arise,
the Technical Safety Forum (TSF) provides a platform to raise questions about
safety and put them up for discussion in a wider circle of experts from different
stakeholders. While debates in the TSF are often successfully closed, the question
remains open how the results are disseminated and accepted in society—particu-
larly, since the TSF has no officially granted influence on the implementer, i.e.
Nagra, to optimize safety standards. No empirical research on the workings and
effects of the TSF has been published. However, all of these provisions are so far

6Sociotechnical constructs of technological safety and security are meaningful interpreta-
tions which are well-known and shared by the interested public (for the conceptual framing
of sociotechnical processes see Losch, 2021).
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predominantly oriented towards the technical aspects of safety. The socio-tech-
nical aspects of safety and security—Ilike providing a strong safety culture, deal-
ing with human failure, intensifying the exchange with related subjects in order
to gain new perspectives, ensuring intergenerational justice, dealing with trade-
offs between risks and uncertainties or future societal and technological develop-
ments—are hardly ever addressed (Hocke, 2015; Kuppler, 2017; Eckhardt, 2021).

In principle, the Safety Case—a methodology developed by the International
Atomic Energy Agency (IAEA) to evaluate the long-term safety of a geologi-
cal radioactive waste disposal facility—could create a link between the different
spheres and facilitate discussion. However, in the discourse and perceptions of deep
repository projects, there is currently a great deal of scepticism about it—if the
Safety Case plays a role in the discourse at all. Therefore, the Safety Case should be
better adapted to the needs of stakeholders, and to a certain amount to civil society’s
expectations. Such an adaptation requires transdisciplinary research on questions
like: Which aspects of the safety case (paradigms, objects and results) shape pub-
lic perceptions of for instance a site selection process? To what extent is it sensible
and possible to involve a wide range of stakeholders in the preparation of the Safety
Case (Rohlig & Eckhardt, 2017)? This question is currently being investigated in
more detail in a research project in neighbouring Germany (Transens, 2021). The
research focuses on expectations of civil society members and lay people regarding
arguments relevant for safety case studies in nuclear waste governance.
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There should be no commitment to a large programme
of nuclear fission power until it has been demonstrated
beyond reasonable doubt that a method exists to ensure
the safe containment of long-lived, highly radioactive
waste for the indefinite future.

(Royal Commission on Environmental Pollution, 1976,
p. 131),

8.1 Introduction

In 2003, an energy policy White Paper, published by Tony Blair’'s UK govern-
ment, stated:

Although nuclear power produces no carbon dioxide, its current economics
make new nuclear build an unattractive option and there are important issues of
nuclear waste to be resolved. Against this background, we conclude it is right to
concentrate our efforts on energy efficiency and renewables. We do not, there-
fore, propose to support new nuclear build now. But we will keep the option open
(Department of Trade and Industry, 2003, p. 12).
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Yet only two years later, Tony Blair told a conference: nuclear energy was
“back on the policy agenda with a vengeance”, with a review to be undertaken
to determine whether the 2003 policy on nuclear should be reversed (Tempest,
2005). This announcement begged the question what actions were planned to
resolve the issues on nuclear waste. This chapter focuses on UK nuclear waste
policy from 2005 to 2022 and whether the policy on nuclear waste that emerged
after 2005 is well founded. The focus is mainly on high-level waste (HLW) and
intermediate-level waste (ILW), as these present the most intractable issues.

Sections 2 and 3 provide an overview of the UK’s civil and military nuclear
programmes and catalogues the attempts up to 2005 to identify sites for waste.
Sections 4 and 5 examine the attempt started in 2005 by the Blair government to
restart nuclear construction and the corresponding measures taken to deal with
waste. Sections 6 and 7 examine the inventory of material that will go into a Geo-
logical Disposal Facility (GDF) and the design features of the GDF. The key fea-
ture of the current policy on waste, that the site selection process should be driven
by consent by host communities rather than imposed by central government, is
then examined.

8.2  Military and Civil Nuclear Programmes

Blair’s 2005 announcement came after 50 years of nuclear power generation in
the UK, which has determined the volume and type of waste that had to be dealt
with. The civil nuclear power programme up to 2005 is summarised in Table 8.1.

The military programme predates the civil nuclear programme, and the HLW
and ILW from this will be placed in the same repository as the civil waste. Mil-
itary waste comprises material from the nuclear weapons programme, with the
first weapons test taking place in 1952, and spent fuel and waste from subma-
rines, with the first nuclear submarine being commissioned in 1963. These wastes
will continue to be generated regardless of any decisions in the civil nuclear sec-
tor. The Ministry of Defence is expected to pay its share of the disposal costs.

The first civil reactors used the ‘Magnox’ design.! Twenty-six reactors of this
design ranging from 60-600 MWe were built, the first entering service in 1956

I'The Magnox design was named after the magnesium-aluminium alloy used to clad the
fuel. The reactors use unenriched uranium and were cooled using carbon dioxide and mod-
erated using graphite.
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Table 8.1 The UK nuclear programme: Key dates and policy decisions

1956

First of 11 (5 GW) Magnox stations (CO, cooled, graphite moderated, natural
U) enters service. Last Magnox completed 1972 & closed in 2015. Fuel must
be reprocessed because of corrosion

1959

Nuclear Installations Inspectorate, part of the government Health & Safety
Executive (HSE), created to regulate nuclear plants. 2011, renamed Office of
Nuclear Regulation (ONR) and separated from HSE in 2013

1965

Advanced Gas-cooled Reactor (AGR) technology chosen. CO, cooled,
graphite moderated, enriched U. 5 stations ordered 1965-1969, entered service
1976-89. First 3 stations to be retired in 2021-22, other 2 closed by 2024. Fuel
initially reprocessed.

1977

Dual reactor strategy comprising preparations to build Westinghouse Pressur-
ised Water Reactors (PWRs) & orders for 2 AGRs to give interim work to UK
nuclear industry, 1979, in service 1989, to be closed by 2028

1977

Commercial Fast Reactor 1 expected to be ordered soon, put on hold 1982.
UK merged FBR expertise with that of France & Germany in 1988, no reac-
tors built.

1979

Margaret Thatcher launches programme of PWR orders, 1 per year for 10
years, first order to be placed 1981. Only 1 PWR (Sizewell B) ordered, 1987,
completed 1995

1990

Attempt to privatise electricity industry reveals operating cost alone of
Magnox & AGRs double the expected wholesale electricity price. 1990-1996,
10% of electricity bills paid to nuclear to cover costs. Nuclear plants remained
publicly owned. Expectation that nuclear would all be closed by 2000

1995

UK Atomic Energy Authority (UKAEA) split and commercial activities priva-
tised. Privatised company ceases nuclear work

1996

AGR reliability improved enough for them to be privatised with Sizewell B, as
British Energy

2002

British Energy collapses when wholesale electricity price not high enough to
cover costs. Rescued by government & relaunched 2005

2002

British Nuclear Fuels Limited (BNFL) insolvent, plans to privatise it intact
abandoned and the company broken up with commercial activities privatised.
Ownership of all existing civil nuclear facilities passed to new public organisa-
tion, Nuclear Decommissioning Authority (NDA)

2003

Energy White Paper states “[nuclear power’s] current economics make it an
unattractive option for new, carbon-free generating capacity” and “we con-
clude it is right to concentrate our efforts on energy efficiency and renewables”

2006

Tony Blair announces nuclear “back on the policy agenda with a vengeance”.
New nuclear would be competitive & given no public subsidies

(continued)
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Table 8.1

(continued)

2008

Nuclear White Paper states ‘nuclear is currently one of the cheapest low-
carbon electricity generation technologies, so could help us deliver our goals
cost effectively.” And ‘nuclear power is likely to be cost-competitive with other
sources of electricity in most scenarios.’

2009

EDF buys relaunched British Energy comprising 7 AGRs, a PWR and sites to
build new reactors

2009

3 competing consortia set up comprising 7 large European utilities each
expecting to build 2-3 reactors on each of 5 sites, 16 GW, by 2030

2013

Deal for first project, Hinkley Point C, 2 Areva European Pressurised Reactors
(EPRs) agreed with EDF-led consortia, contracts signed, first power 2023,
expected construction cost £14bn (£16.4bn 2020 prices), take-or-pay power
purchase agreement for 35 years at fixed real price of £92.5/MWh (2012
money)

2013/14

6 European utilities pull out of their consortia and 2 consortia are sold, 1 to
Toshiba to build Westinghouse AP1000 and 1 to Hitachi to build Advanced
Boiling Water Reactor (ABWR)

2015

Government launches attempt to commercialise Small Modular Reactors
(SMR) in UK

2016

Bradwell site allocated to China General Nuclear (CGN) to build 2 reactors
using Chinese technology

2016/17

Westinghouse & Areva both collapse. Areva taken over by EDF

2018/19

Hitachi & Toshiba abandon their 3 projects. EDF acknowledges it cannot
finance its 2nd project, Sizewell C, and proposes Regulated Asset Base model
with institutional investors owning the plant

2020

Small amounts of public money for SMR programme given to Rolls Royce
PWR SMR, U-Battery HTGR & Westinghouse lead-cooled fast reactor

2021

CGN stops work on Bradwell B project. Dungeness B AGR closed

2022

Hunterston B and Hinkley Point B AGRs retired.5.0 GW of nuclear capacity
in operation, 3.2 GW under construction. Remaining AGRs expected to close
2024-2028, Sizewell B will operate till 2045. 3 of 6 new nuclear projects
abandoned, 2 of 6 in serious doubt. SMR programme lacking direction. By
2030, maximum nuclear capacity only 1.2 GW

2022

Hinkley Point C delayed to 2027-28 and cost up to £25-26.7bn

Source: Author’s research

and the last closing in 2015. Reprocessing the spent fuel to separate the pluto-
nium was required. This was partly because it was assumed the spent fuel was
prone to corrosion and could not be disposed of directly. It was also to provide
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plutonium for the weapons programme,? and because of a perception that world
reserves of uranium were so limited as to require an early transition to fast reac-
tors fuelled by plutonium. A reprocessing plant (B204) had been in operation
since 1952 using fuel from non-power reactors, replaced in 1964 by the B205
plant, which reprocessed Magnox fuel. B205 closed in July 2022 (Her Majesty’s
Government, 2022).

By 1964, it was clear the Magnox design was not commercially competitive,
and a government decision was taken to replace it with another UK design, the
Advanced Gas-cooled Reactor (AGR).? Five stations were ordered, comprising
two reactors each of about 600 MW, but it soon became apparent the design was
poor, and the procurement strategy misconceived (Williams, 1979). The five sta-
tions are the most delayed and unreliable set of reactors built in the world. This
was followed by three more government reactor choices: the Steam Generating
Heavy Water Reactor in 1969, the dual AGR/Pressurised Water Reactor (PWR)
policy of 1977, and the PWR programme of 1979. However, these attempts all
largely failed, and resulted in two more AGRs and one PWR (Sizewell B) being
built, completed in 1989 and 1995 respectively.

The fast reactor programme with its need for plutonium remained a strong
influence on nuclear policy, and a proposal was made to build a new reprocessing
plant to deal with fuel from the AGRs and PWRs* as well as imported spent fuel.
It was subject to a Public Inquiry in 1977 (The Windscale Inquiry, 1978). The
verdict was in favour of the Thermal Oxide Reprocessing Plant (THORP), but
construction did not start for another decade, with completion in 1994. THORP
only started up in 1997, it never operated as designed, underwent continual break-
downs, and was closed in 2018 when it had fulfilled its contracts to reprocess
non-UK spent fuel. Unlike Magnox fuel, which was claimed to require reprocess-
ing, there is no need to reprocess AGR or PWR fuel. By the late 1980s, the fast
reactor programme had been essentially abandoned and the need for plutonium
for civil reactors no longer existed.

There were several consequences for waste disposal from this history of repro-
cessing. By 2020, the UK had built up a stockpile of separated civil plutonium

21t was claimed that civil spent fuel was not used to make weapons plutonium, but the dis-
tinction was a materials accounting one. There was one reprocessing plant and there was no
segregation of military spent fuel.

3The AGR reactors are cooled using carbon dioxide and moderated using graphite and used
enriched uranium.

4The B205 reprocessing plant was not suitable for fuel from AGRs and PWRs.
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of about 140 tonnes, with no apparent use (Fichtlscherer et al., 2020). Despite
this, the UK does not categorise spent fuel or plutonium as radioactive waste. The
stock of plutonium is sufficient for a significant programme of fast reactors so it
is unlikely the spent fuel will not be classified as waste for direct disposal. The
2005 rescue of the collapsed privatised nuclear power company, British Energy
(see below), led to an end to reprocessing for AGR fuel because of the high cost
(European Commission, 2005, p. 33). In effect, this means that fuel loaded into
AGRs after 2005 was not reprocessed, and none of the Sizewell B PWR fuel was
reprocessed.

The privatisation of the British electricity industry in 1990, one of the last acts
of the Thatcher government, was intended to include the existing nuclear capac-
ity, with a commitment to build at least three more PWRs to follow on from
Sizewell B. The information gathered to allow the sale of the nuclear reactors
revealed that the operating cost alone of the Magnoxes and AGRs was double
the expected wholesale electricity price. It was also clear that private investors
were unwilling to take on the risk of building new reactors, and the nuclear sec-
tor remained in public ownership. The failure to sell the nuclear capacity was
a crushing blow to the credibility of the UK nuclear industry. The performance
of the AGRs and Sizewell B had improved sufficiently for them to be privatised
in 1996 but with no obligation to build new reactors, while the Magnox plants
remained in public ownership. The illusion that nuclear power was cheap was
exposed and the decision in 2003 not to pursue nuclear power seemed inevitable.

8.3  Attempts to Identify Waste Disposal Sites

In 1976, the UK government appointed a Royal Commission on Environmen-
tal Pollution to examine the environmental impact of nuclear power. Its seminal
report, commonly known as the Flowers Report (Royal Commission on Environ-
mental Pollution, 1976), was a comprehensive and thorough review of the impact
of nuclear power, but the statement that resonates today is the one quoted at the
start of this chapter, that nuclear power should not be pursued until there is a clear
solution to the waste issue.

In the wake of this influential report, efforts to identify new sites for disposal
of low-, intermediate- and high-level waste (LLW, ILW and HLW) began (see
Table 8.2). For LLW, the Drigg site in Cumbria was established in 1959, and
by 1980 there was an apparent need to build a new facility. In 1986, four sites,
none of which had any existing nuclear facilities, were identified by the Thatcher
government as sites for a shallow burial site for LLW. This led to immediate
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Table 8.2 The UK nuclear waste disposal programme

1952

B204 reprocessing plant opened to reprocess spent fuel to separate Pu, closed
1964 & converted to pre-handling plant to allow Advanced Gas-cooled Reactor
(AGR) fuel reprocessing in B205, re-opening 1969. Explosion in 1973 contami-
nating the whole plant & 34 workers led to permanent closure of the plant.

1964

B205 reprocessing plant opened to reprocess Magnox fuel, expected to close 2021
when last Magnox fuel reprocessing complete.

1971

British Nuclear Fuels Limited (BNFL) separated from UK Atomic Energy
Authority (UKAEA).

1976

Royal Commission on Environmental Pollution recommends: “There should
be no commitment to a large program of nuclear fission power until it has been
demonstrated beyond reasonable doubt that a method exists to ensure the safe
containment of long lived, highly radioactive waste for the indefinite future.”

1977

Public inquiry into proposal to build a reprocessing plant, Thermal Oxide Repro-
cessing Plant (THORP), opened. Approval given 1978. Economic case based on
contracts to reprocess foreign fuel. Pu to be sent back to country of origin.

1982

Nuclear Industry Radioactive Waste Executive (NIREX) created to examine
options for radioactive waste disposal. Absorbed into Nuclear Decommissioning
Authority (NDA) 2007.

1986

4 sites identified as potentially suitable for Intermediate-level Waste (ILW) Geo-
logical Disposal Facilities (GDF). Quickly abandoned.

1994

THORP completed, enters service in 1997, but never operates as designed. In
2005 suffered a major leak of Pu, contained but undetected for 10 months. Closed
2018.

1995

Proposal to investigate using Sellafield for GDF by NIREX sent to Public Inquiry.
Proposal rejected.

1997

Plant to make Mixed Oxide fuel completed but did not enter service till 2002.
Designed to produce 120 tonnes fuel per year but in its 5 years of operation, made
only 5 tonnes total.

2001 | Committee on Radioactive Waste Management (CoORWM) set up to advise gov-
ernment on best option to deal with ‘legacy’ waste.

2003 | Energy White Paper states “there are also important issues of nuclear waste to be
resolved. These issues include our legacy waste.”

2006 | CoRWM reports that GDF are the best option for legacy waste.

2008 | Nuclear White Paper states, “Government believes that it is technically possible

to dispose of new higher-activity radioactive waste in a geological disposal facil-
ity and that this would be a viable solution and the right approach for managing
waste from any new nuclear power stations.” And, “We consider that it would be
desirable to dispose of both new and legacy waste in the same repository facili-
ties.”

(continued)
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Table 8.2 (continued)

2012 | Nuclear Decommissioning Authority (NDA) launches consultation on how to deal
with stockpile of separated plutonium, put it ‘beyond reach’. 3 options consid-
ered: burning in a Hitachi PRISM FBR, burning in a Candu 6, used to make MOX
fuel. Consultation not completed but ‘burning’ options rejected.

2018 | THORP closes when foreign contracts fulfilled. Most Pu not sent back to country
of origin, but equivalent quantity of radioactivity sent back leaving UK with total
stockpile of separated Pu of about 140 tonnes.

Source: Author’s research

and determined local opposition. Just before the next General Election in 1987,
evaluation of all four sites was abandoned and LLW was expected to be dealt
with along with ILW in deep burial sites. Despite Drigg being reportedly close
to capacity for decades, compaction has meant it continues in operation, with no
immediate plans to close and replace it with a new facility.

In 1982, the nuclear industry, primarily then publicly owned, set up the
Nuclear Industry Radioactive Waste Executive, Nirex Ltd, to examine methods
for waste disposal. In 1989, Nirex began to look for sites for deep geological dis-
posal of LLW and ILW, and targeted two sites, both with existing nuclear facili-
ties, Dounreay (on the north coast of Scotland) and Sellafield (in Cumbria on the
northwest coast of England), both remote and sites of previous nuclear accidents
that had contaminated the land with plutonium. This contamination means there
is no prospect that either site could be cleaned up sufficiently to allow its release
for unrestricted use. In 1992, Nirex announced plans to build a Rock Characteri-
sation Facility at Sellafield. This would monitor conditions at the depth a GDF
would be built in order to assess the suitability of the site. The county council for
the area, Cumbria, turned down the application, and in September 1995, a Public
Inquiry into the rejection of the proposal was opened, running for five months.
Nirex’s proposal was turned down by the Public Inquiry’ (Cumbria County Coun-
cil, 1996), and an appeal by Nirex to the Secretary of State against this verdict was
also rejected. The Inquiry Inspector was highly critical of the case made by Nirex.

In 2003, an energy policy White Paper concluded nuclear power was “an unat-
tractive option and there are important issues of nuclear waste to be resolved”
(Department for Trade and Industry, 2003, p. 12). To deal with the waste issue,

3Public inquiries are formal investigations into major developments, convened by a govern-
ment minister.
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the UK government set up the Committee on Radioactive Waste Management
(CoRWM) in 2003, with a brief: “to make recommendations for the long-term
management of the UK’s higher activity wastes that would both protect the public
and the environment and inspire public confidence” (Committee on Radioactive
Waste Management, 2006, p. 2). The committee emphasised that “CoRWM’s rec-
ommendations are directed to existing and committed waste arisings. CORWM
believes that its recommendations should not be seen as either a red or green light
for nuclear new build” (Committee on Radioactive Waste Management, 2006,
p. 13).

CoRWM’s main recommendation was:

Within the present state of knowledge, CORWM considers geological disposal
to be the best available approach for the long-term management of all the mate-
rial categorised as waste in the CoORWM inventory when compared with the risks
associated with other methods of management. The aim should be to progress to
disposal as soon as practicable, consistent with developing and maintaining pub-
lic and stakeholder confidence. (Committee on Radioactive Waste Management,
2006, p. 96)

There was disagreement within the Committee about whether the facility
should be immediately sealed when it was full or kept open for several hundred
years. The Committee was unable to agree on this.

By the time of the 2005 Blair announcement, experience had shown that
attempting to site waste facilities even at existing nuclear sites, and even for the
technologically relatively straightforward LLWs would be bitterly contested.
The moves to fulfil the duty to deal with the existing and committed wastes in
an appropriately responsible manner, such as the CORWM exercise, were imme-
diately derailed by Blair’s announcement. Attempts to site waste facilities were,
as a result, seen by critics of nuclear power as ‘door-opening’ measures for new
nuclear build, rather than an attempt to deal responsibly with existing waste.

8.4 TheBlair Programme

The 2003 energy policy White Paper had promised:

Before any decision to proceed with the building of new nuclear power sta-
tions, there will need to be the fullest public consultation and the publication of a
further white paper setting out our proposals (Department of Trade and Industry,
2003, p. 12).

So, the 2005 Blair policy speech could not be immediately turned into a
programme of new reactor build. A White Paper on nuclear power policy was
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published in 2008 (Department for Business Enterprise and Regulatory Reform,
2008).

The detailed history of the Blair programme is outside the scope of this chap-
ter but, like the five previous attempts to re-launch a UK nuclear power pro-
gramme, it largely failed. The 2008 nuclear power policy White Paper led to a
government projection that 16 GW of new nuclear capacity, with 11 reactors at
five sites, could be in operation by 2025, with an additional site for two reactors,
2.3 GW, added later.

By 2022, only one station, Hinkley Point C (3.2 GW) had started construction
and will not be completed before 2027. Three of the sites have been abandoned,
and the other two remain in serious doubt. In April 2021, the UK minister Gerry
Grimstone said: “If you read the energy white paper [Department for Business,
Energy & Industrial Strategy, 2020] [...] it’s by no means certain that this coun-
try is going to be building large nuclear power stations.” (Thomas & Pickard,
2021).

However, in response to high energy prices from 2021, the Boris Johnson
government announced a new attempt to restart nuclear ordering, with a target
of 24 GW of nuclear capacity to be completed by 2050, with the first new reactor
entering service in the mid-2030s (Department for Business, Energy & Industrial
Strategy, 2022). It is hard to see why this new attempt should be any more suc-
cessful than its predecessors.

A major barrier to a relaunch of nuclear power ordering was the financial col-
lapse in 2002 of the two key civil nuclear companies, British Energy (the pri-
vatised owner of the newer nuclear power stations) and British Nuclear Fuels
Limited (BNFL). British Energy was relaunched in 2005, having satisfied the
European Commission that its rescue did not constitute unfair state aid (European
Commission, 2005). The price for this public intervention was that 65% of the
shares in British Energy were taken by the government. In 2008, EDF (Electricité
de France, a multinational electric utility company, largely owned by the French
state) bought out the British government, taking an 80% stake in British Energy.6
This gave it access to the six AGR sites, most of which were seen as suitable for
new nuclear capacity.

BNFL was split into eight parts, with the skills and capabilities privatised,
but ownership of the sites going to a new government-owned body, the Nuclear

5The other 20% was taken by and remains with the British energy company, Centrica.
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Decommissioning Authority (NDA). Most of these facilities were retired or near
retirement and the sites represented major liabilities because of the need to clean
them up. At the time of its creation in 2005, NDA’s liabilities were estimated to
be about £53bn (Nuclear Decommissioning Authority, 2006, p. 70). By 2021,
despite 15 years of decommissioning work, the estimated remaining liability had
increased to £131.5bn (Nuclear Decommissioning Authority, 2021a, b).

The planning system was seen by the Blair government as a major barrier to
large projects, introducing delay and uncertainty. A particular concern was the
Public Inquiry system, which was often blamed for the delays building the Size-
well B nuclear power plant and THORP, and the failed attempt to build a deep
nuclear waste disposal facility at the Sellafield site. These claims of delays caused
by Public Inquiries were however misleading, as the public inquiries represented
only a small part of the delays. In 2007, a White Paper introducing a streamlined
process was published, Planning for a Sustainable Future (Her Majesty’s Gov-
ernment, 2007). Under the new procedures, for nationally ‘significant infrastruc-
ture projects’ major Public Inquiries would not take place and there would be a
new single consent regime and an independent commission to determine applica-
tions.

8.4.1 Resolving Important Issues of Nuclear Waste

The concerns about waste expressed in the 2003 White Paper (Department of
Trade and Industry, 2003) needed to be addressed. The 2008 nuclear power policy
White Paper (Department for Business, Enterprise & Regulatory Reform, 2008)
cited the CoORWM report (2006) as supporting a view that a GDF was the appro-
priate way to dispose of ILW and HLW but ignored the condition that CORWM
was only mandated to recommend solutions for existing and committed waste.
In 2006, CoORWM had reiterated that its conclusions were not applicable to waste
from new build:

The main concern in the present context is that the proposals might be seized upon
as providing a green light for new build. That is far from the case. New build wastes
would extend the timescales for implementation, possibly for very long, but essen-
tially unknowable, future periods. Further, the political and ethical issues raised by
the creation of more wastes are quite different from those relating to committed —
and, therefore, unavoidable — wastes. Should a new build programme be introduced,
in CoORWM’s view it would require a quite separate process to test and validate pro-
posals for the management of the wastes arising. (CoRWM, 2006, p. 13).
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In the Draft National Policy Statement on Nuclear Power Generation (Depart-
ment of Energy & Climate Change, 2009, p. 22), the government, then headed by
Blair’s successor, Gordon Brown, again cited CORWM as supporting the use of
GDFs for ILW and HLW disposal. Four members of the original CORWM body
subsequently wrote to the government expressing dissatisfaction with how their
work had been represented.”

A White Paper published by the Brown government specifically on waste pol-
icy (Department of the Environment & BERR, 2008), elaborated on the nuclear
power policy White Paper (Department for Business, Enterprise & Regulatory
Reform, 2008), specifically identifying the GDF as the chosen option. Key points
from the waste policy White Paper were:

e reflecting the discussions in CORWM about when the GDF should be closed
and the waste made irretrievable, the government said the decision need not be
taken now;

e a new division of NDA, the Radioactive Waste Management Directorate
(RWM), was set up to replace Nirex using some of Nirex’s resources; and,

e while the White Paper sought to stress consultation with the public, it was
clear nothing similar to the Public Inquiry system would be allowed. (Depart-
ment of the Environment & BERR, 2008)

However, the most substantive proposals concerned the site selection and site
assessment processes, and while they have been revised several times, the 2008
proposals still form the basis of policy in 2022. At the heart of the proposed pro-
cess was ‘voluntarism and partnership’, so that those hosting the GDF would
be ‘volunteers’, unlike the previous process under which a candidate site was
selected with no reference to those directly affected. In the 2008 White Paper on
waste policy, (Department of the Environment & BERR, 2008), the government
identified three sets of local communities: the host community; the town or vil-
lage where the GDF would be situated; the decision-making body, the local gov-
ernment body for the host community; and wider local interests such as adjoining
towns, villages, and districts. The process would begin with a local community
making an ‘expression of interest’, followed by a ‘decision to participate’ that
would commit them to participate in the siting process while still retaining a right

7 http://www.nuclearwasteadvisory.co.uk/wp-content/uploads/2011/06/CoRWM1_Let-
ter_201109.pdf.
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of withdrawal, which would apply up to the start of underground testing to deter-
mine the suitability of the site. When the decision to participate was taken, a local
‘community siting partnership” would be set up.

As incentives, there was an ‘engagement package’ under which communities’
costs would be met and a ‘benefits package’ provided. The latter included facili-
ties such as transport infrastructure that would be needed for construction, but there
would also be ‘benefits which may be commensurate with developing the social
and economic wellbeing of a community that has decided to fulfil such an essential
service to the nation.” Details on what these benefits might be were not specified.

Once the local community had taken a decision to participate, the three stages
in the site assessment were a basic screening by means of desk-based studies of
the site undertaken to ensure it was suitable, followed by surface investigations
and underground operations.

8.5 Developments Since 2008

In 2008, three local councils® in the region where Sellafield is sited volunteered
to consider hosting a GDF (see Roche et al, 2019). They set up the West Cum-
bria Managing Radioactive Waste Safely Partnership which met about every six
weeks for three years before Cumbria County Council, rejected the plans and the
attempt collapsed.

This represented a major setback. Not only had the partnership failed, but
the process had revealed serious doubts about the suitability of sites in Cumbria,
which are widely seen as by far the most politically feasible because the historic
employment offered by the Sellafield complex means there is some local support
for new nuclear facilities there.

In 2014, soon after this collapse, the government published another White
Paper on waste policy, Implementing Geological Disposal (Department of Energy
& Climate Change, 2014). This included a national screening process to be car-
ried out by RWM; bringing all facilities associated with a GDF under the ‘Nation-
ally Significant Infrastructure Projects’ as set out in the planning system reforms
introduced in 2008. How relations between government and local communities
would operate was also amplified, for example on community representation, how
money would be invested in local communities, and establishing a means for local

8 Allerdale Borough Council, Copeland Borough Council and Cumbria County Council.



212 S. Thomas

communities to access independent expertise. No attempt was made to identify
potential sites based on this new White Paper.

In 2018, the 2014 White Paper (Department of Energy & Climate Change,
2014) was updated as Implementing Geological Disposal: Working with communi-
ties (Department for Business, Energy & Industrial Strategy, 2018). This launched
the sixth attempt to find a suitable site for a waste disposal facility (see Table 8.3).
RWM identified three areas as worthy of investigation for a GDF in England, Cum-
bria (in the Northwest), Hartlepool and Theddlethorpe (both on the East Coast). By
early 2022, three separate Community Partnerships had been set up in Cumbria, in
Allerdale (Allerdale Geological Disposal Facility Community Partnership, 2022),
Mid Copeland (Mid Copeland GDF Community Partnership, n.d.), and South
Copeland (South Copeland GDF Community Partnership, n.d.) and in June 2022 a
Community Partnership was set up for the Theddlethorpe site (Theddlethorpe GDF
Community Partnership, n.d.). No progress had been made at Hartlepool, and that
site seems unlikely to progress. Little has been done other than to set up these Com-
munity Partnerships and it is too early to make judgements on them.

8.6  What Material is to Be Disposed of in a GDF?
8.6.1 Legacy Waste

The UK’s 2018 White Paper (Department for Business, Energy & Industrial Strat-
egy, 2018), identified three streams of waste that would go into a GDF. HLW is
spent fuel or material recovered from reprocessing spent fuel. It generates a large
amount of heat as well as a high level of radioactivity. ILW does not generate
much heat and arises from reprocessing and from decommissioning of retired
reactors. LLW waste can generally be stored in surface stores as the radioactiv-
ity decays relatively quickly, but some wastes with long-lived radioactive isotopes
are expected to be placed in a GDF.

The position on HLW is complicated by the long history of reprocessing.
Spent fuel and separated plutonium are not categorised as waste. The 2018 White
Paper says:

In addition to existing wastes, there are some radioactive materials that are not cur-
rently classified as waste, but would, if it were decided at some point that they had
no further use, need to be managed as wastes through geological disposal. These
include spent fuel (including spent fuel from new nuclear power stations), plutonium
and uranium. (Department for Business, Energy & Industrial Strategy, 2018, p. 12)
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This appears to create a major uncertainty about the volume of high-level waste
that will be disposed of in the GDF. In 2011, the UK government stated its pre-
ferred policy for the stockpile of plutonium was that it should be used in mixed
oxide (MOX) fuel that could fuel existing conventional reactor designs such as
PWRs. The objective was “to implement approaches to put the inventory of sepa-
rated civil plutonium beyond reach” (Department for Business, Energy & Indus-
trial Strategy, 2018, p. 14). However, by 2022, attempts to find ways of dealing
with the plutonium stockpile, either by ‘burning it’ in fast reactors or turning it
into MOX fuel for conventional reactors had come to nothing.

On spent fuel, the reprocessing plants have been closed and the stock of plu-
tonium seems to be sufficient for a significant programme of fast reactors, so it
seems unlikely the spent fuel will not ultimately be classified as waste.

The likelihood is therefore that the plutonium stockpile and the spent fuel
will be disposed of directly. So, in practice the likely volume of HLW is known.
There is some uncertainty about ILW, as the final stage of decommissioning
Magnox reactors that will generate large quantities of ILW was not expected to
start until 2075, with decommissioning of AGRs likely to follow sometime after
2100. However, this policy of delay was reviewed in 2020 due to deterioration
of the Magnox buildings with a much more rapid timetable likely to be required
(Nuclear Decommissioning Authority, Sellafield Ltd & Magnox Ltd, 2021). This
will increase the volume of ILW as it will have had less time to decay.

8.6.2 New-Build Waste

The scale and type of waste from new-build is unpredictable because of the
uncertainty about the type, number and size of the reactors that will be built. In
2021, four different technologies were being promoted by government: large
1000 +MWe reactors of various designs; the Rolls Royce small (470 MWe) PWR
(Rolls Royce. (n.d.); the U-Battery high temperature gas-cooled reactor (3 MWe)
(UBattery, n.d.); and the Westinghouse Lead-cooled Fast Reactor (450 MWe)
(Westinghouse, n.d.). The latter three options are a decade or more away from
commercial deployment with uncertainty about whether they will be pursued.
Of the large reactors, there is one station, Hinkley Point C, under construction
comprising two European Pressurised Reactors (EPR), expected to be completed
before 2030, and two other specific projects (Sizewell C (two EPRs) and Brad-
well B (two Chinese-design Hualong One reactors) that might be pursued, but for
completion well after 2030.
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The 2008 White Paper (Department for Business, Enterprise & Regulatory
Reform, 2008, p. 30) stated: “Our view remains that in the absence of any pro-
posals from industry, new nuclear power stations built in the UK should proceed
on the basis that spent fuel will not be reprocessed.” The Generic Design Assess-
ments by the Office of Nuclear Regulation (ONR) of the reactor designs proposed
have been based on disposal of the spent fuel directly into a GDF (see, for exam-
ple, Nuclear Decommissioning Authority, 2014a). The RWM states: “spent fuel
from a new build programme is assumed to be managed by direct disposal after
a period of interim storage” (Radioactive Waste Management, 2021, p. 3). The
current assumption in government remains that spent fuel would be disposed of
rather than reprocessed.

The two EPR projects will use high-burn-up fuel expected to achieve
60+ gigawatt-days per metric ton of uranium (GWd/MTU),? more than any com-
mercially operating reactor.!® High burn-up fuel would be much hotter and more
radioactive than conventional spent fuel requiring much longer in intermediate
store, perhaps 140 years,!! before the fuel is stable enough to consider final dis-
posal. There are also concerns that the fuel would become fragile due to fission
gases being released in the fuel (see for example Pastore et al., 2017), and that
the cladding would become brittle. These factors might make it unwise to dispose
of the fuel directly (United States Nuclear Regulatory Commission, 2018), In its
assessment of the EPR, the RWM concludes that:

ILW and spent fuel from operation and decommissioning of an EPR should be com-
patible with plans for transport and geological disposal of higher activity wastes
and spent fuel. It is expected that these conclusions eventually would be supported
and substantiated by future refinements of the assumed radionuclide inventories of

9Typical existing reactors have a burn-up of 35-45 gigawatt-days per metric ton of uranium
(GWd/MTU). By increasing the enrichment of the uranium in the fuel, it is possible to get
to higher burn-ups, meaning the reactor can operate for longer before refuelling is required
10Two other designs, the Westinghouse AP1000 and the Hitachi-GE ABWR were approved
by the UK safety regulator, ONR, based on using burn-ups of 60 GWd/tU. The projects
expected to use these designs have since collapsed although the design approval remains
valid. The Hualong One design proposed for Bradwell is expected to have fuel burn-up of
about 50 GWd/tU.

ITRWM states: it would require of order of 140 years for the activity, and hence heat out-

put, of the EPR fuel [with a maximum burn-up of 65 GWd/tU] to decay sufficiently to meet
this temperature criterion (NDA, 2014b).
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the higher activity wastes and spent fuel, complemented by the development of more
detailed proposals for the packaging of the wastes and spent fuel and better under-
standing of the expected performance of the waste packages (Nuclear Decommis-
sioning Authority, 2014b, p. 8).

The UK White Papers of 2008, 2014 and 2018 on waste disposal make no men-
tion of burn-up and the issues it raises.

8.6.3 Military Waste

Military waste from the weapons and submarine programmes will form a signifi-
cant part of the waste disposed of in the GDF, but no details have been published
about the volume and characteristics of this waste.

8.7 The Proposed Geological Disposal Facility
8.7.1 Design

Only one GDF is proposed, albeit with separate areas to take the different catego-
ries of waste. The 2018 White Paper (Department for Business, Energy & Indus-
trial Strategy, 2018) suggested there might be a system of vaults for the disposal
of ILW, and an array of engineered tunnels for the disposal of HLW. These could
be at different depths, for example 200 m for ILW and 1 km for the higher activ-
ity wastes. There would be substantial surface facilities, for example rail and road
links for delivery of the waste. The packaged volume of the waste is estimated to
be about 750,000 cubic metres, equivalent to 70% of the volume of the Wembley
football stadium.

8.7.2 Cost and Employment

The 2018 White Paper stresses the employment impact of the GDF: “Current
estimates are it will directly employ around 600 skilled, well-paid staff per year,
over the duration of the project, with workforce numbers rising to more than 1000
during construction and early operations.” The jobs would be provided for “more
than 100 years” (Department for Business, Energy & Industrial Strategy, 2018,
p- 54). However, on cost, the White Paper says: “The precise costs of develop-



8 UK Nuclear Waste Policy: 50 Wasted Years 219

ing a GDF will depend on a number of factors, including the type of rock in
which the facility is constructed and exactly how long it operates before being
closed.” (Department for Business, Energy & Industrial Strategy, 2018, p. 25).In
the 2021 GDF annual report, the Nuclear Waste Services (NWS) division of NDA
stated the cost of the GDF: “is estimated to be in the region of £20-£53bn”, com-
pared to its previous estimate of only £12bn. NWS explained the increase: “This
was because that figure [£12bn] only represented a lower-end single-point esti-
mate based on the costs of disposing of legacy waste only alongside some basic
assumptions about a single type of geology and depth” (Nuclear Waste Services,
2022, pp. 24-26).

The overwhelming majority of the waste generated will be owned by the
NDA, the Ministry of Defence, and the UK government, which will take title to
the waste from EDF’s nuclear power stations when they are retired.

8.7.3 Timing

The White Paper (Department for Business, Energy & Industrial Strategy, 2018)
talks about a period of 15-20 years to identify a site and carry out the techni-
cal work necessary to prove its suitability (see Table 8.3). There would then be
a period of 10 years to construct the first vaults, at which point emplacement of
waste would begin in parallel with construction of further capacity. The White
Paper claims a GDF could be open in the 2040s. It is expected the facility would
receive waste for about 100 years, long enough to dispose of only the current vol-
ume of ‘legacy’ waste. After 100 years, the 2018 White Paper implies the facility
would be closed promptly and waste from new-build plants would need another
GDEF. However, in discussions between RWM and its stakeholder engagement
group, it appears that once legacy waste has been disposed of, new vaults would
be constructed for new-build waste using the existing shaft. The Johnson govern-
ment claims: “Permanently closing a GDF at the earliest possible opportunity
once operations have ceased provides for greater safety, greater security, and min-
imises the burden on future generations.” (Department for Business, Energy &
Industrial Strategy, 2018 pp. 25-26).

The Cameron government (previously stated it is: “proceeding on the assump-
tion that only one GDF will be necessary.” Department of Energy & Climate
Change, 2014). So given the GDF might be open for 200 years or more from
around 2050, and would contain waste generated before 1960, the burden on
future generations will clearly be long-lived.
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8.7.4 Regulation

The regulatory framework for GDF is expected to be essentially the same as for
other nuclear facilities. The ONR will regulate safety and security. The Environ-
ment Agency will be responsible for implementing and enforcing environmental
protection legislation; its areas of responsibility include environmental pollution,
waste management, flood risk management, water resources, fisheries, and con-
servation. The Health and Safety Executive will ensure the health and safety of
workers.

8.7.5 Location

As with previous attempts, the most likely sites to be pursued are those in Cum-
bria near the Sellafield complex. Proposals to consider sites on the east coast of
England (Theddlethorpe and Hartlepool) have attracted little local support and
seem unlikely to proceed. RWM have stated: “If the community doesn’t want it, it
won’t be built” (BBC, 2022).

8.7.6 Retrievability

The government states: “The UK Government and regulators agree that the pur-
pose of a GDF is to dispose of waste, not to store it.”” And that: “Permanently
closing a GDF at the earliest possible opportunity once operations have ceased
provides for greater safety, greater security, and minimises the burden on future
generations” (Department for Business, Energy & Industrial Strategy, 2018, pp.
25-26). However, given that the decision on when to seal the repository will be
taken in no less than 150 years from now based on the prevailing conditions, such
a statement has little weight.

8.8 Community Consent

Given the hostility previous attempts to impose a disposal facility had generated,
ensuring the support of local communities has been at the centre of government
proposals since the 2008 White Paper on nuclear waste (Department of the Envi-
ronment & BERR, 2008). Much of the 2018 White Paper (Department for Busi-
ness, Energy & Industrial Strategy, 2018) concerns proposals aimed at ensuring
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this informed consent is given. This raises the issue of how the process can be run
without a serious risk that a previously receptive community could end the pro-
cess if it changed its mind.

The process is initiated by an individual or a group of people who want to
propose an area for consideration, be it a few fields or an entire county. [f RWM
judges that the site is worthy of further consideration, RWM must inform the rel-
evant local authorities. If, after further investigation by RWM, the site appears
promising and there is still local interest, deep investigative boreholes will be
drilled by RWM, conditional on consent by the relevant government minister and
by the Environment Agency. These further investigations are expected to take
about 15 years. If they show a GDF is viable, RWM must obtain an Environment
Permit from the Environment Agency and a Nuclear Site License from the ONR.
Building the GDF is expected to take a further 10 years before the first waste
can be emplaced. Including time to identify potential sites, it appears the whole
process is expected to take at least 30 years. The claim in the 2018 White Paper
(Department for Business, Energy & Industrial Strategy, 2018) that a GDF could
be open in the 2040s therefore looks implausible.

The 2018 White Paper proposes that once a site has passed the initial screen-
ing, a Working Group should be formed comprising the person(s) who initially
indicated an interest, the RWM, an independent chair, an independent facilitator,
and all relevant principal (district or county) local authorities should be invited
to be members, although things can proceed if they do not join. The job of the
Working Group is essentially to identify potentially suitable sites.

The next step is the formation of a Community Partnership comprising com-
munity members, organisations, the RWM and at least one principal local author-
ity. This will be backed up by a Community Partnership Agreement specifying
working arrangements. The Community Partnership’s job is to share informa-
tion and to seek answers to questions raised by the community. The Community
Partnership will be given funding of up to £1 m per year (Community Investment
Funding) in the initial stages, rising to £2.5 m if the proposal progresses to drill-
ing boreholes. This fund can be used for local initiatives, for example, enhancing
the natural environment.

8.8.1 Right of Withdrawal

The 2018 White Paper claims: “A community can withdraw from the siting pro-
cess at any time up until it has taken a Test of Public Support.” However, it then
appears to contradict that statement: “The decision on whether to withdraw the
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community will be taken by the relevant principal local authority, or authorities
where there is more than one, on the Community Partnership. Where there is
more than one relevant principal local authority on the Community Partnership,
all must agree; no single relevant principal local authority will be able to unilater-
ally invoke the Right of Withdrawal” (Department for Business, Energy & Indus-
trial Strategy, 2018, p. 58). It will therefore be easier to enter the siting process
than to exit it.

8.8.2 Test of Public Support

The Test of Public Support of residents in the Potential Host Community will take
place at the point RWM is ready to seek regulatory approval and development
consent for the GDF, some 20 years after the process started. The Potential Host
Community will be determined by the Community Partnership and will include
wards (divisions of towns or cities) that will be physically affected by the GDF,
either below or above ground, and including required infrastructure such as trans-
port links. The White Paper (Department for Business, Energy & Industrial Strat-
egy, 2018) does not specify the form the Test might take, but suggests it might be
a referendum, a consultation or statistically significant polling. The right of with-
drawal ceases once a successful test of public support has taken place.

8.8.3 Engagement Funding

The Community Partnership and its Working Groups will have funding avail-
able and access to expert bodies to allow them to commission their own work.
The scale of this funding is not specified. However, there is no funding for crit-
ical groups. This is unlike Sweden, where the MKG (Swedish NGO Office for
Nuclear Waste Review), and an alliance of organisations often critical of nuclear
power, receives significant government funding.

8.8.4 Community Investment Funding
The White Paper restates the economic benefits of the project to the area, par-

ticularly job creation over more than 100 years. It talks of 600 permanent jobs
during the operation of the facility with up to 1000 during construction. It also
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mentions improvements in infrastructure such as transport links. However, these
benefits only begin once construction starts, perhaps 20 years from when the pro-
cess begins. The government therefore proposes funding of £1 m rising to £2.5 m
per year once borehole drilling starts, available to the members of the Community
Partnership to be used for projects benefiting the local communities but with no
connection to the project.

Once a site has been selected for a GDF and the Community Investment Fund-
ing has finished, the local communities will also continue to receive government
grants for local projects, amount not specified.

8.8.5 Will the New Policy Yield a GDF?

There is a wide gap between the rhetoric of willing communities volunteering to
host a GDF and the reality of the procedures. It seems unlikely that any site apart
from one in Cumbria will command local support, and even in Cumbria there will
also be significant local opposition. So, while two other areas were proposed in
2021 by local groups, these will be bitterly opposed by other local interests.

The earlier 2008 policy quickly failed when one of the local authorities with-
drew support. The government responded by making it easier to set up a Com-
munity Partnership, and harder to withdraw from one, with increased incentives
to make the lengthy and costly procedure less vulnerable to a precipitate collapse.
A proposal can now be set up with support of only one or two local individu-
als or local groups. Provided it can get support from one or two local authorities
and regardless of how many local authorities oppose it, a Community Partner-
ship could be set up and gain access to resources to commission their own stud-
ies and receive significant public money to build local facilities unconnected with
the proposal. Authorities opposing the proposal have no access to such resources.
Once a Community Partnership is set up, despite the promise of a right of with-
drawal, in practice, it appears it would be impossible for one member of the part-
nership to withdraw.

These measures make a mockery of claims that a GDF would not be imposed.
They are also unlikely to be politically sustainable if it becomes clear that their
effect is to impose a GDF on an unwilling community.

The Test of Public Support would only take place when construction of the
facility is ready to start, after up to 20 years of investigations. There will inevi-
tably be boundary problems, with communities close to the proposed facility but
outside the boundaries feeling disenfranchised.
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8.9 Conclusions

Nuclear power has seldom been a major public policy issue in the UK, with con-
flicts generally being between the nuclear industry trying to site a facility and the
planned host community opposing it. For waste, it has been government bodies
promoting the siting of waste facilities. The scientific establishment has not been
a major voice.

Like other European countries with significant existing quantities of ILW and
HLW, UK policy is to dispose of this in a GDF. Policy statements are designed to
promote the view that GDFs are the only responsible policy option for these types
of waste, and that there are no doubts that disposal in a GDF is viable and would
entail negligible risk that harmful material would leak into the environment over
the long period required. This assumption is based on several premises. That:

e A site can be identified that meets the geological requirements over a period of
hundreds of thousands of years.

e The complex chemical and radiological changes that will occur over this
period are well enough understood.

e The packaging arrangements will be able to withstand the intense heat and
radiation they will be subjected to.

Assessing these requirements is beyond the scope of this analysis, but the propos-
als will not only have to achieve a scientific consensus that they meet require-
ments; they will also have to convince the public. The poor technological record
of the British nuclear industry with many serious technological failures, means its
credibility is low.

The Government justifies its advocacy of a GDF based on the recommenda-
tions of the Committee on Radioactive Waste Management. Since the start of
the Blair attempt to relaunch nuclear construction in 2005 successive govern-
ments have never acknowledged that the mandate of this Committee was solely
to deal with ‘legacy’ waste. While this is a historic detail that few will be aware
of, the underlying difference between a door-opening decision and a decision
to discharge a historic responsibility will continue to be a barrier to getting the
local consent needed to select sites. The lack of a proven method for dealing with
waste also undermines claims by advocates of nuclear power that it is a sustain-
able technology.

These issues were exacerbated by the ambitions in 2022 of the UK govern-
ment under Boris Johnson to expand nuclear power. By 2021, the 2006 Blair pro-
gramme of building 16 GW of large reactors by 2025 was failing, with the only
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project to proceed, Hinkley Point C, not forecast to be complete before 2027-28.
In its place, the UK government directed public money to Small Modular Reac-
tors (SMR) until 2022, when the Johnson administration launched its own attempt
to build large new reactors. The SMR designs are all a decade or more from
being deployable and may never be commercially viable. Whether the problems
of getting public consent for a GDF would be solved if the UK was to make a
decisive decision not to pursue new reactor projects, comparable to the German
‘Energiewende’, is hard to determine. However, given that the successive fail-
ures of nuclear policy dating back to the 1960s do not seem to have dimmed gov-
ernments of all complexions’ appetites to continue to try to launch new nuclear
power programmes, such a decision appears implausible.

The history of the British nuclear industry, specifically the policy of reprocess-
ing spent fuel, has also created problems for the UK, notably the huge quantity
of separated plutonium. The government’s position that spent fuel and plutonium
are not categorised as waste causes uncertainty about the quantity and type of
high- and intermediate-level waste that will need to be accommodated in a GDF.
Radioactive decay of the plutonium means that it will increasingly not be use-
able as reactor fuel. In practice, it is not clear what the implications over the next
decades up to the forecast opening date of a GDF would be, given that a restart of
reprocessing and a major fast reactor programme appear to be decades away, if
ever. Would the material be stored differently if it was categorised as waste, or as
a resource for future use?

The issues raised by the high burn-up fuel, which will be used in Hinkley
Point C and any other large reactors built are not addressed by government. These
include the very long period, expected to be 140 years, from being removed from
the reactor and the spent fuel being ready to be emplaced in a GDF, and the fra-
gility of the fuel and its cladding, which puts into question whether the fuel can
be disposed of directly without significant processing.

While RWM has carried out a nationwide survey to identify potential sites, all
experience suggests that finding a site that will command local support anywhere
other than Cumbria, where the Sellafield complex is sited, will be hard. Sellafield
employs about 11,000 people and given the paucity of alternative employment
prospects and the closure of many of the facilities at Sellafield, any proposal that
offers future employment is likely to receive some support.

The statement in the White Paper that: “Permanently closing a GDF at the
earliest possible opportunity once operations have ceased provides for greater
safety, greater security, and minimises the burden on future generations” (Depart-
ment for Business, Energy & Industrial Strategy, 2018 pp. 25-26) is rather empty.
The facility might not be ready for closure till perhaps 250 years from now.
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So, many future generations will have to bear the burden of funding it, operat-
ing it and the physical risk that it would pose until it is sealed. When the facility
is at the point when it could be permanently sealed, the decision will be taken
based on the conditions that prevail then. The intentions stated now will carry no
weight.

The alternative to a GDF, of indefinite surface storage, appears to give rise to
additional risk because of the accessibility of the material and its vulnerability
to natural phenomena such as flooding, and appears to evade our responsibility
to clean up the pollution we create. However, it may be the ‘least bad’ option if
emplacement in a misconceived GDF risks radioactive material getting into the
environment with no way to mitigate the damage because the material is irretriev-
able.

The UK has continued to pursue new nuclear power programmes for most of
the 45-year period since the Flowers report stated there should be no commitment
to new nuclear power plants until there is clear evidence “that a method exists to
ensure the safe containment of long-lived, highly radioactive waste for the indefi-
nite future.” (Royal Commission on Environmental Pollution, 1976, p. 131) There
is still no sign this condition can be met, and policymakers continue to make
decisions whose consequences will not be known for decades, long after the time
they could be held accountable for them.
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The Governance Ecosystem

of Radioactive Waste Management
in France: Governing of and

with Mistrust

Markku Lehtonen

9.1 France as a Forerunner in High-Level Radioactive
Waste Management

Together with Finland and Sweden, France is a forerunner in the development of
high-level nuclear waste (HLW) management solutions. A deep geological reposi-
tory for high- and medium-level long-lived waste is being planned for Bure, a
very small community in a sparsely populated area in the East of France, with
expected operation to start in 2040-2050. The project, led by the national radi-
oactive waste management agency, Andra, and financed via taxes levied on the
waste producers, has a long and conflict-ridden history of deep mistrust between
proponents and opponents of the project, and faces resistance from an active
minority, despite the extensive participatory procedures, especially at the national
level (Barthe, 2006; Blowers, 2016; Lehtonen, 2019). In 1998, the government
announced reversible deep geological disposal (DGD) as its preferred option—
a choice consolidated as the reference option for HLW management in a land-
mark 2006 waste law, following a public consultation organised by the National
Commission on Public Debate (CNDP) in 2005-2006. In 2010, the govern-
ment approved Andra’s plan to site in Bure a deep geological repository, Cigéo,!
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designed to accommodate all high-level and long-lived intermediate-level radio-
active waste (ILW) generated by France’s operating nuclear fleet throughout its
entire lifetime. The mandatory public consultation on Cigéo, in 2013, had to be
transformed to an on-line expert debate because of obstruction by local oppo-
nents. A law adopted in 2016 specified the criteria of reversibility. Andra sub-
mitted its application for a “declaration of public utility” (DUP; demande de
déclaration d’utilité publique) in August 2020, and subjected the proposal to a
public inquiry in September 2021. Andra hopes to launch the project in 2025 with
successive pilot phases, allowing the repository to become fully operational in
2040-2050. Although supported by most parliamentarians, departmental authori-
ties, business organisations, trades unions, and mayors in the region, the project
continues to generate controversy and has led to clashes between opponents and
the police.

Despite the resistance and controversies, the project has advanced stead-
ily, if somewhat slower than planned. The “participatory turn” inaugurated in
1990 opened up the highly technical planning approach to a broader range of
stakeholders, perspectives, and management options. This opening up was trig-
gered largely by the need to manage the considerable public mistrust towards
the promoters of the repository project and the nuclear sector in general. Three
historically shaped features underpinned the mistrust: the miserably failed com-
munication concerning the Chernobyl fallout in France, the highly technical
and non-participatory way in which Andra conducted test drillings in candidate
municipalities in the late 1980s, and the longstanding secretive policymaking
in the French nuclear sector, led by a small yet powerful group of technocrats,
entailing close integration between the scientific and politico-administrative
domains of governance.

A number of institutions and practices have been established to manage the
pervasive mistrustful relationships between various actors in French HLW gov-
ernance, to harness mistrust to productive purposes, and to thereby facilitate the
articulation across governance domains. This has included the establishment of
pluralist multi-stakeholder bodies and institutions, the adoption of the concept of
reversibility as the cornerstone of HLW management, and, most recently, experi-
mentation with processes of co-creation of knowledge between institutional and
citizen experts. These efforts, in turn, build on the strong tradition of nuclear-sec-
tor counter-expertise, developed since the mid-1970s and institutionalised follow-
ing the Chernobyl disaster. Civic vigilance represented by counter-expertise has
forced actors in the political and administrative sphere, as well as industry play-
ers, to seek new ways of integrating the civil society and social science expertise
into HLW governance.
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This chapter analyses these measures and practices adopted in French HLW
governance to improve the articulation between the different governance
domains, and their impacts on the multiple trust and mistrust relations. In particu-
lar, the integration of the societal domain in HLW governance remains controver-
sial and contested, and measures of trust-building have produced a range of partly
unanticipated outcomes. Greater transparency and mechanisms of “invited” par-
ticipation have also generated new forms of mistrust, both between and within the
governance domains. For example, sections of the critical civil society and social
science community see this engagement as merely another measure employed
by the technocracy to maintain control, whereas some voices from the “nuclear
community” consider that the engagement with civil society has gone so far as to
undermine the integrity and objectivity of science. The French example calls for
attention to the complex and multidimensional nature of trust and mistrust, the
possibilities and limitations of mistrust in fostering the social robustness of poli-
cies and decisions, and the importance of the historical nuclear-sector legacies in
shaping the articulation between the domains of HLW governance.

9.2 The Rocky Road Towards Becoming a Forerunner

9.2.1 The Roots of Mistrust: Chernobyl, a Technical
Approach to Siting, and the Nucleocracy

The beginning of the institutionalisation of French HLW governance can be
traced back to 1979, when the government set up the National Radioactive Waste
Management Agency (Andra) to implement geological disposal of HLW and to
manage low- and intermediate waste storage. Andra was established as an agency
of the Commissariat of Atomic Energy (CEA), at the time still the leader of
French nuclear technology development, R&D, and regulation. As such, it closely
integrated the politico-administrative and scientific-technological spheres of gov-
ernance, to the exclusion of the societal domain. HLW management in France is
closely conditioned by choices regarding the entire fuel cycle, in particular that of
reprocessing of spent nuclear fuel. The La Hague reprocessing site is a key venue
for HLW management as the entry into operation of the Cigéo repository is still
far off. Three sites for above-ground storage of low-and-intermediate level waste
are operational, in the departments of La Manche and I’ Aube.

Discontent and mistrust emerged quickly in reaction to the technical and
non-participatory way in which Andra conducted its site investigations in 1987—
1990. This generated vehement local opposition, with citizens asking why their
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community should be designated as “France’s nuclear wastebasket™ (Barthe et al.,
2010), and contributed to the quick deterioration of the hitherto relatively high
trust in state institutions and engineering elites. The second source of mistrust
was the so-called “Chernobyl cloud affair”, i.e., the discovery that the authori-
ties had downplayed the true extent of the Chernobyl fallout in 1986 (Kalmbach,
2015; Ambroise-Rendu, 2018; Lehtonen, 2019, pp. 63-75). The public turned
sceptical about the ability and willingness of the authorities to manage and com-
municate on nuclear safety, whereas the media became increasingly critical,
and wary of being seen as the mouthpiece of the government and authorities
(Ambroise-Rendu, 2018).

The third reason for mistrust had more profound roots in the special place that
the nuclear sector has enjoyed within French society since the 1950s. Nuclear
energy in France was originally developed to support the atomic weapons indus-
try, and decision-making was secretive, overwhelmingly in the hands of a small
number of technocrats, often described as a “nucleocracy”’—experts, civil serv-
ants and politicians trained in the country’s prestigious polytechnics (e.g., Bar-
the, 2006; Hecht, 2009; Lepage, 2014). However, especially until the Chernobyl
accident, the technocracy was not only despised, as the nuclear sector was also
seen as a source of pride, export revenue, and a vector of post-War moderniza-
tion (Hecht, 2009). The civilian nuclear sector took off properly in 1974, with the
launching of a massive programme of construction of American pressurised-water
reactors (PWRs). There has been significant public scepticism towards nuclear
energy in France throughout its history, but politically, nuclear energy enjoyed
cross-party support until the mid-1990s, when the uncompromisingly anti-nuclear
Green Party became a major player (Brouard & Guineaudeau, 2015).

Today, 56 reactors, operated by the 96% state-owned EDF (Electricité de
France)?, satisfy about 70% of France’s electricity demand. The nuclear sector
provides an estimated 220,000 jobs in the country (Vie publique, 2022). France
holds competence over the entire fuel cycle through the CEA, and above all the

2“In the midst of the energy crisis triggered by the Russian invasion of Ukraine in February
2022, the French government declared its intention to completely renationalise EDF, most
notably to facilitate the construction of new nuclear power plants.” This could serve as the
source for the 96-percent figure—which is expected to reach 100% sooner or later: https://
www.lefigaro.fr/societes/renationalisation-d-edf-1-etatpossede-96-du-capital-a-la-cloture-
provisoire-de-1-opa-annonce-1-autorite-des-marches-financiers-20230208.
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industry giants EDF, Orano (until late 2017, Areva)? and Framatome. The future
of the French nuclear sector has during the recent decade become increasingly
uncertain. In the aftermath of the Fukushima accident in March 2011, for the first
time in French history even some leading politicians evoked the possibility of a
nuclear phase-out. Successive governments have sought to ensure the success of
the country’s nuclear technology exports, which have, however, faced several set-
backs over the past fifteen years, most notably in the Asian and American mar-
kets. President Francois Hollande’s government made a commitment in 2012 to
reduce the share of nuclear electricity from the then 75% to 50% by 2025, but
in 2018, Hollande’s successor, Emmanuel Macron, postponed the target to 2035.
Even this target has since been questioned, as shown by Macron’s declaration
in 2021 foreseeing the construction of six new European Pressurised Reactors
(EPRs) in France, and €1 billion investment in nuclear, with the development of
Small Modular Reactors as a priority (Elysée, 2021; Dupont-Calbo, 2021). All
this despite the formidable delays, budget overruns, and technical problems on
the only current new-build site, Flamanville, where the EDF has been construct-
ing an EPR since 2007. In January 2022, the fuel loading for the reactor was
expected to start in 2023, eleven years behind the initial schedule (World Nuclear
News, 2022). Significant uncertainties therefore surround the future of the French
nuclear sector, and hence also the amount and type of waste that would ultimately
be disposed of in Cigéo.

9.2.2 Re-Establishing Trust, Reproducing Mistrust

To re-establish trust and unblock the HLW management stalemate, the govern-
ment declared a moratorium on site investigations in 1990, and entrusted a par-
liamentary commission with the task of consulting the actors concerned. The
research was reinitiated in 1991 but included three different RWM options, and
opened the discussion to a wide range of actors (Barthe, 2006). The landmark
Waste Act 1991, the so-called Bataille Law, named after the parliamentarian lead-
ing of the preparation of the Waste Act,* introduced the ideas of reversible geo-
logical disposal and community benefit schemes, and led to the establishment of

3The French state owns more than 90% of the shares of the full-fuel-cycle nuclear com-
pany, Orano.

4Loi n° 91-1381 du 30 décembre 1991 relative aux recherches sur la gestion des déchets
radioactifs. https://www.legifrance.gouv.fr/loda/id/JORFTEXT000000356548/.
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multi-stakeholder commissions, external evaluating bodies, and local information
and liaison committees (CLIS). These added further complexity to the multilevel
governance of the project.

Towards the late 1990s, local disputes erupted again, in the context of declin-
ing public trust in the governance of risk, and following the 1998 government
decision to site the underground research laboratory in Bure. The option of bury-
ing the waste in granitic formations in the department of Vienne was studied in the
1980s and 1990s, but was abandoned in favour of clay host rock in Bure, because
of significant uncertainties concerning the capacity of the Vienne granite to iso-
late the waste (Patinaux, 2019). Largely because of local opposition, site search
was discontinued in the other candidate communities. This quickly turned Bure
into the de facto only candidate for hosting a repository (Blowers, 2016). The fif-
teen-year period of ‘opening up’ inaugurated in 1991 culminated in a mandatory
public debate, organised in 2005-2006 by the National Commission on Public
Debate (CNDP), in parallel with debates on a new EPR reactor and the associ-
ated high-voltage transmission line project. The waste debate informed the parlia-
mentary discussion leading to the approval of the so-called Planning Act of 2006.
The Act instructed Andra to plan a geological repository and apply for a construc-
tion licence by 2015. Even many observers critical towards the repository project
acknowledged the democratic quality of the CNDP debate—especially its ability
to consolidate the legitimacy of CNDP (Bertrand, et al., 2005; Global Chance,
20006, p. 64). However, trust in HLW management institutions was undermined by
the exclusion of long-term near-surface storage from the parliamentary prepara-
tion of the Planning Act. This option had emerged in the CNDP debate through
the demands of a wide range of mainly civil society participants, who argued that
keeping the options open would be the only rational solution, given that techno-
logical development would most likely bring better solutions, which might even
allow turning the waste into a useful resource. A new Act on nuclear transparency
and security® adopted in parallel in 2006 completed the decades-long gradual pro-
cess of separation between the promotional and regulatory functions in the French
nuclear governance system, by granting the safety authority ASN full independ-
ence in relation to both the government and industry.

SLoi n° 2006-686 du 13 juin 2006 relative 2 la transparence et a la sécurité en matiere
nucléaire. https://www.legifrance.gouv.fr/loda/id/JORFTEXT000000819043/.
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9.2.3 Towards Implementation: The Cigéo Facility

In March 2010, the government approved Andra’s proposal for the creation of
the Cigéo repository, after it had been examined by ASN, the National Assess-
ment Board (CNE), and international experts. The HLW would be vitrified, pack-
aged in steel containers, and then placed in tunnels at a depth of about 500 m
in a 160-million-year-old Callovo-Oxfordian clay formation (Andra, 2012, p. 4).
Cementation or asphalting will be applied to the ILW stored in Cigéo. The reposi-
tory would be constructed and closed down in a stepwise manner. The project is
financed via charges levied on the waste producers: EDF, Orano (until late 2017,
Areva), and the national nuclear R&D agency, CEA.®

The facility is expected to host about 10,000 m? of HLW (about 60,000 waste
packages) and 75,000 m? of ILW (about 170,000 packages), yet the actual quan-
tity will depend on definitions of waste and on the future of the country’s nuclear
policy, not least the decisions on whether to continue reprocessing of spent fuel
(PNGMDR, 2019, p. 56). Reprocessing has been a cornerstone of France’s
nuclear policy that since the 1960s has aimed towards a “closed fuel cycle”. The
2006 Waste Act’ defines “the reduction of the quantity and toxicity of radioac-
tive waste especially via reprocessing” as the first of the three key orientations for
the National Management Plan for Radioactive Materials and Waste (PNGMDR
2019). Given the ultimate objective of using the reprocessed spent fuel in fast
breeder reactors, spent nuclear fuel (SNF) is thus not considered as radioactive
waste in France. However, like in most other countries, the fast breeder projects
have failed to deliver on their promise, and have faced repeated setbacks since the
1970s. The industrial prototype reactor Superphénix was shut down in 1998, after
years of difficult operation, while the Astrid fast reactor project was suspended in
2019 (e.g., Jobert & Le Renard, 2014; Joly & Le Renard, 2021). Moreover, only
about 20 of the country’s operating reactors can use the mixed oxide (MOX) fuel
derived from reprocessing. Given the lack of technological capacity in France
to reutilise most of the spent fuel, the safety authority ASN recently called for

%The French state owns about 96% of the shares of the EDF, the operator of France’s
56 nuclear reactors, and more than 90% of those of the full-fuel-cycle nuclear company,
Orano.

7LOI no 2006-739 du 28 juin 2006 de programme relative  la gestion durable des matiéres
et déchets radioactifs. https://www.legifrance.gouv.fr/download/pdf?id=D9B-tWLBQkp-
MtyPyTXr8--nam6aCtsgM2LdqywZyGE=.
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a reconsideration of the waste classification, with a view to qualifying the ura-
nium, plutonium, and the residues from the MOX fuel as ultimate waste (ASN,
2020).8 The latest version of PNGMDR, adopted in 2020, outlined three scenarios
for HLW management, based on diverging assumptions concerning the country’s
future nuclear policy: 1) multiple rounds of waste reprocessing made possible by
the deployment of fast breeder Gen IV reactors, 2) continuation of the current
policy of one round of reprocessing, and 3) abandonment of reprocessing (PNG-
MDR, 2019).

After two decades of relative calm, in the context of the ‘opening up’ of the
HLW policy, conflict erupted again in May 2013, when CNDP launched the
mandatory public consultation on the siting of the project in Bure. The consulta-
tion turned into a farce, following persistent obstruction by opponents (Blanck,
2017). The planned public hearings were cancelled and replaced by on-line expert
debates. A relatively successful citizens’ consensus conference was organised in
early 2014 to “save the face” of the CNDP. The consensus conference suggested
that the Cigéo project start with an industrial pilot phase of a minimum of five
years, a solution supported by the safety authority’s technical support organisa-
tion, IRSN (Denoun, 2015). On 25 July 2016, Parliament adopted a law specify-
ing the details of the project, including those relating to safety during operation
and after the closure of the repository, as well as the technical criteria for retriev-
ability (see Sect. 9.2.4). Andra submitted its application for a “declaration of pub-
lic utility” (DUP) in August 2020, and, after a statement from the Environmental
Authority, in September 2021 a six-week on-line public inquiry on the project
was opened. In December 2021, the public inquiry commission issued a favour-
able statement on the DUP application.

The government granted Cigéo a DUP, via a decree issued by the Prime Minis-
ter, in July 2022.° Andra submitted its construction licence application (“autorisa-
tion de création”) on 16 January 2023, expecting!® that a government decree will
approve the application in 2025, at the earliest (MTE, n.d.). Should this timeta-
ble hold, the project would start with a ten-year pilot phase, with waste packages

8The spent fuel contains about 1% of plutonium, used to produce MOX, with approxi-
mately 95% consisting of uranium. About 10% of this uranium is in principle reusable, yet
France does not currently possess the requisite technology, and therefore sends the uranium
to Russia for enrichment.

°Journal Officiel de la République frangaise, no. 0157, text 13, on 7 July 2022. htps:/
www.legifrance.gouv.fr/eli/decret/2022/7/7/ENER2200646D/jo/texte.

10https://international.andra.fr/submission-application-authorization-create-cigeo.
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which do not contain radioactive material. In 2035-2040, provided that ASN gives
its approval, the pilot phase would continue with actual radioactive waste pack-
ages. A law defining the conditions for the operation of the repository would allow
the repository to become fully operational, in 2040-2050.

9.2.4 Reversible Geological Disposal: A Key Concept
for Alleviating and Managing Mistrust

A key concept designed to alleviate public mistrust has been reversible geologi-
cal disposal—the explicit objective of the French HLW management policy since
the late 1990s. Until the late 1980s, the French nuclear elite considered irrevers-
ible deep geological disposal as the best and, de facto, the only option for HLW
management (Barthe, 2006, pp. 55-57). Irreversibility, portrayed as the impos-
sibility to recover the waste packages, was a central objection of environmen-
tal NGOs and local politicians opposed to geological disposal (Cézanne-Bert &
Chateauraynaud, 2009, pp. 61-63). Their preferred alternative was temporary
near-surface storage at the nuclear sites. In January 1990, a socialist parliamentar-
ian demanded that the reversibility of the geological disposal project be ensured
(ibid.).

The National Waste Act in 1991 evoked the notion of “reversible or irrevers-
ible geological disposal” but did not clearly define reversibility. In 1998, the
government declared reversibility to be an essential requirement and a condition
for public acceptance for the radioactive waste management solution (Hoorel-
beke 2008, pp. 9-10; Barthe, 2009; Lehtonen, 2010). The Planning Act of 2006
established reversible geological disposal as the reference option and defined
reversibility as an umbrella term that covers both the technical and political
dimensions of the concept: the ability to retrieve the waste, and the possibility
to change and reconsider decisions. Reversibility was again debated in the con-
text of the problematic 2013 CNDP debate on the Cigéo project. Andra’s proposal
for the practical application of reversibility was debated in Parliament and inte-
grated in July 2016 in the law on reversibility of geological disposal.!' The law
defines reversibility as a concept that allows future generations to choose between

LOI n° 2016-1015 du 25 juillet 2016 précisant les modalités de création d’une instal-
lation de stockage réversible en couche géologique profonde des déchets radioactifs
de haute et moyenne activité a vie longue. https://www.legifrance.gouv.fr/loda/id/JOR-
FTEXT000032932790/.
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either continuing the construction and operation of disposal through successive
phases, or to re-examine the earlier choices and modify the management solutions
accordingly.!? In addition to reversibility, even after its closure, following some
150 years of operation, the repository and its environment are to remain under
monitoring for several centuries.

9.3  Managing Mistrust in Practice: Institutions
and Mechanisms for Articulating Between
Domains

Since the landmark Waste Act from 1991, numerous legislative acts and mile-
stones have marked the evolution of French HLW governance, and an elaborate
legal framework has been set up, consisting of successive key decision points.
The 1991 and 2006 laws laid down the key principles of the policy,'* which is
governed by the PNGMDR, a plan revised every three years, informed by the
national waste inventory produced by Andra, and ratified by Parliament. The
energy ministry and ASN draft the plan, with advice from a multi-stakeholder
committee. In 2019-2020, the preparation of the plan was for the first time
informed by a public debate organised by CNDP (PNGMDR, 2019).

The politico-administrative system relating to radioactive waste management
in France is highly complex, with multiple levels and parallel tracks of state and
regional administration. Multiple stakeholders are involved in mutual control and
surveillance at state, departmental and local level, across the governance domains.
However, the system remains highly centralised: the implementation is delegated
to a state agency, Andra, and the state, represented also at the regional and depart-
mental levels by its own ‘“deconcentrated” administrations, holds the ultimate
decision-making power. Key local actors include the more than 300 small com-
munes in the planned repository area, and the departmental authorities of the two

12“permettra aux générations futures de choisir, soit de poursuivre la construction puis

I’exploitation des tranches successives du stockage, soit de réévaluer les choix définis anté-
rieurement et de faire évoluer les solutions de gestion”.

13The three principles are: 1) the sustainable and safe management of radioactive materi-
als and waste; 2) a definite and safe waste management solution that would minimise the
burden on future generations; and 3) producer responsibility, i.e., allocation of the main
responsibility for HLW management to the nuclear operators.
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departments, Meuse and Haute-Marne, which share the underground laboratory
and the planned Cigéo facility. The local municipalities have no veto over the sit-
ing decision.

National-level policy leadership and coordination is in the hands of the Direc-
torate General for Energy and Climate (DGEC), currently within the Ministry
of Ecological Transition, while Andra, since 1991 an industrial and commercial
agency independent of the waste producers, is responsible for implementation.
Andra has been a forerunner in facilitating the interaction between society and the
administration. It has done so by integrating social sciences into its own work, by
financing and co-supervising in-house social science PhD work, and especially
through its advisory committee on information and consultation, COESDIC,'*
established in response to the 2006 Waste Act. COESDIC is composed of three
sociologists from France and Belgium, and a communication and engagement
expert from Andra’s Swedish counterpart, SKB. Andra can be seen as an interna-
tional forerunner in integrating social science expertise into its governance.

The largely state-owned waste producers are the EDF (the operator of the
country’s 56 current reactors), the full-fuel-cycle company Orano, and the Com-
missariat of Atomic Energy (CEA). The CEA is a state nuclear research institute,
the historical leader of the country’s nuclear sector, which has since the 1970s
gradually lost its earlier leading role in the RD&D, promotion, and regulation of
nuclear energy in France. The waste producers seek to strengthen their presence
and visibility in the local region through numerous projects designed to foster
local socioeconomic development (e.g., Lehtonen & Kojo, 2019).

Among the organisations of control, the ultimate authority on safety rests
with the ASN, the national safety authority, independent from the government
and industry since 2006. ASN has integrated civil society representatives into
its expert advisory groups since 2014. The National Assessment Board, CNE2,
is an independent organisation that evaluates the research and studies concerning
radioactive waste management. The National Audit Office (Cour des Comptes)
has gained an increasingly visible role in nuclear policies, including in the analy-
sis costs and financing of Cigéo. In doing so, the National Audit Office informs
debates and decisions within the three-party negotiations. Balancing between the
waste producers’ desire to minimise the costs of HLW management, and Andra’s
interest in securing sufficient resources for implementing the project safely, the
Directorate General for Energy and Climate (DGEC), acts as the arbiter. The

14Comité d’Expertise et de Suivi de la Démarche d’Information et de Consultation.
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Environment Authority (Autorité environnementale—AE) is mandated to give
a statement on Andra’s environmental impact study—a part of the request for a
DUP for Cigéo. Academic scholars from France and abroad are regularly solic-
ited to review the repository plans.

Numerous institutions and mechanisms mediate and facilitate the articulation
across the governance domains. The Parliamentary office for scientific and tech-
nological assessment (OPECST), set up in 1983, has played a vital role in shap-
ing the project, as a key organisation integrating science and technology within
the domain of politics and administration (e.g. Parotte, 2016). The High-Level
Committee (CHN) is chaired by the energy minister and composed of politi-
cians from national, regional, departmental, and municipal levels, representatives
from the operators, prefects (department-level representatives of the central gov-
ernment), and other local representatives of the state. It monitors Andra’s work,
and helps to facilitate the integration of Cigéo in the local and regional socio-
economic context. Mediating between society and the political and administrative
sphere is the National Commission on Public Debate (CNDP), an independ-
ent public organisation created in 1995, and since 2002 an independent admin-
istrative authority, which organises public participation in major infrastructure
projects of national interest. In each consultation, CNDP invites any interested
parties to submit position papers, often asks for counter-appraisals from specific
groups, and holds public meetings at various locations deemed as relevant for the
project in question. CNDP produces a summary of the debate, but does not have
decision-making power, nor does it give recommendations. However, the devel-
oper must report the way in which it has taken the debate into account.

Several organisations facilitate interaction across all three domains. The multi-
stakeholder High Commission for Transparency and Information on Nuclear
Security (HCTISN)—established in 2006 and composed of 40 members repre-
senting operators, safety authorities, government, local information and surveil-
lance committees, NGOs, trade unions, parliamentarians, and experts—fosters
debate, information and analysis of issues relating to information and transpar-
ency in the nuclear area. In the wake of the Chernobyl accident, two still exist-
ing organisations of counter-expertise, ACRO! in Brittany, and CRIIRAD!'®
in Rhone-Alpes in the Southeast of the country, set up their own independent

15 Association pour le controle de la radioactivité a I’Ouest.

16 Commission de recherche et d’information indépendantes sur la radioactivité.
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laboratories for measuring radioactivity. The government subsequently accredited
these laboratories as entities officially entitled to monitor radioactivity (Topcu,
2008). The Chernobyl accident also spurred experiments in open forms of exper-
tise and civic vigilance, through the local information and surveillance commit-
tees (CLIs) and multi-stakeholder expert committees. The CLIS of Bure (Local
information and monitoring committee of Bure) was created in 1999, following
the selection of Bure to host the underground research laboratory. It is composed
of the representatives of the state, Andra, local politicians, and local business and
civil society organisations. CLIS informs the public, facilitates dialogue between
stakeholders, and monitors the activities of the underground research laboratory
and Cigéo.'” The national umbrella organisation of local information committees,
ANCCLI,'8 actively promotes public engagement and serves as a “watchdog”.
ANCCLI and CLIS have been active in the process, led and coordinated by IRSN
(Institute for Radioprotection and Nuclear Safety), whereby institutional and
civil society actors have jointly co-constructed risk-related knowledge. In both
involved departments, Meuse and Haute-Marne, a multi-stakeholder committee,
GIP,'® manages the distribution of the €30 million available to both Departments
to facilitate the integration of the underground research laboratory and Cigéo in
the local territory.

Finally, several NGOs and citizen movements are critical towards or actively
opposed to the repository project.? These organisations have adopted diverse
strategies in relation to the institutionalised engagement practices, some (e.g.,
Greenpeace, WISE-Paris) seeking to participate in all types of dialogue, others
participating in CLIS and CNDP debates but rejecting closer collaboration, while
many have decided to remain outside of the institutionalised engagement pro-
cesses (Fig. 9.1).

17The Bataille Law (1991) made local information and monitoring committees mandatory
at each site hosting a nuclear installation in France.

181, Association Nationale des Comités et Commissions Locales d’Information.
19 Groupement d’intérét public.

2Oe.g., EODRA, StopBure!, Villesurterre, Réseau Sortir du nucléaire, Robin Wood, WISE-
Paris, and Greenpeace.
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94 Outcomes of Cross-Domain Coordination:
Current Debates on Nuclear Waste in France

This section examines the experience of integration across the French HLW gov-
ernance domains via four key notions: 1) the multiple trust and mistrust relation-
ships that the governance mechanisms described in the previous Sect. (9.3) were
designed to manage; 2) the role of the notion of reversibility in the management
of mistrust, uncertainties and intergenerational justice concerns; 3) the policy
impact of the integration measures; and 4) the role of the nuclear-sector legacies
in shaping cross-domain interaction. The section draws on existing literature, as
well as on the analysis of parliamentary debates in preparation for the 2006 and
2016 laws relating to HLW management.
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9.4.1 Mistrust, Transparency, and “the State vs. Us”

The multiple and elaborate mechanisms and institutions established to reduce
dysfunctional mistrust, especially between citizens and the politico-administra-
tive and industrial circles driving HLW management in France, have had vary-
ing effects on the trust and mistrust relations. Mistrust is multidimensional, and
pervades relations not only between domains of governance, but also within each
domain. Moreover, mistrust is not only a governance challenge but also a mecha-
nism for articulating across and within the governance domains.

Mistrust across domains

The mechanisms and institutions of integration have not dispelled the founda-
tional mistrust between the “nucleocracy”—nuclear experts, civil servants and
politicians trained to believe in the virtues of nuclear power—and various groups
of the broader public. The nucleocracy is frequently blamed for undermining
attempts at including civil society, and for seeking to instrumentalise participa-
tion to legitimise decisions made behind the scenes. The power of the nucleoc-
racy is frequently evoked, for example in the media (Lehtonen et al. 2021), as an
explanation for the failure of participatory and deliberative mechanisms to impact
policy, for France’s continued reliance on nuclear energy, and for the lack or poor
quality of information on HLW (on issues such as waste transports, contrasting
repository cost estimates, or job creation estimates). Furthermore, mistrust is
reciprocal; some key actors in the nuclear sector are often highly suspicious of
citizen and NGO involvement, which they see as a threat to the integrity of sci-
ence and rational decision-making.

Partly because of the perceived omnipotence of the nucleocracy, mistrust is
prevalent also in the relations between the domains of society and science/tech-
nology. NGOs that boycott participatory procedures initiated by the authorities
and industry often accuse social scientists involved in collaboration with HLW
institutions of “acceptology”, i.e., for helping the government and industry to per-
suade local communities and broader publics to accept the repository project.

Mistrust within each governance domain

Mistrust is highly present within each domain.

Amongst the industry and nuclear operators, Andra actively seeks to elicit public
trust by maintaining distance from the nuclear operators, to avoid being perceived
as part of the nucleocracy. The operators, in turn, are mistrustful of Andra, doubt-
ing its ability to implement the industrial repository project, and suspecting Andra
for unnecessarily bloating the budget for the construction of the repository.
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Within the broader ‘nuclear community’, tensions have aggravated between
the operators and the regulatory authorities ANS and IRSN. Mistrust has emerged
in the recent disputes over the safety of the Flamanville EPR reactor, as the ASN
and IRSN are both keen to demonstrate their independence in relation to the EDF.
Some representatives of the operators have, in turn, mistrusted both Andra’s and
IRSN’s work on co-creation of knowledge, arguing that engagement with civil
society and NGOs critical towards the nuclear sector undermine the integrity and
objectivity of science.

Within the sphere of science and technology, relations are tense between those
social scientists who accept and others that refuse research collaboration with
nuclear-sector institutions. In a similar vein, the active civil society is divided
between radicals and moderates, the former being quick to condemn their NGO
counterparts that collaborate with the state institutions, Andra and IRSN in the
first hand. These divisions are particularly sharp in France, probably more so than
in most other countries.

Although it is a defining feature of the political sphere in general, mistrust
between defenders and opponents of the HLW project has grown in recent years,
as demonstrated by the 2016 debates in Parliament concerning the reversibility
bill. Both sides of the debate vigorously questioned the trustworthiness of their
counterparts. The opponents pointed to the long series of failed safety promises
and breaches of procedural justice in HLW management, such as the late-night
manoeuvring by the promoters of the project who tried to introduce Cigéo in leg-
islation unrelated to NWM. The project proponents, in turn, blamed the oppo-
nents for being motivated only by the desire to end the production of nuclear
power, rather than truly seeking a safe solution to the HLW problem.

Mistrust across governance levels

The relations between the state and the local communities in the Bure region are
characterised by entrenched perceptions of “us vs. them” and associated mutual
mistrust. Andra is often the key target of criticism, perceived as the most vis-
ible local-level representative of the state. The lack of previous experience in the
nuclear industry, the political and geographical peripherality of the region (Blow-
ers, 2016), and its continuous economic and demographic decline since the 1970s
combine to further sharpening the juxtaposition between ‘the local’ and ‘the
national’ (e.g., Lehtonen & Kojo, 2019). The local-national cleavage manifests
itself also in lasting tensions between Andra’s headquarters in the Paris region and
its local branch in Bure. Local politicians and civil society, but also Andra’s local
office, mistrust Andra’s “Parisians” for their alleged lack of local knowledge.
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Mistrust among the locals has been spurred by the failed promise of the state
to establish several underground research laboratories, but also by the governance
of the community benefit packages via multi-stakeholder committees (GIPs)—
in and of themselves designed to reduce mistrust. GIPs have engendered mis-
trust between the local communities competing for the funding, thus feeding the
belief that the state employs divide-and-rule tactics to ensure the acceptance of
the Cigéo project. The extension of the boundaries of the “proximity zone” eli-
gible for support added to the tensions: it angered the small communities clos-
est to and most directly affected by the repository, who consider themselves as
the obvious priority recipients of support. The GIP support has rather reinforced
than dispelled doubts by project opponents who see GIPs as illegitimate brib-
ery, and as yet another proof of the untrustworthiness of the representatives of
the state (Lehtonen & Kojo, 2019; Lehtonen et al., 2020). The schemes may have
even aggravated some of the state-local-level tensions, as many state, industry
and departmental actors blame the local communal leaders for seeking to maxim-
ise their commune’s share of the benefits, to the detriment of the region’s overall
good. The nuclear operators, in turn, fear that the GIP funding may dissuade local
politicians, who might not accept the project, but instead prefer the status quo
which provides them with generous benefit schemes without the possible risks
and undesired impacts of the project.

9.4.2 Uncertainties, Intergenerational Justice,
and Reversibility

An overarching theme in the French debates concerns the responsibility of the
present generation, as the main beneficiary of nuclear power, towards future gen-
erations. The analysis of reporting by Le Monde reveals an image of a scepti-
cal and mistrustful “watchdog”, newspaper that stresses the multiple outstanding
uncertainties that render the entire idea of a “waste solution” illusory (Lehtonen
et al., 2021). The newspaper repeatedly stresses that no solution to HLW manage-
ment has been implemented anywhere—a notion frequently evoked in the parlia-
mentary debates in 2006. The uncertainties discussed concern safety, economics
and financing, opposition movements, party politics, and energy policy at large,
in a context of multilevel governance and interaction between low-, intermediate-
and high-level waste management. Le Monde reported on uncertainties that stem
from persistent citizen opposition, growing disagreements between political par-
ties, especially after the Fukushima accident, the uncertain future of reprocessing
and nuclear policy, the classification of waste (“recoverable material” vs. ultimate
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waste), and the cost and financing of the project—between Andra’s and waste
producers’ contrasting estimates, with the government suggesting ‘“‘compromise
figures”.?!

Comparison between the parliamentary debates of 2006 and 2016 reveals
changes in the approach to uncertainties. In 2006, the parliamentarians widely
agreed on the need for further R&D and “keeping the options open”. Ten years
later, with the debate now focused on a concrete repository project, the domi-
nant view stressed that “our responsibility” was to act now, trust “our scientists”,
and recognise that interim storage would provide only a short-term solution. A
growing number of parliamentarians now defended the deep geological reposi-
tory project as the rational and responsible “least-worst option”. Continuing to
underscore the persistent uncertainties, the opponents claimed that a truly scien-
tific and responsible attitude towards future generations would imply waiting for
the better solutions that technological development would certainly bring about
(Barthe et al., 2010). The complex role of social sciences emerged in the debate
on uncertainties, when Le Monde reported on a sociology PhD thesis, conducted
within Andra (Patinaux, 2017) and leaked to the newspaper by a prominent anti-
Cigéo activist. Echoing the arguments of the opponents, Le Monde argued that
the thesis proved “the impossibility of demonstrating safety”—precisely because
of the uncertainties—and thus undermined the credibility and sincerity of Andra.
Protracted debates between Andra, the nuclear operators, and opponents ensued,
on the uncertainties related to the project but also on the role of social scientists
in HLW management policy.

In the face of uncertainties, reversibility features as an overarching “meta-
frame”, a concept that helps to articulate across the domains of governance. In
view of the likely technological progress, reversibility would maximise the
choices available for future generations and spare them from dealing with the
problem: reversibility would allow keeping the options open, while implement-
ing a workable solution. The science and technology domain decisively shapes
the debates on uncertainties and responsibility towards future generations.
Andra’s waste management experts were not enthusiastic when the government
announced reversibility as a key requirement. For them, reversibility was a “social
and political constraint”, an obstacle to rational technical solutions (Andra, 2010,

2I'The initial construction cost estimate of €15 billion was revised, first, to nearly €35 bil-
lion, and then brought down again—to a politically determined compromise figure of €25
billion.
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35; Gilbert and Bourdeaux, 2006, pp. 39—40; Lehtonen, 2010). The experts’ pre-
ferred way out of the problem was phased, stepwise disposal—advocated by
international organisations and today widely adopted in a number of countries—
whereby the project would advance through progressive steps towards final irre-
versible geological disposal (Andra, 2010, p. 36). Opponents pointed out that
this would undermine the very idea of reversibility, given that future generations
would eventually be faced with a one-off decision to either close the site or keep
it open (Barthe, 2009; Cézanne-Bert & Chateuraynaud, 2009). The reversibility
debates juxtaposed the natural and engineering sciences with social sciences, the
latter gaining influence thanks to international collaboration, directly through
Andra’s advisory committee on information and consultation (COESDIC), but
also via the OECD Nuclear Energy Agency’s Forum on Stakeholder Confidence
(FSC), established in 2000. Social scientists suggested, among other things, turn-
ing interim storage into the reference option, to force continuous exploration of
alternatives (Cézanne-Bert & Chateauraynaud, 2009, 84; Gilbert and Bourdeaux,
2006, pp. 37-38). In 2014, COESDIC suggested redefining reversible disposal as
deep underground interim storage, in order to overcome the fruitless opposition
between the advocates of geological disposal and interim storage.

Although at first a requirement from civil society, reversibility has progres-
sively been appropriated by the dominant actors and integrated into legislation.
For those opposed to geological disposal, the concept has come to represent
another way used by the nuclear lobby to achieve “social acceptance” for the
project and for nuclear energy (Cézanne-Bert & Chateauraynaud, 2009, p. 4).
By contrast, local-level actors, including the local information and liaison com-
mittees (CLIS) and most local and departmental authorities, increasingly stress
the importance of reversibility and monitoring (OECD-NEA, 2009). For Andra,
reversibility has become a means of justifying why the Cigéo project can and
should go ahead, despite the still numerous uncertainties concerning its safety
(Patinaux, 2017, p. 416). Through these processes of articulation, societal demand
has been translated into scientifically operationalizable concepts and criteria, with
natural and technical sciences at the forefront in defining retrievability, and social
science providing options of reversibility. The institutionalisation of the revers-
ibility requirement in legal and administrative texts has been both shaped by,
and driven efforts at, defining reversibility scientifically. Finally, the progressive
strengthening of the reversibility requirement (from a governmental commitment
in 1998, through a legal obligation in 2006, to specific criteria in 2016) has taken
place in close interaction with political deliberations concerning the societal val-
ues and ideologies that underpin HLW management, in particular intergenera-
tional justice.
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9.4.3 Transparency, Openness, and Integration Across
Domains: Any Impact on Policy?

Views vary concerning the actual ability of the transparency and engagement
mechanisms to facilitate cross-domain interaction. In research interviews, both
the pro- and anti-Cigéo HLW stakeholders?? invariably emphasised the long yet
steady evolution towards greater transparency and openness to public engagement
in the country’s HLW policy. In parliamentary debates of 2006 and 2016, project
proponents generally underscored the need to continue along this positive path of
greater transparency, while critics denounced the persisting secrecy and opacity,
the broken promises, and the lack of impact of transparency and participation on
decision-making. This critical perspective gained prominence and intensity over
time, with increasingly frequent references to the opacity and excessive power
wielded by the “nucleocracy” (see also Lehtonen et al., 2020). The nuclear opera-
tors, in turn, have criticised IRSN’s and Andra’s engagement practices for politi-
cising science. Similarly divided evaluations concern the local-level engagement
via CLIS. Its true impact has been contested, both by project opponents who have
described CLIS as a paper tiger, and by proponents who blame it for being a plat-
form in which the opponents can spread their “propaganda”.

The civil society actors indeed recurrently complain about the weak if not
non-existent impact of transparency and participation on decision-making.?® Pat-
inaux (2017, p. 415) mentions reversibility as the only true concession by Andra
to civil society demands, noting that even this demand has over time turned into a
mode of governance employed by Andra and the actors driving the Cigéo project.
The requirement that Cigéo start with a pilot phase also emanated from the co-
construction efforts and the consensus conference of 2014, but Andra translated
the pilot phase merely into the first step in the disposal project. This watered-
down the idea of a true test phase whose results would inform the decision on
whether to implement Cigéo.

The shifting experience of the National Commission on Public Debate
(CNDP) illustrates the opportunities and limitations of “invited” participation in
fostering engagement across the governance domains, when strong mistrust and
asymmetries of power prevail. It also shows the potential virtues of mistrust in

22Interviewed by the author of this chapter in 2018-2019

2 Frequently evoked also by key actors of the co-construction experiments piloted by
IRSN, interviewed in 2018-2019
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spurring integration across governance domains. Already the 2005-2006 waste
debate was seen by many critics as a means whereby the nuclear technocracy and
the government legitimised the existing policy (Lhomme, 2006; Lehtonen, 2010).
However, at the time, CNDP represented an innovation, and even the critics rec-
ognised the value of the debate in consolidating the authority of the CNDP as
an independent arbiter and social innovator in HLW governance (Global Chance,
2006, p. 64). The immediate impact of the failed 2013 public debate, by contrast,
was to undermine CNDP’s legitimacy and feed mistrust. Yet, even this seem-
ing failure has also spurred innovation and reform, in the short term through
the organisation of a consensus conference as a partial substitute to the lacking
CNDP debate, and in the longer term via the adoption of new engagement tools
and practices by the CNDP (Blanck, 2017, p. 460).

9.4.4 The Ambiguous French Nuclear Legacies

The articulation across domains takes place in the shadow of multiple mate-
rial, economic, institutional, and symbolic legacies of the French nuclear sector.
Material and economic realities include the need to manage waste from the 56
currently operating reactors and a number of reactors already shut down—the
management of the waste from France’s early natural uranium graphite gas reac-
tors poses particular and urgent technical challenges. They further encompass the
economic and employment heritage of the nuclear sector, and the costs of waste
management, which will be high, regardless of policy decisions. Institutionally,
the legacy consists of the innumerable organisms set up to support and develop
nuclear technology, including its military applications, and the alleged power of
the ‘nucleocracy’. Among the key symbolic elements features the Janus’ face of
the nuclear sector as a beloved purveyor of progress, modernity, jobs, and export
revenue on the one hand (Hecht, 2009), and as a bastion of secrecy, opacity, and
technocracy on the other (Lepage, 2014). In this context, the waste problem
represents the nuclear-sector’s Achilles’ Heel—critical for the continuity of the
French nuclear industry and its public acceptance. In the parliamentary debates of
2006 and 2016, proponents highlighted the benefits of the nuclear sector for the
French and global society, in supporting France’s climate responsibility, techno-
logical excellence, job creation, energy independence, and role in developing an
internationally applicable waste solution (Lehtonen et al., 2021). For critics, this
very progress and French leadership have led to a path dependency that needs to
be broken, although the long legacy of waste, resulting from past choices, would
nevertheless persist.
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These nuclear-sector-specific features are embedded in the broader French
governance traditions founded on ideological trust in the state and the public ser-
vice tradition (the EDF as its incarnation in the energy sector), concentration of
decision-making power in the hands of the central government, blended with a
profound mistrust and imaginaries juxtaposing the state with civil society (e.g.,
Saurugger, 2007). Local-level perceptions reveal ambiguous attitudes towards the
state as a highly trusted and single legitimate guardian of the public interest on
the one hand, and a mistrusted natural adversary of grassroots and civil society
on the other. The repeated experiences of “broken promises” of the mistrusted
“nucleocracy” have further buttressed mistrust. The nuclear heritage of France is
perceived by critics as a succession of broken promises, which have undermined
public trust in the nuclear elites. Among the key broken HLW-related promises
were that several underground research laboratories would be built, and that com-
munity approval for an underground laboratory in Bure would not automatically
translate into approval of a repository. Local-level ambiguities are compounded
by the region’s history, deeply marked by imaginaries of a “sacrificed land”,
allegedly abandoned by the government as a buffer zone in Franco-German wars
in the nineteenth and twentieth centuries (Le Hir, 2017). Nevertheless, the locals
frequently criticised the state for its passiveness and failure or unwillingness to
take a strong lead on the project. In a region without a nuclear tradition, efforts
by project proponents to nurture pride for a nationally vital project face an uphill
battle (Lehtonen et al., 2020).

9.5 Conclusions: Interaction Between
the Governance Dimensions

French HLW governance has a long, complex, and conflict-ridden history of
mutual mistrust relations. These have evolved together with the country’s pow-
erful nuclear-military complex, a “nucleocracy” composed of closely integrated
politico-administrative and scientific-technological domains, with the societal
domain largely excluded until the late 1980s. To manage the mistrust between
society and the nucleocracy, and initially to unblock the HLW governance stale-
mate in 1990, numerous institutions and mechanisms have been established to
mediate between the governance domains—in particular to better integrate the
societal domain in governance. The articulation between the governance domains
in France can be examined through three perspectives: 1) the multiple and mutual
mistrust relations across and within the domains as drivers and mechanisms of
articulation, 2) reversibility as the key conceptual device of articulation and man-
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agement of mistrust, and 3) the long-term context and policy landscape, char-
acterised by the longstanding legacies of the nuclear sector policies, decisions,
institutions, and material artefacts.

The French HLW sector has been among the pioneers in developing and insti-
tutionalising “‘counter-expertise”, multi-stakeholder dialogue, integration of social
sciences in HLW management, and most recently, in co-creation of knowledge
between institutional and citizen experts. The media has served as an increasingly
vigilant watchdog especially since the Chernobyl disaster in 1986. The multiple
measures of integration have not eliminated mistrust but have instead further com-
plexified the trust and mistrust relations, both between and within the domains of
governance. For example, the experiments in the co-creation of knowledge and
the integration of social sciences into HLW institutions have generated tensions
and divided opinions within the politico-administrative sphere, among the diverse
civil society actors, and within the social science community. On the other hand,
reciprocal mistrust relations have served as a driver for greater integration and
better articulation between the governance levels. It has spurred the development
of mistrustful civic vigilance, and the establishment of a prudent phased approach,
with both scientific and societal control embedded in the process—arguably a pre-
condition for socially robust policies of HLW management. The various institu-
tions of coordination and negotiation across domains indeed build on mistrust as
a key governance mechanism. As a central concept in French HLW governance,
reversibility can be seen as a key conceptual device designed not only to manage
mistrust but also to harness this mistrust for the purpose of socially more robust
policies and decisions. The fact that reversibility may not succeed in reducing
mistrust, given that many opponents consider the concept as an illusion, does not
undermine its value in facilitating interaction across the governance domains.

However, mistrust and reversibility operate in a specific and largely prob-
lematic context of persisting asymmetries of power between the still powerful
“nucleocracy”, ambiguous relations of the French society with the state, and the
multiple path dependencies generated by the heavy legacy of the nuclear sector in
the country. Furthermore, in a society characterised by deep mistrust (e.g., Algan
and Cahuc, 2007), the risk is real that the potentially virtuous healthy mistrust
might turn into protracted and fruitless conflicts and dysfunctional mistrust. Such
dangers are particularly acute given the high uncertainties concerning the French
nuclear sector, which finds itself at a crossroads, plagued by recent highly prob-
lematic reactor projects and spiralling costs, rapidly declining costs of renewable
energy, the government’s official commitment to reducing the share of nuclear
electricity to 50%, and the possible abandonment of reprocessing for largely eco-
nomic reasons. Pushed into the corner, fighting for its place in society, the nuclear
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sector will weigh in on decisions concerning nuclear new-build and the develop-
ment of advanced reactor technologies that would allow for the “closing of the
fuel cycle”. Under such conditions, HLW governance continues to face an unsta-
ble and unpredictable future, and the nuclear sector may waver in its commitment
to openness and cross-domain interaction.
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Radioactive Waste Management 1 0
in Sweden: Decision-Making in a
Context of Scientific Controversy

Johan Swahn

10.1 Introduction

Sweden has a long military and civil nuclear history, with all the challenges for
radioactive waste management (RWM) that this envisages. Despite this, Sweden
is one of the countries that have made most progress in developing and imple-
menting technical systems for the management and disposal of radioactive waste,
with a relatively advanced governance system since the 1980s.

When in January 2022 the Swedish government decided to allow the construc-
tion of a repository for spent nuclear fuel (SNF), the country joined only Finland
in having appeared to have found both a site and a method for final management
of long-lived high-level nuclear waste (HLW). But the decision was controversial,
and it was a challenge to take it as there was severe scientific criticism of the use of
copper as a disposal canister material. The canister is the most important barrier in
the safety case and there were claims by highly renowned scientists that the copper
would only last for some hundreds of years instead of the required 100,000 years.

This controversy stretched the Swedish governance system for RWM to its
limit. Only by claiming that long-term safety would always be good enough as
a clay buffer and the bedrock provide two complementary if uncertain barriers,
could the decision be taken. The decision may still be found to be in conflict with
the implementation of Swedish environmental legislation, which requires the
precautionary principle to be met and that decisions cannot be taken based on
insufficient knowledge about long-term safety.
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This chapter describes the long process that has led to the decision to allow the
construction of a repository for SNF, and the controversies that have arisen and
remain. The most important controversy has been the copper canister corrosion
issue, which has been central to the discussions of long-term safety of the reposi-
tory since 2007, as well as to the repository licence review process from 2011
until the January 2022 decision.

Although the final decision was taken by the government, a number of other
actors were involved in the process, including regulatory bodies, the environ-
mental court system, the government’s scientific advisory board, the scientific
research community, the nuclear waste communities, and the environmental
movement. The role of different actors has changed over time, and as the dis-
course became more technical certain actors, including independent scientists and
the environmental movement, became influential. Also of interest is that as the
government decision grew closer, the repository issue became politicised, some-
thing that had been avoided in Swedish politics since the 1970s.

To facilitate the understanding of the developments in recent years, Sect. 10.2
gives an historic background to Swedish nuclear power and nuclear waste man-
agement. This is followed in Sect. 10.3 by a description of the Swedish gov-
ernance and legal framework for RWM. The governance system has some
transparency problems that are discussed.

The main focus of this Swedish case study is covered in Sect. 10.4, with a
detailed description of the controversies and the decision-making process for the
repository for SNF.

In the final section some concluding observations are presented.

10.2 Historic Background

Sweden became a nuclear country quite early and therefore has a long nuclear
history. After the Second World War, the military interest in nuclear weapons
started a process where a combined military and civil nuclear program developed
in the 1950s. The civil program was originally a cover for the military effort and
included uranium mining and a plan for a reprocessing plant. A small heavy-
water moderated reactor using natural uranium as fuel to produce heat for district
heating and electricity was built underground in Agesta, a suburb south of Stock-
holm. The reactor also produced plutonium of nuclear weapons quality. The mili-
tary project was abandoned by the late 1960s when Sweden joined the Nuclear
Non-Proliferation Treaty that entered into force in 1970.
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As the military interest decreased and the commercial and economic inter-
ests increased, the domestic heavy-water reactor programme was converted into
a major light-water reactor programme, and 12 nuclear power reactors became
operational between 1972 and 1985 at four nuclear power plants (NPPs)—Barse-
bick, Ringhals, Oskarshamn and Forsmark.

With the large and fast expansion of nuclear power, a nuclear debate started
in Sweden. The opposition to nuclear power allowed the Center Party to lead an
opposition coalition in 1976 to break the 40-year political rule of the Social Dem-
ocratic Party. The anti-nuclear Center Party tried to prevent the start-up of new
reactors by the adoption of new legislation. The “Villkorslagen” (Stipulation Act)
was formulated so that the industry had to prove that a safe method and a safe site
for disposing of HLW existed, before an operational licence could be given.

In parallel to the political developments on nuclear policy, a growing public
anti-nuclear movement wanted a referendum on the future of nuclear power, and
this was held in 1980. One clear “No” option was put against two different “Yes,
for a while” options. When the “No” option did not receive a majority, the result
of the referendum was politically interpreted to mean that nuclear power was to
be phased out by 2010.

With time, this interpretation was abandoned, but through the years, and more
rapidly in recent years, Sweden has reduced its nuclear capacity from 12 to cur-
rently 6 reactors supplying about 30% of the total Swedish electricity production
of 166 TWh (Energiforetagen, 2021).

Since the political turmoil and wide public debate on nuclear power and
nuclear waste management in the 1970s, from the early 1980s onwards there was
almost no political interest or public debate in Sweden on nuclear waste issues.
The siting process for the SNF repository caused some local political discus-
sions in the mid 1980s, but no actor on the national political level seemed to find
nuclear issues interesting enough to stimulate a national debate about nuclear
waste. An underlying political understanding developed that the issue of RWM
was not to be politicised. Nuclear waste was seen as an issue that had to be
resolved because the waste was being produced and something had to be done
with it. Also, it was generally felt that the Swedish system for developing a repos-
itory for SNF was working well.

After the long political calm on nuclear waste issues, there was an abrupt
change around 2020 when nuclear power again became a divisive political issue
in Swedish politics. With an upcoming decision on the SNF repository, nuclear
waste issues were drawn into a heated political debate.
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10.2.1 Early Work Towards a Repository for Spent Nuclear
Fuel

As the nuclear waste issue became of increasing political importance in the
1970s, in 1972 the government started a process to investigate the possibilities for
permanent disposal of HLW. The result was the AKA (Anvént Kédrnbrinsle och
radioaktivt Avfall) report, published in 1976, included a roadmap for the radioac-
tive waste facilities that were later developed.

In 1973, the nuclear industry created a company called SKBF that was to take
responsibility for Swedish RWM and disposal. The company was later renamed
Swedish Nuclear Fuel and Waste Management Company (SKB), and is owned
by the nuclear utilities. After the publication of the AKA report and as a result
of the political developments that led to “Villkorslagen”, in 1976 SKBF started a
project called “Kirnbrinslesikerhet (KBS)”: The project published three reports
in 1977, 1978 and 1983 presenting different versions of what is still called the
KBS method for disposal of radioactive waste. The KBS project and the reports
allowed the nuclear industry to show that they had fulfilled the conditions of
“Villkorslagen”. But according to “Villkorslagen” the industry also had to show
that a site could be found that would be safe when using the KBS method. This
was quite problematic, but the situation was finally politically “solved” by stating
that theoretically it was likely that such a site existed.

The further development of the KBS method and the siting of a repository for
SNF, through to the government decision in early 2022 to allow the construction
of a repository, is described in Sect. 10.4.

10.3 Governance and Legal Framework: Two Parallel
Tracks for Licensing

An application for a license for a repository for radioactive waste in Swe-
den is processed in two parallel decision-making judicial processes, accord-
ing to the Nuclear Activities Act (1983)' and the Environmental Code

! Available at: https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattnings-
samling/lag-19843-om-karnteknisk-verksamhet_sfs-1984-3. An older translation into
English is available here: https://www.stralsakerhetsmyndigheten.se/en/enactments/acts-
and-ordinances. The Nuclear Activities Act is under review and a modernised version will
likely be introduced to parliament during 2023.
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(1998).2 There are also clear legal obligations in the decision-making governance
system for access to information, access to public participation and consultation,
and access to justice.

10.3.1 The Nuclear Activities Act

The 1983 Nuclear Activities Act put all the responsibility for management and
disposal of waste onto the nuclear industry. To keep the operational licenses for
the nuclear reactors, the industry needs to present so-called “Fud reports” every
three years, with the latest translated into English in September 2019 (SKB,
2019). The Fud reports include reporting on and future planning of research
development and demonstration (RD&D), and a strategic plan for the future of
Swedish RWM and the decommissioning of nuclear facilities.

Each RD&D programme is reviewed by the Swedish Radiation Safety Author-
ity (SSM), which includes a broad societal consultation process. The regulator
then makes a report to the government with recommendations. A separate review
is provided by an independent scientific advisory board to the government, the
Swedish Council for Nuclear Waste. The government then takes a decision on the
Fud-report and can give conditions for further RD&D work.

Historically, the Swedish regulator for radiation safety (historically the Swed-
ish Nuclear Power Inspectorate, SKI, and since 2008 SSM) has been relatively
positive concerning the SKB work plans as presented in the Fud reports, and has
in its review to the government recommended support of the plans. There has
been a tendency to refer any perceived problems back to the industry, which has
the legal responsibility for resolving them. This means that there has been a risk
that problems just “disappear”, as it might not be in the industry’s interest to find
or examine problems that can hinder its work or plans.

In summary, the legal Fud programme process has been a relatively weak
steering process for industry plans or future RD&D work. With a political disin-
terest in RWM issues and a generally industry-supporting regulator (whether SKI

2 Available at: https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssa-
mling/miljobalk-1998808_sfs-1998-808. More information can be found here: https://www.
naturvardsverket.se/en/laws-and-regulations/the-swedish-environmental-code/.  An  Eng-
lish translation can be found here: https://www.government.se/legal-documents/2000/08/
ds-200061.
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or SSM), most government decisions on the Fud reports have had no effect on the
work of SKB.

10.3.2 The Environmental Code

The Swedish legal framework for decision-making on issues that have an envi-
ronmental impact was greatly improved in 1998 when the Environmental Code
became part of the Swedish judicial system. With the new legislation, a special
environmental court system was set up to take licensing decisions on activities
that could cause harm to humankind or the environment. The legislation, among
other things, regulates the content of the environmental impact statement as well
as the consultation process necessary for its development (in Chap. 6). The Euro-
pean legislation on environmental impact assessments and strategic environmen-
tal assessments are implemented in the Environmental Code.

A special Chap. 2 of the Environmental Code specifies the criteria for an activ-
ity to be allowed. The environmental impact assessment has to include rigorous
descriptions of alternative siting and methods. The precautionary principle has to
be used, and there is a condition that enough knowledge about the activity and its
possible influences on the environment must be had.

Of importance for the parallel decision-making of facilities according to both
the Nuclear Activities Act and the Environmental Code is that licensing decisions
taken according to the nuclear legislation must follow Chaps. 2 and 6 of the envi-
ronmental legislation.

Decisions of the Land and Environmental Courts can be appealed to a Land
and Environmental Court of Appeal, and the decisions of that court can be
appealed to the Supreme Court.

10.3.3 Access to Information, Public Participation,
and Justice

Parts of the Environmental Code implement the 1998 Aarhus Convention’s
second and third pillars of access to public participation and access to justice
(UNECE, 1998). The legislation mandates that the implementer of activities
that have an environmental impact, including nuclear activities, must carry out
and document a process of public consultation while developing the environ-
mental impact statement for a new or changed activity or facility. Part of the
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decision-making process is that the Land and Environment Court must approve
the consultation process and that issues raised have been properly taken into due
account. Environmental organisations are given special importance in the legisla-
tion and have the right to appeal all decisions taken. MKG, the Swedish NGO
Office for Nuclear Waste Review, is a non-governmental environmental organisa-
tion established in 2004 to work specifically with nuclear waste issues.?

To facilitate the participation of civil society in the decision-making for the
repository for SNF, the government has provided resources for environmental
NGOs. Between 2005 and 2016 it was possible for environmental NGOs to seek
funding from the Nuclear Waste Fund. About EUR 300,000 per year were made
available, and since 2017 a similar sum is available through the state budget.

Sweden has a long tradition of open access to official documents of the gov-
ernment, going back hundreds of years. With some exceptions for commercial or
security secrecy, and regarding interaction with foreign governments, all docu-
ments and even e-mails and messages that concern official business must be reg-
istered and made available upon request. Also, the contents of important phone
calls have to be noted and registered. This means that the activities of the govern-
ment, of the nuclear safety regulator and local communities can be followed pub-
licly, together with documents and other information.

However, the nuclear waste company SKB is a private company, which is out-
side the remit of the legislation and therefore not obligated to disclose any infor-
mation. This means that SKB, which has the sole legal responsibility for research
and development on RWM and repository technology, can keep its work secret;
SKB can hide any problems because the documentation or research results never
have to be disclosed. In practice, this means that the company publishes only
results that support its safety case.

The availability of public information on governmental activities, coupled
with lack of access to information from the implementer of RWM, means that
the Aarhus Convention’s first pillar of access to information is relatively weakly
implemented on RWM issues in Sweden.

3MKG is a collaboration between Nature and Youth Sweden, Friends of the Earth Sweden,
The Swedish Society for Nature Conservation in the county of Kalmar, The Swedish Soci-
ety for Nature Conservation in the county of Uppsala, Oss—the local Public Opinion group
for Safe Final Storage of Radioactive Waste and The Swedish Society for Nature Conserva-
tion. https://www.mkg.se/en/the-swedish-ngo-office-for-nuclear-waste-review-mkg.
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10.3.4 The Two Parallel Tracks for Licensing: A Complex
Process

Before a licence application is prepared, the nuclear waste company SKB must
carry out a consultation process to prepare the environmental impact assessment
document. This document is necessary for both applications, but the application
to the Land and Environmental Court does not need to go into the same detail
on radiation safety issues. After the two applications are submitted by SKB, the
nuclear regulator SSM carries out a review according to the Nuclear Activities
Act. The Land and Environment Court (hereafter the Environmental Court), car-
ries out a review according to the Environmental Code. The main focus of the
SSM review is the safety analysis document in the application, while the Environ-
mental Court reviews general environmental issues but can decide to what extent
radiation safety issues may be of relevance. This parallel track for licensing con-
tinues throughout the decision-making process and causes complications. The
process is shown in Fig. 10.1, and also described in Bjéllas & Persson (2011).

Both reviews start with an analysis of whether the application is sufficiently
complete. Both SSM and the Environmental Court carry out a broad external
review process. SSM can provide opinions in the Environmental Court review.
The Environmental Court process is more open than the SSM process, and SKB
is asked to comment on opinions, and in turn interested parties can comment on
the opinions of SKB. This can take several iterations and SKB can introduce
complementary material at will.

After the applications are considered complete enough in both reviews, they
are formally announced by SSM and the Environmental Court. This means that
the review on issues formally starts. Again, both SSM and the Environmental
Court carry out broad external reviews. SSM continues the regulatory review
according to the Nuclear Activities Act on its own after receiving the external
comments on issues.

In a more open process, where anyone interested can take part in the review
on issues, the Environmental Court passes opinions back and forth between SKB
and other interested parties, in the same way as in the earlier review on complete-
ness.* In this part of the process, SSM delivers its opinion on the application

4All the information in the SSM and court processes is publicly available but needs to be
requested. MKG has made all the documents in the review of the license application for a
repository for SNF available on its website in order to make it more easily accessible. The
documents in the court process can be found here: https://www.mkg.se/aktbilagor. The doc-
uments in the SSM process can be found here: https://www.mkg.se/myndighetens-diarium.
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Fig. 10.1 Process for licensing under the Environmental Code and the Nuclear Activities
Act. (Source: MKG)

according to the Environmental Code to the Environmental Court. This is an
important step as it also gives the first indication of what the final verdict of the
regulator will be on radiation safety issues and the safety case.
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When the Environmental Court finds that enough information is available to
proceed to the next step it announces the main meeting of the Court. In this public
oral meeting anyone can take part, and SSM is an important participant. The main
meeting ends the Environmental Court’s review.

The final decision to allow and license facilities involving radioactive waste is
taken by the Swedish government. The next step of the licensing process is there-
fore that SSM and the Environmental Court give their opinions on the application
to the government. The government reviews the opinions. According to the Envi-
ronmental Code, in the review the government can take comments on the opinion
of the Environmental Court.’ The government also has to get a positive decision
from the local community that has can veto the repository, even this late in the
process. The government finally decides whether to give permissibility to the
repository according to the Environmental Code, and a licence permit according
to the Nuclear Activities Act. The government can add conditions to its decisions.

The government decisions can be appealed to the constitutional Supreme
Administrative Court, that only considers whether the law has been followed, i.e.,
it restricts its decisions to issues that have a clear legal connotation.

After a government decision to give a license according to the Nuclear Activi-
ties Act, the regulator continues a stepwise decision-making process of examining
revised safety cases to allow construction, pilot operation and full operation of
the repository. After a government permissibility decision according to the Envi-
ronmental Code, it is the Environment Court that gives the final license. This is
also the Environmental Court’s last opportunity to influence the repository pro-
ject. The Environmental Court will again make a review and ask for opinions, but
the review in this part of the process is only of conditions that can be put on the
license.

The Environmental Court finally makes a license decision that can be appealed
to two higher court levels, based on details in the conditions, but the government
decision forms the basis for a license and binds the courts, which must follow the
government’s permissibility decision.

When SKB has both final licenses for a repository, construction can begin.
The present Swedish legal system therefore means that nuclear projects have to
have licenses according to both the nuclear and environmental legislation. There
can be conflicts between these processes, even though experience and praxis has
been developed to allow coordination.

SMKG also made the documents in the government review available on its website: https://
www.mkg.se/regeringens-diarium.
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10.4 The Long Decision-Making Process for a
Repository for Spent Nuclear Fuel

As described in the Sect. 10.3, the Swedish judicial process for allowing con-
struction of a repository for SNF is complicated and time-consuming. It has taken
from 2011 to 2022 just to process SKB’s license application. But the start of the
project was actually begun in the 1970s, i.e., 50 years ago.

When the KBS concept for a repository for disposal of SNF was developed in
Sweden in the mid-1970s by the nuclear waste company SKB, there were three main
project reports, in 1977 (SKBF, 1977), 1978 (SKBF, 1978), and 1983 (SKBF, 1983).

The KBS-1 report (SKBF, 1977) was focused on a repository for reprocessed
HLW, as at this time reprocessing was the plan for Swedish SNF. The vitrified
glass waste was to be encapsulated in a steel container 3 mm thick and then
placed in a titanium canister 6 mm thick. Between the steel and the titanium
would be 10 cm of lead. The canister was to be surrounded by a buffer of sand
and clay. The disposal depth was to be about 500 m. From this concept only the
depth of 500 m survived into the final KBS concept used today.

The KBS-2 report (SKBF, 1978) came only a year later when it became
unclear whether reprocessing was to be used in Sweden for all the SNF, and pro-
vided a similar concept for a repository for direct disposal of unreprocessed SNF.
The spent fuel rods were to be taken out of the fuel elements and placed in a cop-
per canister of 20 cm thickness and the whole canister was then to be filled with
lead. The canister was to be surrounded by a buffer of blocks of clay. The depth
of the repository was to be about 500 m. From this concept the choice of copper
as a canister material and the clay buffer survived into the final KBS concept.

The system was further developed and optimised, and in 1983 the KBS-3 con-
cept was presented in a third report (SKBF, 1983), with a 10 cm thick copper can-
ister containing complete fuel elements instead of separated fuel rods, but still
with the canister filled with lead. With the final KBS project report, the concept
was almost finalised, with copper canisters containing the SNF to be deposited
in holes in the floor of tunnels about 500 m underground in granite bedrock (see
Fig. 10.2). All tunnels and shafts are also to be filled with clay.

By the mid-1990s the cylindrical canisters were finalised to be 5 m high and
1 m in diameter and made from only 5 cm thick copper. Inside the copper canister
is a cast iron insert (instead of lead) to hold the spent fuel elements in place and
provide higher strength to the encapsulation (SKB, 1999).

There is always flowing groundwater in the granite bedrock, and even though
the copper canister is supposed to be relatively immune to corrosion, it is sur-
rounded by a clay called “bentonite clay” that will swell when subjected to water.
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Fig.10.2 The KBS method. (Source: MKG)

The swollen clay buffer is to provide tight protection of the copper canister from
the groundwater. The deposition tunnels and other parts of the repository sys-
tem will also be filled with bentonite clay so that the whole bedrock system is to
become as tight as the bedrock itself to the flow of water.

The long-term safety case for the KBS-3 concept thus relies on two artificial
engineered barriers—a copper canister, a bentonite clay buffer—and a semi-nat-
ural barrier of the bedrock with tunnels filled with clay. In practice, the tunnels in
the bedrock are disregarded in the safety case as it is assumed that no water can
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flow through them. In the safety case analyses, a rock that has few cracks and fis-
sures therefore becomes a better barrier than a rock with many.

Copper was finally chosen as canister material instead of titanium because
theoretically copper is thermodynamically immune to corrosion by water. The
immunity of copper to corrosion by water later became an important scientific
controversy that became a part of the license review for the repository for SNF.

The reason for originally decreasing the copper thickness from 20 to 5 cm
was mainly improved safety analysis modelling, that allowed less and less impor-
tance to be put on the copper canister as a barrier. Still, from the 1970s to the
early 1990s the bedrock was assumed to be an important barrier in the safety
case, meaning that it was important to find the best Swedish bedrock for a reposi-
tory. This led to a complicated siting process. However, when the siting process
made it necessary to be able to site a repository in almost any rock formation in
Sweden, the importance of the rock barrier of the bedrock was toned down in the
safety case. More emphasis was put on the function of the artificial copper and
clay barriers. More information on the siting process is given in Sect. 10.4.1.

10.4.1 Siting of a Spent Fuel Repository—A Long Road
to Acceptance

Originally, the bedrock was seen as the most important barrier in the KBS con-
cept. The siting process for a repository for SNF was started in the mid-1970s
by the nuclear waste company SKB, with exploratory drilling all over Sweden
to find the best bedrock. The arrival of SKB was often met with local resistance,
where citizen groups were spontaneously created to oppose the drilling. The
opposition to SKB became better organised with time, and a network of local
opposition groups called Avfallskedjan (The Waste Network) was formed in order
to provide common support. There were almost 20 local groups, and several of them
survived long after there was any threat to the local rock becoming a repository.

In 1985, the resistance led to the stop of the siting process. At a demonstration
at Almunge, near the city of Uppsala north of Stockholm, police with dogs broke
up a demonstration against drilling in a local rock formation. The closeness to
the major cities allowed the conflict to become major TV news, and the sight of
elderly people being dragged by dogs caused concern, not in the least politically.
The Minister of Environment declared that the SKB strategy of selecting a site in
conflict with the local community had to stop.
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This meant that SKB had to restart the siting work, and a voluntary process
was initiated, with all the communities in Sweden contacted to see if they were
interested. Two communities in the north, Storuman and Mala saw that a reposi-
tory could provide jobs and volunteered. In both communities there was politi-
cal support for the siting projects, but when local referenda were held in 1995
and 1997, the inhabitants of the communities said “No”.® The remaining conflict
within the communities after the referenda took time to heal, and these examples
did not encourage other communities to follow.

SKB then moved the search for a site for the repository to communities that
already had nuclear facilities or neighbouring communities. By the late 1990s the
siting process was focused on two nuclear communities, Oskarshamn and Ost-
hammar, where the Oskarshamn and Forsmark NPPs are situated. At the Oskar-
shamn NPP there was also already the central intermediate storage site for SNF,
Clab, and at the Forsmark NPP there was already the SFR repository for short-
lived radioactive waste. At the Oskarshamn NPP, SKB had in 1995 also estab-
lished an underground hard rock laboratory down to 500 m depth underneath the
island of Aspd, where large-scale experiments on copper and clay and on ground-
water flows could be carried out.”

Both communities were accustomed to nuclear power, nuclear waste facilities
and SKB, which undertook large information campaigns to build up trust. This
strategy has worked, and a large majority of the population in each community
has a positive view of the company. Since 2003, SKB takes yearly polls to meas-
ure the popularity of the planned radioactive waste facilities in the communities,
and as an example, the support in Osthammar community for a repository for
SNF has been between 75 and 84%.

SKB decided to make detailed site investigations between 2002 and 2008 in
areas adjacent to each of the NPPs. As discussed above, emphasis in the safety case
had shifted in the 1990s from the importance of a tight bedrock to the ability of
the artificial barriers of the copper canister and the bentonite buffer to contain the
radioactivity in the long-term. This meant that the nuclear waste company could
suggest that almost any bedrock could be used for a KBS repository, as the safety
case models could show that the artificial barriers of the copper canister and the
clay buffer would provide safety for the hundreds of thousands of years needed.

In Storuman community, 76% of the population participated and the “No” side won 71 to
28% of the vote. In Mald community, 87% of the population participated and the “No” side
won 54 to 44% of the vote.

7See: https://www.skb.com/research-and-technology/laboratories/the-aspo-hard-rock-labo-
ratory/.
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In 2009, a site just south of the Forsmark NPP in Osthammar community was
chosen for a repository in favour of an Oskarshamn site. Interestingly, the rea-
son was that the Forsmark bedrock had fewer cracks than in Oskarshamn, so the
safety analysis showed that Forsmark was a little safer. The site for an encapsula-
tion plant (Clink) was to be co-localised with the existing SNF storage facility,
Clab, at the Oskarshamn NPP site. The copper canisters were to be transported by
ship from Oskarshamn to Forsmark.

Before the decision was announced, most assumptions were that SKB would
choose a site just south-west of the Oskarshamn NPP for the repository. This
would put it near the encapsulation plant, and the Oskarshamn community
appeared to be more politically and administratively well-organised to support a
repository decision. But SKB appeared to realise that having a better rock could
be more important.

The change in focus over time regarding the importance of the rock barrier
in relation to the artificial engineered copper and clay buffer barriers is very
important. As is worth repeating, the KBS concept is supposed to rely on three
independent barriers for long-term safety. In reality, however, the barriers are not
independent of one other, and each may have its problems. The question of to
what extent the robustness of the whole system, in a holistic approach, allows the
weaknesses of individual barriers to be ignored was to finally become the central
issue in the licensing review for the repository for SNF. The long-term-integrity
of the copper canister became increasingly questioned throughout the review.

10.4.2 The Copper Corrosion Controversy

Before describing the review of the licence application for the SNF repository, it
is vital to understand more about the copper corrosion controversy that has been
so important in the decision-making process. The basis for using copper as a can-
ister material is that theoretically, according to classic thermodynamics, copper is
as immune as gold to corrosion in a repository environment. The reason for this is
that there is no dissolved oxygen in the groundwater at repository depth that can
corrode copper. As a comparison, oxygen in the air corrodes copper roofs, turning
them green, but without oxygen in the repository, or in the water in the repository,
the copper surface will theoretically not be affected and only minor corrosion
from other processes will take place (King et al., 2010). In addition, any oxygen
in the repository during deposition of the copper canisters will be consumed after
the sealing of the holes by bacteria and very fast chemical reactions, with the pro-
cess taking only a few months.
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The problem is that the scientific hypothesis that water without dissolved oxy-
gen (anoxic water) does not corrode copper may be false. This was discovered
experimentally by a researcher at the Royal Institute of Technology (KTH) in the
mid-1980s (Hultquist, 1986), but the results were ignored by SKB and the Swed-
ish regulator at that time. As the repository consultation process started, the
researcher together with colleagues published new experimental results in 2007
and then onwards with new studies (e.g., Szakdlos et al., 2007; Hultquist et al.,
2009; Hultquist et al., 2013; Hultquist et al., 2015). SKB has strongly contested the
research, but the results have been repeated by other researchers (e.g., Becker & Her-
mansson, 2011; Cleveland et al., 2014). It is now also theoretically understood that
water molecules can corrode a copper surface (e.g., Macdonald & Sharifi-Asl, 2011).

As a result of the controversy, there is now an ongoing scientific paradigm
shift to the fact that water can directly corrode copper even when there is no oxy-
gen. This raises the question of how fast the reaction can take place at the temper-
atures and in the complicated water chemistry of the repository. The researchers
from KTH claim that some copper canisters can start to collapse after only a
few hundred years in the hot and chemically complex repository environment.
The issue is not only how fast a general corrosive process occurs but also if pit-
ting corrosion is possible, whereby corrosion can continue relatively fast where
it has commenced; much like in a car where rust tends to corrode right through
steel once it starts to occur ar a certain spot. Of importance is also that when cop-
per reacts with a water molecule there is a release of hydrogen that can build
up inside the copper and make it brittle. Also, the repository gets hot, close to
100 °C, and corrosion proceeds much faster at higher temperatures.

SKB has strongly questioned all criticism and points to its own research,
which maintains that of the approximately 6000 copper canisters to be put in the
Swedish repository, less than one will start to leak in a million years.

It may appear strange that the scientific controversy of how copper behaves in
a repository environment has not been resolved long ago. To the initiated observer
it is clear that one problem is that SKB and its sister organisations in Finland
and Canada have never carried out experiments in the laboratory or in hard rock
laboratories with the purpose of scientifically examining this issue in detail. And
when there have been experiments that could give important information, they
have not been used to the full extent. An example of this is the LOT experiment
operated by SKB in the Aspo hard rock laboratory discussed in Sect. 10.4.5.
Another way that SKB has tried to discredit independent research showing copper
problems is to claim that the experimenters have been careless, and that oxygen
has leaked into the apparatus, even though this has never been shown to be the
case.
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Sometimes the implementers lose control of the science. At the end of 2017, after the
main meeting of the Environmental Court which is discussed in the next Sect. 10.4.3,
the results of 18 years of copper corrosion in an oxygen-free repository environment
were published, from the international collaboration experiment Full-scale Engineered
Barrier EXperiment (FEBEX) in the Grimsel hard rock laboratory in Switzerland. In the
experiment, clay and metals were tested in a tunnel that was heated to simulate disposal
of HLW. The report showed considerable and unexpected copper corrosion, also pitting
corrosion, which is very serious as it means a larger risk of a hole being created through
a copper surface (Wersin & Kober, 2017). SKB has claimed that the corrosion must be
due to oxygen leaking into the experiment, but this has not been shown.

10.4.3 Consultation, License Application and Review

From 2002 until 2010, SKB carried out a lengthy and thorough consultation pro-
cess for developing the environmental impact statement for the SNF repository
and the encapsulation plant. In March 2011, SKB submitted a license applica-
tion package according to the Nuclear Activities Act and the Environmental Code
(Sect. 10.3.4 and Fig. 10.1) for a SNF repository system using the KBS method at
the Forsmark NPP, and an encapsulation plant at the Oskarshamn NPP.

The application review was started by both the regulator, the Swedish Radia-
tion Safety Authority (SSM) according to the nuclear legislation, and the Land
and Environmental Court according to the environmental legislation. The initial
review for completeness of the application took some time and SKB had to add
extra documentation several times. This phase of the review was finished in 2015,
and the application was announced as complete by both SSM and the Environ-
mental Court in January 2016.

During 2016 and 2017 the application was reviewed on issues. Many issues
were raised, including problems with the site chosen, better alternatives for sit-
ing and choice of method (i.e., very deep boreholes), issues concerning the safety
case (canister integrity, clay erosion, hydrogeology and seismology), as well as
problems with intentional intrusion scenarios and challenges of transferring infor-
mation about the repository into the future.’

8The interchange of legal briefs with opinions on issues during 2016 and 2017 is presented
on the MKG website: https://www.mkg.se/tiden-efter-ansokans-kungorelse). All the docu-
ments in the Environmental Court proceedings can be downloaded: https://www.mkg.se/
aktbilagor). Some briefs have been translated into English and can be downloaded from the
MKG website: https://www.mkg.se/en/Legal-briefs-from-MKG-et-al-with-opinions-in-the-
review-of-the-application-for-a-repository-for-spent-nuclear-fuel.
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Perhaps most important during the license review process was the issue
of possible problems with the long-term integrity of the copper canister. This
issue was raised by some actors, including researchers at the Royal Institute of
Technology (KTH) in Stockholm and environmental NGOs. The copper cor-
rosion controversy goes back to the 1980s, but became very lively from 2007
onwards with the publication of new studies by researchers at KTH as described
in Sect. 10.4.2. The controversy grew to be more and more important during the
review process all the way to the end.

An important event in the license review was in June 2016 when SSM pre-
sented the nuclear regulator’s opinion on the radiation safety issues to the
Environmental Court. The regulator had made a large number of demands for
additional information from SKB during the review for completeness of the
application. SSM had also carried out its own research on the copper corrosion
controversy (e.g., Becker & Hermansson, 2011; Macdonald & Sharifi-Asl, 2011;
Hultquist et al., 2013). But during the spring of 2016, SSM had to make the first
open decision on long-term safety. In a statement to the Environmental Court it
declared was that there was a potential that the repository would be safe enough
to fulfil the licensing criteria of the Environmental Code (SSM, 2016). This deci-
sion bound the regulator to saying “Yes” also later in the process.

In the autumn of 2017, the main meeting of the Environmental Court was held
as the final part of the review process. The nuclear safety regulator SSM told the
Court that some remaining issues, i.e., the copper corrosion issue, could be dealt
with after a government decision, but that the regulator’s position was still that
there was potential for the repository to be safe enough to fulfil the licensing crite-
ria of the Environmental Code. The Environmental Court questioned SSM’s posi-
tion in the meeting. According to both the Environmental Code and the Nuclear
Activities Act, the repository had to be shown to be safe before a government deci-
sion. The question was: Did SSM mean that there was a potential that the reposi-
tory could be safe, or that it had been shown that the repository would be safe?

At the main Environmental Court hearing, leading corrosion scientists from
KTH again strongly questioned the SKB position on copper corrosion and
the long-term integrity of the copper canister. The Environmental Court even
arranged an extra day for the discussion of copper canister issues.

During the hearing that took in total four weeks it was disclosed through leaks
of internal SSM documents to media that the regulator had internal conflicts on
the copper canister issue in the spring of 2016, just before the regulator first told
the Environmental Court that the repository would likely be safe (Lundell, 2017a;
Lundell, 2017b). The documents showed that the leading SSM copper corro-
sion expert had been opposed to the regulator saying “Yes” to the Environmental
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Court, as it was not shown that copper would be a sufficiently good canister mate-
rial. Documents also showed that there were SSM scenarios on copper corrosion
processes that showed regulatory limits for radioactive releases from the reposi-
tory could be exceeded.

On January 23, 2018, the Environmental Court made its recommendation,’
that the government say “No” to the application, primarily due to the uncertain-
ties regarding the long-term safety of the planned repository due to possible
copper canister problems. These issues would have to be resolved before a gov-
ernment decision could be taken.

On the same date, SSM told the government that it could agree to the reposi-
tory, as some issues, i.e., possible problems with the long-term integrity of the
copper canister, could be dealt with later, after a government decision. The
regulator also believed that the repository can be safe enough even if the cop-
per canister barrier does not work exactly as postulated as there are other barriers
(bentonite clay buffer and bedrock). This regulatory focus on a holistic approach
to the robustness of the safety case is important to understand what happened next
in the continued government review.

10.4.4 The Government Review of Copper Corrosion Issues

After the January 2018 statements of the Environmental Court and SSM, the gov-
ernment review started.'® SKB made a submission of complementary information
on copper corrosion in April 2019, stating that the Environmental Court had not
understood the copper corrosion issues. Very little new information was provided.

The government sent out the complementary information for consultation, and com-
ments from other parties were provided to the government in late 2019. In its answer,
SSM stated that its conviction that the repository would be safe enough was said to
have been “strengthened” by the new information, despite information in the regulatory
review saying there could be problems with the copper canister (SSM, 2019).

At this time the Swedish Council for Nuclear Waste, the government’s scien-
tific advisory body, entered the decision-making process, and said that there may

9MKG has made an unofficial translation of the summary of the Environmental Court opin-
ion: https://www.mkg.se/en/translation-into-english-of-the-swedish-environmental-courts-
opinion-on-the-final-repository-for.

10A1l the documents in the government review can be found on the MKG website: https:/
www.mkg.se/m201800217me-regeringsprovning-enligt-miljobalken.
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be problems with the copper canister, and also with the cast iron insert, which
may show that the KBS concept will not work as intended.

The researchers at KTH persevered in their criticism of using copper as a can-
ister material. They were joined by the SSM corrosion expert who had opposed
the regulator saying “Yes” to the court in 2016, who had subsequently left SSM.
MKG also stated that it would be wrong to use copper as a canister material.

10.4.5 An Unexpected Development: New Experimental
Packages from the LOT Project Retrieved
with 20 years of Copper Corrosion

In the middle of the government review an unexpected possibility occurred that
had the potential to clarify the issue of whether copper was a good enough canis-
ter material for the Swedish SNF repository.

The so-called LOT (Long-term test of buffer material) experiment oper-
ated by SKB has been ongoing at 400 m depth in the Aspé Hard Rock Labora-
tory near the Oskarshamn NPP since around the year 2000. In total there were
seven experimental packages with copper and clay in a very good simulation of
real repository conditions. Three 1-year packages were retrieved early, but when
SKB retrieved one 5-year package in 2006 an unexpected amount of copper cor-
rosion had occurred. However, the reporting on the corrosion that had taken place
in these packages was very limited. There were only estimated general corrosion
data and no cross-sectional metallographic studies that are necessary in order
to understand how much corrosion has taken place and of what type (Karnland
et al., 2009; Wersin, 2013).

As results about copper corrosion from the LOT experiment could be impor-
tant for the understanding and possible resolution of the copper corrosion con-
troversy, MKG had repeatedly demanded that the next package be retrieved and
analysed. These demands were not met by SKB, and the regulator SSM has
shown little interest in the copper corrosion results from experiment.

Then came the surprise. In the early autumn of 2019, SKB secretly retrieved
two 20-year-old experimental packages. This was disclosed by SKB at a meet-
ing organised by the regulator SSM in early October 2019. The disclosure was
likely unintentional, and while SKB started to provide more information about
the retrieval, the company originally stated that it had no intention of revealing
results from the retrieved packages until after the government had taken a deci-
sion on the repository.
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During the autumn of 2019, MKG worked to get SKB to disclose all relevant
corrosion results as soon as possible, so that SSM could check the results by car-
rying out a scientific quality review. MKG kept the government informed of the
developments concerning the LOT packages. Its recommendation was that the
government should wait for the corrosion results before taking a decision on the
repository results, as if the corrosion was as bad the FEBEX experiment, some-
thing could be very wrong with using copper as a canister material.

These efforts were successful, and SKB published a report on the copper cor-
rosion results in October 2020 (Johansson et al., 2020). Although there is a large
amount of information on copper corrosion in the report, it was clear that the
reporting was scientifically lacking in quality. Even though it was clear from pic-
tures in the report that some surfaces were very corroded, these were not exam-
ined. The most heated surfaces where the corrosion was expected to be the largest
were not examined in detail, and SKB claimed that other surfaces were examined
instead as it was easier to do so. The corrosion on the most heated surfaces was
indirectly estimated by measuring the corrosion products in the clay adjacent to
the surfaces; a method that gives only a rough estimate. Cross-sectional metal-
lographic studies in the report from less heated areas show signs of pitting corro-
sion. There is a very high likelihood that such images of the corrosion of the most
heated areas would have shown deep pitting corrosion, and that SKB would have
had big problems explaining how this had occurred.

During the autumn of 2020, SSM carried out a quality assurance project with
the support of the UK consultancy Galson Sciences, and published a report in
early 2021 (Hicks et al., 2021). MKG sent four inputs to the regulator to support
the review.!!

Using the report, SSM made a statement on the LOT results to the government
in March 2021. Unfortunately, SSM accepted the SKB reporting of results with-
out much analysis of its own. The researchers at KTH pointed out to the govern-
ment that if the reporting of the LOT results lacked scientific quality, then “the
anoxic copper corrosion rate in Swedish groundwater is catastrophic with respect
to the KBS-3 model and this conclusion can be made without further considering

I'MKG has published all the documents in the SSM act on the review on its website, and
the comments and some responses from SSM can be found here: https://www.mkg.se/
ssm-20205740-kvalitetsgranskning-av-skbs-lot-experiment. There is also a separate cor-
respondence between SSM and MKG: https://www.mkg.se/ssm-20199556-korrespondens-
om-kvalitetssakring-av-lot-forsoket-mkg-och-ssm.
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the radiation induced corrosion (radiolysis), stress corrosion cracking and hydro-

gen embrittlement”.!?

10.4.6 The Government Decision

Despite the copper corrosion controversy Osthammar community in October
2020 told the government that it approved the siting of the repository and would
not use its veto. All formal conditions were fulfilled for a government decision.
But since 2018 the government had been a Social Democrat and Green Party
minority coalition, with a Minister of the Environment from the Green Party who
was reluctant to approve any SNF repository.

In the spring of 2021 the political discourse on nuclear power and nuclear
waste management became increasingly politicised. Pressure from the pro-
nuclear political parties in opposition increased throughout the year. All the
parties in the conservative block (Liberal Party, Conservative Party, Christian
Democrats and Sweden Democrats) that has been forming in Swedish politics for
a few years have nuclear power as central to their climate policies.

The copper corrosion controversy became more intense in the autumn of 2021.
MKG told the government that more scientifically produced results from the LOT
experiment should be used to provide vital copper corrosion information neces-
sary before a decision. The Swedish Council for Nuclear Waste stated that more
research is needed to understand how the copper canister behaves in a reposi-
tory environment, but that this could be done after a government decision. The
Council also suggested that according to the Environmental Code, the govern-
ment would be able to give only a construction license, and an operational license
could be given separately at a later time. Such a legal construction would, how-
ever, be unprecedented and lacked any previous praxis. The Environmental Code
states that there should be enough knowledge about the possible environmental
effects of a project before a licence is given.

Because of the controversy that had put into doubt whether the copper canister
would work as intended in the repository, towards the end of the license review
SKB and SSM were forced to emphasise the importance of seeing the KBS

12In a letter to the government on 23 March, 2021, Professor Christofer Leygraf from KTH
summarises their view on a number of copper corrosion issues. It is act document 158 and can
be found here: https://www.mkg.se/m201800217me-regeringsprovning-enligt-miljobalken.
The LOT experiment results are commented in the letter and in appendices E and F.
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concept in a holistic perspective. Both organisations were convinced that there
were no copper problems which could be important enough to question the long
term-safety of the repository. In their common opinion the safety case with the
three barriers (copper canister, clay buffer and the rock/clay in tunnels) that work
together proves the repository will be robustly safe. In fact, there are scenarios in
the SKB safety analysis that show that even if there are small holes in many of
the canisters from the beginning, the regulatory limits will only be exceeded in
the very long term if the clay buffer works as intended and the rock of the tunnels
is very tight to water flow.

In November and December 2021 there was political parliamentary turmoil
regarding the government budget process for 2022. This resulted in the Green Party
leaving the government. The new Social Democrat Minister of the Environment
almost immediately promised a decision on the SNF repository in January 2022.

On January 27, 2022, the Social Democrat government took the decision to
approve the repository. The decision relied almost exclusively on statements from
SSM based on the view that in a holistic perspective the three barriers together
provide sufficient long-term safety.

MKG and member environmental organisations have appealed the government
decision to the Swedish Highest Administrative Court (constitutional court) for
judicial review (Naturskyddsforeningen et al., 2022). The organisations primarily
want the court to review whether the government has followed the preconditions
for a decision according to the Environmental Code (i.e., that the repository has
been shown to be safe at the time of the license and that the precautionary princi-
ple has been followed) when the government decision so strongly relies only on
support from the regulator.

In the appeal, the organisations also question the holistic industry and regula-
tory approach that the robustness of the whole KBS barrier system means that
individual barriers need not function as intended. Their case is that there is strong
evidence that the copper canister will not work as foreseen due to corrosion and
other processes. If this is so, then the clay buffer will likely be destroyed by the
copper corrosion products and will not be tight to water. The clay buffer barrier is
not independent of copper canister problems. If the final barrier of the rock/clay
in tunnels does not work, there is then a big problem.

In fact, it is not the rock itself that is the weakest part of this final barrier, but
rather the clay in the tunnels. If the clay does not completely stop the flow of
water as intended, and there is relatively little research to show that it will, then
the “rock barrier” is not as strong as envisioned in the safety case. According to
the organisations, it is too simple to give each of the three barriers a high pro-
tective function in the safety case and claim that as long as one barrier is intact
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everything is fine. An important issue for the constitutional court to ponder is how
big can problems with individual barrier problems be, compared to the “robust-
ness” of the total barrier system, for an environmental project to receive approval.

If the appeal is unsuccessful, the next step in the decision-making process will
be the return of the case to the Land and Environment Court for a final licence
decision and conditions. This process will not start until mid-2023 and will take
several years, with the possibility to appeal any decisions taken.

If everything goes as SKB hopes, there would be a construction start in per-
haps five years, and the first copper canister containing spent nuclear fuel would
be placed in the repository in fifteen years’ time; unless the science of copper cor-
rosion and/or a better understanding of the weaknesses of clay barriers come back
to haunt the decisions taken so far.

10.5 Some Final Observations

There may be some lessons to learn from the Swedish system for governance of
RWM, especially from the controversial case of the repository for SNF.

Firstly, the Swedish SNF repository project is a clear example of when over
time a project becomes too big to fail. With complete regulatory support from the
industry, at times confirmed in weak governmental oversight, there were never
any alternatives other than to move forward with the project.

Secondly, it is clearly a problem to have all the responsibility for research and
development for radioactive waste facilities attached to a private industrial entity
that is not part of the national public access to information system. If the work of
private nuclear waste company SKB had been open to public scrutiny it is likely
that the copper corrosion controversy would have been resolved much earlier. It
would also have been better to have more resources, and a better mandate for the
regulator to carry out its own independent research. And to have more general
public funding for research on RWM.

Thirdly, the science behind the SNF repository safety case seems to have
gone into a mode of confirmation bias early on. It is of course possible that SKB
actively avoided doing the necessary research to prove that the copper canister
would work as intended. But what has happened can perhaps be explained instead
by a tunnel vision based on early basic assumptions that were just thought not
needed to be tested, even when there were clear signs that the assumptions might
be wrong.

Fourthly, the quality of the decision-making process was improved considera-
bly by the implementation of good consultation processes and systems for access



10 Radioactive Waste Management in Sweden: Decision-Making ... 283

to justice. Even though the final outcome of the decision-making for the SNF
repository may have been disappointing to some parties, it is hard to argue that
not all voices were heard or were able to influence the process. The quality of the
decision-making process was further improved by resourcing local communities
and environmental NGOs to be able to participate fully in the process.

Finally, it is of vital importance that all problems that arise during the devel-
opment and decision-making process for a repository for high-level radioactive
waste are fully examined as far as possible. And even more importantly, as early
as possible. The challenge is to find a governance system that both encourages
and enables this.
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11.1 Introduction

Finland is the first country in the world to be in the implementation phase of geo-
logical final disposal of spent nuclear fuel (SNF). The implementing company,
Posiva Oy, owned by two nuclear power companies Teollisuuden Voima Oy
(TVO) and Fortum, has marketed its concept ONKALO and the facilities as a
“final solution” to the problem of high-level nuclear waste (HLW). A third Finn-
ish nuclear power company, Fennovoima, is not included in the ONKALO pro-
ject.

Finland’s political culture is based on structural corporatism and high trust
of citizens in the state and its institutions, which partly explains the progress of
Posiva’s project and the relatively minor opposition to it. Public debates have
focused more on new nuclear power plants (NPPs), which have been on the polit-
ical agenda at the same time as the final disposal facility and its expansions. The
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Fig. 11.1 Major actors in the licensing procedure of nuclear facilities in Finland (STUK,
2019)

licensing procedure is the same for all nuclear facilities,! including both NPPs
and final disposal repositories (Fig. 11.1).

During the process of Posiva becoming the first holder of an operating license
for a final disposal facility for SNF, public participation has not been very active
and has been considered ineffective by various social scientists. This was one rea-
son to strengthen the role and potential for public participation in the revised Act
on Environmental Impact Assessment Procedure (252/2017), which has not yet

'According to the Nuclear Energy Act (990/1987), a nuclear facility refers to facilities
to produce nuclear energy, facilities for large-scale final disposal of nuclear waste, and
facilities for producing, manufacturing, using and storing of nuclear materials and nuclear
wastes. A decision-in-principle (DiP) is required for (1) a nuclear power plant with a heat
efficiency of 50 MW or more, (2) a facility for final disposal of nuclear waste, and (3) other
facilities with a significant amount of nuclear material, nuclear waste, or nuclear radiation,
comparable to (1).
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Table 11.1 The amount of radioactive waste in Finland (MEE, 2022)

Type of radioac-| Stored by the | Final disposal | Final disposal | Final disposal
tive waste end of 2019 by 2019 by 2030 by 2050

Very low level | 204 m? n. a? 2,300 m3 6,900 m3

Low level 1,691 m3 6,541 m3 8,761 m? 10,661 m3
Intermediate 1,970 m?3 2,117 m3 8,278 m? 9,078 m3

level

High level 2,261 t° 0 3,200 t 4,200 t

#Included in the figure of low level waste
® Amount in temporary storage at the nuclear power plant sites

been applied to nuclear facilities. Furthermore, according to the Ministry of Eco-
nomic Affairs and Employment (MEE),? processing Posiva’s application for an
operating license for ONKALO will include possibilities for public participation
(MEE, 2021), which is new in granting an operating license for a nuclear facility
in Finland.

Table 11.1 shows the amount of nuclear waste by 2019 and estimates for 2030
and 2050, Table 11.2 provides information on the Finnish NPPs, and Table 11.3
shows the amounts of SNF in these plants by 2019 and the maximum licensed
amounts.

This chapter provides a view of Finnish nuclear waste management (NWM)
from the governance ecosystem perspective (see chap. 1 of this volume) and
describes how the first final disposal facility for SNF in the world, ONKALO by
Posiva Oy, has been smoothly implemented. Section 11.2 describes the develop-
ment of Finnish NWM. Section 11.3 discusses technological challenges related
to the geological disposal of SNF, i.e. stability of the Finnish bedrock, the Swed-
ish KBS-3 V concept, and a less discussed issue—temporary storage of SNF last-
ing up to 50 years. Section 11.4 looks at the financial side of NWM based on the
State Nuclear Waste Management Fund, which also provides resources for scien-
tific research on NWM.

Section 11.5 provides background to Finnish consensus-seeking decision-
making by focusing on essential characteristics which enable Finnish govern-

2To simplify the English translation of the name(s) of the Finnish Ministry of Economic
Affairs and Employment over the historical period described in this chapter, the acronym
MEE is used throughout.
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Table 11.2 Basic information on the nuclear power plants in Finland

Nuclear power plant Reactor type and current Operating license in
capacity force
Loviisa 1 (Fortum) Atomenergoexport VVER-440, | 31.12.2027
507 MW,
Loviisa 2 (Fortum) Atomenergoexport VVER-440, | 31.12.2030
507 MW,
Olkiluoto 1 (TVO) AB Asea Atom BWR, 890 MW, | 31.12.2038
Olkiluoto 2 (TVO) AB Asea Atom BWR, 890 MW, | 31.12.2038
Olkiluoto 3 (TVO) Areva NP EPR, 1,600 MW ? 31.12.2038
Hanhikivi 1 (Fennovoima) | Rosatom AES-2006 PWR,
1,200 MW, ®

4 Started on 21 December 2021, grid connection expected in 2022
b Reactor in the 2015 construction license application. Fennovoima withdrew the applica-
tion on 24 May 2022

Table 11.3 Total quantity of spent nuclear fuel produced until decommissioning of the
nuclear power plants in Finland (MEE, 2022; Posiva 2021; Fennovoima, 2015)

Nuclear power plant | Quantity of spent nuclear fuel | A total maximum quantity
by the end of 2019 (t) of SNF until decommission-

ing (1)

Loviisa 1-2 690 1,096

Olkiluoto 1-2 1,565 2,904

Olkiluoto 3 - 2,500

Hanhikivi 1 - (1,800)

Total 2,2618 6,500 (8,300)

ance—structural corporatism, high trust in technology and experts, and the
subservient role of the public. These are reflected in NWM via typical Finnish
characteristics, including strong energy elites, cross-ownership of nuclear power
companies, and the so-called Mankala principle applied in many Finnish energy
companies, among them TVO, Fennovoima, and Posiva. Section 11.6 describes
an important part of the governance ecosystem, namely weak social inclusion
in the Finnish NWM. Public participation in decision-making, the role of anti-
nuclear movements, and the media’s role are addressed. Section 11.7 concludes
and looks at the future of NWM in Finland.
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11.2 History of Nuclear Waste Management (NWM)
in Finland

Figure 11.2 presents the most recent schedule from the Ministry of Economic
Affairs and Employment (MEE, 2022) regarding (1) use and decommissioning
of the licensed NPPs, (2) operation and closure of storage facilities for low- and
intermediate-level nuclear waste (LILW) at the NPP sites, (3) interim storage of
SNF at the NPP sites, and (4) final disposal of SNF.

11.2.1 NWM Before Finland Entered the EU in 1995

Finland began preparing for NWM during the procurement and construction
phase of the first NPPs. In 1969, a bilateral agreement was concluded with the
Soviet Union, including a principle that the Soviet Union takes back the SNF
used in the Soviet-based nuclear reactors. This export of SNF from the two Lovi-
isa reactors started in 1981 and ended when the ban on nuclear waste exports
and imports (included in a 1994 amendment to the Nuclear Energy Act) entered
into force in 1996. Since then, SNF from Loviisa 1-2 has been first placed in a
cooling pool beside the reactor, and then in temporary storage located at the NPP
site.

TVO had a different situation with its Swedish nuclear reactors in Eurajoki
(Olkiluoto 1-2). According to Raumolin (2011), TVO considered final disposal
of SNF in Finland as its preferred option.* However, the TVO Board had rejected
international negotiations on reprocessing tenders in 1979 for economic reasons
(Kojo, 2009). TVO made a schedule for NWM, which allowed temporary storage
of SNF for 40 years before its final disposal (Table 11.4).

In 1983, the government made a decision on NWM. It included two basic
options. According to MEE (2015a, p. 7), the first involved “centralised interna-
tional final disposal solutions and contract arrangements that would allow repro-
cessing SNF to be irrevocably located abroad”. In the second option, nuclear

3A final repository for LILW in Loviisa came into use in 1998. Expansion for the waste
generated during decommissioning of the VVER reactors is expected.

4TVO has built cooling pools and an interim storage for SNF in the Olkiluoto site. A final
repository for LILW was also built in Olkiluoto and came into use in 1992. Enlargement of
this repository has been included in the construction license granted for Olkiluoto 3.
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Table 11.4 Schedule for the final disposal of spent nuclear fuel by TVO (Raumolin, 1982,
as cited in Kojo, 2009, p. 167; Kojo et al., 2010, p. 170)

Period Activity

1980-1982 | Suitability study with safety analyses

1983-1985 | Preparation for the preliminary site characterisation

19861992 | Preliminary site characterisation in chosen site areas (5—-10 sites)
1993-2000 | Additional siting studies (23 sites)

2001-2010 | Detailed studies on the chosen disposal site and pre-planning of the siting
and the encapsulation plant

2011-2020 | Planning and construction of the final disposal site and the encapsulation
plant

2021-2050 | Final disposal facility in operation
2051-2060 | Closing of the final disposal site

power companies prepared for final disposal of SNF in Finland. The 1983 deci-
sion preferred international solutions, but demanded that the nuclear power
companies are prepared for final disposal of SNF in Finland, if necessary (Kojo,
2009).

TVO’s original schedule of NWM has been followed without major excep-
tions. Screening of possible sites started in a large number of areas but dropped to
85 by using extra-geological criteria, e.g., land ownership and municipal accept-
ability. TVO selected five areas for preliminary site characterisation studies in
1987: Olkiluoto, Veitsivaara, Kivetty, Romuvaara, and Syyry (Fig. 11.3). Olki-
luoto as a NPP site had a special position, because the proximity of the facili-
ties would reduce the transportation of SNF. Detailed site characterisation studies
started in Olkiluoto, Romuvaara, and Kivetty in 1992 (Kojo, 2009).

11.2.2 Decision-In-Principle and Licensing of ONKALO

In 1995, Fortum and TVO established a joint company Posiva Oy for the final
disposal of SNF from their NPPs in the new context of banned exports and
imports of nuclear waste and a mandatory Environmental Impact Assessment
(EIA) process. Posiva continued the siting process started by TVO, and added
Loviisa to the potential final disposal sites in 1997 (Fig. 11.3).
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Fig. 11.3 Locations of the final disposal sites for spent nuclear fuel with site characterisa-
tion studies and the existing nuclear sites

In the preparatory phase of the DiP application, local acceptability of the SNF
repository became a decisive factor for Posiva, especially acceptability by the
municipal council of the host municipality. Posiva and the municipality of Eura-
joki started negotiations on mutual economic benefits of choosing Olkiluoto as
the site for final disposal of SNF. A well-known result of these negotiations is the
“Vuojoki agreement”. Among other things, Eurajoki agreed to lease a real estate,
the Vuojoki Manor, to Posiva, and Posiva agreed to finance construction of a new
senior centre in Eurajoki. The municipal council of Eurajoki approved the Vuo-
joki agreement on 9 May 1999 (see Kojo, 2009).

On 26 May 1999, Posiva applied a DiP to construct an encapsulation plant
and final disposal facility for SNF. The only site included in the application was



11 The Finnish Solution to Final Disposal of Spent Nuclear Fuel 295

Olkiluoto in Eurajoki. Posiva stated that “an essential factor regarding the imple-
mentation is also to gain local acceptance for the operation” (Kojo, 2009, p. 173).

Posiva estimated the maximum amount of HLW to be 9,000 tons (t)° covering
the SNF produced in Loviisa 1-2, Olkiluoto 1-2, and two planned new NPPs.
Because TVO had submitted an application for a DiP to construct Olkiluoto 3,
Posiva changed its DiP application in November 2000 to cover SNF only from
the reactors in operation (4,000 t), and submitted a new application for a DiP
to extend the repository by 2,500 t of SNF from Olkiluoto 3. Moreover, Posiva
asked the government to decide on Olkiluoto 3 and the extension of the final dis-
posal repository at the same time (MEE, 2013; Kojo et al., 2010).

The government issued a favourable DiP on the final disposal facility for
4,000 t of SNF in December 2000. The government stated that, “of the studied
disposal options, deep disposal in the bedrock, i.e. geological disposal, offers the
best and most realistic possibilities to isolate high-level nuclear waste from the
biosphere and the human habitat” (Government of Finland, 2000). The parliament
approved this DiP on 18 May 2001 with votes 159-3.

The government made the DiPs regarding the construction of Olkiluoto 3 and
extension of the repository for 2,500 t of SNF from Olkiluoto 3 in January 2002,
and the parliament approved both in May 2002 (MEE, 2013; Kojo et al., 2010).

In 2004, Posiva introduced the Finnish name ONKALO for the underground
research facility excavated in the Olkiluoto bedrock, meaning a cavity or a hid-
den cave, which sounds ‘“‘safer” than a normal cave (Auffermann et al., 2015; cf.
El-Showk, 2022). Soon it became widely-used for the whole project on final dis-
posal of SNF in Finland. Since 2018, ONKALO has been a registered trademark
of Posiva Oy.

In 2007, a group of Finnish power companies and the German E.ON estab-
lished a new nuclear power company, Fennovoima. Two years later, Fennovoima
submitted an application to the government for a DiP to construct a new NPP,
Hanhikivi 1, in Pyhédjoki, on the north-western coast of Finland (Fig. 11.2). In the
same year, TVO and Fortum submitted applications for DiPs on two new NPPs,
Olkiluoto 4 (TVO) and Loviisa 3 (Fortum). At the same time, Posiva submitted
two applications for a DiP to extend ONKALO for SNF, one from Olkiluoto 4
and another from Loviisa 3.

59,000 tons of SNF is around 900 m? in volume. The amount of HLW such as SNF is docu-
mented in metric tons only.
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The MEE processed all five DiP applications during 2009-2010, and the gov-
ernment made the DiPs in May 2010. Construction of TVO’s Olkiluoto 4 and
Fennovoima’s Hanhikivi 1, as well as the extension of ONKALO for SNF from
Olkiluoto 4, were deemed to be “in line with the overall good of the society”, but
Fortum’s Loviisa 3, and Posiva’s related extension of ONKALO were not.® The
parliament left the three favourable DiPs in force in July 2010.

In December 2012, Posiva submitted an application for a construction license
for ONKALO with a total capacity of 6,500 t of SNFE. The final disposal facil-
ity will be constructed in such a way that its safety will not be monitored after
the repository has been decommissioned and the ownership of and responsibili-
ties for nuclear waste have been transferred to the state (Posiva, 2012). The gov-
ernment granted the construction license in November 2015. On 30 December
2021, Posiva submitted an application for ONKALQ’s operating license. Accord-
ing to the application, the operation would start in March 2024 (Posiva, 2021).
The MEE will organise a public consultation, request statements from authorities,
organisations, and municipalities in the affected area, and provide citizens and
communities with an opportunity to express their opinions (MEE, 2021).

11.2.3 Cooperation Between Posiva and Fennovoima

In the application for the Hanhikivi 1 DiP, Fennovoima (2009) planned the NWM
in cooperation with other licensees responsible for NWM. The MEE appointed
a working group in March 2012 to coordinate the three nuclear power compa-
nies’ joint investigation into alternatives for final disposal of SNF. The working
group compared construction alternatives and recommended utilising the com-
petence and field experience accumulated during Posiva’s project (MEE, 2013).
Moreover, the working group recommended that Posiva and Fennovoima should
continue cooperation to solve Fennovoima’s NWM—the number of facilities for
final disposal of SNF is not an issue (MEE, 2013, p. 15). In 2017, MEE appointed
a new working group to investigate future alternatives for long-term NWM, but
the working group excluded the final disposal of SNF and stated that the previous
working group report is up-to-date (MEE, 2019a).

In 2015, TVO decided not to apply for a construction license, so the DiPs related to Olki-
luoto 4, granted in 2010 for TVO and Posiva, lapsed.
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In 2016, Fennovoima and Posiva signed a mutual agreement on using Posiva’s
expertise in planning and developing Fennovoima’s NWM activities (Fennovo-
ima, 2016).” Fennovoima also submitted its EIA plan as required by the MEE in
the Hanhikivi 1 DiP, and announced that the location of the final disposal site will
be selected in the 2040s (Fennovoima, 2016).

In 2017, the MEE requested additional information on Fennovoima’s NWM
before giving its statement on the EIA plan. Fennovoima informed MEE that the
location will be decided “after receiving the construction license for Hanhikivi
1 at the earliest, and when applying for the operating license at the latest” (Fen-
novoima, 2018, p. 4). Fennovoima prefers only one final disposal facility of SNF
in Finland (Fennovoima, 2018; MEE, 2019a), but keeps open two siting options
Olkiluoto and Pyhéjoki. Posiva, on the other hand, is willing to offer expertise but
does not support a joint project in Olkiluoto, which might require a shareholder
position for Fennovoima in Posiva Oy.

11.3 Scientific and Technological Challenges

11.3.1 Stability of the Bedrock

Posiva has chosen deep geological storage as the method for the final disposal
of SNF. The bedrock of the Olkiluoto site consists of Svecofennian metasedi-
ments and plutonic rocks, 1,800-1,900 million years old (Anttila et al., 1999).
In Posiva’s solution, the bedrock acts as a natural barrier. Its safety functions are
intended to (1) isolate the SNF from the surface environment and normal habitats
for humans, plants and animals, limit the possibilities of human intrusion, and
isolate the repository from changing conditions at the ground surface, (2) provide
favourable and predictable mechanical, geochemical and hydro-geological condi-
tions for the engineered barriers, and (3) limit the transport and retard the migra-
tion of harmful substances that could be released from the repository (STUK,
2015).

Posiva has accumulated practical experience related to the stability of the bed-
rock in Olkiluoto from the test drillings started in 1989 by TVO, and during the
excavation of the underground rock characterisation facilities from 2004. Posiva
considers the bedrock to be sufficiently stable around the deposition tunnels and

7In 2016, Posiva established a subsidiary, Posiva Solutions, offering expertise and consult-
ing services on the management of nuclear waste and radioactive materials.
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deposition holes. Posiva has studied the geological structures of the bedrock at
the disposal site and estimated that at a depth of 400-450 m, the requirements for
post-closure safety and the constructability of the disposal facility are fulfilled.
According to STUK (the Finnish Radiation and Nuclear Safety Authority), the
understanding and measurements of the baseline stress of the bedrock are suf-
ficient at the construction license stage; however, Posiva will have to reduce spe-
cific uncertainties and deficiencies before construction of the disposal facilities.
Moreover, further investigations are required related to the impact of the hetero-
geneity of the bedrock on the stability of the bedrock and concerning the rock
mechanical properties of the fracture zones on various scales. However, STUK
(2015) concludes that the characteristics of the bedrock in Olkiluoto are favour-
able for ensuring the post-closure safety of SNF final disposal.

The changes of conditions due to an ice age as well as permafrost are seen
by Posiva as the most important above-ground natural phenomena regarding final
disposal. Based on its own modelling, Posiva has estimated that the permafrost
would reach a depth of 60-240 m during a dry, cold period lasting 10,000 years.
Using the same analysis, Posiva has estimated that permafrost extending to a
depth of 400 m would require a dry, cold period of 100,000 years, which it con-
siders unlikely.

There are uncertainties related to climate evolution analyses that extend far
into the future. For this reason, Posiva has also estimated the effects of perma-
frost that reaches a disposal depth on the performance of the fuel canister and
other engineered safety barriers (STUK, 2015; see Sect. 11.3.2 on the KBS-3V
final disposal concept). However, there has been criticism towards the disposal
concept, on geological grounds: “All the forecasts of the safety of the disposal
site after the next glacier period (55,000-65,000 or 90,000-100,000 years from
present) are speculations and are not based on scientific factors” (Saarnisto, 2008,
as cited in a popular magazine by Ukkola, 2010).

STUK (2015, p. 41) states that the amount of collected seismic data needs to
be extended during the construction and operation of the facility since the safety
of the disposal will be evaluated “over timespans that exceed the data coverage
presented”. STUK does not define the timespans, but the seismic data presented
in Posiva’s application for the ONKALO construction license covers 1965-2012.
Moreover, seismic risks need to be further investigated by taking into account the
bedrock structures and their properties in Olkiluoto more diversely, as well as by
assessing further magnitudes and frequencies of earthquakes under various geo-
logical circumstances (STUK, 2015).
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11.3.2 The KBS-3 V Concept

Posiva plans to pack the SNF inside copper-steel canisters at an above-ground
encapsulation plant from where they will be transferred into the deep under-
ground tunnels of the repository and placed in the holes excavated in the final
disposal tunnels (Fig. 11.4).

The KBS-3V concept was originally developed by the Swedish Nuclear Fuel
and Waste Management Company (SKB). Posiva adopted the concept and has
elaborated it further together with SKB. KBS-3V has three safety barriers (cop-
per capsule, bentonite clay, and bedrock granite) designed to keep the HLW iso-
lated from the biosphere for at least 100,000 years (Fig. 11.5). According to Posiva
(2018), a shortcoming of one barrier does not endanger the safety of the insulation.

Finland proceeds as the first implementer of KBS-3V, as ONKALO is
expected to start operating in 2024. About one hundred final disposal tunnels will
be excavated during the 100-year operational period of ONKALO. The repository
will total a length of 35 km with each tunnel being about 4.5 m high, 3.5 m wide,
and 350 m long, each holding about 30 canisters of SNF.

Fig. 11.4 Concept image of the KBS-3V final disposal solution. (Source: Posiva Oy)
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Fig. 11.5 The multi-barrier principle in Posiva’s final disposal concept

The copper canister is the most important barrier against the release of SNF
(MEE, 2019b). The final disposal concept relies on the assumption that copper
does not corrode in anaerobic conditions. Therefore, the canisters used for dis-
posal should corrode extremely slowly when buried deep in the bedrock with ben-
tonite clay surrounding them.

Researchers at the Swedish Royal Institute of Technology (KTH) have repeat-
edly questioned the KBS-3V method by highlighting greater copper corrosion
risks than SKB acknowledges. Experimental studies at KTH concluded that
copper in the disposal canisters could corrode even under anaerobic conditions
if it takes oxygen from water molecules (Hultquist, 1986; Szakélos et al., 2007,
Hultquist et al., 2009; Szakdlos et al., 2018). Therefore, contact with groundwater
could risk a higher corrosion rate for the copper canisters than is considered safe
for SNF disposal.

Posiva and SKB rejected such claims by referring to a similar repeated experi-
ment where no corrosion was detected (SKB, 2016; Ottosson et al., 2017). The
appropriateness of experimental test conditions for sensitive copper corrosion
research have been disputed. Posiva (2018) has nevertheless been confident that
their ongoing research and modelling together with SKB is enough to guarantee
the safety of the repository project.

The scientific dispute over copper corrosion has not received much media
attention in Finland, while in Sweden it is a potential “showstopper” in the coun-
try’s own final SNF disposal plans (Litmanen et al., 2017b; Lehtonen, 2021). In
2018, the Swedish Land and Environmental Court of Appeal stated to the gov-
ernment of Sweden that SKB’s application for a SNF repository should only be
approved if the company can provide further evidence of long-term safety regard-
ing the durability of the copper capsules.
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11.3.3 Temporary Storage of Spent Nuclear Fuel

The SNF of a NPP is stored in cooling pools of the reactor for at least two years.
Then it will be transferred to an interim storage facility (Becker, 2017). The cool-
ing pool is a vulnerable part of a NPP with a considerable radioactive inventory.
If a terror attack causes a breach of the concrete walls of a SNF pool, the cooling
water will pour out. This causes the SNF to heat up due to the decay heat. Once
the SNF reaches a temperature of 900 °C, the zirconium cladding of the fuel
starts to burn in the air (Becker, 2017). This can cause high radioactive releases
(National Academy of Sciences, 2016).

According to US National Research Council (NRC) estimates (NRC 2006), a
fire in a dense-packed SNF pool could release 100 times as much cesium-137 into
the atmosphere as the three reactor meltdowns released in Fukushima. Such an
accident would cause a relocation of 3.5 million people (von Hippel & Schoeppner,
2016). NRC (2006) has examined the risks of a terrorist attack on temporary stor-
age of SNF for using these materials for a radiological dispersal device. A success-
ful terrorist attack on SNF pools, though difficult, is possible. A propagating fire
in a pool could release large amounts of radioactive material, but rearranging SNF
in the pool during storage and providing emergency water spray systems would
reduce the likelihood of a propagating fire even under severe damage conditions.

In Finland, the need for modification of the SNF temporary storage has been
assessed by the Finnish Radiation and Nuclear Safety Authority (cf. STUK 2021).
In Olkiluoto, all SNF from Olkiluoto 1-2 is in the interim storage after being
cooled enough in the pools of reactor units. TVO decided to double the number
of cooling pools due to the additional operating time of the reactors and the new
Olkiluoto 3.8 The capacity of the enlarged SNF storage is considered to be suf-
ficient for the three Olkiluoto units. The enlargement of the interim storage was
included in the most recent operating license of Olkiluoto 1-2. The licensing
of the enlargement was conducted as a major plant modification with approval
from STUK. When conducting changes in an old nuclear facility, the new safety
requirements have to be followed. The major challenge in designing the enlarge-
ment of the SNF storage was to modify it to withstand a large airplane crash. The
operator chose to cover the pools with protective slabs dimensioned to be light

8The government granted TVO an operating license for Olkiluoto 3 in March 2019. All
nuclear reactors Olkiluoto 1-3 have an operating license in force up to the end of 2038
(Table 1.2).
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enough to ease their handling but strong enough to withstand the impacts fol-
lowed by an airplane crash to the storage building, and to build a landfill embank-
ment and concrete structures outside the storage, dimensioned to be high enough
to protect the pool structures from a direct airplane impact (Maaranen, 2013).

After the 2011 Fukushima accident, STUK required the nuclear power opera-
tors to investigate how the NPPs are prepared to withstand exceptional natural
phenomena and other unpredictable disturbances in the external power supply,
such as a war. Some modifications to the interim storages of SNF were planned
after the stress tests.

11.4 Financing of Nuclear Waste Management

In Finland, the nuclear operators TVO, Fortum, and Fennovoima are financially
responsible for the management of radioactive waste and decommissioning of
their NPPs (Nuclear Energy Agency, 2021). The legal instrument for this is the
State Nuclear Waste Management Fund (SNWMF), independent from the state
budget but controlled by the MEE (Nuclear Energy Act, 990/1987, Chap. 7).
The nuclear operators pay an annual fee to the SNWMF to cover their liabilities.
In practice, the SNWMEF acts as a kind of guarantee fund from which potential
remaining decommissioning and nuclear waste management measures are paid if
a nuclear operator does not fulfil its obligations (Nuclear Energy Agency, 2021).

The nuclear operators and their shareholders are entitled to borrow back a part
of the accumulated assets from the SNWMF in exchange for the provision of
securities. This was a maximum 75%, but was decreased to 60% in 2021, based
on recommendation by a working group set up by MEE to improve the invest-
ment activity of the SNWMF (see MEE, 2019c). Fortum and TVO have actively
used their right for back-borrowing. Regarding the remaining assets, at least 20%
must be available for the State, and the SNWMF must actively invest at least 20%
to increase the assets against collateral security yielding the best possible return
(Nuclear Energy Act, 990/1987, Sect. 52).

The costs of the final disposal of SNF depend on the time horizon of permanent
disposal. At the end of 2019, €2.6 billion had been accumulated in the SNWMF
from charges on generated electricity, which account for 10% of the production
costs of nuclear electricity (Jalonen, 2021, private communication). The SNWMF
is expected to cover all the costs of the final disposal of SNF and decommissioning
of the NPPs in operation. The total estimated cost is €3.3 billion, which includes
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€2.4 billion for the operation of the SNF repository until 2120 and €200 million for
decommissioning of the NPPs (Conca, 2021).

Co-ordinated, publicly administrated research programmes on nuclear waste
have been in operation since 1989 (VTT, 2006). Financing came mostly from the
Ministry of Trade and Industry (currently MEE), Radiation and Nuclear Safety
Authority (STUK), Technical Research Centre of Finland (VTT), and the nuclear
power companies. Since the funding for research on NWM was institutionalised
in 2003, national research programmes have been organised by the MEE and
financed by the Nuclear Safety Research Fund and the Nuclear Waste Research
Fund, which were established in 2003 to guarantee the sufficient availability of
new scientific information about nuclear waste and its management (Nuclear
Energy Act 990/1987, Sect. 53).

According to Litmanen (2008), the funding for social scientific research on
nuclear waste was first introduced in the JYT2 programme (1994-1996). During
that time, the ban on imports and exports of nuclear waste, the introduction of
legislation on EIA, and controversy about TVO’s siting plans for final disposal
facility held by the residents of different municipalities created a political need
for social scientific research. The importance of social sciences was emphasised,
“as the public debate on nuclear waste had started and opposition to the plans
seemed to be increasing” (Litmanen, 2008, p. 435).

After the favourable DiP on Posiva’s repository for SNF in 2000 and the
extension in 2002, the political need for social scientific research decreased. It
dropped out from the first KYT research programme but returned in 2008 under
the title “sociological research” (MEE, 2011; Table 11.5). The political need for
social scientific research increased because Posiva had started preparing an appli-
cation for the construction license for ONKALO.

Table 11.5 Total research funding and the share of social sciences according to the final
reports of the completed KYT research programmes (VTT, 2006; MEE, 2011, 2015b,
2019b)

Research pro- KYT2005 KYT2010 KYT2014 KYT2018
gramme (2002-2005) | (2006-2010) |(2011-2014) | (2015-2018)

Total research fund- 14,157,000€  |7,044000€  6,612,000€ | 7,391,000 €
ng

Research funding for n. a. 150,000 € 100,000 € 285,000 €
social sciences
Share of funding for | n. a. 2.1% 1.5% 3.9%

social sciences
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11.5 Structural Corporatism in Finnish Decision-
Making

Finland can be characterised more as a consensus democracy than a majoritarian
democracy (cf. Lijphart, 1999), or as a coordinated market economy instead of a
liberal market economy, following the typology of varieties of capitalism in the
theory of Hall and Soskice (2001). The political system of Finland is influenced
strongly by corporatist pluralism (Nousiainen, 1985), whereby many interest
groups play an important role in national, regional, and municipal decision-mak-
ing. This includes both employer/entrepreneur organisations and employee/trades
unions, as well as a broad spectrum of NGOs, institutions, and interest groups.

Legislation at the top level of the state requires the formally established body of
committee hearings with external experts and their consultation on several stages
of the law-making process. The preparation of legislation within the ministries
requires the consultation of outside experts and stakeholders (Auffermann, 2009).
Consequently, at a very early stage of preparation, interest/pressure groups have
both formal and informal possibilities to direct the planning of new legislation. In
a small country like Finland, with 5.5 million inhabitants, the political, legal, and
industrial elite is very small, and “everybody knows each other” (cf. Ruostetsaari,
2010; 2017). Below the state level, this phenomenon continues, and the striving for
a consensual solution is distinctive in any political decision-making.

Mainly for historical reasons, the Finnish political system and the political
culture of Finnish democracy can be described as a de-politicised system, with
of citizens’ high trust in the state and expert authority based on knowledge and
integrity. The background is the very deep split in Finnish society after the revo-
lution and the civil war in 1918. The division between “reds” (left-wing working
class) and “whites” (right-wing bourgeoisie) could still be felt in the whole soci-
ety in the 1970s and 1980s, going as far as people buying their food either in the
workers’ cooperative food stores or in the privately-owned stores of the bourgeoi-
sie. This has been overcome, however.

Part of the development in the 1970s and 1980s was the consolidation and
rapid expansion of a comprehensive social security system and the welfare state
following the Nordic model. This process can be characterised as successful,
but from the perspective of critical voices it leads to a de-politicisation of Finn-
ish democracy and consequently to a relatively low level of (radical) political
opposition movements, including the environmental and anti-nuclear movements.
These societal movements, in turn, led to the formation of a new political party.
In 1983, two representatives of the societal movement were elected to parliament.
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The Green League (since 2006, the Greens) was first registered as an association
in 1987, and as a political party in 1988. The Greens quickly became part of the
broad societal consensus and has, in 1995-2002, 2007-2014, and since 2019,
taken governmental responsibility as a conformist force regarding e.g., environ-
ment, human rights, equality, and feminism. The Greens has left the government
twice, both times because parliament left a DiP on constructing new NPPs in
force (TVO’s Olkiluoto 3 in 2002, and Fennovoima’s Hanhikivi 1 in 2014).

The traditionally relatively strong post-communist left-wing party overcame
its split into radical and reformist wings and over the years joined the government
several times, mainly as a representative of the poorer part of the population, but
in recent years increasingly as a party favouring reconciliation between environ-
mental and social interests in policymaking.

A Finnish “Untertanengeist”, a spirit of subservience, resulting from 700 years
of first Swedish and later Russian rule can still be perceived today (Auffermann,
2009). As Lehtonen (2021) puts it, the Finnish post-War policy culture has been
characterised by a certain civil passiveness and weak legitimacy of radical citizen
activism.

When looking at energy policy in Finland, some typical characteristics reflect
structural corporatism. Finland industrialised relatively late compared to many
other European countries (Myllyntaus, 1991), and was based largely on state-
owned companies. These were established especially in the energy sector. First
for producing hydropower (Imatran Voima Oy, currently Fortum) and domestic
fuels such as peat and wood (Vapo Oy), then for oil refining (Neste Oy, currently
Fortum) and importing natural gas (Neste Oy, currently Gasum Oy), and finally
nuclear power production was started by Imatran Voima Oy.

However, private industries established several energy companies, such as
Pohjolan Voima Oy for hydropower production and Teollisuuden Voima Oy
(TVO) for nuclear power production. Many were originally co-owned by several
companies from energy-intensive fields such as the forest industry, base metal
industry, and chemical industry. The idea of cooperation was simple: to improve
the predictability of the price of an important production factor by investing
jointly in electricity production. The purpose of these companies was to produce
electricity for the shareholders, not making profit or distributing dividends.

A major boost for industrial power companies was a 1963 Supreme Adminis-
trative Court decision that a hydropower company Mankala Oy (established in the
1930s) was not guilty of hidden dividends when its shareholders received the pro-
duced electricity at cost price in relation to their shares in the company (lalenti,
2020). Correspondingly, the shareholders covered all fixed and variable costs in
the same way, as indicated in the articles of association of Mankala Oy.
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After the 1963 decision, many similar companies were established in the Finn-
ish electricity supply system, and cross-ownership increased. Nuclear power com-
panies TVO and Fennovoima operate under this “Mankala principle”, as well
as the NWM company Posiva Oy. The future of the Finnish Mankala principle,
which is a unique feature in the global energy markets, has been questioned from
the perspective of EU competition law (Puikkonen, 2010; Ialenti, 2020), since the
shareholders of Mankala-type companies receive electricity at cost price, which
usually is below the market price and has been considered to distort competi-
tion. However, Mankala principle has been applied successfully to NWM in the
ONKALO project by the Posiva shareholders TVO and Fortum, which has been
an important part in the Finnish governance of NWM.

11.6 Weak Social Inclusion in Decision-Making
on Nuclear Waste

11.6.1 Limited Public Participation

Positive public governance prioritises stakeholders, advances democratic values,
and produces widely-valued societal outcomes (Douglas et al., 2019). Open infor-
mation exchange between stakeholders and public debate is needed to address the
challenges of NWM (WNWR, 2019). Public participation is important because
citizens and NGOs can bring new perspectives and help to legitimise the process.
However, one challenge is how to overcome the largely artificial technical-social
divide that characterises NWM, “the definition of waste and safety are political
statements and choices” (Nurmi et al., 2012). Recent research has argued for the
importance of nuanced public engagement in ensuring socially stable and sustain-
able nuclear waste policies (Litmanen et al., 2017a; Lehtonen et al., 2021b).

Raittila et al. (2002) have characterised Finland’s experience as a “nuclear
waste wonder” due to the smooth progress in decision-making and licensing of
Posiva’s ONKALO. The degree of citizen engagement in nuclear waste issues
has been low. According to Lammi (2009) and Lehtonen (2010b), low public par-
ticipation is partly because too few actors are able to produce reliable informa-
tion on the subject. This reflects the high trust in the state authorities and experts
among the Finns (see Sect. 11.5). The parliament exercises political power when
it ratifies or rejects DiPs, while MEE influences the framing and agenda-setting
of energy issues, and exercises, together with STUK, considerable administrative
power continuously in their regulative and supervisory roles.
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In addition to little public debate, there is a high level of trust in technology
and technological development among Finnish citizens (Ruostetsaari, 2017). This
has served to further de-politicise NWM and weaken civic vigilance by favouring
a dominant narrative of an “engineering nation” (Lehtonen et al., 2021b), where
the nuclear regime, i.e. the nuclear companies, energy department of the MEE,
STUK, and part of the academia studying energy issues, is depicted as by far the
most competent and reliable in assessing nuclear waste safety issues. After rat-
ification of the DiP on constructing Posiva’s ONKALO by parliament in 2001,
requests for increasing public dialogue between different stakeholders almost dis-
appeared.

Although public engagement in Finnish nuclear waste policy has been limited,
it has been discussed and developed over time. Posiva’s site selection strategy
changed from geological criteria to acceptance by the council of the host munici-
pality (Kojo, 2009). The site selection started by TVO was first highly technical
and generated opposition in all the selected municipalities. TVO had to recon-
sider its approach, not only due to local opposition but also due to legislative
changes during the process. The Nuclear Energy Act (990/1987) gave a veto right
to the selected host municipality and introduced a wide range of statements and a
mandatory public hearing. In addition, the Act on Environmental Assessment Pro-
cedure (468/1994) made an EIA mandatory before assessing (in the DiP phase) if
the proposed nuclear facility is “in line with the overall good of the society™.

The EIA procedure is the main venue for public participation in large con-
struction projects in general, and NWM in particular. During the site selection
processes, Posiva invested heavily in public participation, most notably within the
two-year EIA, allowing citizens to be informed and making their voices heard.
However, many questioned if the EIA had any real impacts. In those days, the
role of EIA was only advisory, the number of participants was low, and the fram-
ing of the discussion included only the already-decided concept of deep geologi-
cal disposal (Lehtonen, 2010a). Posiva’s project was considered too big for an
EIA to influence the outcome (Hokkanen, 2002). It has also been argued that in
EIA, purposes of public participation are vague and open to industrial bias, man-
ifesting itself in specific institutional arrangements which receive little scrutiny
(Strauss, 2012).

Partly for these reasons, the EIA legislation was revised in 2017. The pur-
pose of the Act on Environmental Impact Assessment Procedure (252/2017) is to
improve the availability of information and possibilities for public participation,
as well as to ensure that the EIA procedure will be taken into account in decision-
making. A contact authority (for nuclear facilities the MEE), makes a “reasoned
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conclusion” on the EIA process, informs the public on the availability of various
reports (the EIA plan, the EIA report, and the reasoned conclusion), and organ-
ises public hearings on them (Act on Environmental Impact Assessment Proce-
dure, 252/2017). The applicant must include the EIA report and the reasoned
conclusion in the DiP application, and the Government has to explain how the
EIA documents and results from the related public hearings have been taken into
account in the DiP.

11.6.2 Weak Anti-Nuclear Movement

The national portrayal of Finland’s nuclear history is characterised by a firm
belief in technology, engineers, and authorities; people tend to be more scepti-
cal about the expertise of anti-nuclear movements. However, this has not always
been the case. In 1993, the anti-nuclear movement successfully influenced some
members of parliament, and finally the parliament rejected a favourable govern-
ment DiP on constructing a new (fifth) NPP. Since then, the Finnish anti-nuclear
movement has weakened due to e.g. organisational discontinuity and a stronger
emphasis on the potential of nuclear power in climate strategies and welfare pro-
duction in the political discourse (cf. Lammi, 2009). Today, a majority of the par-
ties in parliament are in favour of nuclear power, not least because of the “solved
waste problem”.

The smooth implementation of Posiva’s ONKALO project in Olkiluoto has
raised the question of why nuclear waste has mobilised so little citizen action
in Finland (Kojo, 2014). According to Lammi (2009), the selection of Olkiluoto
in the municipality of Eurajoki to host of the SNF repository ended anti-waste-
nuclear movements in other potential host municipalities. Similarly, the unused
veto right by the municipal council of Eurajoki marginalised the local anti-
nuclear-waste movement. Opinions on the final disposal of SNF have been polar-
ised among the Eurajoki inhabitants; 42% favoured and 36% opposed it (Kojo
et al., 2012). However, active public participation and expression of criticism still
went against the prevailing norm, which could be explained by fatigue, adapta-
tion, and tolerance—FEurajoki has hosted NPPs including the temporary storage
of SNF from the 1970s (cf. Kojo, 2014).

These circumstances have led to an asymmetry between pro-nuclear and anti-
nuclear views, meaning that comprehensive critical evaluation in terms of con-
trasting expert views on the project and counter-expertise is more or less excluded
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from nuclear policy formulation (Lammi, 2009; Litmanen et al., 2017a). This
raises a question of whether a final solution to the nuclear waste problem has
been found, or if the discursive pro-nuclear dominance has only mitigated the
impact of disputes in the public debate on NWM.

11.6.3 The Role of Media

Key actors in Finnish NWM are frequently framed as trusted and neutral sources
of information by the print media, which gives them considerable agenda-setting
power in a closed communication culture (Kojo et al., 2020). Journalists tend to
turn to the regulator and the nuclear waste company for official information (Lit-
manen et al., 2017a). A longitudinal analysis of two large print media, Helsingin
Sanomat and Aamulehti, shows that nuclear waste reporting has become more
positive (Kojo et al., 2020). For example, Helsingin Sanomat’s news coverage on
SNF management mainly stresses performance-relevant information that under-
pins confidence in the repository project, as “most news articles take it practically
for granted that the project can proceed as envisioned” (Lehtonen et al., 2021b,
p. 141).

According to Litmanen (2009), two major changes in mass media have led to
the situation where the nuclear industry feeds journalists with information regard-
ing nuclear waste issues. Firstly, the structural changes of modern media have
decreased pluralism through multi-channel communication strategies that aim to
reach as many target audiences as possible through significant news items (Lit-
manen, 2009). Secondly, the changes in the journalistic profession towards highly
educated “workers of the information society” who process results from scien-
tific research and integrate them into their writing. Journalists also lean towards
neutrality in their reporting, while news topics are mainstreamed and factualised,
which can pose a problem for anti-nuclear views in a small country like Finland,
with few independent experts. This lack of alternatives has become something of
a journalistic norm. Finnish media tends to de-politicise SNF issues (Lehtonen
et al., 2021a), which indicates that the nuclear industry has been particularly suc-
cessful in its efforts at managing publicity concerning nuclear waste (Kojo et al.,
2020).
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11.7 Conclusions: The Future of Final Disposal
of Spent Nuclear Fuel in Finland

ONKALO, the disposal facility for SNF by Posiva Oy, a joint company of
nuclear power companies TVO and Fortum—currently waiting for the operat-
ing license—is known as a final solution for the problem of NWM in Finland.
However, some challenges remain, such as the safety of cooling pools for SNF
assemblies inside the NPP building and tens of years of temporary SNF storage
at the nuclear sites. It is also possible that ONKALO will not cover all SNF pro-
duced in Finland in the future. A third nuclear power company, Fennovoima, is
not involved. Increasing the capacity of ONKALO has not been a problem for
Posiva, but it is not yet known to what extent the planned capacity of ONKALO
can be realised in practice because final disposal tunnels and holes will be exca-
vated when needed.

From the governance ecosystem perspective, some general conclusions on
Finnish NWM can be drawn. First, Finland is a society where citizens’ trust in
the state and its institutions is very high. The overall governance system of energy
policy is dominated by the scientific and technological domain, where energy
industries are an important host. Strong connections between energy companies
and technical universities are well-established. The same holds for the connec-
tions between energy companies and energy administration in the MEE. Rep-
resentatives of the energy industries, energy administration, and the scientific
community are central parts of the energy elite that emerged during the state-
driven industrialisation of the country after World War II.

Because of the high trust among the citizens, political decision-making on
nuclear facilities can be managed effectively in the existing decision-making insti-
tutions. Next to the democratic representative institutions, no additional quest for
public participation is voiced. Therefore in Finland, the preparation and decision-
making processes, as well as their outcomes, are highly acceptable among citizens.

Finland’s political culture, based on structural corporatism, has been central in
all national, regional, and municipal/local decision-making. The complex licens-
ing procedure for new nuclear facilities and the high trust of citizens in the state
and its institutions are combined with civil subservience and the dominating ten-
dency to prefer decisions in broad consensus. Public and political opposition to
nuclear energy projects has been minor, and public debates have focused more
on new NPPs than the final disposal of SNF, which have usually been simultane-
ously on the agenda. This has been a successful tactical choice by Posiva and its
shareholders.
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However, regular polls on energy attitudes (e.g. Finnish Energy Industries, 2020)
have shown that negative opinions on the safety of geological disposal of SNF have
been more common than positive ones. This has been poorly reflected in the deci-
sion-making processes, partly because surveys in Eurajoki have shown more posi-
tive opinions. Arranging a possibility for public participation has been mandatory
in the preparation phase of the decision-in-principle, but participation has not been
very active, with no impact, as described in Sect. 11.5. The revised EIA legislation
(Act on Environmental Impact Assessment Procedure Act 252/2017) will hopefully
improve public participation. Posiva’s application for ONKALQ’s operating license,
submitted in December 2021, is now in the pipeline, and MEE has made announce-
ments about providing opportunities such as a public hearing and statements to
express public opinions (MEE, 2021). This is not mandatory, but the Nuclear Energy
Decree (161/1988) allows taking into account other information considered as nec-
essary by the authority (e.g. MEE) before decision-making.

Recently, the NWM of Fennovoima and the construction of Hanhikivi 1 NPP
have dropped off the agenda due to the war started by Russia in Ukraine. On 2
May 2022, Fennovoima decided to terminate the contract for the delivery of Han-
hikivi 1 NPP with Rosatom. The official reason was “RAOS Project’s significant
delays and inability to deliver the project” (Fennovoima, 2022a). Three weeks
later, Fennovoima withdrew its application for a construction license of Hanhikivi
1 (Fennovoima, 2022b).

The most current issue for Finnish NWM is the operating license of the
ONKALO project, for which Posiva applied in December 2021. The political deci-
sion-making will take its time, but as learned from history, significant changes to
Posiva’s plan cannot be expected. Based on a recent survey (Finnish Energy Indus-
tries, 2021), public opinion on favouring increased use of nuclear power is at the
highest level in Finland since surveys began. The next Finnish nuclear project is
likely to be a benchmark of applying the revised EIA legislation in its full form.
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European Lessons for the Governance 1 2
of Long-Term Radioactive Waste
Management

Rinie van Est and Maarten Arentsen

12.1 Introduction’

In the introductory Chap. 1, we indicated that in many European countries radi-
oactive waste management (RWM) governance has been confronted with great
social resistance since the 1970s, especially when it came to the siting of storage
facilities. During recent decades these events have led to a reassessment and a
search for new, more inclusive forms of knowledge production and decision-mak-
ing, new institutional arrangements and common policy principles. This paradigm
shift is sometimes characterised as the ‘participatory turn’ in RWM governance
(Bergmans et al., 2014).

To gain insight into the practical implementation of this new, more inclu-
sive governance approach, this book has presented how ten countries in Europe
organise and plan decision-making regarding long-term RWM. Taken together,
these country studies provide practical examples of policy principles, policy
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instruments and institutional arrangements. This chapter therefore addresses the
book’s central question: What lessons do the European country studies teach us
about the governance of long-term radioactive waste management?

To draw lessons from the country studies, we make use of the multi-level gov-
ernance ecosystem framework, as outlined in Chap. 1. This framework assumes
that decision-making takes place within a complex field of political, social, scien-
tific, technological, economic and legal actors and institutions. More specifically,
the framework distinguishes four interacting social domains: politics and admin-
istration, laws and regulation, science and technology, and civil society. By apply-
ing this framework we aim to gain insights into how the decision-making process
concerning long-term management of radioactive waste can be organised in such
a way that it leads to effective and democratic solutions.

The structure of this concluding chapter takes a cue from the governance
ecosystem framework. Section 12.2 discusses the participatory turn in RWM
governance, and describes how the thinking of various actors about organising
democratic and effective decision-making around RWM has changed drastically
in recent decades. All ten country case studies show that RWM governance is
strongly influenced by developments in the field of nuclear energy. Section 12.3
therefore discusses important characteristics of this relationship. Section 12.4
argues that all ten country case studies show that the governance of radioactive
waste is a multi-level governance issue. We reflect on the interactions between
both international and national governmental levels as well as national, regional
and local levels. The subsequent four sections each focus on one of the four
domains of the governance ecosystem framework: politics and administration
(Sect. 12.5), law and regulation (Sect. 12.6), science and technology (Sect. 12.7),
and civil society (Sect. 12.8).

Each section identifies a number of generic lessons that follow from the ten
European country studies on RWM governance. The lessons are briefly described
under the bold headings in each section and illustrated with examples from the
country chapters. Finally, we provide an overview of 17 main lessons drawn from
this book. The lessons are intended for policymakers, stakeholders and concerned
citizens, and provide insight into ways in which RWM governance can be organ-
ised more inclusively, so that civil society and local authorities can play a suitable
role. This often requires strengthening the governance ecosystem from a demo-
cratic participatory perspective.
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12.2 The Participatory Turn in RWM Governance

The contributions to this volume show that in determining suitable locations for
long-term radioactive waste disposal facilities, national governments in Europe
initially opted for an expert-dominated top-down policy implementation strategy,
in combination with a decide-announce-defend (DAD) communication strategy.
In Finland this strategy was only to a limited extend challenged by civil society.
Its consensus-seeking political culture, in combination with trust in science and
experts, facilitated effective decision-making featuring final disposal. In con-
trast, in most other European countries studied here, societal resistance developed
against siting processes. Faced with social resistance most countries have started
to look for a more open, inclusive, transparent and participatory way of interact-
ing with civil society. Within this new approach, the relationship between state
and civil society is no longer described in terms of power-over, but more in terms
of co-creation and power-with. And the same applies to the relationship between
the science and technology domain and civil society.

Lesson 1: RWM governance currently tries to experimentally shape the participa-
tory turn

We thus see a paradigm shift in the relationship between civil society and the
scientific and technological and political-administrative domains. This shift illus-
trates a transition from a DAD strategy towards an engage-deliberate-decide
(EDD) strategy. This significant change in the governance of RWM is also being
referred to as the ‘participatory turn’ (Bergmans et al., 2014) or the ‘experimen-
tal turn’ (Parotte, 2020), in which RWM is seen as a ‘real-world experiment’; an
ongoing process of sociotechnical innovation, where the ‘living laboratory’ is
the country in which the radioactive waste is to be stored. Numerous lessons are
drawn below that fit within the participatory turn and can give further substance
to it. From the perspective of the governance ecosystem framework, this may
involve strengthening interactions between different layers of government and
between civil society and governmental and scientific authorities.

12.3 RWM Governance in the Context of Nuclear
Energy

The task of dealing with long-lived high-level radioactive waste (HLW) is related
to the use of nuclear technology, in particular nuclear energy (see Box 12.1). It
therefore seems obvious that all ten country chapters show that RWM governance
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is influenced in various ways by nuclear energy developments. The intertwined
debates about RWM and nuclear energy can provide both opportunities and barri-
ers for RWM governance.

Lesson 2: RWM governance is affected by planned and unplanned nuclear energy
developments

The broad public and political support for nuclear energy, or the lack of it, can
form opportunities and barriers for RWM governance. In Finland, the long-stand-
ing broad support for nuclear energy creates a favourable social and political cli-
mate for RWM governance (see Chap. 11). In Germany, the Fukushima disaster
in 2011 led the Christian Democratic/liberal government to reverse its plan for a
12-year extension of the phase-out period, and decree the ‘definitive’ phase-out
by 2022 (see Chap. 5). This political decision paved the way to develop a new,
more open and inclusive way of dealing with RWM governance. A political deci-
sion not to expand or phase out nuclear energy can be important with regard to
the strategic involvement of opponents of nuclear energy in the field of RWM
governance. This is because a solution for long-term RWM also has potential to
increase the chances of expanding nuclear energy. For example, in Spain, envi-
ronmental groups are opposed to any type of nuclear waste policy, as long as
nuclear power plants remain in operation (see Chap. 6). Opponents of nuclear
energy can thus demand a change of policy with regard to nuclear energy, before
they start engaging with RWM governance.

History shows that the political and social climate surrounding nuclear energy
can change over time. For example, in various European countries, national or
international nuclear accidents have had a strong negative impact on public and
political support for nuclear energy. For example in Sweden, the 1979 Three Mile
Island (Harrisburg) accident in the USA provoked a change in the position of
the Social Democratic party and led to a national referendum on nuclear power
in 1980, of which the outcome was politically interpreted to mean that nuclear
power was to be phased out by 2010 (see Chap. 10). In Italy, the outcomes of
the 1987 and 2011 referenda on nuclear power generation were strongly influ-
enced by the nuclear accidents in Chernobyl (Ukraine) in 1986 and Fukushima
(Japan) in 2011 (see Chap. 3). In the Netherlands, political support for invest-
ments in two new nuclear power stations faded away after the Chernobyl acci-
dent, and although the idea of new nuclear investments emerged again in the early
2000s, these then disappeared after the Fukushima accident, only to reappear in
the 2020s due to the climate crisis (see Chap. 2).
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But there may also be historical developments that seem to promote political
and social support for nuclear energy. For example, in 2022 the energy transition
in combination with geopolitical tensions in Europe, including the Russian inva-
sion of Ukraine, brought nuclear energy back into the debate on the future of the
European energy system. Mid-2022, the Dutch government announced a feasibil-
ity study of two new nuclear power plants in the country. The gas crisis made
the Belgian and German governments reconsider the question whether a complete
nuclear phase out is timely. At the time of writing (August 2022), in Belgium this
has already led to an extension of the lifespan of some nuclear power plants, and
Germany is considering to keep two out of three NPPs (the ones located in South-
ern Germany) that are planned to be phased out at the end of 2022, as a reserve in
order to stabilise the grid.

Box 12.1 Nuclear energy as the major source of HLW

In all ten countries the vast majority of radioactive waste originates from
nuclear power stations. Despite reprocessing and upgrading of spent
nuclear fuels (SNF) in the nuclear cycle, in the end, all current operational
nuclear energy reactors produce HLW. A country’s nuclear energy position
is thus a good indicator of the HLW challenges it faces.

Considering the 56 operational reactor units and 69% share of elec-
tricity generated in the country originating from nuclear power, France is
a clear outlier in the group of countries included in this book (see Table
12.1). The United Kingdom (UK) has 12 reactor units and all other coun-
tries have 7 or less. The UK and Sweden have similar amounts of installed
capacity, but with a different number of reactors (12 vs. 6) and nuclear
share in national electricity generation (14.8% vs. 30.8%). Finland and
Switzerland each have 4 reactor units and around 30% share in national
electricity generation. Spain and Belgium each have 7 reactor units, but are
quite different in share in electricity generation (20.8% vs. 50.8%). Ger-
many progressively disconnected reactors from the grid, with only 6 left in
2020, and 3 at the end of 2021 producing 4055 MWe. Italy has no opera-
tional nuclear capacity, and the Netherlands has 1 reactor with 482 MWe
installed capacity.

New reactors are under construction in Finland (whose fifth reactor unit
Olkiluoto 3 was connected to the national grid in March 2022), France, and
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the UK. Some countries, such as the Netherlands, are considering more
nuclear energy in the context of climate change mitigation. These initia-
tives and considerations also impact the production of radioactive waste in
Europe. In 2019, before Brexit, the European Commission forecasted an
increase of radioactive waste in all classes of radioactive waste (see Table
12.2). The UK case shows that the dynamics of the public and political
debate about the management of existing and committed—and, therefore,
unavoidable—waste, may differ from the discussion about radioactive
waste from nuclear power plants which are yet to be built (see Chap. 8).

Table 12.1 Overview of nuclear power reactors and nuclear share on 31 December 2021,
in the ten countries described in this book (based on IAEA, 2022, pp. 7-8)

Country Reactors in number | Operation net capac- | Nuclear electricity
of units ity (MWe) supplied (% of total)

Netherlands 1 482 3.1

Italy 0 0 0

Belgium 7 5.942 50.8

Germany 3 4.055 11.9

Spain 7 7.121 20.8

Switzerland 4 2.96 28.8

United Kingdom |12 7.343 14.8

France 56 61.37 69.0

Sweden 6.882 30.8

Finland 2.794 328

Table 12.2 Estimated future amounts of radioactive waste and spent nuclear fuel (SNF)
(m?) in the EU (Source: European Commission, 2019, p. 27)

Very Low Low Level Intermediate | High Level Spent Fuel
Level Waste | Waste (LLW) | Level Waste | Waste (HLW) | (SF)
(VLLW) (ILW)

2016 | 603 2,519,000 338 58

2030 | 1,360,000 3,322,000 455 76
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12.4 RWM as a Multi-Level Governance Phenomenon

The ten country studies show that RWM is characterised by different forms of
multi-level governance. Vertical interactions take place between the public
authorities of different administrative layers, as well as horizontal and diagonal
interactions between public and private actors, within a particular tier of govern-
ment and across different tiers of government. In Sect. 12.8 we reflect on the role
civil society plays within RWM (the so-called horizontal interactions). Here, we
mainly focus on the interactions between different tiers of government (the verti-
cal interactions). We first draw lessons about the interaction between the inter-
national, European, and national levels. Subsequently we discuss the interactions
between national, regional and local levels of government.

Lesson 3: The interaction between international and national levels with regard
to nuclear safety and radiological protection is well-coordinated and institution-
ally embedded

With regard to nuclear safety and radiological protection, the interactions
between international, European and national layers are well-coordinated. The
guidelines, rules, and regulations developed by international organisations,
like the International Atomic Energy Agency (IAEA), OECD’s Nuclear Energy
Agency (NEA), and the European Union Directives, are transmitted into national
rules and regulations in all countries included in this book. This also shows that
the division in responsibility for nuclear development and nuclear safety, advo-
cated at international level, has been implemented in almost all countries studied.
In some countries this took more time than in others. Separating responsibilities
turned out to be a trust-strengthening factor in national debates, whereas diffused
responsibilities encourage mistrust and complicates decision-making processes.

Lesson 4: The option of a multinational geological waste disposal facility is seri-
ously considered and explored

Several countries, such as the Netherlands, Italy, Denmark, and Belgium, are
interested in jointly exploring the option of a multinational geological disposal
facility, partly for financial reasons, opportunities to share knowledge, and limited
availability of space and suitable geology. To further explore this route, RWM
operators have institutionalised their collaboration in the European Repository
Development Organization (ERDO), which was established in 2021 after ten
years of preparation (cf. Di Nucci & Isidoro Losada, 2015). RWM organisations
from several European Member States work within this international association
on multinational radioactive waste solutions.
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Lesson 5: There is a need to achieve more coordinated interaction between
national, regional and local levels

In contrast to the well-established interactions between international, European
and national governmental tiers, the coordination between national, regional and
local layers is far less mature in most countries. Moreover, these relationships
are often specific to a particular country, and its political-administrative structure
and culture. The relationships between the national and regional and local tiers of
government are particularly tested in siting issues, where local interests clearly
play arole.

In most countries studied, the search for geologically suitable and socially
acceptable locations for the storage and disposal of radioactive waste has a his-
tory of local political protest, with citizens and civil society organisations work-
ing together with regional and local authorities. For example, at the end of the
1970s, widespread political and socially-supported regional and local protests in
the northeast of the Netherlands ensured that exploratory drilling planned by the
national government could not take place. In particular, the feeling that certain
developments that are seen as undesirable from a local perspective are imposed
from above (from the national level) can lead to strong local protest. In Ger-
many, massive resistance from the anti-nuclear-movement developed against the
national government and the planned geological repository at Gorleben. In Italy,
the local civic and political protest in Scanzano in 2003 is another strong exam-
ple. The protest, which lasted for about two weeks and in which some 150,000
people took part, had political effect, and paved the way a decade later for a more
participatory national approach. In Switzerland, underground investigations for a
repository for low- and intermediate-level waste at the Mount Wellenberg site had
to be abandoned due to two Cantonal vetoes against this endeavour (see Chap. 7).
That event also eventually led to a new policy approach (see Lesson 6).

Lesson 6: Reliability and validity of research on technological safety and risks
play a central role in the siting process for a geological disposal facility

At the local level, a siting process for a geological disposal facility raises vari-
ous technical and risk questions for political and social actors. Why especially
is this location perceived as suitable, based on what criteria? To what extent can
a geological disposal facility be regarded as safe for a very long time, and how
is the transport of radioactive waste to the facility to be managed? To answer
such questions, local actors often rely on scientific and technical expertise. This
raises the question to what extent local actors trust such expertise and the (often
national) organisations that develop and contribute to that knowledge. Distribu-
tion of knowledge across various administrative layers and the institutionalisation
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of checks and balances in the field of scientific and technical knowledge, there-
fore, has become an important issue. This topic, as well as the participation of
local actors in the decision-making process surrounding the siting of radioactive
waste disposal facilities, will be discussed further in Sect. 12.8.

Lesson 7: A siting process for a geological disposal facility raises the question to
what extent it fits in with local development visions

Apart from scientific and technical topics, the question to what extent the installa-
tion of a radioactive waste disposal facility fits in with the local area development
vision is relevant. From that perspective, several countries studied haven chosen
to store and dispose of radioactive waste in places where there is already a tra-
dition of nuclear activities. In both Italy and Spain, various regions have high-
lighted the incompatibility between the national repository and local development
strategies based on tourism, agriculture, and the valorisation of local traditions
and landscape. Regional visions on the development of the economy, landscape
and nature will also jointly determine to what extent local communities can agree
with proposed financial rewards and compensations, or be convinced that work
related to the construction and operation of the facility benefits the local econ-
omy. The Spanish Chap. 6 shows that the ideas and interests of the ruling politi-
cal coalition at national and regional levels can collide, that this can shift over
time, and that HLW management is used by political parties to profile themselves
politically, which according to the authors has led to a ‘nuclearization of politics’.

Some countries, such as Finland (since 1987), Spain (since 2006), the UK
(since 2008), and Italy (since 2021) follow the principle of local voluntarism,
which involves a local informed consent, with right of withdrawal or veto over
the creation of a radioactive waste storage facility. In the UK, the relevant princi-
pal local authority has this right, or the relevant Community Partnership can use
this right, but it is limited to cases where all members agree to withdraw. Switzer-
land is a federal state in which the cantons retain a high degree of autonomy. At
the beginning of the 2000s, however, the Swiss Parliament, the Federal Assem-
bly, abolished the cantonal veto rights on deep geological disposal in favour of an
optional national veto right on the general license for such a repository. The idea
behind this is that finding a site for a geological disposal facility is a joint federal
problem that will likely never be solved if citizens can use their veto right at the
level of individual cantons.

Finally, Finland is an exception to the challenges outlined above. The origi-
nal plan for the construction of a geological disposal facility has been followed
closely since the 1980s. The main explanatory factor seems to be the high level
of trust throughout the Finnish civil society towards state authorities, experts,
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technological development, and the electricity sector. While in France, for exam-
ple, the relationship between local and national actors is often seen as a battle
between ‘us and them’ (see Chap. 9), Finnish citizens generally seem to assume
that governments act in the common public interest, based on technical and scien-
tific knowledge that can be trusted.

12.5 Politics and Administration: Working on Shared
Principles and Separation of Responsibilities

The ten country studies show the importance of, and the general possibility to
formulate, widely-supported principles for policy. Such policy principles can
strongly guide the implementation of policy. The national cases indicate that
a clear division of institutional responsibilities is crucial for the governance of
RWM. These two political-administrative lessons are described below.

Lesson 8: There is a need to clearly separate institutional roles and responsibili-
ties for site selection, organising public participation, and managing the radioac-
tive waste disposal facility

For decades, the responsibility for both stimulation of nuclear power, and nuclear
safety and radiation protection, supervision and licensing of nuclear activities has
rested with the same government organisation. This was for example the case in
France, Italy, and the Netherlands. In such a situation, potential conflicts of inter-
est could arise. Assigning conflicting responsibilities within a particular organisa-
tion can thus accelerate public mistrust in the related institutions and undermine
their public legitimacy. As a result, in 1994, the JAEA Convention on Nuclear
Safety stipulated that each Member State had to ensure a separation between
organisations in the fields of nuclear safety and radiation protection, and nuclear
energy. This task has been followed up by many countries, although sometimes
it has been very slow, as in Italy and the Netherlands. In 2006, France granted
the safety authority ASN full independence from both the government and indus-
try. The Spanish Nuclear Safety Council (CSN) is another insightful example.
This public body, which was established in 1980, is independent from the Gen-
eral State Administration, with a legal personality and its own assets, which is not
accountable to the government, but to the Spanish Parliament.

The clear division of potentially conflicting roles and responsibilities is also
important in the field of RWM. To avoid any conflict of interest, and create con-
ditions in which societal trust in institutions may grow, it is therefore strongly
preferred to have separate organisations for site selection, organising public
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participation, and managing the radioactive waste disposal facility. In Germany,
for example, the ultimate responsibility for the site selection procedure and for
public participation currently lies within the same authority, namely the Federal
Office for the Safety of Nuclear Waste Management (BASE). BASE itself has
raised this issue, since for site selection it must be completely independent, but
for its other task, public participation, it must cooperate with many other parties.
In Italy, the operator SOGIN has a similar dual role, both as implementer and
future operator of the radioactive waste repository, and as the main actor respon-
sible for the whole public participation process. Such a mix of potentially con-
flicting responsibilities does not inspire confidence among local authorities and
citizens.

Lesson 9: It is important to develop widely-supported policy principles

A relevant insight from the ten country studies is the importance of formulat-
ing and internalising certain widely-supported policy principles regarding the
decision-making process on RWM. Policy principles are important in structur-
ing and guiding the public and political debate and decision-making processes.
Because various principles can be fleshed out in various ways, clarification via
debate, policy, and possibly legislation and regulations is desirable. The guid-
ing power of policy principles can be strengthened by giving them a legal basis
(see Sect. 12.6). Shared policy principles do not arise overnight, but are often the
result of decades of social and political learning processes. Public protest was
often the reason to start such a learning process.

The Dutch National Programme from 2016 listed four general policy princi-
ples for RWM: (1) minimisation of the generation of radioactive waste; (2) safe
management of radioactive waste; (3) no unreasonable burdens on the shoul-
ders of future generations; (4) the producers of radioactive waste are responsi-
ble for the costs of its management. Interwoven in various ways with the above
four principles, the National Programme specifically mentions three requirements
with regard to the final disposal of radioactive waste: passive safety, retrievability
and reversibility. In the Belgian Chap. 4 a wide range of stakeholders—from con-
cerned citizens, scientists, policymakers, civil society representatives, and public
administrators, through to environmental associations—considered the following
five principles to be important for HLW governance: (1) a flexible and stepwise
approach, (2) practicing transparency, (3) providing clarity about the link between
participation and decision-making, (4) ensuring monitoring and control, and (5)
robust financing. In this list, public information and participation emerges as a
policy principle, coupled with the need for clarification of what this will mean in
concrete terms for the decision-making process.
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Elements from this partially overlapping and cohesive set of policy princi-
ples are reflected in other countries. Similar principles, however, can be imple-
mented in different ways in different countries, as is the case with reversibility
and retrievability. In France, reversibility, which includes both reversibility of
decision-making and retrievability of waste, forms a cornerstone of HLW man-
agement and helps to manage trust and cross-domain interaction. The French cri-
teria for reversibility were legally established in 2016. This law was the result of
a decades-long discussion from the early 1990s, surrounding the necessity for and
precise meaning of the term ‘reversibility’. The law now defines reversibility as
a concept that allows future generations to choose between either continuing the
construction and operation of disposal through successive phases, or to re-exam-
ine the earlier choices and modify the RWM solutions accordingly. In France,
retrievability is also part of the implementation of the reversibility policy princi-
ple. It is assumed that when, after an operational time of some 150 years, a geo-
logical disposal facility will be closed, the repository and its environment are to
remain under monitoring for several centuries. Germany decided by law that such
a repository should be sealed with the possibility of retrieval for 500 years after
closure. In the UK there is discussion about the usefulness of such a monitoring
period. In 2003 there was disagreement within the UK Committee on Radioactive
Waste Management (CoRWM) about whether the facility should be immediately
sealed when it was full, or kept open for several hundred years. In 2018 the UK
government decided that the waste sites should be irreversibly sealed at the end
of their operational time, arguing that permanently closing a geological disposal
facility at the earliest possible opportunity provides for greater safety, greater
security, and minimises the burden on future generations (see UK Chap. 8).

Reversibility of decision-making and retrievability of waste are thus strongly
linked to the policy principle of intergenerational justice. In France, this has been
an overarching theme, starting from the observation that current generations ben-
efit from nuclear energy while many future generations will be burdened with
HLW. The response to this issue has changed over time. While in 2006, most par-
liamentarians stressed keeping options open and the need for further research, ten
years later the dominant view pointed at the current generation’s responsibility
to take care of the concrete construction of a geological disposal facility, since
an interim storage would provide only a short-term solution. In the Netherlands,
the first-mentioned interpretation of intergenerational justice is still used: keep-
ing options open for future generations. Correspondingly, the Dutch government
is still opting for long-term interim above ground storage until 2130, when a
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geological disposal facility is assumed to be operational, and to keep options for
final disposal open.?

In almost all countries the ‘polluter pays’ principle undergirds the financing of
disposal of radioactive waste. This applies regardless of whether the operator of
RWM is owned by private companies (e.g., Finland and Sweden) or by the state
(e.g., Germany and the Netherlands). Several countries have established nuclear
waste management funds, which are supposed to continue until the far future to
guarantee adequate financial resources for current and future RWM. Belgium
has articulated reliable financial management for HLW as a core policy principle
(see Chap. 4). This also includes the financing of research and development. A
fund for the German Nuclear Waste Management was established in 2017 as a
foundation (KENFO) under public law. This means that any financial risk associ-
ated with a centralised interim and final storage has been taken up by society. The
payments for the liabilities of the 25 nuclear power plants in Germany totalling
€ 24.1 billion were transferred by the NPP operators to the KENFO foundation
in July 2017. Finland separated three sections in the State Nuclear Waste Man-
agement Fund, established in 1988: the Contingency Fund, the Nuclear Safety
Research Fund, and the Nuclear Waste Research Fund. The Contingency Fund is
for nuclear waste management in the future. In this way funding for current and
future RWM is guaranteed, as well as the continuation of funding for scientific
research to cope with scientific uncertainties. Not every country has established
such a fund.

12.6 Laws and Regulations: Creating a Legal Basis
for Decision-Making Around RWM Options

The ten European countries included in this book are all democratic constitutional
states in which the law, as a result of democratic decision-making, functions as a
codifying instrument to (temporarily) settle societal debate, including disagree-
ment and conflict. Laws, if seen as fair, can thus counteract societal mistrust, and
help to develop codified elementary agreement in societies on RWM. In this sec-
tion, we distinguish the legal underpinning of, firstly, certain policy principles and

2The decision-making process surrounding the EU taxonomy may influence this, as the
current draft suggests that Member States are expected to develop and operate storage facil-
ities for LLW and ILW and geological disposal for HLW by 2050.
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technological design requirements for RWM, and secondly, decision-making pro-
cedures on RWM and the tasks of the organisations and actors involved in these.

Lesson 10: It is important to anchor policy principles and technological options
in law

Above we gave some examples of countries that have established certain policy
principles in legislation and regulations: in France, retrievability; in Germany, the
retrieval period; and in Belgium and Finland, passive safety. The latter refers to
the repository being safe ‘by itself’, i.e. unmediated by human actors and actions.
The legal grounding of key principles is often the result of long periods of debate,
and often marks the societal and political closure of such a debate. Technologi-
cal options and requirements can also be laid down through legislation. Already
in 2014, Italy legally laid down 15 criteria for excluding locations as potential
disposal sites in Technical Guide no. 29. This has been complemented in 2021
by the CNAPI, the National Map of Potentially Suitable Areas for the National
Repository, which identifies areas whose characteristics meet the criteria set out
in the Technical Guide 29 and by the proposed National Map of Suitable Areas
(CNAI) in 2022.

Moreover, the German Repository Site Selection Act (StandAG, 2017) states
that all three host rock types (salt, clay and crystalline rocks) can be considered
for a geological disposal facility, and that such a facility should be able to guar-
antee the safe containment of the waste for a period of one million years. In Swit-
zerland, the broad political agreement on a specific model of deep geological
repositories for HLW, ILW, and LLW, paved the way for and became part of the
nuclear energy legislation that came into force in 2005.

Lesson 11: It is important to legally underpin decision-making procedures

Laws and regulations are major mechanisms to embed decision-making processes
in society, by clarifying and legally framing the democratic principles that under-
pin it. Since in Finland the preparation of legislation within ministries requires
the consultation of external experts and stakeholders, interest groups have ample
opportunities to participate in the legislative process, e.g. on RWM, at an early
stage. In France, the “Bataille law” from 1991 was probably the most funda-
mental foundation for subsequent advancement towards a repository project (see
Chap. 9). The process of elaborating the law was triggered by the conflict and
stalemate reached, because of an excessively “technical” approach to siting that
had prevailed until the end of the 1980s. As the result of decades of deep societal
resistance and conflict, Germany promulgated the StandAG to regulate the sit-
ing process, including public participation and norms for transparency. The goal
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of the German law is that a suitable final disposal site for HLW will be found
“through a science-based and transparent procedure and is to be carried out in
a participatory, science-based, transparent, self-questioning and learning process”
(StandAG, 2017, §1(1)).

Belgian law also aims to strengthen the transparency of procedures and
responsibilities. On April 2, 2022 the federal government agreed on a Draft Law
requiring the Belgian RWM agency ONDRAF-NIRAS to “draw up a step-by-
step plan for the R&D activities for deep disposal in Belgium of high-level and/
or long-lived waste”, to “sound out neighbouring countries and other interested
countries on the possibility of developing shared disposal facilities”, and “to
organise a participatory process and public debate” on this matter (Council of
Ministers 2022; see Belgian Chap. 4). The Belgian law makes it clear that there
must be participation, and leaves a lot of room for implementing this. The con-
tours of a decision-making process can be laid down in law, but also in policy
plans. Switzerland presents a good case-in-point, where the Sectoral Plan for
Deep Geological Repositories of 2008 arranges the process of finding locations
for the final disposal of LLW, ILW, and HLW. The Sectoral Plan discerns three
phases: phase 1 is devoted to the selection of suitable geological areas, in phase
2, at least two potential siting areas for respectively high-level waste and low- and
intermediate-level waste, or one site for a combined repository, had to be pro-
posed and public participation had to be realized, especially with regard to the
siting of the near surface facilities, in phase 3 the nomination of two disposal sites
or the site for a combined repository is planned to be approved by parliament and
the electorate in 2031 at the latest. In 2004, the NEA argued for such a step-by-
step approach to decision-making, in which the public should be meaningfully
involved (OECD, 2004). Such an approach would be in line with the principle of
reversibility of decision-making.

12.7 Science and Technology Domain: Towards
an Institutionally Diverse Knowledge Landscape

In a deep geological repository, a series of natural, engineered, and social barriers
are assumed to work together to contain and isolate long-lived radioactive waste
to protect people and the environment for extremely long periods of time. Such
a multi-barrier system consists of natural elements (that provide passive safety),
namely the geosphere, and human-made technical and social elements (that pro-
vide active safety) (cf. OECD, 2003). The function of the selected geosphere is to
act as a natural barrier, which is expected to protect the repository from disruptive


http://dx.doi.org/10.1007/978-3-658-40496-3_4

334 R.van Est and M. Arentsen

natural events, water flow, and human intrusion for hundreds of thousands of
years. The engineered materials placed within a repository include waste contain-
ers or canisters, and buffer boxes that are used to encase the waste containers.
When making choices with regard to, for example, the geological layer, the
construction of a storage or disposal facility, and the organisation of RWM, both
political decisions and scientific and technological knowledge (and the lack
thereof) play a role. The scientific and technological domain thus plays various
pivotal roles in the democratic governance of RWM, such as identifying prob-
lems and developing solutions, and informing the political and public debate
about these, so that actors from the political and administrative domain and civil
society can make science-informed decisions. This section examines four aspects:
the need to take scientific uncertainties seriously, the way the political debate
on retrievability has blurred the technological distinction between passive and
active safety, the need for social scientific knowledge, and the need for the insti-
tutional distribution of knowledge. A fifth important topic will be covered in the
Sect. 12.8, and concerns ways to generate socially robust scientific knowledge,
which can provide a credible scientific basis for democratic decision-making.

Lesson 12: It is important to be transparent about and openly debate scientific
uncertainties about suitable RWM methods and geological formations, as knowl-
edge development is dynamic

Finland, France, and Sweden are forerunner countries in the process towards
final disposal. These three countries have chosen a geological host rock, a reposi-
tory site, and the disposal technology. In the other seven countries, research into
the appropriate geological formation for the final storage of radioactive waste is
ongoing, and the final disposal technology is still undecided.

Choosing a geological subsurface is a politically sensitive issue because
it helps determine where geological disposal can or cannot take place. For the
selection of a suitable geological subsoil, the type of deep geological subsurface
and numerous other design criteria may play a role. As noted above, Italy, in the
initial siting phase, has already legally defined 15 criteria for excluding locations
as potential disposal sites, which include inter alia volcanic and seismic activities,
locations within 5 km of the coastline, unsuitable distance from residential areas,
hydrology and hydro-resources, and safeguarding biodiversity.

The country studies show that scientific insights about the suitability or
unsuitability of certain types of geological host formations can shift over time.
For example, in the 1970s, scientists in the Netherlands assumed that geological
disposal could best take place in salt rock layers (which are mainly found in the
northeast of the Netherlands). Clay layers (which mainly occur in the south of
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the Netherlands) were considered unsuitable at the time. After retrievability of
the waste had become a policy requirement in the early 1990s, the research also
came to include Boom Clay, which is mainly found in the southern part of the
Netherlands. In Germany the initial focus was also on salt rock formations. The
StandAG has widened the search perspective to include salt, clay and crystalline
rocks as potentially suitable for a geological disposal facility. In the 1970s, the
salt dome Gorleben was regarded by the German government as a suitable place
to build a national deep geological repository for radioactive waste. Finally, after
decades of conflict, in 2020, the federal company for radioactive waste disposal
BGE assessed the overall geological situation in Gorleben as ‘unfavorable’. In
Sweden, the KBS concept for disposal of SNF was developed in the early 1980s.
The KBS-3 concept from 1983 has various safety barriers: the HLW is encapsu-
lated in cast iron canisters, which are encapsulated in copper capsules that are
deposited in a layer of bentonite clay, in a circular hole, eight meters deep and
with a diameter of two meters, drilled in a tunnel 500 m down into crystalline
rock. At that time, the bedrock was seen as the most important passive safety bar-
rier. But by the late 1990s, the emphasis in the safety case shifted from the impor-
tance of a tight bedrock to the ability of the human-made engineered barriers to
contain radioactivity in the long term.

In France, geological site investigations turned out to stir controversy and
heavily local opposition during the 1990s. Although sceptics are still active, the
project has progressed to such an extent that any criticism at this point in time
seems to have little chance of stopping it. In the Cigéo nuclear waste project,
vitrified HLW would be packaged in steel containers which would be placed in
tunnels at about 500 m depth in a 160-million-year-old Callovo-Oxfordian clay
formation in Bure (department Meuse), with the entrance to the repository situ-
ated in the neighbouring municipality Saudron (department Haute-Marne). By the
way, this was a result of negotiations between the departments Meuse and Haute-
Marne, which both wanted to benefit from the economic support and expected
investments (see Lesson 7). Cementation or asphalting will be applied to the ILW
that will be stored at the Cigéo repository. The repository would be constructed
and closed down in a stepwise manner, in line with the compromise agreement
reached in the societal dispute on reversibility in France.

Based on the Swedish KBS concept, Finland decided on deep geological
disposal with the granite bedrock as a passive safety measure, and copper cap-
sules and bentonite clay as human-made safety measures in the early 1980s. In
January 2022, the Swedish government allowed the construction of a geological
repository for SNF based on the assumption that they had found both a suitable
site and method for the final disposal of long-lived HLW. But the decision was
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controversial and was challenged by various independent scientists because of the
corrosion risk of the copper capsules, as part of the KBS-3 system. Interestingly,
this scientific dispute has been hardly an issue in Finland. The high trust in the
Finnish society in industry experts seems to prevent attention for academic coun-
ter expertise. In contrast, in Sweden independent experts and NGOs have brought
the issue to the table and pushed proponents of the envisaged geological disposal
facility for answers. The RWM company SKB responded to the copper capsule
erosion controversy by arguing that long-term safety is not just about the safety of
the HLW capsule, but of the entire multi-barrier system.

Lesson 13: The policy principle of retrievability implies a significantly longer
period of active safety before moving on to passive safety

HLW will remain hazardous for hundreds of thousands of years. It is however
hard to imagine that social institutions will be stable for even thousands of years
to actively ensure the safety of HLW. Therefore, for the very long-term, passive
safety of a final disposal method is seen as desirable. Long-term aboveground
storage is seen as an active safety option, and thus as temporary. In contrast,
geological disposal is presented as a passive safety option. However, the policy
principle of retrievability means that geological disposal must first be actively
managed for a considerable period of time before it is closed-off and considered
to be passively safe. The length of the retrievability period is determined politi-
cally and can therefore differ from country to country.

As illustrated in this book, several European countries have embraced the
policy principle of retrievability since the early 1990s. The political and tech-
nological implementation of this means that even when choosing a deep geo-
logical disposal facility, the safety of the waste must be actively managed during
the period of retrievability. This is exemplified by the way in which retrievabil-
ity is currently imagined and determined in France and Germany. In France, it
is assumed that a geological disposal facility will be closed after an opera-
tional period of some 150 years, after which the repository and its environment
will be monitored for several centuries. During this period, the waste may still
be retrieved. Officially Germany is expected to decide on a site for a geological
disposal facility by 2031. After its operational period, the repository should be
sealed with the possibility of retrieval for 500 years. If Germany were to take a
geological storage facility into operation by 2050, and operate this for 100 years,
it would only become a passive active safety option in the year 2650. So if all
goes well, in Germany, geological disposal will become a passive safety option
only after more than six centuries; by reckoning 25 years per generation, this
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would mean 24 generations into the future. The principle of retrievability in Ger-
many therefore means active safety of radioactive waste for many centuries to
come.

Lesson 14: There is a need for interdisciplinary and transdisciplinary knowledge,
and social science can play a central role in this

In response to decades of strong social resistance, policymakers and radioactive
waste disposal operators in some countries came to realise that RWM is not only
a technological challenge, but also requires understanding of the social dynam-
ics accompanying the decision-making process. That is why in 2000 the OECD
established the Nuclear Energy Agency’s Forum for Stakeholder Confidence
(FSC). The French national radioactive waste management agency (Andra) can
be considered a frontrunner in integrating social science expertise in its govern-
ance. Andra contracted social scientists to facilitate the interaction with society
and administration. It established an advisory committee consisting of social sci-
entists in 2006. Social knowledge is also commissioned in other countries, but is
still rather limited, as for example the Dutch case shows (Chap. 2).

In contrast, it has become common social scientific sense that the governance of
radioactive waste is a socio-technical issue, which requires multi- and transdiscipli-
nary knowledge, as reflected in all country chapters. An important added value of
social scientific research is its ability to address questions regarding RWM options
in a broad political and social context. While technical research is often instru-
mentally focused on a particular solution, social scientists often look at the inter-
actions between problems and solutions, between means and ends. The authors of
the Belgian Chap. 4 for example, state that over recent decades research and deci-
sion-making has focused on one envisioned solution, namely a geological disposal
facility. They propose starting a discussion regarding the high-level and long-lived
radioactive materials that are present in society—some declared as waste, others
not (yet)—and asking societal actors and stakeholders how to deal with them. This
example shows that social science could play a crucial role in critical reflection on
RWM policy and engagement with society by clarifying what is going on in civil
society, and analysing and reflecting on the outcomes of public participation.

Lesson 15: There is a need for the institutional distribution of knowledge

Knowledge, and thus experts and research institutes, play an important role in
decision-making around RWM. In all the countries studied, perhaps with the
exception of Finland, RWM (and nuclear energy) are politicised knowledge
areas. In such a situation, doubts may be expressed as to whether experts reach
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an opinion independently of economic, political or social interests, and this can
undermine political and public confidence in the independence of science.

Scepticism and critical reflection are central features of science. That is why
adequate peer review of scientific research and knowledge is common. In order to
hold a social and political discussion about a controversial issue, informed by sci-
entific knowledge, it is important that the actors involved have confidence in the
relevant knowledge and experts. In addition to scientific quality, attention is there-
fore also required for the (different) relationship(s) between the scientific and
technological domain and politics, public administration and civil society. This
requires, for example, broadening social involvement in research. In Italy, for
instance, regions can mobilise ‘Scientific and Technical Committees’ with experts
from universities and the research community conducting independent research.
There thus is a need for the institutional distribution of knowledge, so that a more
level playing field is created in the field of knowledge, in which various actors
can speak with each other on a more equal footing. The country studies show that
this is not yet the case in most countries.

Switzerland seems to be a positive exception, and therefore it is instruc-
tive to further elucidate the contours of its knowledge landscape. Within the
Swiss scientific domain, research on RWM is conducted at several universi-
ties and related institutions, as well at the Paul Scherer Institute (PSI), the larg-
est research institute for natural and engineering sciences in Switzerland. Within
the political-administrative system, knowledge about RWM is spread over vari-
ous institutions. On the federal level, the Swiss Federal Office of Energy (SFOE)
and the safety authority ENSI each conduct their own regulatory research. There
is also a Nuclear Safety Commission, with seven nuclear safety experts, which
plays an important role as a second-opinion body, which is meant to ensure inde-
pendent quality control for the supervisory authorities. Moreover, at the level of
the cantons there is a Safety Workgroup and an Expert Group on Safety with a
budget for research. In addition, Nagra, founded by the nuclear waste producers,
is responsible for safe long-term disposal, and carries the main responsibility
for R&D on deep geological disposal. Last, but not least, the Technical Safety
Forum, chaired by ENSI, gathers representatives of the federal administration,
cantons, communes, communities in neighbouring countries, NGOs, the inter-
ested public and others. The Technical Safety Forum receives, discusses and
answers questions from the public about technical safety aspects, and publicises
its answers on the internet. This distribution of knowledge in Switzerland empow-
ers actors within different levels of government, as well as economic and civil
society actors, as well-informed participants in the democratic debate on RWM.
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12.8 Civil Society: The Challenge of Informing
and Engaging Civil Society

Above, we stated that RWM governance currently takes its cue from the EDD
(engage-deliberate-decide) strategy (see Lesson 1). This new governance perspec-
tive is about ways of informing and engaging with civil society that encourage
social learning and may build mutual trust. The chapters in this book show that
while some countries are still in a preparatory design phase (such as Belgium
and the Netherlands), countries like Germany and Italy are in the early phase of
implementation, and Finland, Sweden, France and Switzerland are already in a
more advanced phase of implementation. Moreover, degrees and methods of par-
ticipation can differ greatly by country. Below, we draw a number of lessons in
the field of informing and engaging civil society.

Lesson 16. There is a need for joint production of socially robust knowledge

This insight is in line with Lesson 15, although the emphasis here is on the
involvement of civil society actors and the crucial role information plays within
this. From an inclusive perspective, the development and application of knowl-
edge is seen as an interactive process in which science, politics and policy, and
civil society are closely linked, each with its own role, but feeding each other in
the process. There is therefore a need for more interactive forms of knowledge
development, sharing and use. The country studies show several interesting exam-
ples through which socially robust knowledge can be generated in a joint manner
in the field of a politically controversial subject, such as RWM.

With the exception of Finland, civil societies in the countries studied here
assumed a more critical position vis-a-vis the information about the field of
nuclear technology and the related risks which was provided by experts, politi-
cians and governmental authorities over the course of the 1970s and 1980s. This
has led to bottom-up social initiatives in various countries for the establishment
of documentation centres and counterexpertise organisations, often in collabora-
tion with critical scientists. In the Netherlands, for example, the National (Anti)
Nuclear Energy Archive (LAKA) was established in 1988. In France, the 1986
Chernobyl accident spurred the founding of counterexpertise organisations (such
as ACRO and CRIIRAD, dedicated to monitoring radioactivity around nuclear
installations), as well as the establishment of local information and surveillance
committees (CLIs). Civil society actors therefore need reliable information as
well as the possibility and capacity to produce, acquire and check knowledge
themselves.
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The Belgian survey reported in Chap. 4 used the Delphi method—a series
of questionnaires that allow participants to develop ideas about potential future
developments around an issue. The results showed the need for a high-quality
and varied information system, in which current and historical knowledge can be
found, as well as knowledge about the actors involved and their positions, and
in which contributions from multiple knowledge sources, including counterex-
pertise, are brought together. Besides collecting and preserving information, the
purpose of such a desired “Pluralist Documentation Centre” was to distribute this
to diverse audiences: civil society, politicians and subject experts. An important
question is how to set up such an information centre. A public body is one option,
another is joint management by a broad range of stakeholders as already practiced
in Switzerland (Technical Safety Forum). In 2006, France established the multi-
stakeholder High Commission for Transparency and Information on Nuclear
Security (HCTISN), composed of 40 members representing operators, safety
authorities, government, local information and surveillance committees, NGOs,
trades unions, parliamentarians, and experts, to foster information, analysis and
debate on issues in the nuclear area, including RWM.

Some countries provide examples where the government offers civil society
parties the opportunity and resources to gather information, put research on the
agenda, and set it up or carry it out themselves. In the UK, on the local level, the
so-called engagement funding allows a Community Partnership and its Work-
ing Groups to initiate and define their own, completely independent research, on
(local) issues of their preference. However, there is no funding for critical groups.
Conversely, in Sweden, the Financial Act of 2006 enables environmental NGOs
to seek funding from the Nuclear Waste Fund. The NGO funding has allowed the
Swedish environmental movement to participate more fully both in the consulta-
tion process and the licensing process for the repository for SNE. The funding has
allowed the organisations to build up competence and they have raised issues on
siting, alternative methods and on the safety case. France has also experimented
with research commissioned by or on behalf of civil society actors. For exam-
ple, the local information and surveillance committees (CLIs) and their national
umbrella organisation (ANCCLI), together with the Institute for Radiological Pro-
tection and Nuclear Safety (IRSN), have jointly co-created risk-related knowledge.

Lesson 17: There is a need to clarify and enhance the role of societal engagement
in various steps of the political decision-making process

In recent decades, all ten countries studied in this volume have been arguing for
the meaningful involvement of civil society in a step-by-step decision-making
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process around long-term RWM (cf. OECD, 2004), and thus the institution-
alisation of engagement practices. Critical civil society organisations will relate
to this differently: some will trust the process while others will mistrust it, and
some will participate while others decide to remain outside of the institutionalised
engagement processes (cf. German Chap. 5). This means that the public debate
on long-term RWM is often more comprehensive than the organised one. From
a democratic perspective, decision-makers should therefore always consider both
bottom-up as well as top-down participatory initiatives (cf. Belgian Chap. 4).

Before discussing concrete country examples of engagement processes, we
would like to mention three more fundamental issues related to societal participa-
tion. First, based on the core idea within the EDD-strategy that civic engagement
processes should be co-constructed in collaboration with civil society, it follows
that defining the function and form of a participatory process already requires a
participatory process. In the same vein, it is important that the forms of participa-
tion are regularly assessed so that continuous critical reflection and social learn-
ing can take place. Secondly, the strong link between the debate about RWM and
the role of nuclear energy within the energy transition raises the question of how
these debates relate to each other sequentially. For example, in Germany, the dis-
cussion on the governance of RWM was preceded by a public debate on national
energy policy. The outcome of this, the phasing out of nuclear energy, created a
new context for the governance of RWM. Each country must decide how to deal
practically with the relationship between the discussion about RWM and nuclear
energy. A third fundamental issue concerns how open the debate may be—prag-
matically put: Can the debate go beyond the solution of a geological disposal
facility and how can that be achieved? The authors of the Belgian Chap. 4 claim
that the societal debate can be reactivated by broadening the initial question from
“What should be the solution?” to the question “What is the problem that needs
to be solved?”.

One of the biggest challenges for politics and policy is to clarify the role of
public participation in the different steps of the political decision-making pro-
cess. This is preceded by clarifying the various steps of the political decision-
making process. In Finland a decision-making process was determined in the
early 1980s, which gave parliament a central role in decision-making, at a rela-
tively early stage in the process, and vested the involved local municipality with
a veto power over the repository siting decision. In practice, the authorities did
little to actively spur participation. In Switzerland, it was decided in 2008 to link
the decision-making process around finding a geological disposal facility to the
methodology of a Sectoral Plan, which is an established spatial planning instru-
ment of the Swiss Confederation. The Sectoral Plan for Deep Geological Repos-
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itories has thus guided the decision-making process in Switzerland since 2008,
and the role of public participation therein, which formally takes shape by means
of regional conferences. In Germany, France and Italy, regulation has been used
to formalise the legal base for participation. In Germany, public participation is
legally grounded in national law, the StandAG, which states that participation
should not be limited to information and consultation modes. Instead, concerned
citizens and stakeholders should be empowered to participate in a way that goes
beyond previous participation patterns. In the UK, Italy and Spain the idea of
volunteered participation in return for compensation of local communities is con-
sidered or practised. The UK draws on participation by temptation and reward,
through compensating regional communities which volunteer nomination to host
a disposal site. It is important to note that none of the forms of public partici-
pation currently developing or already practiced in Europe has actually achieved
dominance. Therefore, this crucial aspect of decision-making must continue to be
closely monitored.

12.9 Overview of European Lessons for Radioactive
Waste Governance

In this book, we have looked at the governance of long-term RWM from a
multi-level governance ecosystem perspective. We acknowledged that the top-
down expert-based RWM governance from the 1970s to the 1990s led to much
social resistance and public distrust. The ten country studies show that a new,
more inclusive and participatory governance mindset has emerged over the last
decennia, in which the involvement of civil society and building better relation-
ships between civil society and the domains of science and technology, and
politics and administration, are central. Based on the ten country chapters, this
final chapter looked for important elements or puzzle pieces of an effective and
democratic governance ecosystem. The 17 lessons from Europe formulated above
are intended for policymakers, stakeholders and concerned citizens. We believe
they represent important design elements for a type of RWM governance that
stimulates public participation, social learning, co-production of knowledge, and
confidence-building political and policy action, with the aim of dealing with radi-
oactive waste in a responsible way for a very long time to come (see Table 12.3).
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Table 12.3 Overview of European lessons for the governance of RWM

The participatory turn in RWM governance

Lesson 1: RWM governance currently tries to experimentally shape the participatory turn
RWM governance in the context of nuclear energy

Lesson 2: RWM governance is affected by planned and unplanned nuclear energy devel-
opments

RWM as a multi-level governance phenomenon

Lesson 3: The interactions between international and national levels with regard to nuclear
safety and radiological protection is well-coordinated and institutionally embedded

Lesson 4: The option of a multinational geological waste disposal facility is seriously
considered and explored

Lesson 5: There is a need to achieve more coordinated interaction between national,
regional and local levels

Lesson 6: Reliability and validity of research on technological safety and risks play a
central role in the siting process for a geological disposal facility

Lesson 7: A siting process for a geological disposal facility raises the question to what
extent it fits in with local development visions

Politics and administration: Working on shared principles and separation of respon-
sibilities

Lesson 8: There is a need to clearly separate institutional roles and responsibilities for site
selection, organising public participation, and managing the radioactive waste disposal
facility

Lesson 9: It is important to develop widely-supported policy principles

Laws and regulations: Creating a legal basis for decision-making around RWM
options

Lesson 10: It is important to anchor policy principles and technological options in law

Lesson 11: It is important to legally underpin decision-making procedures

Science and technology domain: Towards an institutionally diverse knowledge land-
scape

Lesson 12: It is important to be transparent about and openly debate scientific uncertain-
ties about suitable RWM methods and geological formations, as knowledge development
is dynamic

Lesson 13: The policy principle of retrievability implies a significantly longer period of
active safety before moving on to passive safety

Lesson 14: There is a need for interdisciplinary and transdisciplinary knowledge, and
social science can play a central role in this

Lesson 15: There is a need for the institutional distribution of knowledge
Cibvil society: The challenge of informing and engaging civil society

Lesson 16: There is a need for joint production of socially robust knowledge

Lesson 17: There is a need to clarify and enhance the role of societal engagement in
various steps of the political decision-making process
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