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Preface

This book is the second edited volume of three volumes comparing nuclear waste
governance in various countries developed during the research project, A Multi
Level Governance-Perspective on the Management of Nuclear Waste Disposal:
A Comparative Analysis of Actors, Instruments and Institutions. The project was
carried out at the Environmental Policy Research Centre (FFU), Freie Universitét
Berlin, and is part of the interdisciplinary research initiative, ENTRIA: Disposal
Options for Radioactive Residues. Interdisciplinary Analyses and Development
of Evaluation Principles. The ENTRIA project brings together twelve German
universities and one Swiss partner to examine nuclear waste management in
relation to technical options, decision making processes, risk and safety as well
as social challenges.

This book continues the examination of the modes of governance that
countries are developing to address the storage and disposal of high-level
radioactive waste and nuclear spent fuel. As a follow-up of Volume I, the analysis
starts with “the big four”: China, Russia, South Korea and Japan. Subsequently,
case studies on five East-European Euratom member states are presented:
Hungary, Lithuania, Slovakia, Slovenia and Croatia as well as Ukraine. Finally,
country reports on Canada, Argentina and Brazil, and South Africa complete the
overview.

Following the pattern of Volume I, the progress these countries have made
and the obstacles they face are discussed by looking at their regulations,
technology choices, safety criteria, monitoring systems, compensation schemes,
institutional structures, and approaches to public involvement. The chapters
included in this book identify the primary stakeholders in the debate and their
interests, the responsibilities and authority of different actors in relevant decision-
making processes, and the value systems that are influencing their different
national policy choices. The views and expectations of different communities
regarding participatory decision-making and compensation and the steps that
have been or are being taken to promote dialogue and constructive problem-
solving are also considered.

The German Federal Ministry for Education and Research provided the core
funding for the ENTRIA project. The editors are grateful for this support. Special
thanks go to Dorte Themann, whose engagement has been key to the success of
this book project. The texts were skilfully proofread by Jessica Wallach. We
would like to thank Britta Gohrisch-Radmacher at Springer VS for her support.
Any mistakes are the responsibility of the authors and editors.

Berlin, Dezember 2017 Lutz Mez for the editorial team.
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The Technical, Political and Socio-Economic
Challenges of Governing Nuclear Waste

A Comparative Perspective

Maria Rosaria Di Nucci, Ana Maria Isidoro Losada, Miranda Schreurs,
Achim Brunnengriber and Lutz Mez'

This is the second volume examining high level radioactive waste (HLW)
disposal processes around the world. Volume I examined European and North
American cases (Belgium, the Czech Republic, Finland, France, Germany, Italy,
the Netherlands, Spain, Sweden, Switzerland, the United Kingdom, and the
United States). Volume II looks at: Argentina, Brazil, Canada, China, Croatia,
Japan, Hungary, Lithuania, Russia, Slovakia, Slovenia, South Korea, South
Africa, and the Ukraine.

The country studies reveal just how multifaceted the “wicked problem” of
HLW is. It will take hundreds of thousands of years before natural decay process-
es will reduce radioactivity levels to a point where they are no longer dangerous
to humans or other species of fauna and flora. This makes HLW management a
wicked problem, that is a highly complex issue which is challenging to solve
because of its many interrelated technical, material, social and political dimen-
sions. A further complicating factor is the time dimension involved with radio-
active waste management as no matter which option is followed future
generations will be impacted.

Where there is some agreement among actors, whether they are supportive
or opposed to nuclear energy, is that current approaches to HLW management
cannot continue indefinitely. Longer term solutions must be found. Currently 50
countries have spent nuclear fuel (SNF) stored in pools at reactor sites or in
caskets in central interim sites, awaiting reprocessing or disposal.

1 This article is part of the work of the Environmental Policy Research Centre (FFU) / FU Berlin
within the ENTRIA project funded by the German Federal Ministry of Education and Research
(BMBF/ 15S9082B): “Multi Level Governance-Perspective on management of nuclear waste
disposal. A Comparative Analysis.” ENTRIA (www.entria.de) is the acronym for "Disposal op-
tions for radioactive residues: Interdisciplinary analyses and development of evaluation princi-
ples”.

© Springer Fachmedien Wiesbaden GmbH, part of Springer Nature 2018
A. Brunnengriber et al. (eds.), Challenges of Nuclear Waste Governance,
Energiepolitik und Klimaschutz. Energy Policy and Climate Protection,
https://doi.org/10.1007/978-3-658-21441-8_1
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Volume I highlighted the challenge of developing heuristic tools to analyse the
complexity of nuclear waste management (Brunnengréber et al. 2015). In both
volumes, we use nuclear waste governance (NWG) as a lens to analyse how actors
with at times deeply conflicting interests influence nuclear waste policies. We are
especially interested in how conflict is managed and whether and how public
participation is encouraged. While there is a large body of literature on technical
issues concerning nuclear waste repositories complemented by socio-technical
works on risk, there are only a few publications related to NWG, including
research on acceptance, acceptability and participation in the siting process
(Flueler 2006; Strandberg and Andrén 2010; Cotton 2017).

NWG is influenced by local, national, and international factors and
institutions. The political and legal systems of a country as well as their nuclear
history shape siting processes. Various actors with different interests and
expectations seek to influence outcomes. In all countries, the handling of nuclear
waste has simultaneously technical, social, and political implications. The
rationale for taking a comparative perspective is obvious.

There is still no country in the world with an operating repository for the
final disposal of HLW and the paths followed are varied. Some countries favour
direct disposal of spent fuel and radioactive waste, others pursue disposal after
reprocessing. Not all countries have the appropriate geological conditions for a
deep geological disposal. For all options the costs represent a big challenge. For
the countries with small nuclear programmes, the financial resources needed for
the construction and operation of a disposal facility to host relatively limited
volumes of spent fuel are excessive.

The nuclear waste produced in the years of military nuclear programme
activities (nuclear weapons, navy reactors, military research, reprocessing
plutonium plants, etc.) is also an extremely important issue, which in all countries,
independent of their political setting, is subject to secrecy or non-transparency.
These wastes are referred to as “legacy wastes” and represent a liability not
covered by conventional nuclear waste legislation and funding arrangements. In
some countries, military activities triggered ambitions for a closed nuclear fuel
cycle strategy and reprocessing.

The main focus in the research on final disposal of nuclear waste still lies on
the technical and scientific problems associated with final disposal. There is a
tendency in part of the scientific community to claim that the technical feasibility
of final disposal is not a major problem, only the social conflicts and the lack of
acceptance are factors decisively preventing progress. Studies stress the
remaining technical uncertainties and gaps in knowledge, for example on
corrosion, geological formations and chemical effects. In the last five to ten years,
however, a decisive paradigm shift has taken place, and greater attention has been
devoted to socio-scientific issues in the field of nuclear waste disposal as well as
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to questions of participation and transparency (Solomon et al. 2010; Bergmans et
al. 2015).

A broad social dialogue and greater involvement of the public as well as
inclusive participation forms in the siting procedure are increasingly regarded as
being the key for a conflict minimising approach to the problem of disposal (NEA
2015, NEA 2010; Brans et al. 2015; Di Nucci et al. 2017). Solutions must be
scientifically robust and must achieve the highest technical standards, but they
must also be publicly acceptable (Blowers 2016). Years of harsh controversies in
countries around the globe have shown that finding a long-term deep geological
disposal (DGD) for nuclear waste requires iterative learning and the re-adjustment
of strategies. In almost all democratic countries, governments have started
learning from their past efforts and mistakes in following Decide-Announce-
Defend (DAD) approaches. More and more, governments are realising how
counterproductive top-down approaches can be. Indeed, many changes in public
participation procedures have occurred since the 1990s. Although there may still
be resistance to more participatory and open planning structures, new and more
democratic modes of governance are now widely recognized as necessary for
moving forward with siting. In most OECD countries, legal and institutional
frameworks for governing radioactive waste are in place. Licensing requirements
and procedures for site selection and safety criteria have been established, and the
responsibilities of stakeholders defined (Brunnengréber et al. 2015). The country
cases we analysed reveal how siting decisions and processes are not only affected
by geological, geographical and hydrological conditions.They are also shaped by
the nature of the political and legal systems, formal and informal rules and
procedures, culture, political constraints, technical skills, the stock of knowledge,
public acceptance and, not least, a country’s nuclear history. The way in which
competing information and knowledge is processed and put to use by different
actors in different political and cultural contexts also plays an important role.

In most countries, despite decades of efforts, science, society and politics are
struggling to deal with this wicked problem. Nuclear waste governance is
confounded by regulatory challenges, the conflicting values and preferences of
stakeholders and still unresolved socio-technical and political issues. Due to
political and economic costs, the high risks involved, the “known unknowns” and
the “unknown unknowns” associated with nuclear waste management, policy
makers have limited interest in governing the DGD-problem. This is not an issue
widely discussed in the media or that is well understood by the public in most
countries.

It is understandable why the search for site repositories is such a risky
undertaking, irrespective of the political system in which they occur. In most of
the countries analysed in this volume, the site selection procedures either have not
started yet, are on-going or are controversial and mired in deadlock. The countries
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examined represent a heterogeneous sample in terms of their energy policies,
nuclear programme size, share of nuclear power in domestic power generation,
political decisions regarding whether or not to phase out nuclear energy, and state
of advancement of decisions and procedures related to the siting process for
nuclear waste repositories. Great variance exists with regard to their relevant
national institutional, legal and industrial frameworks. There are also marked
geographical, demographic, socio-economic, cultural, and political differences.

This is thus similar in some ways to what Adam Przeworski and Henri Teune
(1970) defined as a most different system analysis. Despite their seemingly
different political and economic systems and cultural predispositions, the
countries studied all share a common challenge: what to do with HLW? Yet, it is
understanding how differences in political, economic, and social structures and
cultures influence NWG approaches that interest us in this research. We thus are
interested in the more nuanced differences to be found in different country
contexts and not simply in why NWG management is so difficult.

The process that leads to a selection of clay, salt or granite as host-rock for
DGD is by no means only technical. Numerous socio-technical factors come into
play in selecting a site. Regulatory structures, legal frameworks and at least in
democratic states, social acceptability play a pivotal role in siting processes. As
in many other cases concerning socio-technical issues, the core dimensions of the
problem are closely interrelated. These are: the material nature of the problem and
its possible consequences; the high technological requirements regarding
controllability and safety risks (technical problems); and the social conflicts,
conflict situations and political practices that are reflected in the behaviour of
actors, institutions, organizations, the state or international organizations. In the
case of disposal of radioactive waste, there are additional specific problems. Apart
from the fact that the period to be taken into consideration reaches a million years,
the risk dimension includes further problems: technical, geological and social
measures must be taken, however their long-term robustness cannot be tested for
such a lengthy time scale. Moreover, the fears of local populations, which cannot
be minimized, considered unrealistic or unjustified, must be faced and dealt with.

The comparative approach helps us to identify common challenges facing
governments in dealing with this wicked problem. It also shows that there are no
one-size fits all solutions to NWG and that decision making approaches are
strongly influenced not only by science and technology, but by softer social,
political, and economic factors. The comparison facilitates in identifying which
systems are doing better in terms of developing open, transparent, and robust
decision making approaches and where lesson learning can occur. It also points
out areas which could cause challenges or problems in the future.

Given the importance of finding solutions to HLW management that
maximize safety for not only this but future generations, we are interested in how



FOR REFERENCE PURPOSES ONLY

The Technical, Political and Socio-Economic Challenges of Governing Nuclear Waste 7

different political systems are doing at promoting debate and transparency in site
selection. What steps have been taken to address HLW and what lessons have
been learned about NWG over time? How are scientific, political, and technical
disagreements dealt with? Who is involved in decision making processes and how
are conflicts being addressed?

Lessons learnt

There are of course various scientific, technical and geological differences across
the countries we consider. There are differences, for example, in terms of
geological conditions (the prevalence of crystalline rock, clay or salt formations)
and geological stability (is the country prone to earthquates or not). These factors
certainly influence the designs for barriers and waste encapsulation. These are not
the focus of this study. Rather we are interested in those factors which have
influence on decision making procedures chosen and how deliberation and
participation are encouraged or discouraged. Indeed the siting procedures and
participation and deliberation processes present rather unique features in each
national case.

Comparative and multi-level social and political analyses help to shed light
on the efforts being made and the difficulties associated with trying to find
socially, politically, economically, and technologically acceptable strategies for
HLW storage and/or disposal. The progress the countries analysed have made and
the obstacles they face are discussed in detail in the case studies. This is done
looking at their regulations, technology choices, safety criteria, monitoring
systems, compensation schemes, institutional structures, and approaches to public
involvement.

There are some common patterns in the governance processes and
approaches to NWG in the countries examined in this volume, but also many
important differences. The spectrum of the countries under scrutiny encompasses
not only cases with substantially different government types, economic
development levels, geographical size and governance styles but also with very
different perceptions and understanding of the role that the social control of
technology and participation in procedural matters should play.

Size matters

Size matters when it comes to nuclear waste management. The smaller and more
densely populated a country, the higher the likelihood that there will be opposition



FOR REFERENCE PURPOSES ONLY

8 M. R. Di Nucci, A. M. Isidoro Losada, M. Schreurs, A. Brunnengriber and L. Mez

to DGD sites for the obvious reason that they are more likely to be near to
population centers. The transport of HLW to the nuclear waste management sites
is also more likely to travel near or through population centers. Canada, China,
and Russia have vast territories, large sections of which are only sparsely
populated. This does not eliminate the potential for Not In My Backyard
(NIMBY) style protest, but it does reduce it. In comparison, relatively small
countries like Lithuania, Croatia, or Slovakia may have particularly challenging
times finding DGD sites domestically.

Government — civil society relations

The experience of the Nordic countries analysed in our first Volume
(Brunnengriber et al. 2015) reveals that a key element in successful siting
procedures is public trust in governmental institutions and a willingness to
delegate the negotiation of agreements to them, as this is perceived to be in the
community’s interest. The countries examined in this volume vary significantly
in terms of the relationship between the state and civil society. Whereas Canada
bares some similarities to the Nordic countries, China and Russia are both nuclear
weapons states with on-going conventional nuclear energy programs. While
Russia has a long history with conventional nuclear energy and the Chernobyl
nuclear accident occurred in the former Soviet Union (USSR), China had a late
start with its development of NPPs. Thus, Russia obtains a far greater share of its
electricity from nuclear energy than does China. Despite the Fukushima nuclear
accident, both countries are continuing to expand their conventional nuclear
industries. Both also have limited experience with public participation in nuclear
waste management and there are various constraints on non-governmental
organisations. The limited experience with civil society participation in NWG is
similar in several of the central and eastern European countries examined in this
volume. What this means for assuring a system of checks and balances in NWG
needs to be considered.

Other countries analysed here, like Argentina, Brazil, and Canada have
smaller nuclear energy programs but retain support for conventional nuclear
energy. Surprisingly, the Ukraine which is the site of the world’s worst nuclear
disaster, has also not abandoned its nuclear energy program.

Even in countries with longer democratic traditions, the levels of trust
citizens have in their governments related to nuclear questions as well as to the
extent that public participation is encouraged and valued in nuclear waste
management is not always high. This can be seen in the cases of Japan and South
Korea. Both countries obtained large shares of their electricity from nuclear
energy prior to the Fukushima nuclear accident. Most of Japan’s NPPs remain
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off-grid still six years after the Fukushima accident. As of the summer of 2017,
in South Korea there is a government which has called for an end to Korea’s
nuclear expansion plans.

The Fukushima nuclear disaster has forced major changes in Japan’s
approach to NWG. There has been a strengthening of checks and balances, a
restructuring of institutional responsibilities, and moves to make decision making
more participatory and transparent. The huge amounts of waste resulting from the
nuclear accident, the volcanic nature of the island, and the lack of trust in the
industry and government make the NWG challenge in Japan particularly large.
South Korea has used compensatory approaches to win support for disposal sites
for low- and medium level wastes, but has had trouble winning local support for
a DGD site. Its nuclear policies are currently in flux.

In the central and eastern European countries where democratic traditions
are relatively young or non-existent, there is still limited transparency and
procedural opening despite requirements to this effect emanating from the
Euratom Directive.

Responsibilities for nuclear waste management

There are some common patterns concerning the subdivision of responsibilities
between waste producers and waste management organisations. A common
feature of many national governance structures is the functional separation
between “operators” and “regulators” in charge of overseeing safety requirements
and standards. The level of independence of regulators can, however, be an issue
as was learned in the case of Japan. After the Fukushima nuclear crisis regulatory
institutions were restructured and responsibilities altered. There are, moreover,
frequently prominent differences with respect to the ownerhip structures of the
implementing organisations, which are sometimes state agencies and at other
times in private hands. What these differences mean for the effectiveness and
eventual safety of NWG need to be considered.

DGD — deep geologic disposal as a favoured path

Deep geologic disposal represents the preferred path as the most adequate way of
disposing of HLW, independent of whether the host rock is crystalline, clay or
salt. DGD is considered by the great majority of scientific and technical experts
as the best available option that does not place enduring burdens on future
generations. This paradigm is not without some critique, however. In some
countries, there is a debate concerning whether there should be permanent closure
of the final repository or options for depositing radioactive wastes in such a way
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that they are readily retrievable from the repository in the future should
technologies for reducing radioactivity be developed. In yet other smaller coun-
tries with small volumes of waste there may be concerns about whether they are
in a position to build DGD facilities at all and whether it makes sense for them to
do so.

Long-term interim storage facilities

All countries, including those in this study, store their HLW in interim facilities
which are used for initial cooling of the radioactive materials and because of the
lack of alternative disposal options. In most cases, there have been substantial
delays in selecting suitable and publically acceptable sites. To date none of the
countries examined in this volume have constructed a DGD repository although
they differ in the extent to which steps have been taken in this direction. Several
states have opted for interim storage options that will be used for the next decades
or even centuries, putting decisions about DGD sites on ice. In these cases,
radioactive waste is stored above ground in specially constructed facilities which
will allow retrieval for the length of the interim storage which might be decades
or even centuries. Such interim storage decisions, however, transfer risk and
decisions about what to do with the waste in the long term to future generations.
The major criticisms of this approach concern the security risk in the case of
terrorist attacks (from the outside) and the safety risk in the case of leakages of
radioactivity and other yet unknown problems (from the inside).

Procedural and distributional justice, voluntarism, and compensation

Neither state control nor steering mechanisms of the kind that in the past shaped
the ideas of political-administrative systems in many countries nor a (feasible)
technical solution alone can represent good recipies for coping with the siting
process. In most countries there is still considerable public mistrust regarding
nuclear waste management. Governments have made too many false promises or
shifted too often the waste question into the future. Therefore, siting is a broad
societal project that needs coming to terms with the past and a broad societal
dialogue. Voluntary search processes have been the preferred path in countries
that are in an advanced stage of planning a repository or are already constructing
one (Di Nucci et al. 2017). An essential advantage of voluntary siting approaches
vis-a-vis D-A-D (Decide-Announce-Defend) strategies is the consent of the
affected population. Often this process is associated with compensatory measures.
These however are sometimes criticized as an act of bribery especially since
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possible compensation for the burdens of a repository are not communicated and
negotiated in a transparent way.

In many countries, latent and open conflicts that have grown over decades
have contributed to the “clumsy solutions” which have so far been taken (Verweij
and Thompson 2011). Strong conflict lines have influenced actual decision
making processes and these reach far into the future. Waste siting decisions have
both inter- and intra-generational implications. Postponing decisions leave future
generations to deal with problems they have not generated. There has been
surprisingly little discussion of the inter- and intra-generational justice problems
associated with nuclear waste management in the countries examined in this
volume although there are hints of it in some. These tend to come in the form of
compensation payments to host communities or plans for how compensation
should be financed in the case of an accident.

One potential justice argument, for example, could be that the beneficiaries
of nuclear plants in terms of jobs and business revenue should also bear the
highest responsibility for the construction of a repository. However, in the case
of a DGD repository, the site must be selected with regard to the most secure
barrier functions, depending on the host-rock. This makes it rather unlikely that a
nuclear power plant site will have the necessary conditions to make it a favourable
location for a repository. Another perspective would be that in the past,
communities hosting nuclear facilities have borne increased environmental and
health risks for the benefit of society as a whole and now other areas should have
to take over this responsibility and host a repository. In both cases, compensatory
payments might be justified for reasons of fairness.

The multi-generational character to permanent disposal of nuclear waste
motivates flexibility while the “wickedness” of the problem urges a
comprehensive, continually adjusted and reviewed approach. These debates do
not appear to play a strong role to date in the countries examined in this volume.

The nuclear-industrial complex

At the global level, the nuclear industrial complex is declining along with the
decline in operational nuclear power plants and in their production of electricity
since 2006 (Schneider and Froggatt 2016). The industry “is suffering from the
cumulative impacts of the world economic crisis, the Fukushima disaster,
ferocious competitors and [their] own planning and management difficulties”
(Schneider and Froggatt 2012: 5). In several of the countries in this study,
however, NPPs continue to be used and constructed and plans have been set for
further expansion. This is the case, for example, in both China and Russia and
was the case in South Korea until the election of Moon Jae-In. Whether Moon



FOR REFERENCE PURPOSES ONLY

12 M. R. Di Nucci, A. M. Isidoro Losada, M. Schreurs, A. Brunnengriber and L. Mez

will be able to realize his aims for a decline in nuclear energy dependency in
South Korea remains to be seen. In Japan’s case the future of nuclear power in
the country remains contested. In Japan, only a small number of NPPs are in
operation although the government would like to restart more reactors. Whether
it will succeed to return nuclear to a sizeable share of the country’s electricity mix
or will continue to be hampered by anti-nuclear activitists, the courts, and local
government opposition remains to be seen. Argentina, Brazil, Canada and South
Africa also aim to maintain or expand their nuclear energy sytems. Many of the
eastern European countries examined here still have operating NPPs and have the
added challenge of high dependency levels on nuclear for their electricity supply
despite aging facilities. This makes the countries in this study particularly
important for deeper analysis of the NWG plans, strategies, and tools.

Sophisticated: new forms of (robust) governance

The development of geological repositories for radioactive waste will take place
over many decades. Societal developments over such a long time are not
predictable and should be open to progress in science and technology, to evolving
societal demands and to fixing potential implementation errors. In most of the
countries examined in Volume I, nuclear waste management debates are no longer
confined to scientific and techno-political actors, but also include many other
relevant stakeholders, including civil society and social movements. The major
actors involved include waste producers, waste management organisations,
regulatory bodies, civil society, and policy makers at the national, regional and
local levels. This is less obviously the case in many of the countries examined in
Volume II. While this can be found to some extent in Canada and more recently
Japan and South Korea, citizen involvement in NWG is more limited in many of
the other countries examined.

One concern about nuclear waste management in countries with limited open
debate is whether the conditions exist for reflexive governance, that is the ability
to modify or reverse a decision and take a different course of action as long as a
repository has not been sealed. Political decisions and the reversibility of
decisions are the two sides of the same coin.

In many of the countries in this volume, government-led public discussions
are strongly criticized as mere formalities. Although there may be resistance to
more participatory and open planning structures, new and more democratic
approaches to NWG will likely become necessary, even if the process is often
slow and cumbersome.
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Risks and uncertainties

Decisions concerning waste management require allocating risks and benefits to
different regions, different generations, and social groups. As the US National
Research Council noted, many of these decisions were (but still are) “linked to
the national debate over the role of nuclear energy and the future of nuclear
weapons” (NRC 1984: 1). Russia is a nuclear weapons state that is also pursuing
reprocessing. There are concerns that a nuclear weapon state could use the spent
fuel from other countries for military purposes (proliferation). This has raised
concerns in Europe regarding the ties between the nuclear power programs in
central and eastern European countries, like Hungary and Russia. In other
countries in this study, the deployment of nuclear energy is linked to the narrative
of a clean energy source and promoted as a good way to combat greenhouse gas
emissions. This is the case with the Intergovernmental Panel on Climate Change
as well as NGOs in Canada and the USA (IPCC 2014, chapter 7). Yet in others,
the long term reliance on nuclear energy is beginning to be questioned not only
for safety reasons, but also because of the problem of HLW management. In some
cases, hopes are placed on finding a safer solution or even with the claim that for
future generations waste could be a resource.

Problems are “socially and ideologicaly produced” and their (possible)
solution depends on how the problem is framed. The definition of problems also
depends on the potential solution being considered or taken. Categories such as
“right” or “wrong” do not apply to this kind of issue and there is no ideal solution.

On the contents and contributions in this Volume

Following the same scheme as in Volume 1, the 14 country studies included in
this book describe national nuclear waste inventories and the legal and institu-
tional framework within which NWG occurs. The primary stakeholders in the
debate and their interests, responsibilities and authority in relevant decision-
making processes are discussed. Consideration is given to the value systems that
are influencing the different national policy choices. The views and expectations
of different stakeholders regarding participatory decision making and compen-
sation and the steps that have been or are being taken to promote dialogue and
problem-solving are also considered.

Various organisational logics could be used in looking for patterns across
cases. Here the editors decided to group the case studies as follows:

a) Countries with large nuclear programmes and hence large volumes of
nuclear waste (China, Russia, South Korea and Japan);
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b) Central and eastern European countries which democratized in the post-
Soviet era (Hungary, Lithuania, Slovak Republic, Slovenia, Croatia, and
the Ukraine);

¢) Canada and economically powerful countries in the Global South
(Argentina, Brazil, and South Africa with some discussion of Mexico).

“The Big 4”- China, Russia, South Korea and Japan

In Chapter 2 Eva Sternfeld analyses nuclear waste governance in China where the
nuclear power sector is growing faster than in any other country in the world.
Most spent fuel is stored at reactor sites; the rest is transported to offsite interim
storage facilities. The author purports that China has ambitions to realise a closed
nuclear fuel cycle strategy with reprocessing. China first started looking for a
DGD for HLW starting in the mid 1980s with a focus on the Beishan area in
Gansu in northwest China as well as in Xinjiang Uygur Autonomous Region.
Final site selection is still pending. Planned construction of an underground
research laboratory (URL) has been delayed.

The existing legislation regarding the treatment of nuclear waste is still
uneven and unsystematic, as China lacks a comprehensive National Atomic Law
that regulates the obligation for NPP operators to treat and dispose of nuclear
waste. The transportation of spent fuel via public highways, a distance of over
4,000 km from the NPPs in the eastern provinces to the designated interim storage
facilities and later possible final repository site, appears to represent both the
bottleneck and the Achille’s heel of the Chinese nuclear waste strategy, as Eva
Sternfelder shows in her chapter. Although nuclear safety issues have been
discussed to some extent by the Chinese public in the aftermath of the Fukushima
accident and in recent years, protests against NPPs and related industries have
been reported, the issue of nuclear waste has received scant attention in the public
debate. This is expected to change as soon as nuclear waste transports to the
treatment facilities start increasing.

According to Felix Jaitner, the Russian nuclear industry has undergone a
deep reorganisation in the last years. The Russian Federation has established the
regulatory foundations in order to define radioactive waste and provide solutions
for its disposal. The selected approach includes both near-surface disposal and
disposal of radioactive waste and SNF in DGD. Apart from the development of
the necessary infrastructure, increased reprocessing of spent nuclear fuel and the
development of a closed fuel cycle are the paths followed. Jaitner reflects on the
guiding principle in restructuring the nuclear industrial complex and concludes
that these were not driven by the desire for new governance modes, increased
democratic control or the implementation of ecological standards, but by the logic
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to adjust Russia’s nuclear industry according to the requirements of the market
economy. In fact it is no longer possible to sell a NPP turnkey if a solution to the
waste problem is not part of the deal. Thus, the overall rationale of this
restructuring-process could be to secure the role of nuclear energy on the domestic
market and to enhance Rosatom’s international expansion. Radioactive waste
management is regarded as a decisive factor influencing the future success of the
nuclear complex. The new approach to radioactive waste management appears to
be driven by the valorisation of radioactive waste and spent fuel (with
reprocessing and fuel banks). This approach is based on Russia’s goals of having
a closed nuclear cycle where there is reprocessing of spent fuel, deep well storage
and deep geological and near-surface disposal. The foundation of an international
fuel bank of low-enriched uranium to assure fuel supply to countries without their
own fuel cycle facilities or repatriation of spent fuel for Soviet-built NPPs (the
case in Belarus, Hungary, and Vietnam) is one of the pillars of the Russian
strategy.

Sung-Jin Leem and Miranda Schreurs discuss the current status and limits
of Korean nuclear waste management and governance. They argue that because
the temporary spent fuel storage facilities at the sites of NPPs will reach full
capacity in the near future, the disposal of spent fuel has become a matter of great
concern in South Korea. Considering the ecological and social impacts of a HWL-
repository, a societal consensus on nuclear waste disposal is needed. However,
the participation of citizens and stakeholders in NWG decision-making processes
and their access to information related to nuclear power were restricted.
Following the failed attempts to find a nuclear waste repository site, legal and
institutional instruments to engage the public were introduced. Anti-nuclear
NGOs refused to participate in the conservative-government led public
discussions and criticized them as a mere formality. With the election of Moon
Jae-In, open dialogue on nuclear-related issues is being encouraged. According
to Sung-Jin Leem and Miranda Schreurs, President Moon’s more open, inclusive
and transparent approach to decision making represents an important sign of the
major changes underway in South Korea’s energy policies.

Lila Okamura describes the situation before and after the Fukushima
catastrophe. Prior to the Fukushima accident, the country was the world’s third
largest producer of nuclear energy. This huge industry and research sector was
built on the premise that Japan would recycle its spent fuel. The author asserts
that it is upon this unstable foundation that Japan attempted to establish its nuclear
disposal concept. Discussion on DGD in Japan was restrained by the assumption
of spent fuel recycling. This “vicious circle” hindered the attempt of a number of
governments to deal with the disposal problem effectively. The lack of
transparency, the absence of alternatives, and the confusion surrounding nuclear
waste management in the country has meant that the debate has never really
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reached the public arena and new forms of governance have not really been
discussed. Nuclear policy decisions have been taken in a top down fashion; local
communities and civil society have very limited power. A major aggravation is
that the waste from the Fukushima site and other types of waste were outside the
scope of existing legislation. Okamura assumes that uncertainties will remain
until the government decides which direction to take, and this in turn renders the
search for a site even more complex. Okamura asks whether Japan will have the
will, the courage, the means, and the time to take on the formidable challenge of
nuclear waste disposal.

A Missed Opportunity.: The Case of the Eastern European Countries

Directive 2011/70/Euratom required all member states to submit a report on the
implementation of their national programmes for the safe management of spent
fuel and radioactive waste by August 2015. The EU Members States have to
comply with the regulations of Euratom. These requirements could have
represented a chance to adjust the national structures of the eastern European
member states to the requirements of the Euratom Directive, but the contributions
in this sections seem to indicate that this was a missed opportunity.

In Hungary nuclear waste originates mostly from the four VVER-440
reactors at the Paks site. Although establishing a national HLW disposal site is a
national task, the issue of SNF is tied to agreements with and shipment of SNF to
the Russian Federation. Zsuzsanna Koritar explains that at the time of plant cons-
truction, in the 1970s, an agreement was made between Hungary and the Soviet
Union that spent fuel should be transported to the USSR for reprocessing. The
last shipment took place in 1998, but since then there has been no definitive
decision regarding Hungary’s NWG strategy. The reference scenario foresees a
domestic DGD, however the option of shipping spent fuel to the Russian
Federation for reprocessing still remains open. SNF is currently stored in an
interim storage facility next to the Paks NPP. A complex screening procedure for
a potential waste disposal site (hosting either HLW after decommissioning or
spent fuel) started in 1999. As a result, six geological formations were
“recommended for further research”. The most favoured is the Boda Siltstone
Formation (clay) in the Western Mecsek Mountain, in the southern part of
Hungary. Public participation has been limited. There has been some engagement
of the municipal associations and local governments, whose primary current task
is to provide information to the public. Koritar argues that the national programme
for radioactive waste management is inspired by a wait-and-see approach. The
Hungarian national programme was prepared by the government and notified to
the European Commission in August 2015. Its final version was adapted by the
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government in August 2016. According to the plans, the DGD should start
operation in 2064.

Lithuania possesses only one NPP — the Ignalina plant. Both of its units are
permanently shut down and under decommissioning. Unlike many other countries
with NPPs, Lithuania never operated a research reactor. During the Ignalina NPP
operation from 1983 until 2010, roughly 21,500 spent nuclear fuel assemblies
were accumulated. Povilas Poskas reports that part of this is accomodated for 50
years in a facility for dry interim storage in casks whilst the rest will be transferred
to a new facility still under construction. Since 2003, two near surface repositories
have been under construction near the Ignalina NPP. The Lithuanian SNF
disposal programme is still in the initial site investigation and preliminary facility
design stage. Poskas underlines that in the site selection process the Lithuanian
authorities considered public acceptance and good relations with neighbouring
countries almost as important as geological criteria. Possibilities for disposal of
SNF in a geological repository were analysed between 2001 and 2004 with
support of Swedish experts. A repository in crystalline rocks has been proposed
and a related generic safety assessment for this repository concept has been
performed. There are plans to continue investigation of clay and rock formations
with support of safety assessments. Poskas emphasizes that existing knowledge
has largely been gained from international cooperation.

Slovakia is the focus of Peter Mihok’s chapter. After its establishment in
1993, Slovakia had to cope with new challenges in the governance of nuclear
waste disposal, mainly with regard to final disposal of SNF. The Slovak nuclear
waste disposal programme shares a part of its history with the Czech Republic.
As the links between the two countries remained strong even after their
separation, the author assumes that the Slovak authorities closely followed the
development in the Czech Programme. Mihok points out that the major challenges
were because the SNF generated in the territory of the former Czechoslovakia
was to be disposed of on the territory of the Czech Republic due to the more
suitable geological conditions there. Moreover there was, and still is a certain
dependence on the Russian Federation because of cooperation agreements
between the former Czechoslovakia and the former Soviet Union. The establish-
ment of a national agency for nuclear waste envisaged in the Slovak legislation
has not been realised and relevant roles were ‘entrusted’ to the state-owned
company JAVYS only in 2011. All these factors can be considered as a ground
for the delayed restart of the national SNF geological repository development
programme, which was suspended in 2004. Despite the govern-ment’s request to
restart this programme as soon as possible, as affirmed in the Nuclear Back End
Strategy in 2008, only some desk research activities have been carried out since
2013. The plan for SNF final disposal was reported in the joint National Policy
and National Programme document (prepared in order to comply with the Council



FOR REFERENCE PURPOSES ONLY

18 M. R. Di Nucci, A. M. Isidoro Losada, M. Schreurs, A. Brunnengriber and L. Mez

Directive 2011/70/Euratom), approved in 2015. The author points out that further
delays also affected the adoption of a law on compensation to municipalities
affected by nuclear waste facilities. Mihok also criticizes the lack of financing for
HLW management, the failure to enforce relevant laws and the failure to establish
a legal entity to take responsibility for the final disposal of SNF.

Leo Seserko examines forms of governance related to nuclear waste in
Croatia and Slovenia. At the time the plans for the first Yugoslavian NPP, Krsko
were drafted in the 1970s, there was no mention of nuclear waste. After the
disintegration of Yugoslavia in 1990, a contract was drawn up between Slovenia
and Croatia dividing ownership of the NPP on a 50:50 basis. The agreement
extended to the nuclear waste which was generated. This agreement is the origin
of both cooperation and entanglements about nuclear waste. Until now, Slovenia
and Croatia have decided to postpone the construction of a final repository for
spent nuclear fuel. In describing the strategy for spent fuel management adopted
in 1996, Seserko notes that cooperation has proven difficult as both countries
strive to take on as little of the costs associated with the spent fuel as possible.
The author argues that the two states have had opposing interests from the
beginning and that the present situation can be risky. He asks whether there might
end up being two separate final repositories.

Twenty years after the start of operations, the payments being made into two
separate decommissioning funds have not been coordinated. There are not
sufficient funds to fully cover the expected costs of radioactive waste manage-
ment and decommissioning. There have also been conflicting opinions among the
owners regarding compensation payments to the surrounding population. The
relation between the state institution responsible for handling all waste, preparing
strategies, developing technical capacity as well as operating facilities for storage
or disposal and the NPP company as a primarily profit-driven company is not
synergetic.

Olexi Pasyuk posits that the consequences of the Chernobyl accident
continue three decades later to define the Ukraine’s radioactive waste manage-
ment situation. Today, radioactive waste at the Chernobyl NPP site and surround-
ing exclusion zone constitutes over 98 percent of the country’s total solid
radioactive waste. SNF is excluded from this figure as it has a special legal status
and is not considered to be radioactive waste. Following Ukraine’s independence
from the former Soviet Union, the country’s nuclear waste management system
has changed repeatedly. There is still no clear delineation of responsibilities or
distribution of roles among involved institutions. Experts recognize the need for
clarity and have made proposals to centralise the management system. EU and
International Atomic Energy Agency (IAEA) funding has enabled research on
which waste management system would be most suitable for the Ukraine. The
research has examined DGD, regulatory system improvements and physical
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infrastructure. Adaptation of the Ukrainian standards and practices to the
European standards as well as the development of legal, institutional and
scientific structures will be accelerated in view of the EU-Ukraine Association
Agreement. Because of the military conflict with Russia, Ukraine lost control of
its research reactor in Sebastopol and nuclear waste repository in Donetsk. The
scale and the cost of the Chernobyl nuclear waste disaster overshadows the
problems of the waste accumulated at Ukraine’s additional 15 operating
commercial reactors. It also complicates the governance of radioactive waste.
Pasyuk argues that Ukraine’s waste management system suffers from the
government’s focus on solving day-to-day tasks rather than focusing on long-term
objectives. This absence of strategy is particularly problematic for radioactive
waste management.

Nuclear Waste Governance in Canada and the Global South

Cindy Vestergaard introduces and analyses the Canadian case. Over the past
decade, Canada has been implementing an “Adaptive Phased Management”
(APM) approach to handling its radioactive waste, involving interim storage at
reactor sites and plans for eventual final disposal in a centralised, DGD. There are
still many unanswered questions in this strategy, ranging from location to cost to
long-term acceptance and even viability. Vestergaard posits that APM has
evolved over almost five decades of debate, study, and public discourse. It has
been shaped by the communities involved and scientific and technical studies
based on past and ongoing inquiries within Canada and abroad. The author
describes this process as a flexible step-by-step, phased approach supported by
public engagement and scientific research at each interval along the way. The
timeline for implementation is extended over a long period. She warns that the
process will span generations, taking potentially upwards of two centuries to fully
implement. It will require identifying a willing host community through to the
construction, monitoring and eventual closure of the repository.

In Argentina and Brazil, the governance of nuclear waste remains an
unresolved issue as Moira Jimeno describes. Some regulations were issued after
the restoration of democracy, like Law 25018 which was enacted in Argentina in
1998, and Law 10308 which was enacted in Brazil in 2001, but there are still no
long-term disposal strategies for nuclear waste in either country. SNF is stored in
interim facilities located at the NPPs. Argentina is experiencing a nuclear
renaissance and there are NPPs under construction and plans for more to be built
in the next years. The difficulty of finding a solution to HLW management resides
in the limited involvement of relevant actors in the process of selecting a nuclear
disposal strategy. The national nuclear energy commissions in both countries,
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together with their national governments, have exercised centralized control over
nuclear issues, including nuclear waste, leaving almost no room for social
participation and new forms of governance.

Jimeno claims that national legislation for the classification of radioactive
wastes as well as nuclear disposal and storage and licensing are well developed.
However, problems are related to implementation and there have been delays in
obtaining licences and authorizations. Currently, even decisions on disposal sites
for very low, low, and intermediate-level waste repositories are experiencing
delays. This does not bode well for finding a solution for final disposal of HLW.

David Fig uncovers the history of nuclear waste in South Africa, focusing
on the legal and institutional structures and controversies. As a supplier of
uranium, South Africa’s links with the global nuclear industry have been strong
and can be traced back to the Manhattan project. The first research reactor was
commissioned in 1965. Between 1978 and 1990 there was a secretive nuclear
weapons programme. Given the considerable waste resulting from the mining of
uranium, Fig notes his surprise that the first policy document on radioactive waste
appeared only in 2005. The government was forced to establish a policy because
of civil society litigation. Despite this, the policy was issued with almost no public
input. The author posits that the industry has felt little accountability to the public,
and the regulator has struggled to meet its obligations, given shortages of expert
staff and budgets.

There is growing concern about current government plans for a fivefold
expansion of nuclear generation capacity, given the need to ensure that the
institutions governing and regulating the industry are competent and viable. This
would necessarily mean a multiplication of the amount of nuclear reactor waste
that has to be managed. Fig argues that it is difficult to see procurement
succeeding in the short term and that Zuma’s political successors are unlikely to
champion this procurement very strongly. However, while vested interests still
exist, it is too early to write the programme off entirely. The abiding question is
whether South Africa possesses sufficient technical skills, finances and
commitment to manage the resulting waste effectively and carefully regulate an
expanding nuclear industry.
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Nuclear Waste Governance in China
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Abstract

China has rapidly developed its nuclear power sector since the start of the 21*
century. As most nuclear power plants (NPPs) only recently were put into
operation, the majority of spent fuel is still stored at the reactor sites although
some is transported to offsite interim storage facilities. China has expressed
interest in building a geological deep repository for disposal of high level waste
(HLW) from its nuclear facilities. Screening of potential sites started during the
mid 1980s. R&D proceeded over the years, but received only limited funds, as
attention was more focussed on China’s ambitions to realise a closed nuclear fuel
cycle strategy with reprocessing. So far, a site for a deep geological HLW
repository in Northwest China is not confirmed and the planned construction of
an underground research laboratory (URL) and a final repository have been
delayed. The existing legislation regarding the treatment of nuclear waste remains
fragmented and unsystematic, as China lacks a comprehensive National Atomic
Law that regulates the obligation for NPP operators to treat and dispose nuclear
waste. The overland transportation of spent fuel via public highways, a distance
of over 4,000 km from the NPPs in the eastern provinces to the designated interim
storage facilities and later final repository site, seems to be both the bottleneck
and the Achilles heel of the nuclear waste strategy. Although nuclear safety issues
have been discussed to some extent by the Chinese public in the aftermath of the
Fukushima accident and in recent years protests against NPPs and related
industries have been reported, the issue of nuclear waste has not yet been
addressed in the public debate. This is expected to change as nuclear waste
transports to the treatment facilities increase in the coming years.
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1 Introduction

China’s civil nuclear power sector has a relatively short history compared with
other nations. The question of spent fuel management and nuclear waste disposal
is, however, becoming more urgent as the country is currently implementing the
world’s most ambitious nuclear power program. By July 2017, China had 36
operating NPPs with 32,6 GW installed capacity, in addition to 21 NPPs with 23
GW under construction and plans for NPPs with 43 GW already approved. It is
expected that for the period of the 13 Five Year Plan (2016-2020), 6-8 nuclear
power reactors will be approved per year (WNA 2017). Despite its rapid develop-
ment in recent years, nuclear power only contributes a tiny share, less than two
per cent, to China’s electricity mix. The Chinese National Energy Admin-istration
(NEA) has set targets for electricity to be produced by NPPs: 5 per cent by 2020,
9 per cent by 2030 and up to 16 per cent by 2050. Taking expected rises in total
electricity production into account, this translates to an installed capacity of 200
GW by 2030, and up to 400 GW by 2050 (NEA 2012; Hu and Cheng 2015).

For many years the Chinese nuclear strategy has envisioned a “closed
nuclear cycle,” including reprocessing and deep geological disposal for HLW.
Screening for suitable sites for a geological repository began with construction of
the first commercial nuclear plants around 1985. These activities continued over
the years; recently, area screening has concentrated on three granite sites in the
Beishan area in Gansu province, a sparsely populated arid region in Northwest
China. The program, however, is underfunded according to Chinese experts and
deserves less attention than the technological advancement of reactors from
energy planners (Pan and Qian 2013).

While the Fukushima accident provoked a public debate about nuclear safety
in China, which caused a revision of existing nuclear legislation and policies, it
did not significantly engage the question of nuclear waste management. China’s
awakening anti-nuclear protests in the aftermath of Fukushima have been
sporadic and, as typical NIMBY protests, targeted NPPs and nuclear industries in
the densely populated Eastern parts of the country. As the proposed sites for the
offsite interim storage sites and the geological repository are located in sparsely
populated or uninhabited areas in Northwest China, they have not been the subject
of protests. Information about China’s nuclear waste management program is
available; scientists and officials participating in the nuclear waste management
program regularly report on the technological progress of the program at
international and domestic conferences and publish their findings in scientific
journals. Despite its availability, this information has not sparked public debate
about the financial and socio-economic aspects of this issue. However, the
expected increase of nuclear waste transports via public highways across China
may draw more public attention in the future.
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2 Nuclear waste disposal in China
2.1 Historical background of development of nuclear power

China’s civilian nuclear power industry is an offspring of the country’s nuclear
weapons program. The Chinese National Nuclear Corporation (CNNC), China’s
leading NPP operator, is a state owned company that was formed in the early
1980s out of the former Ministry of Nuclear Industry (also known as the Second
Ministry of Machine Building) (CNNC 2015). Starting in the 1960s, CNNC’s
predecessor was put in charge of developing atomic and hydrogen bombs and
nuclear submarines. In this capacity it developed a complete nuclear industry
infrastructure, including uranium exploration and mining, conversion, enrich-
ment, fuel fabrication and research reactors.

China is, however, a latecomer to the “civilian” use of nuclear power . The
first commercial NPP went into operation when the nuclear energy boom in most
industrialised countries was already slowing down. The first reactor, a 300 MW
PWR, an indigenous Chinese design, started operation in 1991 in Qinshan,
Zhejiang province, 100 km southwest of Shanghai. In 1994, a second plant, the
Daya Bay NPP in Guangdong province, started operation. This project was
realised with foreign technology and is equipped with two 984 MW PWR units
by the French company Framatome (today’s Areva). Until the early 2000s,
Qinshan Unit 1 and Daya Bay remained China’s only commercial NPPs.
Beginning in 1997, additional projects were put on hold, when, due to the Asian
economic crisis, energy demand declined and planners became concerned about
excess energy production capacity and high investment costs. Construction plans
were only resumed with the 10" Five-Year-Plan (FYP) (2001-2005), which for
the first time explicitly incorporated the development of nuclear energy into
China’s energy strategy. The plan called for the construction of eight NPP reactor
units (Lingao Phase II, Qinshan Units 3 and 4, Sanmen and Yangjiang).
Beginning in 2003, power shortages severely affected China’s main industrial
areas in the eastern coastal regions and the development of nuclear power gained
increasing political support. The 11th FYP (2006-2010) was even more ambitious
in terms of nuclear power and included 14 NPP units in total. The 12th FYP
(2011-2015) incorporates nuclear as a so-called “new energy” in China’s low
carbon strategy. The plan originally envisioned an expansion from 10 GW to 40
GW of installed capacity within 5 years (about 30 units), but implementation was
delayed and some projects have been shelved.

China’s nuclear power sector developed its own PWR reactor designs: the
CNP-300. CNP-600, CNP, CNP-1000 (developed from the Areva M-310 design)
and CPR-1000. In addition, it purchased units from France (M-310 3-loop PWR,
EPR), Russia (AES 91), Canada (CANDU 6) and recently from the USA (AP
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1000). There are also programs to promote the commercial introduction of the
high-temperature gas cooled reactor (HTGR), also known as the pebble bed
modular reactor (based on an earlier German design) and an experimental fast
neutron reactor (based on Russian technology). So far these projects are in an
early stage and it is not clear if and when they ever will replace the PWRs.

As noted above, the Fukushima accident had an impact on China’s nuclear
development. In March 2011, the Chinese government announced a moratorium
for safety inspections and amended the country’s nuclear safety provisions. For
18 months, pending approvals for nuclear power plants were suspended. The
accident in Japan provoked an internal and public debate about nuclear safety
issues. Experts expressed concerns about the speed of nuclear development, an
inadequate regulatory system and a serious lack of educated nuclear safety
experts. They further warned that the fragmented institutional responsibilities
among energy, environmental, health and security authorities could lead to a
dangerous muddle of competences in the case of an emergency (Sternfeld 2014:
200ft.). The moratorium officially ended in October 2012 with the adoption of
the revised “Mid- and Long-Term Plan for Nuclear Development 2011-2020".
Compared to earlier plans, the revised version downsized the targets for 2020 to
58 GW in operation and 30 GW under construction. All proposed inland projects
awaiting approval for the period of the 12" Five Year Plan were shelved. In
addition, the plan announced that some older second generation PWRs will be
decommissioned earlier than originally scheduled. Further, the development plan
and the safety plan demanded the redesign of proposed reactors to improve safety
features. They emphasized that employed technology of newly built nuclear
reactors must adhere to “the highest safety standards in the world’; in other
words, “third-generation” technology. This implies that China will eventually
give up production of the second generation standard reactor CPR 1000. The 22
CPR 1000 units that were already under construction in 2011, however, have been
excluded from expensive redesign (Pandza 2013: 178).

The Fukushima accident led to adjustments in China’s nuclear strategy but
did not initiate a phase out or retreat from nuclear power. On the contrary, China
remains committed to nuclear power development, which is seen as an important
pillar of its strategies for energy security, environmental protection and low
carbon development. Along with wind and solar, nuclear power is being promoted
to solve China’s ‘energy dilemma’, namely to reduce China’s heavy reliance on
coal. Coal has thus far fuelled the economic miracle but comes at the cost of a
dramatic increase in CO, emissions, severe air pollution, congestion of transport
systems, degradation of landscapes and a high number of fatal accidents in coal
mines.

Spent fuel management and nuclear waste disposal are not yet a focus of
attention related to the nuclear power sector. Despite the rapid pace of recent
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development and the announced expansion plans, reprocessing and disposal of
spent fuel remain weak links in the Chinese nuclear power strategy. Proposed
projects for reprocessing, interim off-site storage and a high level waste (HLW)
repository are behind schedule.

2.2 The national inventory for spent fuel

At present, the majority of spent fuel is stored at the reactor sites. According to
the China Atomic Energy Administration (CAEA), as 0of 2013, 3168 tons of HLW
were stored in wet storage pools at reactor sites and 394 tons were stored in
interim off-site spent fuel facilities (CAEA 2014).

Table 1:  Estimates for spent fuel (tons) Calculations by different institutions

1994-2005 2006-2020 2010-2030 2030-2040
Medium Reference 14730 27200
& long High growth | 18771 38588
Accumulated plan 40 5810
GWe Low growth 10798 16119
Spent fuel
1100 Reference 17656 29256
Rapid High 21643 40493
growth | 6579
Low 13668 18018
Source: Zhou 2010a
2010 (20 GW) 2020 (40 GW)
tHM/y 600 1000
Accumulated 3800 12300
Source: WNA China Nuclear Fuel cycle (2016b)
2020 (58 GW)*
tHM/y 1400
Accumulated 9000

* Middle to Long-term Plan for Nuclear Energy Source: CAEA 2014

Spent fuel accumulation for different reactor types:
e Daya Bay NPP 50 tons per year (CLP Group Website)
e AP 1000 35 tons per year (Xu 2010: 187)
e Qinshan Phase IIl CANDU 195 tons per year
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Pan and Qian (2013) and Wang (2014) calculate that by 2050 China will have
accumulated 82,630 tons of spent fuel in addition to “certain” amounts of HLW
from the defense sector (Pan and Qian 2013; Wang 2014). This includes, for
example, the decommissioning of a 10 MW HWRR experimental reactor in a
Beijing suburb, which had been in operation since 1958 and was permanently shut
down in 2007. Decommissioning, including removal of spent fuel and
dismantling of the reactor, is scheduled to be completed around 2027 (Yang n.d.).

2.3 The (interim) storage sites

Low-level waste (LLW) is stored in stainless steel casks and disposed of at
regional facilities. In the case of Daya Bay NPP, a surface facility, the Beilong
repository, was built about five km from the plant. The facility is designed for a
total capacity of 80,000 m? and in its initial phase has a capacity for 8,800 m?.2
Another LLW facility is located in Yumen, Gansu province and has a storage
capacity of 60,000 m>. In the Yumen facility, radioactive waste is stored at a depth
of 10-20 meters underground. Three more LLW repositories are planned for the
east coast, northeast and central regions of China (Zhou 2013: 8).

Since 1986, a nationwide screening has been conducted to identify potential
sites for HLW(Wang 2007). In 2011, the CAEA and the Ministry of Environ-
mental Protection (MEP) approved the Beishan area in Gansu province as the
most promising site. The Beijing Research Institute of Uranium Geology
(BRIUG) of CNNC selected three granite sections (Jiujing, Xianyangshan
Xinchang und Yemaquan) in the Beishan area for further survey and feasibility
studies for an underground research laboratory (URL).? In addition, since 2012
the North-West Institute for Nuclear Technology (NINT) in Xian has conducted
screening at a second candidate site in the Agqishan area, Xinjiang Uygur
Autonomous province. This secondary site is located in the vicinity of the former
Lop Nor testing site for nuclear weapons.

The design of the URL has been approved and is scheduled for construction
beginning in 2020. The construction of the final repository is expected to start by
2040 and scheduled to be operational by 2050 (WNA 2016b; Wang 2007).

In 2014, the construction of a vitrification plant to melt HLW into a
borosilicate glass matrix for permanent disposal began at the Guangyuan nuclear
complex in northern Sichuan province. It is designed for the treatment of liquid
nuclear waste from decommissioned military facilities but can also receive waste

2 For a photo of this facility, see Zhou (2013: 7).

3 The Beishan granite site is located north of the Lanzhou-Urumgqi railway line, about 150 km
north of Jiayuguan and 50 km northeast of Yumen City
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from NPPs.* The facility is equipped with German technology from the Institute
for Nuclear Waste Management (INE) Karlsruhe Institute of Technology (WNA
2016b; KIT 2014).

NPPs built after 2005 are equipped with spent fuel pools with a 20 year
storage capacity. Two of the earlier plants, Qinshan Phase II and Lingao, use
dense-pack racks to extend the storage capacity. With a maximum storage pool
capacity of about 690 assemblies, equivalent to 20 years of spent fuel generation,
these two NPPs are expected to run out of storage capacity around 2020 (Liu
2014; Zhou 2010a: 2).

A dry storage facility is operating at Qinshan Phase III, which runs two
CANDU reactors. Construction of this facility began in 2008. All together
construction of 18 dry storage modules is planned; the first two were completed
in 2009. Two modules with a capacity of 24,000 bundles will be built every 5
years. As the result the reactor’s storage capacity will be expanded to be suffi-
ciently large for more than 40 years of operation (Zhou 2011: 4361). In addition,
the China Guangdong Nuclear Power Corporation (CGNPC) is planning a
regional demonstration program for dry storage (WNA 2016b).

In 2009, the on-site storage pool of China’s first reactor, Qinshan I, was
expanded and there are plans to build a second pool, which would allow for
storage of spent fuel near the reactor site until 2025 (Zhou 2011: 4361). This
solution could not be implemented at Daya Bay NPP, the second oldest NPP,
which has used up its onsite storage capacity after years of operation. Since 2003,
spent fuel has been packed in NAC-STC spent fuel transport casks with a capacity
of 26 assemblies each. Twice a year, 104 assemblies are transported by two
special trucks over a distance of more than 3700 km from Guangdong province
to either the offsite interim storage facility at the Lanzhou Nuclear fuel complex
or the pilot reprocessing facility at Diwopu {i% % 4, near Yumen city in Gansu
province (Zhou 2011: 4361).% Since 2003, about 20 of these transports have been

4 The Guangyuan plutonium production complex was built in 1974 and once was China’s largest
plutonium production and reprocessing plant. By the late 1990s, China decided to decommis-
sion the facility and restructure the company. It is now known as the Sichuan Environmental
Engineering Company attached to CNNC, which specializes in decommissioning military nu-
clear facilities and managing radioactive waste (NTI 2012). 800 m3 of liquid nuclear waste are
reportedly stored at the facility (WNA 2016b). For the history of the Guangyuan complex also
refer to Zhang (2011).

5 A video entitled “Chinese nuclear transport,” available on Youtube, shows one of these special
truck HLW transports taking place on public highways: https://www.youtube.com/watch?fea-
ture=player detailpage&v=C77NRpSIK7g#t=19 (last accessed on 20.11.2016). The text at the
end of the film reads: “Later we learnt that these special vehicles transport nuclear waste over a
distance of 3750 km from Dayawan in Guangdong province to Diwopu ({& &%) in Gansu
province. Both locations are connected by China’s only transport route for nuclear waste. Since
2003, secret vehicle convoys have travelled for several months a year back and forth. A convoy
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carried out. The frequency of nuclear waste transports is expected to increase after
2020,when on-site storage facilities at Qinshan II and Ling’ao will be filled up.®
China will need to expand its fleet for HLW transport and also develop different
types of transport casks for fuel from the different reactor types. In the future,
China plans to shift from road transport to sea-rail transport. Feasibility studies
for these transports are currently being conducted and the sea-rail transport
system is expected to be in place sometime after 2020 (CAEA 2014).

Table 2:  Status of spent fuel storage in Chinese nuclear power plants
NPP name Unit Connected Spent  fuel | On-sitestor- | Year when
to the grid storage age capacity | storage ex-
(years) pected to fill
up
Qinshan 1 1991 Dense-pack 35 2025
wet, pool ex-
pansion
Day Bay Unit 1 1993 Wet-storage 10 2003
Unit 2 1994 2004
Qinshan II Unit 1 2002 Dense-pack 20 2024
Unit 2 2004 wet storage 2022
LingAo Unit 1 2002 Dense-pack 20 2022
Unit 2 2002 Wet storage 2022
Qinshan III Unit 1 2002 On-site 40 2042
Unit 2 2003 wet/dry stor- 2043
age
Tianwan Unit 1 2006 Wet storage 20 2026
Unit 2 2007 2027
LingAo 11 Unit 1 2010 Wet storage 20 2030
Unit 2 2011 2031
Ningde Unit 1 2013 20 2033
Unit 2 2014 Wet storage 2034
2015 2035
Hongyanhe Unit 1 2013 20 2033

is escorted by a police car that clears the highway, followed by two special trucks transporting
casks, two meters high and six meters long. The convoy covers a distance of about 200 km per
day. With armed escort, three climate zones are passed and 1700 bridges are crossed. The casks
carry nuclear waste, a dangerous item of which just 10 pg is a lethal concentration for humans”
(author’s translation).

6 CAEA (2014) calculates with more than 40 cask transports from 2020 onwards and more than
100 transports per year from 2025 onwards.
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NPP name Unit Connected Spent fuel | On-sitestor- | Year when
to the grid storage age capacity | storage ex-
(years) pected to fill
up
Unit 2 2014 Wet storage 2034
Unit 3 2015 2035
Yangjiang Unit 1 2014 20 2034
Unit 2 2015 Wet storage 2035
Fanjiashan Unit 1 2014 Wet storage 20 2034
Fuqing Unit 1&2 2014/5 Wet storage 20 2034/5
Unit 3 2016 2036
Changjiang Unit 1 &2 2015/16 ? 20 2036

Source: Zhou 2011; WNA 2016a; Bunn et al. 2016; own calculations.

A centralised offsite interim fuel storage facility with an initial storage capacity
of 550 tonnes has been built in Gansu province at the Lanzhou Nuclear Fuel
Complex, 25 km from Lanzhou city. As of 2014, it had already received 430
tonnes, but according to NNSA a second 760 ton pool has been completed and is
awaiting approval (CAEA 2014; Bunn et al. 2016).

Nuclear waste management will become more challenging from 2022
onwards, when more NPPs are expected to run out of onsite storage facilities. By
2035, the accumulated amount of spent fuel that will need to be stored off-site is
estimated to reach 3158 tons (Zhou 2011: 4365).

Table 3:  Scenario for spent fuel management in interim offsite storage
facilities
Offsite storage space (tons) Estimate when storage will reach full capacity
500 2014
1000 2025
3000 2035

Source: Zhou 2013: 20; Bunn et al. 2016

2.4 The waste management strategy (with current waste disposal plan/
concept)

The waste management strategy and its range will depend on whether China opts
for a closed nuclear fuel cycle strategy with reprocessing or a ‘once through’
strategy with direct disposal of spent fuel. So far, the focus is on the closed fuel
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cycle strategy, which would support efficient use of fuel and reduce the amount
of HLW. Since the mid-1980s, the Chinese government has demonstrated interest
in operating a closed nuclear fuel cycle by recovering plutonium from spent fuel
through reprocessing. Given the scale of China’s planned nuclear program and
China’s limited uranium reserves and production,’ some Chinese energy planners
support technologies that more efficiently use the uranium in order to avoid an
increasing dependency on international uranium supply and world-market prices.
A closed fuel cycle strategy includes MOX fuel recovery from spent fuel and fast
neutron reactors, which could increase fuel utilisation by a factor of 50-60 per
cent (Pandza 2013:181).

So far, a pilot reprocessing plant has been constructed at Lanzhou Nuclear
Fuel Complex with an initial capacity of 50 tHM/a and an interim spent fuel
storage capacity of 550 tons (500 tons for commercial reactors and 50 tons for
research reactors). Operation started in 2010 and the plant supplies the China
Experimental Fast Reactor (CEFR), which began operation in the same year.
Demand for fuel is expected to rise if China decides to operate a demonstration
fast reactor (CDFR) by 2025 and start, as originally planned, commercial
operation of fast neutron reactors by 2040. There are plans for two commercial
reprocessing plants with reprocessing capacities of 400 and 800-1000 tons a year
based on Chinese or French technology (Deng 2010: 8). Since 2007, China has
negotiated with AREVA regarding the construction of an 800 t/yr reprocessing
plant in Jinta, Gansu province. The technology refers to AREVA’s UP 2.800 and
UP 3 plants in La Hague, which use the Purex process to recover uranium and
include a facility for MOX fuel fabrication. Spent fuel storage facilities will be
about 3000 tHM for the first phase and up to 6000 tHM in a second phase
(AREVA 2013; WNA 2016b; Deng 2010: 8). Originally the plant was scheduled
to go into operation by 2020, but because negotiations are seemingly more
complicated than expected, its start has been postponed until after 2025 (Zhou
2011: 4363; Pandza 2013: 181). In April 2013, on the occasion of the visit of
French president Hollande, a letter of intent between the two countries to build a
used fuel treatment and reprocessing facility in China was signed. In addition, in
2010, CNNC signed a framework agreement with the Belgian companies
Tractabel, Belgonucleaire and the nuclear research centre SCK-CEN to build a
pilot MOX fuel fabrication plant in China (WNA 2016b).

7 According to recent data China’s known uranium reserves account for 120,000 tU. China’s
seven uranium mines have an annual production capacity of 1,450 tU (with possible expansion
to 2000 tU/y) sufficient to supply about 7 GW although this is by far not enough to supply the
rising demand of the industry. China therefore increasingly depends on uranium imported from
Kazakhstan, Uzbekistan, Australia, Namibia and Canada. In 2013 imports from the five coun-
tries amounted to 18,968 tU (WNA 2016b).
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Construction of these projects has not yet started because of issues concerning
price and technology transfer. There is not much transparency or public infor-
mation about these issues. According to original plans, the plant was scheduled
to go into operation by 2020, near Jinta in Gansu province. The schedule has been
delayed and construction start is now scheduled for 2020 with the plant to be
operational by 2030 (WNA 2016b). According to recent information, Jinta will
be now the site for a smaller facility of 200 t/y, whereas the 800 t'y AREVA
facility will be built in the east coast, where at present all Chinese nuclear power
plants are located. Spent fuel shall be transported by ship, rather than on a 3000
km road or rail trip inland to Gansu. Since 2015 six possible sites for a repro-
cessing plant and interim storage facility with a capacity of 3000 t were under
preliminary evaluation for seismic activity (Bunn et al. 2016; BJZTB 2015;
Buckley 2016; CNNC 2016). A final contract between AREVA and CNNC was
expected for 2017. In August 2016 a 3km? site near the harbor city of
Lianyungang was according to a statement of Wang Yiren, deputy director of the
National Defense Science and Industry Commission, chosen as the most feasible
location. This news prompted thousands of cititzens to protest on the streets and
there were violent clashes with the police. Days later the local Lianyungang
government asked to have the city’s name removed from the list (Ma 2016;
Buckley 2016). However, the delay in construction of a planned commercial
reprocessing plant may be seen as a sign that the internal Chinese debate on the
trajectory of nuclear waste policy is not yet decided.

At present, there are, according to Zhou (2010b, 2011), still three possible
scenarios for Chinese spent fuel management:

1) Sending all spent fuel, without any reprocessing, to interim wet or dry
storage facilities.

2) Need-based reprocessing: start at a small scale, reprocessing 50
tons/year and later 100 tons/year in order to manufacture MOX fuel for
the CEFR and CDFR and eventually the commercial fast breeder reac-
tors, thereby avoiding unnecessary stockpiling of plutonium. In this sce-
nario, reprocessing of roughly 800 t/year will not need to start until 2034.

3) Capability based reprocessing: reprocessing full scale with the start of
operations, meaning up to 800 tons/year. All separated plutonium will be
either manufactured into MOX fuel for use in LWRs or stockpiled for
later use in fast neutron-reactors. The latter will require a highly sophis-
ticated safe storage system to prevent proliferation and safety risks
(Zhou 2010b: 5; Zhou 2011: 4366).
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The reprocessing options only make sense if China proceeds with the fast neutron
reactor program. To use reprocessed MOX fuel in PWRs makes little economic
sense, since the costs for uranium fuel account only for 5 per cent of electricity
generating costs of a NPP (Pandza 2013: 187). At present, the fast neutron reactor
program is already behind schedule and there are reportedly conflicting proposals
for if and how the program should be continued. There currently is a 65 MW
CEFR near Beijing, which started operation in 2010, but it is said to have some
technical problems. For the planned CDFR, originally scheduled to start operation
in 2013, it is not yet decided whether China should opt for a domestically
developed 600 MW prototype or purchase the Russian BN-800 reactor. Because
China and Russia did not reach an agreement over financial terms, as of the end
of 2014 the planned BN-800 project in Fujian had been suspended indefinitely
(WNA 2016a). Concerns about the poor safety record, especially of the Russian
BN-600 and other fast breeder reactors around the world, as well as high costs
might have played a role in the internal Chinese discussion and decision to
suspend the project.

The commercial reprocessing program is facing similar problems. As
original schedules are delayed and none of the potential commercial reprocessing
projects are expected to be in operation within the next 15 years, China needs to
prepare for an increased demand for additional interim storage space for HLW
from 2022 onwards.

2.4.1  Strategy for HLW deep geological disposal

In 1985, CNNC proposed an R&D program with the objective of building a deep
geological repository from 2040 onwards (Wang 2002: 104). Over time the
technological strategy became more elaborate and the time frame and concept for
the repository were adjusted. The following schedule for a three-phase building
plan was published in 2006.
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Table 4:  Long-term plan for China’s HLW repository

Activities Phase 1: (2001-2020) | Phase 2: 2021-2040 Phase 3: 2041-2050
Site selection and site | URL construction & | Repository construc-
confirmation in situ tests tion

Site selection and site | Area selection, surface | Supplementary work | Monitoring on the site

characterization investigation, borehole | for site characteriza-
drilling and testing, tion
complete site confir-
mation

Underground Research | Feasibility study, URL | Construction of URL, | In sifu tests, monitor-

Laboratory In situ tests & demon- | ing of repository
stration of disposal
technology
HLW Repository Conceptual design Preliminary design fol- | Construction com-
lowed by detailed de- | pleted around 2050
sign
Research and Develop- | Studies on radionu- Studies on in situ tests, | Studies on repository
ment clide migration, engi- | radionuclide migration, | closure, monitoring
neered barriers, perfor- | engineered barriers, etc.
mance assessment, construction technolo-
methodologies gies

Source: Wang et al. 2006: 56; Pan and Qian 2013: 194

Because of the focus on the closed fuel cycle strategy, the deep geological
disposal of HLW has been a lower priority in China’s nuclear program in terms
of funding and political support. For example, the research for deep geological
HLW disposal has never been listed as a key national R&D program (Zhou 2013).

3 The legal and institutional framework
3.1 The legal framework

In recent years, China has issued a number of laws, regulations, technical
guidelines and standards relevant for the treatment of nuclear waste. Many of
these have been adopted from international regulations and comparable
legislation in other nuclear power states. China, however, still lacks a compre-
hensive National Atomic Law and a National Law on Nuclear Safety, which
would regulate nuclear policy including the obligation for nuclear power
producers to treat and dispose of nuclear waste, transparency requirements on the
origin and transport of nuclear waste, the supervision and management of HLW
repository and related issues such as public participation and compensation. The
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existing legislation for management of nuclear waste is rather fragmented and
unsystematic (Xu et al. 2014: 606).

The 2003 Law on Prevention and Control of Radioactive Pollution (NPC) is
to date the most relevant national law concerning nuclear waste. It includes
provisions concerning site selection, construction, operation, power development
and decommissioning of NPPs, with the focus on preventing radioactive pollu-
tion. Chapter VI deals with the control of radioactive waste and stipulates in § 43
that “High-level solid radioactive waste shall be disposed of in a centralized deep
geological disposal facility.” (NPC 2003). In addition, a number of regulations
(tiaoli) are relevant for the nuclear waste sector. These include:

o Supervision and management regulation for civil nuclear safety (issued
by the State Council in 1986) which stipulates that the National Nuclear
Safety Administration (NNSA) is the responsible institution for safety
supervision.

e  The Regulations for the safe transport of radioactive materials issued by
the State Council in 2010 refer to the transport of radioactive substances
in special containers (Mu et al. 2015: 167).

o The Regulations for nuclear waste safety management were issued by
the State Council in December 2011 in the aftermath of the Fukushima
accident and have been effective since March 2012. As §3 stipulates, the
regulations apply to reprocessing, interim storage and final disposal of
radioactive waste. Chapter 2 §10-9 deals with processing and storage of
radioactive waste. Chapter 3 §20-27 deals with final disposal. §22 stip-
ulates the procedure for HLW disposal (including screening, URL con-
struction, site selection and construction of the final repository). §23, 3
requires that a HLW repository shall guarantee a safe disposal for at least
10,000 years. Operators of HLW repositories shall have a registered cap-
ital of no less than 100 million RMB (§23,4).

e Regulations on Nuclear Power Accident Emergency Management (un-
der revision).

The State Council’s regulations are complemented by a series of management
regulations (HAF series) and technical guidelines (HAD series) issued by minis-
tries and state commissions in charge of these issues. These include:

e Management regulation on radioactive waste supervision (HAF401) is-
sued by NNSA.

e (lassification of Radioactive Waste (GB9133-1995).
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o Measures on Management of Permits for Storage and Disposal of Radi-
oactive Solid Waste (issued by MEP 2014). Measures are formulated to
enhance supervision and management of storage and disposal of radio-
active solid waste and regulating permits for storage and disposal of ra-
dioactive waste.

e Provisional Measures for Management of Funds for Treatment and Dis-
posal of Used Fuel from Nuclear Power Plants issued by the Ministry of
Finance, NDRC, Ministry for Industry and Information in 2010. Docu-
ment No. 58 regulates the collection and standards for collecting funds.
It stipulates a levy of CNY 0,026/KWh to be used as a fund to finance
reprocessing and disposal of used fuel (Ministry of Finance 2010).

e The 2006 R&D Guidelines for Geological Disposal of HLW (issued by
CAEA, Commission for Science, Technology and Industry of National
Defense, Ministry of Science & Technology, Ministry of Environmental
Protection, Ministry of Finance) includes the target to build a HLW re-
pository by 2050.

e  The Guidelines for Site Preselection for a Geological HLW Repository
(issued in 2006 by the Commission of Science, Technology and Industry
for National Defense) provide selection criteria for a possible site such
as no permanent residents, arid climate and a granite site in a northwest
region (Yuan et al 2015: 483).

e Management Regulation for Safety Supervision of Nuclear Equipment of
the National Defense Industry issued in 1999 by the Commission of Sci-
ence, Technology and Industry for National Defense); it regulates the
disposal of HLW from decommissioned military equipment.

e Technical guideline for the site selection of a geological repository for
radioactive waste issued in 1998 by the National Nuclear Safety Admin-
istration.

e Regulation for management of nuclear waste issued by the National Ad-
ministration for Technical Supervision in 2002.

o Guideline for Selection for a HLW geological disposal HAD 401/06, is-
sued in 2013 by the NNSA. Defines targets, procedures and principles
for the site selection.
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3.2 The institutional framework
The institutional framework for nuclear waste management in China is a complex

and fragmented structure with overlapping responsibilities. Several institutions
associated with different government entities are involved in the process.

Table 5:  Institutions in Charge of Nuclear Waste Management

State Council

NDRC Ministry of |SASAC MEP National Ministry of |Ministry for
Industry and Commission |Finance Public Secu-
Information for Science, rity
Technology,
Industry for
National De-
fense
NEA CAEA CNNC NNSA
ERI BRIUG NINT
CIAE
CIRP
CNPE
BINE

Planning and [Planning of |Siting design [Supervision |Decommis- | Collection |Emergency
implementa- |technical as- |construction, |and admin- [sioning of  |and manage- |response
tion nuclear |pects of the [commission- |istration of |military fa- |ment of

o . - Safety of nu-
power within |nuclear fuel |[ing, opera- |nuclear and |cilities funds for nu- clear}:vas te
the energy  |cycle tion of spent |radiation S . clear waste

I . creening of transports
sector fuel facilities |safety in- management

Al 1 of Aqish
Rg[go;rao_o and nuclear |cluding poli- dishan

granite site and disposal

grams for waste dis-  |cies, regula-
spent fuel posal. tions.
management |Screening of [EIA

Draft of rele- Belshan .

vant regula- granite site

tions and (BRIUG)

standards. R&D radio-

Responsibil- nuclide mi-

ity for nu- gration and

waste forms

clear security (CIAE)

International
cooperation
(for example
IAEA)
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The National Energy Administration (NEA) under the National Development and
Reform Commission (NDRC) is in charge of planning and implementation of the
nuclear power sector. NDRC and NEA, as well as the Energy Research Institute
under NDRC, have been strong supporters of rapid nuclear development.

The National Nuclear Safety Administration (NNSA) under MEP is the
regulatory authority in charge of approval and safety supervision of nuclear waste
management. MEP/NNSA headquarter is in Beijing; in addition there are six
regional offices in Shanghai, Shenzhen, Chengdu, Beijing, Lanzhou and Dalian,
which are responsible for monitoring nuclear facilities within their respective
regions. In 2012, in the aftermath of Fukushima, NNSA became the key nuclear
safety authority which licenses, regulates and supervises civil nuclear facilities.
In the same year, the staff size was expanded from 300 to 1200 employees.
Relative to the gravity of its responsibilities, the authority is nevertheless still
understaffed and remains financially dependent on MEP. In the past, MEP
officials have criticized the speed of China’s nuclear development and warned of
bottlenecks such as the lack of trained personnel.

The China Atomic Energy Agency (CAEA) under the Ministry of Industry
and Information Technology is in theory in charge of project control, fiscal
approval and management of R&D programs for spent fuel management and
formulation of relevant regulations and standards. In practice, CAEA’s major task
is the promotion of the bilateral and multilateral cooperation between the Chinese
nuclear industry and international organisations (for example, the IAEA).

The key player in siting, design, construction, commissioning, operation and
decommissioning of spent fuel facilities is the China National Nuclear
Corporation (CNNC), which emerged from the former Ministry of Nuclear
Industry.® CNNC is a state owned company under the State Owned Assets
Supervision and Administration Commission (SASAC) with directors directly
appointed by the State Council. It is an industrial conglomerate of more than 100
enterprises and institutes. The following CNNC subsidiaries are directly involved
in nuclear waste management: the Beijing Research Institute of Uranium Geology
(BRIUG) is in charge of site investigation, evaluation and screening of the
Beishan granite site; the China Institute of Atomic Energy (CIAE) focuses on
radionuclide migration studies and waste forms; the China Institute for Radiation
Protection (CIRP) is responsible for safety assessment; and the China Nuclear
Power Engineering Company (CNPE) and the Beijing Institute of Nuclear
Engineering (BINE) work on engineering design. The Sichuan Environmental

8 CNNC emerged in 1989 from the former Ministry of Nuclear Industry (MIN), which had been
established in 1982 as a successor to the Second Ministry for Machine Building. The restruc-
turing marks the transition from military use to a combination of military and civilian uses and
the conversion of former military facilities into facilities for the civilian nuclear industry.
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Engineering Company, an entity of CNNC, which emerged from the decom-
missioned Guangyuan nuclear complex in Sichuan, specialises in decommis-
sioning military nuclear facilities, nuclear waste management and related
research.

In addition, the State Administration of Science, Technology and Industry for
National Defense under the Ministry of Industry and Information oversees the
safety of nuclear materials related to defense and handling of nuclear accidents.
The Northwest Institute of Nuclear Technology (NINT) in Xian, which is attached
to the National Commission for Science, Technology and Industry of National
Defense, is surveying the potential HLW disposal site at Aqishan in Xinjiang
province.

4 Siting procedures

Site selection for a deep geological HLW repository was divided into four stages:
a nationwide screening, a regional screening, an area screening and site confir-
mation. To date, the first two stages have been completed and the third is in pro-
gress. A final site confirmation for HLW repository construction is still pending.

The nationwide screening was conducted between 1985 and 1986 and
included potential sites in Northwestern China, Inner Mongolia, Eastern China
and southern China (see Map Wang 2007). According to Wang et al. (2006), the
screening included criteria such as socio-economic and natural factors, i.e.
economic potential, biodiversity, mineral resources, land use, local public
attitude, and geological and hydrological conditions as well as engineering condi-
tions (Wang et al. 2006: 57). Wang Ju, program leader and vice-president of
BRIUG, and some of his colleagues who participated in the screening process and
site selection have regularly reported about the state of research on China’s HLW
repository project at international conferences and have published the results in
Chinese and international scientific journals.

Based on the nationwide screening between 1986 and 1989, a regional
screening has been conducted at 21 potential sites, among which the Beishan area
in North-Western China has been identified as the most promising. The available
reports do not provide details about progress in decision making and how, for
example, attitudes of local people have been assessed.

Since 1990, the area screening has concentrated on the Beishan area. Three
potential granite sites have been surveyed for crust stability, tectonic evolution
and lithological and geophysical properties by BRIUG scientists. Since 2012, the
North-West Institute for Nuclear Technology (NINT) has conducted surveys at a
granite site in the Aqishan area in Xinjiang province.
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4.1 Procedures and criteria for site selection

Since the early 1990s, the BRIUG has conducted feasibility studies for building
a generic URL. In the early phase, two sites (Yangfang, Changping county and
Shihuyu, Huairou county) in the Beijing area were selected. However, the project
to build an URL in the suburbs of Beijing was suspended in 1995 (Wang 2014:
103).

In 2011, CAEA and MEP approved the Beishan area as a priority site for a
generic or an area-specific URL in the near future and for construction of China’s
HLW repository (Wang 2014: 103).°

Site No. 1: The Beishan area in Gansu province

The Beishan area is located in Gansu province, Jiuquan prefecture, near Yumen
city (40.6 N, 97.2 E). The rocky terrain has an elevation between 1,400 and
2,000 m above sea level. Seismic intensity is low; no earthquakes of a magnitude
greater than 4.75 have been recorded in the area (Wang 2014: 103). The climate
is arid with an average precipitation of 70 mm/a and average evaporation of 3000
mm/a. Year-round surface water does not exist and the area lacks groundwater
resources. Due to geophysical conditions and water scarcity, the area is sparsely
populated. There is no agriculture and only limited grazing activities. It is,
however, easily accessible for transportation.

Since 1999 and with assistance from the IAEA technical cooperation
projects (CPR/9/026, CPR/4/024 and CPR/3/008), scientists of BRIUG have
conducted geological, hydrological and geophysical surveys, including studies on
seismic safety, future climate changes and future geological environment changes
(Wang 2010: 2). Eight granite sites in the area with different characteristics have
been screened. Of these, the three sites Jiujing, (monzonitic and tonalite)
Xinchang-Xiangyanshan (diorite and granite) and Yemaquan (diorite) have been
identified as the highest potential for an URL and a HLW repository. Between
1999 and 2013, eleven deep boreholes and eight shallow boreholes were drilled
(BS01-BS19) at the three sites and injection tests, water sampling and geo-stress
tests have been conducted (Wang 2014: 103). Tests proved that the boreholes sites
have extremely low permeability. Wang (2014: 104) expects that the site for the
URL will be determined between 2017 and 2020. As the construction of the URL
will need an additional 3-5 years, China’s first URL for geological disposal of
HLW may start operation between 2020 and 2025 if everything runs smoothly. In

9 The character of the facility will depend on the final decision for the location of the HLW re-
pository.
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2014, the TAEA approved the technical cooperation project CPR9045
“Supporting the Investigations on Design and Construction of the Underground
Research Laboratories, and the Long Term Performance of the Buffer Material
for Disposal of High Level Radioactive Waste” (IAEA 2015).

Site No. 2: The Aqishan area in Xinjiang

For many years, the Beishan area in Gansu was the only potential site discussed
for a HLW deep geological disposal facility. Since 2012, however, scientists of
the North-West Institute for Nuclear Technology (NINT) have conducted
screening at a second candidate site in Xinjiang Uygur Autonomous Region. The
survey is possibly being conducted as a reference for Beishan, since according to
the Guideline for Selection for a HLW geological repository (2013) surveys at
two alternative sites are required.

The site is located in the Aqishan area, 160 km south of Turfan city. It is
located at 42 N and 90’15 E, not too far from the former nuclear testing site of
Lop Nor, 41°30°N, 88°30 ° E, a 100,000 km? off-limits zone where, between 1969
and 1996, 22 underground tests were conducted. The Aqishan area has a flat
terrain and the climate is arid, with precipitation less than 60 mm/a and an average
evaporation of 2250-2900 mm/a. There are no permanent residents in the area,
but it is accessible for vehicles via a Class III highway. NINT’s survey focuses
on the Xianshuigou granite pluton, an area of approximate 300 km?. So far, a
geological survey including remote sensing, aeromagnetic interpretation and a
field survey has been conducted. The site in question is a granite batholith site
with a thickness of one thousand meters. According to NINT, it is suitable for
HLW disposal (Yuan et al. 2015: 483; Map of the Aqishan site: Yuan et al. 2015:
485).

Research on the technical design of the repository

The preliminary design of the repository,!® a shaft tunnel-system in a granite site,
includes natural barriers and an engineered barriers system of vitrified waste,
waste canisters, buffer materials, backfill and seals. Gaomiaozi Bentonite from a
large deposit in Inner Mongolia has been identified as the most suitable buffer
and backfill material (Wang 2010: 8). In 2010, a mock-up facility was constructed
in the BRIUG laboratory in Beijing to study the behaviour of the Gaomiaozi
bentonite under coupled thermos-hydro-mechanical conditions (Wang et al. 2011;

10 See Zhou 2013: 10 for a sketch of the repository.
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Liu et al. 2014). Since 2004 China has participated in international research pro-
jects concerning technical issues, including on buffer/backfilled material initiated
by TAEA, as well as research between China and France. Since 2010 BRIUG is
partnering with 15 European organizations in the 7" EURARTOM project PEBS
(Long-term-Performance of Engineered Barrier Systems, a project to evaluate
sealing and barrier performance of clay-based EBS). (People’s Republic of China
2014, PEBS-EU 2014) In addition, China cooperates with the United States on
underground laboratory based studies.

5 Information and participation

Technical information about R&D for potential sites is available through
scientific publications and also distributed via the participation of Chinese
scientists in international workshops and conferences. Legal regulations and
guidelines are published on the websites of the respective government authorities.

In the aftermath of the Fukushima accident, nuclear safety issues have to
some extent been discussed in the Chinese media. In April 2011, MEP/NNSA
issued a Notification on Enhancing NPP’s Nuclear and Radiation Safety Infor-
mation Disclosure and Regulation (trial) and the Information Disclosure Plan on
Nuclear and Radiation Safety Regulations According to China’s Report for the
Joint Convention the 2013 MEP/NNSA Guidelines on Government Information
Publicity for Environmental Impact Assessment of Construction Projects also
apply for nuclear projects. Applicants must disclose full text project information
and MEP/NNSA should make the information on the environmental impact
assessment statement available to the public (People’s Republic of China 2014:
103). In recent years civil protests against nuclear power plants, a planned enrich-
ment and fuel fabrication facility in Jiangmen in Guangdong province and a
reprocessing facility in Lianyungang, Jiangsu province have been reported.
However, there is almost no information available in the public media about
issues related to reprocessing, decommissioning of nuclear facilities and a final
disposal for nuclear waste. Therefore, these aspects have not played a significant
role in the public debate on nuclear energy. In the relevant legal regulations,
guidelines for information and public participation are missing.

6 Costs and financing

According to China’s Joint Convention report the operators of nuclear facilities
shall bear all costs related to nuclear safety, spent fuel management and nuclear
waste management. (The People’ Republic of China 2014: 44). Detailed
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information on expected costs and financing of nuclear waste management
however is sparse. Pan (2013) provides a rough calculation for the 58 GW NPPs,
which are scheduled to start operation by 2020 and will have produced 82630
tHM of spent fuel by 2050. The costs for 82630 tHM of spent fuel (not including
treatment) are estimated at 134 billion RMB!!, equal to 1.25 per cent of revenue
from electricity fees. Every 1 GW NPP built after 2020 will have a life cycle of
60 years and produce 1320 tHM of spent fuel. Disposal costs are calculated with
2.4 billion RMB per NPP unit. Required R&D costs for site selection of a geo-
logical HLW repository are estimated at 1.34 billion RMB. The construction of
the URL will cost about 400-500 million RMB. If the construction of the URL is
to be realised by 2020, an annual investment of 100 to 150 million RMB in R&D
is required (Pan 2013: 195). According to Pan, however, actual funding is much
lower and far from sufficient. He proposes that the government increases
investment in nuclear waste treatment, especially since disposal also includes
nuclear waste from decommissioned military facilities. The nuclear power indus-
try should cover the remaining costs through the instalment of a waste
management fund, which is compiled of a levy of 0,026 CNY/kWh from the
electricity fee. It is suggested that of these, 0.005 RMB or 1.25 percent of the
electricity fee should be used to cover the costs of deep geological disposal.

7  Conclusions

From the start of its civilian nuclear power program in the mid-1980s, China has
pursued a R&D program for a final HLW repository. Since the 1990s, Chinese
officials have essentially agreed that the final repository should be built in an
uninhabited or sparsely populated Gobi area in North-Western China. Whereas
for many years, research concentrated on the Beishan granite site in Gansu
Province, since 2012 additional screening has been conducted near the former
nuclear weapon test site in Xinjiang Uighur Autonomous Region. The original
proposed schedule has already been delayed by more than 10 years, because of a
lack of funding and a controversial debate over whether China should opt for a
closed nuclear cycle based on reprocessing, MOX fuel fabrication and fast
neutron reactors or a PWR based “once through” strategy. As recently plans for
construction of a commercial reprocessing facility, MOX fuel fabrication and a
commercial fast neutron reactor were postponed indefinitely, the management of
the accumulating amounts of spent fuel is becoming an urgent issue. With onsite
storage pools reaching their storage capacity, from 2020 onward China will need

11 1RMB=0.154 US $ or 0.128 Euro (31 December 2017).
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more facilities for transport of spent fuel casks and will have to expand offsite
interim storage facilities. Overland transportation of spent fuel from the NPPs in
East China over a distance of roughly 4,000 km to designated interim storage
facilities and final repository in North-West China seems to be the bottleneck in
China’s nuclear waste management strategy. In recent years, China has issued a
number of laws, regulations and technical guidelines relevant for nuclear waste
management; however, existing legislation remains fragmented and unsystematic
as China lacks a comprehensive National Atomic Law that regulates the obli-
gation for NPP operators to treat and dispose of nuclear waste. A similar critique
can be made of the institutional framework. Although China’s civil nuclear
industry emerged from the military complex, it is not clear whether the civil and
the defense sector cooperate in the treatment of spent fuel and nuclear waste
management or if the defense sector is going to maintain separate facilities.
Information on financial and socio-economic impacts of nuclear waste manage-
ment is not transparent. Although the Fukushima accident recently prompted
some public debate over nuclear safety, the issues of cost and the safety of nuclear
waste management remain on the sidelines.
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Abstract

Over the past ten years, the Russian nuclear industry has undergone a profound
reorganisation. In the course of this development, radioactive waste management
has received substantial attention. The Russian Federation has formed a
regulatory base in order to define radioactive waste and provide solutions for its
disposal. The selected approach includes near-surface disposal and storage of
radioactive waste in deep geological formations. Apart from the development of
a necessary infrastructure, increased reprocessing of spent nuclear fuel and the
development of a closed fuel cycle shall provide answers to the pressing issue of
radioactive waste disposal. The guiding principle in restructuring the nuclear
complex was not to increase democratic control or ecological standards, but to
adjust Russia’s nuclear industry according to the demands of a market economy.
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1 Introduction

In 2009, the Russian government adopted the so-called Energy Strategy 2030.
This paper evaluates the development of domestic energy consumption and
supply through 2009. Focusing almost exclusively on fossil fuels (oil, gas and
coal) and nuclear energy, Energy Strategy 2030 reinforces the dominant position
of “traditional” energy sources in Russia. Special attention is paid to the develop-
ment of the nuclear complex. A stated goal is to consolidate the global position
of the nuclear complex and increase its significance in the domestic energy supply
(Ministry of Energy of the Russian Federation 2010).

The target is defined even more precisely in the federal program, New-
generation nuclear energy technologies for the period 2010-2015 and up to 2020.
The explicit goal is to develop fast neutron reactors with a closed fuel cycle in
order to meet the expected increase in domestic energy consumption. At the same
time, the program mentions four challenges facing the Russian nuclear complex:
ineffective utilisation of uranium; a decline in scientific knowledge and potential;
reduced competitiveness in the production of nuclear energy on the world-market;
and the high and increasing amount of spent-nuclear fuel and nuclear waste
(Kurchatovskij Institut and Rosatom 2009).

The acknowledgement that the amount of spent-nuclear fuel and radioactive
waste poses a relevant and increasing problem might appear to be a sign of
progress. Previously, and especially in the 1990s, Russian governments tended to
neglect or downplay the issue of radioactive waste. However, when considered in
the broader context of the nuclear industry’s growth trajectory, it is clear that this
is a response to corporate rather than safety or environmental concerns. Specifi-
cally, the effort to establish the state atomic energy corporation Rosatom as a
global player satisfying demand in every stage of the nuclear cycle (mining and
enrichment of uranium ore, construction and maintenance of nuclear power
plants, radioactive waste and spent nuclear fuel management) and demonstrate
the future viability of the industry demands answers to the pressing issue of
radioactive waste. A closed cycle allows reprocessing of spent nuclear fuel, which
seemingly avoids the unresolved question of its eventual disposal. Such a position
has been expressed by Denis Kozyrev, former CEO of FSUE, Enterprise for
Radioactive Waste Management RosRAO, which is a subsidiary company of
Rosatom and responsible for nuclear waste disposal in Russia: “The foundation
of an effective system [...] for nuclear waste disposal is a fundamental require-
ment for the advancement of nuclear energy and industry” (Kozyrev 2009)
[translation F.J.].

Following the definition of Brunnengriaber and Mez (2016: 290), the term
nuclear complex describes the shifting interlinkages among economic, political,
scientific and military-industrial interests in Russia. A key feature of the nuclear
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complex is its non-transparent structure which impedes democratic control. The
term also encompasses the reorganisation of the nuclear sector according to the
demands of a market economy. With regard to radioactive waste management,
newly introduced criteria such as cost-efficiency, profitability and global compe-
titiveness indicate the valorisation of radioactive waste (tariff-system) and spent
nuclear fuel (reprocessing, fuel bank). Both radioactive waste and spent nuclear
fuel are transformed into commodified goods meaning that they are made
exchangable through the market. The “marketization of radioactive waste
management” is seen as a key solution to the unresolved question of radioactive
waste disposal in Russia.

2 Nuclear waste disposal in Russia
2.1 Historical background

Despite the recent acknowledgement of the problem, nuclear waste disposal in
the Russian Federation is not a new challenge. In fact, it has been an unresolved
question since the foundation of the nuclear complex in the Soviet Union.
Originally designed for military purposes (production of nuclear weapons,
nuclear-powered ships, etc.), the nuclear industry was closely connected to the
military-industrial complex and thus subject to secrecy. The subsequent expan-
sion of nuclear industries into the civil sector (energy supply) increased the
amount of nuclear waste. However, the non-transparent structure of the nuclear
complex impedes valid conclusions concerning precise volumes of radioactive
waste in the USSR and Russia.

Maintaining a clear priority to build-up its nuclear potential, the Soviet
Union paid less attention to safe utilisation and disposal of spent nuclear fuel and
radioactive waste. A clear juridical base regulating the use of atomic energy did
not exist. In fact, radioactive waste was regarded as something of secondary
importance (Muratov and Tichonov 2015). Moreover, the high degree of secrecy
and a lack of scientific knowledge impeded research on the impact of nuclear
technology on human beings and the natural environment (ibid.). Because of
nuclear weapon tests and contained nuclear explosions, the nuclear industry is to
be held responsible for radioactive contamination of entire areas, e.g. Novaya
Zemlya, an archipelago in the Arctic Ocean in northern Russia. Accidents in
nuclear power plants (Belogorsk, Chernobyl, Leningrad) contributed to the
contamination of inhabited areas. Although Belarus and the Ukraine carry the
heaviest burden from the reactor explosion in Chernobyl, a recent study by the
Russian Academy of Science (RAN) confirmed persistent environmental damage
in Russia as well (Puchkov and Bol’shkov 2016). Regarding radioactive
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contamination, several accidents at the Mayak Production Association (PA),
which houses plutonium production reactors and a reprocessing plant, had even
more devastating effects (IBRAE RAN 2006). Finally, disposal of radioactive
waste in the Barents Sea and the Kara Sea is expected to lead to unpredictable
long-term effects on the environment and human health. From 1959-1991, appro-
ximately 17,000 containers with radioactive waste and spent nuclear fuel were
dumped into the sea offshore Novaya Zemlya. In addition, 12 nuclear-powered
submarines and three nuclear-powered ice-breakers were sunk in the sea
(Kronfeld-Goharani 1999: 26-27). According to a study by the Norwegian
Ministry of Environment conducted in 1995, 16 nuclear reactors, which included
six nuclear fuel elements, were sunk in the Kara Sea (ibid.).

With the dissolution of the Soviet Union, Russia inherited one of the biggest
nuclear industries in the world along with the problem of radioactive waste
disposal. The Russian government focused on the implementation of market
reforms through so-called “shock-therapy”. Following the dissolution of the
USSR, price controls were lifted immediately, foreign trade was extensively
liberalised and the development of a private financial sector was facilitated
(Pomer and Klein 2001). According to the sociologist Nataliya Tichonova (2011),
about one third of the Russian population became impoverished as a direct
consequence of the economic transformation. The extent of the economic decline
has been illustrated by the economist Jospeh Stiglitz, who observes that the
Russian economy (measured in terms of GDP) suffered greater losses during this
time than it did during the second world war (Stiglitz 2002). Against the backdrop
of this comprehensive societal transformation, the state seemed unable to tackle
the question of nuclear waste disposal. In fact, dissolving state structures and an
ambiguous legal situation generated new problems. At the Kola peninsula in
Northwest Russia, discharged nuclear-powered ships and submarines were not
stored according to proper safety requirements (Kronfeld-Goharani 1999).
Budget constraints in the military sector exacerbated the shortage of funds for
necessary transport of radioactive waste and spent nuclear fuel as well as the
construction of interim storage facilities (ibid.: 31). The following graph gives an
overview on the accumulated amount of radioactive waste in Russia in the 1990s.
The data was gathered in the course of the RADLEG? international research
project.

2 The International Science and Technology Center (ISTC) in Moscow, the Russian Ministry for
Atomic Energy (Minatom), the Russian Academy of Science and the Kurchatov Institute con-
ducted extensive research on radioactive waste in Russia in cooperation with the Institute for
Applied System Analysis (IIASA) in Laxenburg, Austria. The latter analysed the nuclear herit-
age of the Soviet Union in the course of the scientific project “Radiation Safety of the Bio-
sphere” (Kronfeld-Goharani 2002: 9).
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Table 1:  Amount of radioactive waste stemming from the civil and military
sector (01.01.1996)

Responsibility Fluid Radioactive | Solid Radioactive | Spent Nuclear
Waste Waste Fuel
m’ Bq m’ Bq Ton Bq
Minatom (Uranium industry, nu- 4,0-10% | 6,3-10" [2,2-10%]| 8,1-10'® | 8700 | 1,7-10%
clear fuel manufacturing, nuclear
power plants, reprocessing, nuclear
weapons material)
m? Bq m’ Bq Ton Bq
Ministry of Defence (Navy) 1,4-10* | 4,4-10"% [1,3-10*| 3,0-10" | 30 |5,6-10"
Civil nuclear-powered ships and
nuclear-powered submarines
Ministry of Economics 3,2:10° 1,8-10" [1,5-10° | 3,7-10" - -
Construction, maintenance and re-
pair of nuclear-powered ships
Ministry of Transport 44-10> | 5,5-10" |7,3-10%] 3,7-10" 10 1,7-10'%
Nuclear ice-breaker fleet
Federal State Unitary Enterprise - - 2,0-10° | 7,8-10" - -
RADON
Storage of radioactive waste from
medicine, science, research and in-
dustry
Total 4,1-10% 6,3-10" [2,3-10%| 8,2-10'® | 8740 | 2,3-10%°

Source: Kronfeld-Goharani 2002: 8

2.2 The national inventory
2.2.1 Radioactive waste management

The federal law Ne 170-FZ On the Use of Atomic Energy adopted on November
21, 1995, defines radioactive waste as material and substances for which no future
use is foreseen. This includes equipment and goods (including spent ionising
radiation sources) containing radionuclides at concentrations greater than
clearance levels established by the Russian government (Rosatom, IBRAE RAN
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and FBI “SEC NRS” 2014: 21). Although the aforementioned law still provides
a regulatory base, further amendments have specified nuclear waste governance,
e.g. the federal law Ne 190-FZ On Radioactive Waste Management and
Amendments to Certain Legislative Acts of the Russian Federation (henceforth,
On Radioactive Waste Management) (adopted in July 2011). For a more detailed
discussion on the legal framework, see 3.1. The adoption of the law On
Radioactive Waste Management has enabled a process of initial registration of
nuclear waste, e.g. providing data on quantitative characteristics of waste.
Moreover, various types of waste (removable or special) and types of (possible)
storage facilities exist: temporary storage facility, long-term storage facility,
facility holding special radioactive waste, conservation facility for special
radioactive waste, and radioactive waste disposal facility.

There are multiple sources, which offer different estimates of the total
amount of radioactive waste in Russia. In the fourth national report on the safety
of spent fuel management and the safety of radioactive waste management,
Rosatom and the Nuclear Safety Institute of the Russian Academy of Science
(IBRAE) (2014) state the total volume of accumulated liquid radioactive waste as
489.6 million m*® (4.2-1019 Bq) and the total volume of accumulated solid
radioactive waste as 90.4 million tons (4.7-1019 Bq). The annual generation of
solid radioactive waste amounts to 1.2 million m?® with a total activity of 4.0-1018
Bq although a 13 percent reduction by volume and 2.4 times reduction in activity
as compared to the 2010 inventory is emphasised. Uranium mining contributed
more than any other branch to the generation of solid radioactive waste. In fact,
the uranium mining company Priargunsky Industrial Mining and Chemical Union
(PIMCU) accounted for more than 98 percent of total waste generation by volume
(1.18 million tons) with an activity of 8.9-1018 Bq. The principle source of high-
level solid radioactive waste generation represents spent nuclear fuel repro-
cessing. In the PA Mayak about 1250 tons of high-level, intermediate-level and
low-level solid radioactive waste with a total activity of about 4-1018 Bq were
generated. In the year 2013, nuclear power plants produced more than 3000 tons
of solid radioactive waste with a total activity of 8.0-1015 Bq, whereas uranium
treatment and enrichment and fabrication of nuclear fuel contributed 45 percent
to the total volume of solid radioactive waste (except PIMCU) with a total activity
of 6.3-1015 Bq. The generation of the remaining amount of solid radioactive
waste with an activity of 0.5-1018 Bq is not further specified in the report. With
regard to liquid radioactive waste an amount of 1.88 million m*® with a total
activity of 1.7-1018 Bq was generated. Approximately 3500 m*® of liquid
radioactive waste with a total activity of 7.5-1013 Bq was produced in nuclear
power plants. Additionally, the joint stock company «State Research Centre of
the Russian Federation - Research Institute of Atomic Reactorsy (JSC “SRC
RIAR”) was responsible for 61,700 m* of liquid radioactive waste with a total
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activity of 4.2-1014 Bq (Rosatom, IBRAE RAN and FBI “SEC NRS” 2014: 28-
29 and 136).

In contrast to the numbers presented by Rosatom and the Russian Academy
of Science, a joint report of the Organisation for Economic Co-operation and
Development (OECD) and the Nuclear Energy Agency (NEA) published in 2014
presents a different set of data. According to their survey, the total volume of
accumulated liquid radioactive waste is 486 million m* (4.27-1019 Bq) and 87
million tons (3.59-1019 Bq). In addition, the annual generation of radioactive
waste is higher than in the aforementioned report (liquid radioactive waste: 2.05
million m?; solid radioactive waste: 1.4 million. tons) (NEA 2014: 2-3). Finally,
a report published by the international NGO-network «Decommission» states the
amount of liquid radioactive waste in Russia is about 500 million m® and the
amount of solid radioactive waste is 90.4 million tons (Talevlin et al. 2015: 6).
One reason explaining the different estimates on radioactive waste in Russia is
insufficient access to information. Another reason might be that sources are
valued differently leading to contradictory estimates on the total amount of
radioactive waste.

2.2.2  Spent nuclear fuel management

Spent nuclear fuel management is conducted in compliance with the federal law,
The Concept of Spent Nuclear Fuel Management of the State Atomic Energy
Corporation Rosatom, which was approved by decree Ne 721 on December 29,
2008. In contrast to radioactive waste, spent nuclear fuel is defined by the Russian
Federation as utilisable for reprocessing. Consequently, spent nuclear fuel is not
considered to be radioactive waste but rather a valued resource in the nuclear fuel
cycle. The core principle in the field of spent nuclear fuel management is “to
ensure ecologically sound management of fission products and to recycle the
recovered nuclear material into nuclear fuel cycle” (Rosatom, IBRAE RAN and
FBI “SEC NRS” 2014: 16). This statement clearly emphasises the Russian
nuclear complex’s approach towards spent nuclear fuel, promising an ecological
and safe solution to the unresolved issue of spent nuclear fuel management.
There are several sources that generate spent nuclear fuel, including nuclear-
powered ships (marine nuclear propulsion units), nuclear power plants, research
and foreign reactors. The transport and import of highly enriched spent nuclear
fuel from Soviet-built and Russian-built reactors for reprocessing is particularly
a matter of controversy and exacerbates the need to find sustainable and timely
solutions for the issue of spent nuclear fuel. So far, spent nuclear fuel has been
returned to Russia from Uzbekistan (2005-2006, 2012), the Czech Republic
(2007, 2013), Latvia (2008), Bulgaria (2008-2009), Hungary (2008, 2013),
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Kazakhstan (2009), Romania (2009), Libya (2009), Poland (2009-2010, 2012),
Belarus (2010), Ukraine (2010, 2012), Serbia (2010), and Vietnam (2013)
(Rosatom, IBRAE RAN and FBI “SEC NRS” 2014: 17).

As with radioactive waste, data regarding the volume of spent nuclear fuel
in the Russian Federation may differ substantially. Rosatom defines the quantity
of spent nuclear fuel at 21,361.714 m* (Rosatom, IBRAE RAN and FBI “SEC
NRS” 2014: 136). Muratov and Tichonov (2015) assess the amount of spent
nuclear fuel in Russia as slightly higher. According to their research, the
accumulated spent nuclear fuel is 21,714 m* and annual production amounts to
650 tons. The environmental NGO Bellona states that the amount of accumulated
spent nuclear fuel in the Russian Federation is even higher than the previous two
sources, at roughly 22,000 m? and an annual production of 850 tons. (Nikitin et
al. 2012: 57-58).

2.3 The (interim) storage sites

Previously, collection, (partial) processing and further storage of radioactive
waste were tasks performed by nuclear power plants and enterprises producing
nuclear fuel. In the course of the internationalisation efforts of Russia’s nuclear
complex, radioactive waste management and storage practices have been
reorganised and adjusted according to the Unified State System for Radioactive
Waste Management (USS RWM) (see 3.1). The significance of this reform is
emphasised by the state corporation Rosatom’s description of the successful
implementation of the USS RWM as a “priority task” in the field of radioactive
waste management (Rosatom, IBRAE RAN and FBI “SEC NRS” 2014: 20).
According to Rosatom, radioactive waste management shall be readjusted “in
order to arrange for and ensure safe and cost-effective management of waste”
(ibid.: 18).

Currently, radioactive waste is distributed among 120 enterprises located in
44 regions across the country. Combined, they own 830 storage facilities,
including sites for collection and/or temporary storage and three deep well
injection facilities for liquid radioactive waste disposal (ibid.: 29). Radioactive
waste with a volume greater than one thousand tons for solid radioactive waste
and one thousand m? for liquid radioactive waste is kept at 45 enterprises in 239
storage facilities (ibid.). In compliance with the law On Radioactive Waste
Management specialised organisations responsible for radioactive waste
management shall carry out necessary tasks, e.g. collection, segregation,
processing, conditioning, transportation and storage of radioactive waste. They
are also in charge of operation, decommissioning and closure of radioactive waste
storage facilities. Acting as the state authority for radioactive waste management,
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Rosatom has spurred a consolidation process in the field of specialised radioactive
waste management under the roof of its subsidiary RosRAO. This reorganisation
of radioactive waste management along new criteria, such as cost-efficiency,
indicates a commercialisation or marketisation of the sector (see 3.1).

With regard to spent nuclear fuel, Rosatom pursues a different strategy.
Based on the legal definition that spent nuclear fuel can be used for reprocessing,
each nuclear power plant must provide storage capacity for at least three years.’
Similar rules are applied to research reactors. Apart from interim storage at
operating nuclear power plants, there have been efforts to establish a centralised
spent nuclear fuel storage at two sites: the federal state unitary enterprise Mining
and Chemical Combine (FSUE “MCC”) and the PA Mayak.

The FSUE MCC was established in 1953 in Zheleznogorsk (previously
Krasnoyarsk-26), Krasnoyarsk Territory. Until 1995, the company was involved
in the production of weapons-grade plutonium. MCC'’s current activities include
storage of “wet” and “dry” spent nuclear fuel, including fuel from foreign reactors
(Bulgaria and Ukraine) (Nikitin et al. 2012: 58). Moreover, the combine provides
services for decommissioning defence facilities, as well as work related to the
start-up of a commercial mixed oxide fuel (MOX) fabrication facility.

Producing plutonium and warhead components, the PA Mayak played a
decisive part in the Soviet nuclear weapons program. In the 1980s, the facility
operated five plutonium production reactors, five trittum production reactors,
several reprocessing plants, and a plutonium metallurgy plant. According to a
report by the Norwegian Radiation Protection Authority, “(s)torage at Mayak PA
can be divided into storage of fissile and/or reactor-grade radioactive materials
and the storage of waste products, both “historical” from weapons production and
“contemporary” from reprocessing activities” (StralevernRapport 2006: 12). A
major portion of Russia’s radioactive waste and spent nuclear fuel is stored at the
facility. A centralised “wet” storage facility provides interim storage for spent
nuclear fuel designated for reprocessing (WWER-400, fast breeder reactor,
research reactors) and in the absence of respective reprocessing technologies such
fuel is currently not subjected to reprocessing (Rosatom, IBRAE RAN and FBI
“SEC NRS” 2014: 26). In fact, the reprocessing plant in Mayak (RT-1) is the only
one of its kind in the Russian Federation. Moreover, Mayak is one of the two
principal storage sites for highly enriched uranium (HEU) and plutonium
recovered from dismantled weapons (StrlevernRapport 2006: 12). A production

3 Sources differ regarding the period of temporary storage. Whereas most reports refer to a three-
year time period, the environmental NGO Bellona mentions there are temporary storage facili-
ties for at least ten years at every nuclear power plant with RBMK-reactors and the Novovoro-
nezh nuclear power plant (Nikitin et al. 2012: 57)
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facility for MOX fuel produces fuel for the BN-600 fast breeder reactor at
Beloyarsk.

The open-type joint stock company Siberian Chemical Combine (JSC
“SCC”) was established in 1953 in Tomsk-7, now known as Seversk. The SCC is
the second storage site for HEU and plutonium recovered from dismantled
weapons. Seversk is one of the largest sites storing low- and intermediate-level
wastes from reprocessing, with more than 30 million cubic meters stored via deep
well injection.

Finally, JSC “SRC RIAR” at Dimitrovgrad employs HEU-fueled research
reactors. RIAR carries out research related to the nuclear fuel cycle, particularly
fuel fabrication and reprocessing technologies, as well as radioactive waste
management.

2.4 The waste management strategy (with current waste disposal plan/
concept)

As the name suggests the strategic goal of the USS RWM is to establish a unified
state system for radioactive waste management. The implementation process
consists of several stages. During the first stage (2011-2015), the necessary
regulatory and procedural framework was developed. Moreover, the afore-
mentioned registration of radioactive waste in the Russian Federation was
initialised (see 2.2.1). With regard to disposal strategies, the main efforts are
targeted at disposal of low-level radioactive waste. According to Rosatom, a
priority is the conservation of near-surface low-level radioactive waste storage
facilities (storage facility B-9 at PA Mayak) and open storage basins (B354 at
FSUE “MCC”, and B-1 and B-2 at JSC “SCC”). In addition, attempts to establish
safe conditions at the highly polluted Techa Resovoir Cascade o at the PA Mayak
can be observed.

Another important undertaking is the commissioning of solid radioactive
waste processing complexes at Smolensk and Kola nuclear power plants.,
Processing facilities at the PA Mayak were expanded, including the construction
of a cementation complex for liquid and heterogeneous intermediate-level waste,
a purification facility for water containing intermediate-level waste and of a
treatment facility for low-level liquid radioactive waste. In addition, a new
electric furnace EP-500/5 for high-level radioactive waste vitrification
(vitrification capacity 3-1018 Bq per year) was commissioned (Rosatom, IBRAE
RAN and FBI “SEC NRS” 2014: 27).

With regard to centralised storage facilities at FSUE “MCC” and PA Mayak,
the plan mentions the following construction projects: a storage facility for
immobilised radioactive waste with a total capacity of 28,000 m* in FSUE
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“MCC”; a storage facility with a total capacity of 20,200 m® in Mayak;
reconstruction activities at five radioactive waste storage facilities in in FSUE
“MCC”, JSC “SCC”, JSC “SRC RIAR”; and the ship-repairing centre
Zvezdochka. Finally, it mentions the construction of a first section of a near-
surface disposal for solid radioactive waste with a total capacity of 23,500 m> at
the Ural Electrochemical Combine (JSC “UECC”) (Novouralsk, Sverdlovsk
Region) (ibid.: 30).

The second stage (2015-2018) aims at establishing a disposal system for low-
level and intermediate-level waste. This process involves decisions on the
construction of disposal facilities, which were approved in the first stage. Apart
from that, top-priority low-level and intermediate-level waste disposal facilities
shall be determined in order to proceed with construction as quickly as possible.

The final stage (2018-2021) aims at developing a disposal system for high-
level waste. This step involves the development of a necessary storage facility
infrastructure. Special attention is paid to the development of sites holding special
radioactive waste (see 4.1).

Although first steps towards the development of an appropriate infra-
structure can be observed, the current waste management strategy leaves
important questions unanswered. This is a particular concern regarding the
management of spent nuclear fuel. Assessing Rosatom’s nuclear fuel manage-
ment strategy, the environmental NGO Bellona critically concludes that there is
a missing “normative-judicial base [...] regulating the responsibility of the
producers of spent nuclear fuel and mechanisms for financial cooperation of the
involved actor” (Nikitin et al. 2012: 68). Thus, spent nuclear fuel management is
exclusively funded by the state.

3 The legal and institutional framework
3.1 The legal framework

The development of a unified system for radioactive waste and spent nuclear fuel
management began after the ratification of the Joint Convention on the Safety of
Spent Fuel Management and on the Safety of Radioactive Waste Management in
November 2005. Another important step was the adoption of the federal target
program, Nuclear and Radiation Safety in 2008 and for the period up to 2015, in
2007.

The juridical base for radioactive waste management in Russia was already
established with the adoption of the federal law Ne 170-FZ On the Use of Atomic
Energy on November 21, 1995. However, as it is limited to the civil sector of the
nuclear industry and therefore exercising no regulatory power over the military
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complex?, this law proved to be ineffective for tackling the issue of radioactive
waste. In the course of the reorganisation process of the nuclear sector, the law Ne
190-FZ On Radioactive Waste Management and Amendments to Certain Legis-
lative Acts of the Russian Federation was adopted and implemented several
changes. The law stresses the need for final storage of radioactive waste. Apart
from initialising a process of registration of nuclear waste (see 2.2.1) as a
precondition for final storage, it defines responsibilities and priorities regarding
radioactive waste, e.g. the contaminator’s obligation to pay for all costs and the
responsibility of the radioactive waste-producing body to guarantee safe waste
management during all stages until final storage. Finally, the law revised the
special status of the military complex by extending regulatory capacity to the
defence sector of the nuclear industry.

The outcome of the reform is rather ambiguous. The law enhances
possibilities to discuss radioactive waste management publicly because working
processes, such as mining of radioactive ore, sublimation and separation pro-
ductions, nuclear fuel manufacturing and spent nuclear fuel reprocessing,
operation of nuclear power plants and research facilities, and the decommis-
sioning of nuclear power facilities, are explicitly mentioned as generating
radioactive waste (see chapter 5). Moreover, the law has established and defined
duties and norms both of the state and Rosatom, e.g. infrastructure development.
At the same time, however, the law reinforces the non-transparent structure of the
nuclear complex by establishing a unitary atomic energy corporation (Rosatom).
In the absence of effective supervisory authorities, both transparency and
possibilities for participation of the population are restricted (see chapter 5).
Another distinctive outcome of the reorganisation of the nuclear complex is that
civil and military sectors are united under the umbrella of Rosatom, which grants
the corporation extraordinary powers and authority in the field of nuclear power
(see 3.2). Finally, these efforts to adjust the countries” regulatory base according
to international standards most certainly accelerates the internationalisation of the
nuclear complex.

A very sensitive issue is the import of spent nuclear fuel from foreign nuclear
power plants for reprocessing. Rosatom actively promotes global commercial
trade and storage of spent nuclear fuel in Russia as a part of its internationalisation
strategy. In negotiations for the construction of nuclear power plants, the state
corporation offers to guarantee supply of all fuel and repatriation of spent fuel for
the lifetime of the plant, leading to the acceptance of bids for construction in
Belarus (Schneider and Froggatt 2015: 46-47), Vietnam (ibid.: 53-54) and
Hungary (ibid.: 162-163).

4 The military complex covers areas, such as development, manufacturing, testing, operation and
utilisation of nuclear weapons and nuclear power units of military facilities.
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According to the federal law On Environmental Protection (Art. 48 and Art. 51)
and the federal law On Radioactive Waste Management (Art. 31), Russian
legislation prohibits the import of radioactive waste from foreign countries for the
purpose of storage, treatment, neutralisation or disposal (NEA 2014: 14). This
does not include the import of spent nuclear fuel for intermediate technological
storage and/or reprocessing. So far, Russia has imported spent nuclear fuel from
Soviet-built and Russian-built reactors (see 2.2.2). However, it appears that the
radioactive waste accumulated during reprocessing has not not returned to the
respective countries from where it originated (Talevlin et al. 2015: 7). Plans to
build another reprocessing plant (RT-2) in Zheleznogorsk and possible legislative
initiatives on processing of radioactive waste suggest an increase in imports of
spent nuclear fuel (Nikitin et al. 2012: 61-65).

The foundation of the joint stock company Angarsk International Uranium
Enrichment Centre (JSC Angarsk IUEC) in September 2007 confirms Rosatom’s
ambitions to provide assured supplies of low-enriched uranium for power reactors
to new nuclear power states. Therefore, IUEC will sell both enrichment services
(SWU) and enriched uranium. In order to assure fuel supply to countries without
their own fuel cycle facilities, Russia has even proposed to create an international
guaranteed reserve (fuel bank) of low-enriched uranium at the [IUEC at Angarsk,
which would be controlled by the International Atomic Energy Agency (IAEA).
Low-enriched uranium shall be available to any fully entitled IAEA member state
unable to procure fuel for political reasons. The fuel will be made available to
countries at market rates based on spot prices. However, foreign stakeholders will
not be granted access to the enrichment technology. Although foreign companies
will be allowed to acquire equity stakes, Russia will maintain majority
ownership.®

3.2 The institutional framework

Following the dissolution of the Soviet Union, all civil and military nuclear
activities were concentrated under the Ministry of Atomic Energy (Minatom). In
2004, the ministry was reorganised as the Federal Agency on Atomic Energy and
all properties and powers transferred. Finally, in 2007, the legal status of the
agency was changed into a state corporation and renamed Russian State Atomic
Energy Corporation (Rosatom).

5 Current stakeholders are: TVEL, a Rosatom subsidary, holding 70 percent, Kazatomprom 10
percent (Kazakhstan), Nuclear Fuel 10 percent (Ukraine), Armenian NPP 10 percent (Armenia).
Furthermore, negotiations on acquisition of shares with other countries have proceeded (e.g.
Bulgaria, Mongolia, Jordan, Vietnam, India). TVEL aims at holding eventually only 51 percent
of shares.
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The legal status of Rosatom is unique. According to Russian federal law, a state
corporation is officially a non-profit organisation entirely owned by the state.
For such a specific type of legal entity, different legislative norms are applied.
With the adoption of the law On the State Atomic Energy Corporation Rosatom
in December 2007, the state consolidated the entire atomic energy industry,
including defence enterprises, research facilities and corresponding budget funds
under Rosatom. This is confirmed by the Federal Law Ne 188-FZ On Amend-
ments to the Federal Law On the State Atomic Energy Corporation Rosatom and
Certain Legislative Acts of the Russian Federation adopted on July 2013.
Accordingly, Rosatom

exercises the functions of chief public funds controller, public funds recipient, chief
public funds administrator, public revenue administrator and state contracting author-
ity for long-term target programs, R&D and investment programs and projects, spe-
cial environmental programs for the remediation of radioactively contaminated sites,
multinational programs, the federal targeted investment program; it also places or-
ders, concludes state contracts for goods, services and works, execution of scientific-
technical, research and development, design and survey, and engineering activities
for state needs, as well as other civil-law contracts according to the procedure estab-
lished by the Russian legislation (Rosatom, IBRAE RAN and FBI “SEC NRS” 2014:
14).

From this, it is apparent that Rosatom has accumulated extraordinary powers.
State policies, legal and normative regulations and the provision of state services
are implemented by Rosatom. Moreover, the corporation manages state property
in the area of atomic energy use and is responsible for the development and safe
operation of atomic energy and nuclear weapons. The objective to develop the
nuclear weapons industry is especially controversial since different international
treaties signed by the Russian Federation (e.g. Strategic Arms Reduction Treaty,
START-1) aim at nuclear disarmament. Neither the government nor the parlia-
ment exercise direct control over state corporations. Both the director general and
all members of the supervisory board are directly appointed by the president. On
top of that, the legal form of a state corporation ensures Rosatom’s non-
transparent special status. In the event of bankruptcy, the usual legislative
procedure (insolvency proceedings) is not applied to state corporations. “The
creditors of the corporation do not have to give their consent to their claims being
transferred to a new organisation in case of corporate restructuring. Rosatom is
also excluded from obligations to make public its activities, expenditures or use

6 Apart from Rosatom, several other state corporations exist, e.g. Rostec or Vnesheconombank.
In the case of Rosatom, the corporation operates as a “federal nuclear organisation”.
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of property. The Director General also has the right to classify information as state
secrets, as provided by Russian Federal Law” (Greenpeace 2014: 12).

In the absence of effective external control mechanisms, Rosatom is obliged
to perform internal control functions over its subsidiary enterprises (NEA 2014:
15). According to the law On the State Atomic Energy Corporation Rosatom, the
state corporation issues licenses to organisations using nuclear material and
radioactive substances for defence purposes (Art. 8). Furthermore, the state
corporation develops and approves safety norms and rules for the use of nuclear
energy. However, this interferes with the controlling function of the Federal
Environmental, Technological and Nuclear Supervision Agency (Rostekh-
nadzor). Serving as the state’s supervisory authority on ecological, technological
and nuclear issues, Rostekhnadzor also performs normative regulatory functions
in the area of atomic energy.

With regard to radioactive waste management, the national operator deserves
special attention. The company is responsible for safe radioactive waste disposal
and management of the selected sites, including their final closure or the con-
struction of new sites. Furthermore, the scope of duties covers regular reports to
the state and the Russian population providing details on the expected amount of
radioactive waste for final disposal (Vakhrusheva 2016: 1).

3.3 Siting procedures
3.3.1 Procedures and criteria for site selection

The basic requirements for the creation of radioactive waste disposal facilities and
site selection are presented in the document NP-055-04 “Radioactive waste
disposal. Principles, criteria and basic safety requirements” (adopted in 2004).
The law defines disposal of radioactive waste as safe emplacement of radioactive
waste without intent of future retrieval (Gosnadzor 2004: 5). Furthermore, it
provides the framework for radioactive waste disposal in deep geological
formations located at depths of several hundred meters but also near-surface
disposal in structures located at surface level and/or depths from several meters
up to one hundred meters.

If a facility is fully equipped to guarantee the isolation of radioactive waste
from the environment during the period of its potential hazard, it qualifies as
radioactive waste disposal facility (Rosatom, IBRAE RAN and FBI “SEC NRS”
2014: 19). With regard to high-level waste, a facility holding special radioactive
waste may be defined as a conservation facility. Transforming a special
radioactive waste facility into a conservation facility implies a conversion of the
radioactive waste storage facility status. This process includes the fulfilment of
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safety requirements. The decision to transform a conservation facility for special
radioactive waste into a radioactive waste disposal facility is made by the
government upon recommendations of the state management authority in the field
of radioactive waste management, which is Rosatom (ibid.).

The law On Radioactive Waste Management has established a new classi-
fication system dividing radioactive waste into special and removable waste.
Furthermore, radioactive waste defined as removable waste is divided into six
classes according to its level of radioactivity. Therefore, each level is subject to
different disposal requirements.

Table 2:  Removable Radioactive Waste
Class | Waste Category Disposal Requirement
1 Solid high-level radioactive waste Final disposal in deep disposal facilities;
prior storage to reduce heat generation
2 Solid high-level and intermediate-level long- | Final disposal in deep disposal facilities;

lived radioactive waste containing

no prior storage to reduce heat generation

radionuclides with half-lives > 30 years

3 Solid intermediate-level long-lived
radioactive waste containing radionuclides
half-lives > 30 years

Final disposal in near-surface disposal
facilities (depth of up to 100 m.)

4 Solid low-level and very low-level Final disposal in near-surface disposal
radioactive waste facilities (ground level)

5 Liquid intermediate-level and low-level Final disposal in deep well injection
radioactive waste facilities

6 Radioactive waste generated in mining and Final disposal in near-surface disposal

processing of uranium ore and other activities | facilities
without use of nuclear energy, namely,
mining and reprocessing of mineral and
organic raw materials with high concentra-

tions of naturally occurring radionuclides
Source: Rosatom, IBRAE RAN and FBI «SEC NRS» 2014: 22-23

The order No 1/382-P, drafted in April 2013, defined a list of prospective sites in
Russia for further study and site selection for creation of radioactive waste
disposal facilities. So far, prospective sites in 18 regions of the country have been
selected for the creation of a radioactive waste disposal facility. A selected site
has to comply with the following conditions: cost-effectiveness; close proximity
to places generating and accumulating radioactive waste; and appropriate
geological characteristics (Talevlin et al. 2015: 7). The selection process has to
fulfil certain requirements, including public hearings for the population. Without
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the population’s formal consent and the agreement of regional administration, a
disposal site cannot be opened (see also 5).

3.3.2 Compensation mechanisms and socio-economic impact

Neither the federal government nor the state corporation Rosatom provide any
direct compensation to the population surrounding disposal sites. However,
regional governments have the option to introduce initiatives to stimulate socio-
economic development in selected regions. Due to the special risks of their
occupations, employees of state companies, such as Rosatom, and workers in
nuclear power plants or disposal facilities may be granted certain work-related
benefits, such as early retirement, extra payment and holidays and favourable
health insurance. The NGO-network, Decommission, urges that requirements for
radioactive waste disposal not only focus on safety issues but also consider
principles of sustainable regional development, fairness and environmental safety
(Talevlin et al. 2015: 12).

4 Information and participation

The federal law, On the Use of Atomic Energy, guarantees both citizens and
public associations the right to engage in the formation of certain policies in the
field of nuclear energy (Articles 13 and 14). Accordingly, both citizens and public
associations have the right to request and receive information concerning “the
safety of planned, designed, constructed, operated and decommissioned nuclear
installations, radiation sources and storage facilities” (Russian Federation 1995).
However, the legislative procedure often remains vague, leading to ambiguous
and sometimes even contradictory legal situations. On the one hand, the national
radiation monitoring system must provide information on radiation levels in a
given region (ibid.). On the other hand, a substantial share of information and
functions performed by Rostekhnadzor, the supervisory body authority on eco-
logical, technological and nuclear issues, are considered issues of national
security and treated as classified. Therefore, the OECD concludes in a report on
environmental policy in Russia that “complaints remain the main mechanisms of
public involvement in compliance monitoring” (OECD 2006: 43).

Article 14 stresses the right “to participate in discussions of draft legislative
acts and programs in the field of use of atomic energy, as well as in discussions
on the issues related to siting, design, construction, operation and decom-
missioning of nuclear installations, radiation sources and storage facilities”
(ibid.). However, the law lacks a clear formalised procedure of public parti-
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cipation at different stages of radioactive waste management. Apart from public
hearings, participatory elements are not mentioned. In a similar vein, the fourth
national report on the safety of spent fuel management and the safety of
radioactive waste management predominantly focuses on safety and licensing
requirements. Thus, safety issues have become a primary a concern of experts and
companies (Rosatom, IBRAE RAN and FBI “SEC NRS” 2014: 96-98). Licensing
of siting, construction, operation and decommissioning of spent-nuclear fuel and
radioactive waste storage facilities are carried out by Rostekhnadzor. Although
licensing activities shall not be granted without the formal consent of the
population, public associations and/or municipal authorities as voiced during
public hearings, the law does not specify sanctions in case this process is violated.
The national report, however, mentions public involvement in the decision-
making process only in regard to siting (ibid: 96). Moreover, the procedure for
public hearings and the decision-making process are not further specified. The
focus on expert knowledge and safety requirements indicates a rather technocratic
approach to regulating public participation in formalised procedures. Therefore,
the NGO-network Decommission demands that Russian citizens “living in the
area of long-term isolation of radioactive waste in accordance with the
Constitution must be able to take the final decision whether it is acceptable to
place such facilities there” (Talevlin et al. 2015: 12).

5 Costs and financing

Rosatom is directly funded by the state. However, the company restricts
information on the expected costs and sources of financing decommissioning of
old nuclear power plants and management of radioactive waste. Despite trans-
parency initiatives and the company’s obligation to disclose financial reports
listing both the results and efficiency of spending funds disbursed from the state
budget and other sources, these reports remain vague regarding the industry’s
economic situation (Andreev 2011: 6-7). This non-transparency is further upheld
by the law, On the State Corporation Rosatom., which stipulates that the federal
body exercising oversight over the fulfilment of the federal budget, the Accounts
Chamber of the Russian Federation, is restricted to performing external control
over Rosatom’s activities (ibid.: 6). Furthermore, audits of the corporation’s
“internal financial and economic operations, the efficiency of spending
government-allocated financial resources or those held in special reserve funds”
are carried out by Rosatom’s own Audit Committee (ibid.).

This makes providing data on costs and the financing of decommission
activities a great challenge. According to a Greenpeace report, in 2012 the
company received 2.97 billion Euro from the federal budget. The lion’s share was
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spent on the construction of new reactors in Russia (1.44 billion Euro) and
measures to improve radiation-protection (21.73 million Euro) (Greenpeace
2014: 13). This marked the first time in Soviet/Russian history, the development
of a sufficient infrastructure for radioactive waste management and spent nuclear
fuel including reprocessing, storage and transportation, was funded by the federal
government.” Regional budgetary funds, Rosatom funds, such as the special
reserve fund for decommissioning and radioactive waste disposal, and money
received from international cooperation contribute to financing activities in the
field of spent nuclear fuel and radioactive waste management and decom-
missioning. The special reserve fund was established to ensure nuclear safety and
cover costs associated with decommissioning activities. Aside from the state,
enterprises and organisations operating hazardous nuclear and radiation pro-
duction and facilities are major contributors to the fund (Rosatom, IBRAE RAN
and FBI “SEC NRS” 2014: 72).

A striking outcome of the reorganisation of the Russian nuclear complex is
the linking of radioactive waste management to profitability standards. In addition
to improving and guaranteeing safety standards, the fourth national report on the
safety of spent fuel management and the safety of radioactive waste management
explicitly stresses the development of “economic instruments to support decom-
missioning activities with due regard to social aspects and those associated with
human resources” (Rosatom; IBRAE RAN; FBI “SEC NRS” 2014: 83). The main
source national operators’ income is suppose to be generated from payments
made by the producers of radioactive waste. Producers of radioactive waste are
obliged to pay for the transfer of radioactive waste for final disposal. The price is
based upon tariffs determined by the Ministry of Natural Resources and Ecology
of the Russian Federation (Vakhrusheva 2016: 1). The disposal tariffs, including
the appropriate basic pricing principles and rules for state regulation and control,
proceed according to the resolution of the Russian government Ne 1249 On the
Procedure for the State Regulation of Radioactive Waste Disposal Tariffs
(adopted in 2012). Tariffs are based on the expected expenditures of the national
operator, which may include expenses on investment programs (construction of
sites for disposal), the operational cost of sites or property compensation (ibid.:
2). The funds are collected in the aforementioned special reserve fund for
decommissioning and radioactive waste disposal. In the future, any expenses
incurred by the investment program are to be covered by the reserve fund.
However, the national operator does not have full authority over these funds.
Rather, investment decisions completely depend on Rosatom (ibid.: 2-3).

7 The federal target program “Nuclear Radiation Safety in 2008 and for the period up to 2015~
covers most of the activities. The total budget of the program makes 2 billion Euro. About 1,03
billion Euros are allocated for resolving the nuclear legacy problem (NEA 2014: 17).
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Moreover, both producers of radioactive waste and the national operator are
subsidiary companies of Rosatom, which might pose conflicts of interest since
waste disposal creates additional costs for the state corporation. That radioactive
waste containing Cesium-137 was downgraded from second to third class by
decree Ne 1069 in October 2012, was most likely due to cost-saving reasons and
points in this direction (Talevlin et al. 2015: 7). Although the decommissioning
concept stresses that disposal costs are covered by generators of radioactive
waste, the final costs are covered by the state, either directly in the case that costs
exceed the liability limit of the company involved or indirectly by subsidising the
special reserve fund.

6 Conclusions

In the past ten years, the Russian nuclear complex has undergone a profound
reorganisation involving both its legislative and institutional frameworks. Despite
improvements in various areas, including infrastructural development and
creation of a unified regulatory base, the outcome of the reforms has been rather
ambivalent with regard to democratic control of the nuclear complex or the
implementation of ecological standards. The state corporation Rosatom has
assumed tasks in the fields of civil and military atomic energy previously
performed by the Russian state. As Rosatom is accountable only to the President
of the Russian Federation, neither the federal parliament, regional state authorities
nor other public institutions can effectively control the company’s actions. In fact,
the reform has resulted in a new set of interlocking relationships between the state,
scientific experts and the nuclear industry based on the logic of a market
economy. The overarching goal of this process is to secure a significant role for
nuclear energy in the domestic market and to enable Rosatom’s international
expansion.

Radioactive waste management is regarded as a decisive factor in the future
success of the nuclear complex. A closed nuclear cycle with reprocessing of spent
nuclear fuel, deep well storage and deep geological and near-surface disposal are
all factors designed to prove the superiority and sustainability of the nuclear
industry over other energy sources. The foundation of an international fuel bank
of low-enriched uranium to assure fuel supply to countries without their own fuel
cycle facilities or repatriation of spent fuel for Russian-built nuclear power plants
(Belarus, Hungary, Vietnam) point in the same direction. Guiding this
reorganised approach to radioactive waste management in Russia are principles
such as the valorisation of radioactive waste with a tariff-system and spent nuclear
fuel through reprocessing and the creation of a fuel bank. Despite these efforts,
the Russian nuclear complex has not proven able to dispose of radioactive waste
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safely. This reality means that major implications for human beings and the
environment remain.
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Transitioning Away from Opaque Governance

Nuclear Waste Policy in South Korea

Sung-Jin Leem' with Miranda Schreurs

Abstract

Due to the fact that the temporary spent fuel storage facilities in nuclear power
plants will reach full capacity in the near future, the disposal of spent nuclear
waste has become a matter of great concern in the Republic of Korea (South
Korea). This article discusses the current status and limits of the Korean nuclear
waste storage policy and governance. Considering the ecological and social
impact of radioactivity, there is a compelling need for a nuclear waste governance
system based on a social consensus on nuclear waste disposal. However, the
participation of citizens and stakeholders in the decision-making process and their
access to nuclear related information were restricted. Successive governments
introduced legal and institutional instruments to do more to engage the public on
spent fuel storage after a series of failed attempts to select a nuclear waste
repository site. However, anti-nuclear non-governmental organisations (NGOs)
refused to participate in this government-led public discussion and criticized it for
being a mere formality. There are signs of change since the election of Moon Jae-
In as president in the spring of 2017. Moon’s government initiated a major shift
in Korea’s energy policy as well as in the policy-making process. Moon’s
government has sought input from the public and NGOs in nuclear-related
questions and is promoting more openness and transparency.
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1 Introduction?

Due to South Korea’s high nuclear capacity resulting from many years of nuclear
expansion policy, the accumulated amount of nuclear waste has rapidly increased.
Accordingly, nuclear waste has been a matter of great concern to the public,
especially the issue of spent fuel is currently under the spotlight. The South
Korean government is preparing a plan to select an interim storage site for spent
fuel by approximately 2020, estimating that the temporary spent fuel storage
facilities in nuclear power plants will reach their full capacity within some years
(PECOS 2015).

Considering the ecological and social impact of radioactivity, the need for a
governance system based on social consensus for nuclear waste disposal in South
Korea is compelling. Moreover, the social perception of nuclear energy use has
been changing since the Fukushima accident and the number of citizens and
political parties requesting an alternative energy policy is steadily increasing.

Nonetheless, the government of ousted President Park Geun-Hye rushed to
complete the scheduled public discussions as a mere formality and is trying to
start the selection process for the storage site for spent fuel. Anti-nuclear NGOs
such as the Federation for Environmental Movement, the Energy Justice Actions,
and the Non-nuclear Action etc., which had already declined to participate in the
discussions held by the government, protested the plan; the social conflict grew
as time progressed.

This research discusses the state of Korean nuclear waste disposal policy
during the period through the regime of Park Geun-hye and its limits from a
governance perspective. First, Section 2 gives an overview of the status of nuclear
power plants (NPP) and nuclear waste inventory in Korea. Korean nuclear waste
policy can be separated into two phases, i.c., before and from 2005 to 2017,
therefore, the policy of each phase will be separately analyzed in Sections 3 and
4. Section 5 presents an analysis of the legal and institutional framework
surrounding nuclear waste policy, with particular attention to political trans-
parency. Section 6 describes a survey on public participation and information
policy concerning nuclear waste management examining the status and limits of
the nuclear waste governance strategies. Finally, the conclusion presents lessons
drawn from the research.

2 This chapters draws heavily on Leem (2015).
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2 Nuclear power policy and the nuclear waste inventory

Nuclear power has been used in Korea for close to four decades, ever since the
first nuclear reactor began generating power in 1978. As of July 2017 after the
first shutting of the Kori 1 reactor, the first reactor to be closed down in the
country’s history, 24 reactors with a total installed capacity of 25,5 MW are in
operation and are responsible for about one-third of the nation’s total electricity
production. Currently, five additional reactors (6,600 MW) are under cons-
truction. Additional reactors which were in planning stages have been cancelled
by President Moon Jae In. According to the Second National Energy Master Plan
up to 2035 which was released in January 2014, installed capacity of nuclear
power was to account for up to 29 percent of electricity generation capacity by
2035.% To meet this production goal, the goal was to achieve a generation capacity
of NPPs with 42,705MW, which would have required doubling the present
capacity. Thus, 5-7 more reactors were scheduled to be built by 2024, in addition
to the already existing and planned reactors (KHNP 2015; Yang Lee 2015;
MOTIE 2014; EJA 2014; IAEA 2014). These plans have, however, been put on
hold or stopped by President Moon. Table 1 and 2 show the status of nuclear
power plants in South Korea.

Table 1:  NPPs in Operation and Retired NPPs

Reactor Installed Capacity Commercial Operation
(MWe) Reactor Type (Year, month, date)

Kori 1 537 . 1978.04 .29

(retired on 2017.06.18)
Kori 2 640 PWR-Westinghouse 1983.07.25
Kori 3 1011 PWR-Westinghouse 1985.09.30
Kori 4 1012 1986.04.29
Shin-Kori 1 997 2011.02.28
Shin-Kori 2 997 2012.07.20
Shin-Kori 3 2016.12.16
Wolsong 1 657 PHWR-Candu 6 1983.04.22
Wolsong 2 647 PHWR-Candu 1997.07.01
Wolsong 3 651 PHWR 1998.07.01
Wolsong 4 653 PHWR 1999.10.01

3 According to the 7th Basic Plan for Long-term Electricity Supply and Demand the installed
capacity of nuclear power was to be increased to 38,916MW by the year 2029 (MOTIE 2015).
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Reactor Installed Capacity Commercial Operation
(MWe) Reactor Type (Year, month, date)
Shin-Wolsong 1 997 2012.07.31
Shin-Wolsong 2 993 2015.07.24
Hanbit 1 996 PWR-Westinghouse 1986.08.25
Hanbit 2 998 PWR-Westinghouse 1987.06.10
Hanbit 3 993 PWR (System 80) 1995.03.31
Hanbit 4 970 PWR (System 80) 1996.01.01
Hanbit 5 998 2002.05.21
Hanbit 6 993 2002.12.24
Hanul 1, Ulchin 969 1988.09.10
Hanul 2, Ulchin 965 1989.09.30
Hanul 3, Ulchin 997 1998.08.11
Hanul 4, Ulchin 998 1999.12.31
Hanul 5, Ulchin 999 OPR-1000 2004.07.28
Hanul 6, Ulchin 997 OPR-1000

Source: KHNP 2015; MOTIE and KHNP 2014; MSIP 2014; World Nuclear Association 2017

Table 2:  NPPs which were/are under Construction
. Installed Capa- Commercial
Unit city (MWe) Reactor Type Operation
Shin Hanul 1 1400 MWe PWR (APR1400) 2018
Shin Hanul 2 1400 MWe PWR (APR1400) 2019
Shin Kori 4 1400 MWe PWR (APR1400) 2017
Shin Kori 5 1400 MWe | PWR (APR1400) 2019 sig:ii‘;‘;fcd;gingi'
Shin Kori 6 1400 MWe | PWR (APR1400) 2020 Sess‘f;’jgﬁzi;‘;f;
Shin Ulchin 3 1400 MWe PWR (APR1400) 2021 cancelled
Shin Ulchin 4 1400 MWe PWR (APR1400) 2022 cancelled
Shin Kori 7 1500 MWe PWR 2023 cancelled
(ADD1ANNLN
Shin Kori 8 1500 MWe PWR 2024 cancelled
LADD1AONO LN

Source: KHNP 2015; MOTIE and KHNP 2014; Yonhap News Agency 2013; World Nuclear Associa-
tion 2017; interviews by Schreurs with advisory staff to President Moon, Blue House, Seoul, Korea,
June 19, 2017.
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In South Korea, nuclear waste is categorized according to the IAEA classification
system. High-level nuclear waste (HLW) is identical to spent nuclear fuel, and
the rest is classified as low-and intermediate-level radioactive waste (LILW),
which is subdivided into four categories: ILW, LLW, VLLW, and EW (NSSC
2013).

As of March 2015, a total of 93,680 drums (200 liters each) of low- and
intermediate-level radioactive waste (LILW) had been stored on-site at NPPs.
Additionally, the Korean Atomic Energy Research Institute (KAERI) and
KEPCO Nuclear Fuel (KNF) had 17,922 drums in their own storage facilities (as
0f2014). Starting in 2010, a portion of the nuclear waste from Hanul and Wolsong
NPP, KAERI, and KNF has been transported to the nuclear waste repository in
Gyeongju; in 2014 this amounted to a total of 5,032 drums. Table 3 shows the
status of LILW in detail.

Table 3:  Amount of solid LILW storage in each facility (March 2015)

Power Plant Being stored (drum) Storage Capacity (drum)
Kori 42,456 50,200
Hanbit 22,881 23,300
(Yonggwang)
Hanul (Ulchin)' 17,497 18,929
Wolsong! 10,287 13,240
Shin-Kori 559 10,000
Total in NPP 93,680 115,669
KAERI, KNF? 17,922

Gyeongju repository? 5,032

Source: KHNP 2015, rearranged

! excluding waste-amount transported by KORAD to Gyeongju repository
(1,000 drums in Hanul, 2,536 drums in Wolsung)

2 in year 2014

Additionally, as of 2013 there were 3,095 drums (200 liters each) of radioisotope
(RI) waste generated by industries, hospitals, universities, and research institutes
that use radioisotopes. This waste is collected by the Korea Radioisotope
Association and transported to a dedicated storage facility of the Korea Radio-
active Waste Agency (KORAD) in Daejeon.

All LILW temporarily stored at different sites will eventually be transported
to and stored in the central nuclear waste repository in Gyeongju. The first phase
of construction of this underground storage facility comprising six silos was
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completed in 2014; it has a capacity for 100,000 drums. In the second phase, a
near-surface storage facility capable of holding 125,000 drums is under con-
struction and eventually the entire complex is expected to hold 800,000 barrels
(Patel 2015)..

As for high-level nuclear waste, roughly 760 tons of spent fuel is produced
annually by NPPs as of 2015 (Kang, Kim, and Lee 2015). The light water reactors
in Kori, Hanbit and Hanul plants and the heavy water reactors in Wolsong
produce different types of spent fuels, which are stored and managed either in wet
(light water reactors) or dry (heavy water reactors) storage facilities with rein-
forced steel concrete structures that are specially designed for each power plant.

Spent nuclear fuels and spent test fuels from the multi-purpose research
reactor HANARO in the KAERI are deposited in the storage facility within the
institute. As of September 2013, the total amount of spent nuclear fuels stored
within KAERI premises was about 4.1 tons (NSSC 2014a).

According to a 2008 assessment of the Korea Hydro and Nuclear Power
Company (KHNP) on-site storage facilities for spent fuel would reach full
capacity sometime between 2016 (Kori reactors) and 2021 (Hanbit reactors)
(Kang, Kim, and Lee 2015). This served as one of the government’s most com-
pelling arguments for constructing an interim storage facility before making a
concrete decision on national spent fuel management policy and subsequent
procedures for permanent disposal or reprocessing.

To expand storage capacity for spent nuclear fuel in NPPs, the KHNP
provides each plant with high-density storage racks and also makes use of dry and
dispersed storage methods within the plants. Expansion of storage capacity is
expected to prevent the interim storage facilities from reaching their saturation
point until sometime between 2024 and 2029. This expansion of nuclear waste
storage facilities has also met with strong opposition from residents (Hankyoreh
2015).

Table 4:  Spent fuel storage status in NPP sites (as of March 2014)

- Saturation Point
Power Plant Storage C?lt)jg)lt}’ S(tt(())f)d Share ofuse| present | expanded
Kori, Shin-Kori Wet 2,691 2,121 77% 2016 2029
Hanbit (Yonggwang) Wet 3,318 2,202 65% 2019 2024
Hanul (Ulchin) Wet 2,960 1,848 62% 2021 [2029"-39™
Wolsong, Shin-Wo 1 g0 | 9,660 7,252 74% 2018 2026
Isong
Total 18,629 13,423 71%

Source: Jang 2014; Kim 2013(*); NARS 2013(**)
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3 Conlflicts around nuclear waste siting: From nuclear
energy’s start to the designation of the Gyeongju
repository*

Nuclear waste storage policy in South Korea began in the 1980s. The South
Korean government established the Radioactive Waste Management Project
Committee in 1983. The committee’s first nuclear waste management plan
outlined basic principles for nuclear waste management. The committee called
for inland disposal of LILW and the construction of a permanent disposal facility
outside of nuclear power sites. They also proposed the establishment of a
government-led non-profit organization for comprehensive nuclear waste
management and promoted the generator-pays-principle to cover the costs of
nuclear waste management. Measures for dealing with spent fuel were not
included. Based on the principles outlined by the committee, the Atomic Energy
Commission approved the Radioactive Waste Management Plan on October 13,
1984, and the new Atomic Energy Act was enacted on May 12, 1986. According
to this act, KAER took charge of nuclear waste management, which was
ultimately handed over to KHNP in 1996.

Since 1986, there have been numerous governmental attempts to select a
repository site for nuclear waste. Initially, the traditional Decide-Announce-
Defend (DAD) strategy was adopted by the government. The geological suita-
bility of potential sites was tested in secret. After a site was selected as a candidate
site, this selection was announced to the residents of the impacted region. There
was only perfunctory discussion with the impacted residents and stakeholders.
This top-down approach aroused strong opposition from local residents and led
to the failure of one attempt after the next to secure a site. The government entity
conducting the selection process and strategies for selection was changed several
times, but there were still nine failed attempts before Gyeongju was finally
selected as a disposal site in 2005 (Kim and Yun 2014: 318).

The first candidate sites designated as possible locations for the nuclear
waste repository were three small villages on the east coast. The government had
to abandon the geological investigation of these sites in 1989 after being
confronted with strong regional resistance.

After these failed attempts, the government changed its D-A-D strategy and
tried to win public cooperation in the selection of candidate sites. In January 1994,
the government implemented an Act to Promote Nuclear Power Waste Manage-
ment which sanctioned the provision of considerable amounts of financial support
for regional development in areas hosting a disposal site. In December 1994, the

4 This section builds on Leem (2009).
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government focused attention on the small island of Gulupdo as an appropriate
candidate site for nuclear waste disposal. The proposal quickly met with wide-
spread opposition. The antinuclear movement on Gulupdo’s mother island,
Duckchuckdo, gained support from activists in the metropolitan city of Incheon.
As an additional issue, an active fault near Gulupdo was detected in a geological
survey. As a result, on November 30, 2005, the government officially halted its
construction plan.

After the failure in Gulupdo, more changes were made to the government’s
strategy. In June 1996, the Nuclear Environment Technology Institute (NETI), a
branch of KHNP, assumed responsibility for the management of the disposal
facility. The Ministry of Trade, Industry and Energy (MOTIE) took over respon-
sibilities regarding its construction and management. The government delayed
announcing a new candidate site until the beginning of the 2000s, concentrating
instead on advertising the benefits and safety of nuclear power usage to reduce
public resistance.

In 2000, the government announced a competition to host a repository; the
winning community would receive generous compensation. After the deadline
was extended twice, the mayor of Buan county submitted an application on July
15th, the very last day to apply. In this way, Wydo, a small island in Buan, became
a candidate site for a nuclear waste storage facility. Local citizens were outraged
because the application was submitted without being discussed with the
community and without their consent. Over 10,000 people gathered daily in
protest. An autonomous local referendum took place in February 2004, in which
72 per cent of the eligible voters participated and 92 per cent objected to the
nuclear waste disposal facility coming to their region.

A report produced by the Korean Federation of Environmental Movements
at the time describes the intensity of the situation and the desperation of the local
residents:

The governor’s arbitary decision to host the site instantly raised the rage of Buan
residents and they started to stage demonstrations from then on, the arduous struggle
against the danger, and undemocratic conduct of the government imposed on them
took off. About 6,000 police from all over the country were sent to repress unarmed
protestors. 150 residents so far were injured during the protests in Buan. (Wonyoung
2013).

The project had to be abandoned. After the Wydo (alternative spelled, Wido)
debacle, the government once again took a new approach to site selection. The
Atomic Energy Commission decided in December 2004 to build a nuclear waste
repository only for LILW and not for HLW. Along with this decision, the Special
Act on Assistance to the Locations of Facilities for the Disposal of Radioactive
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Waste was enacted in 2005. According to the act, 300 billion KRW (239 million
EUR)® was guaranteed to the region designated to host the repository, as a fee to
accept the facility. It was also determined that the head office of KHNP would
move to the region where the facility would be built.

Table 5:  Process of site selection for the nuclear waste disposal facility
Period | Candidate Sites Description Results
. . Cancellation of th
1986- Youngilgun, Top-down decision on the feasible sites plzrrllcgyaiolg;ll (;e- ¢
1989 Ulchingun, Young- through technical & geological investi- | oo
duckgun gation
(March 1989)
. Mistrust caused by
1990 Anmyondo Connected with the development plan pursuing the plan
of the local government
secretly
. Selecting the candidate sites provision- | Aborted due to resi-
Taeangun, Youngil- S . . .
. ally by considering technical and social | dents’ resistance
gun, Ulchingun, . .
1991- Sanghuneun aspects, and then negotiating with local
1993 ghungun, governments
Gosunggun, Yang- o )
yanggun Voluntary application and 6 candidates
identified
1993 Yongsanmyun Voluntary application Aborted due to resi-
199 4_ Janghungun,  Gis- | Agsistance programs proposed to 3 ap- | dents’ resistance
ungmyun Ulchingun | plying regions
1994- Among 10 candidate regions, Gulup Is-
1995 Gulupdo land was designated as the site for the | Discovery of an ac-
disposal facility by the government tive faults
Yeonggwanggun,
2000- Gangjingun, Jin- Con-test of 46 seaside municipalities No application
2001 dogun, Gochanggun, | Assistance programs proposed to 7 re-
Boryeng, Wan- gions.
dogun, Uljingun
Youngduckgun, Ul- Announcement of the possible candi-
chilgun, Yeongg- date sites and then voluntary applica- | No application
2003 wanggun, Gochang- | tion from the related local governments
gun Same priority for the applications from
other municipalities else than the 4 can-
didate sites

5 Exchange rate of 15 June 2015.
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Period | Candidate Sites Description Results
Aborted due to resi-
2003.7 lication fi cinality of dents’ resi d
R Wyudo Buangun Application from municipality of Bu- ;nts rgsmance an
2004.9 angun failure in the local
: referendum
Application from 4 municipalities and | Selection of
local referendum conducted on Gyeongju as the nu-
2005 Gyeongju, Gunsan, 2/11/05 clear waste disposal
Yeongdeok, Pohang | Division of low-/intermediate- and site by the govern-
high-level waste facility, enactment ment.

of supporting law

Source: Leem (2009), supplemented

The government made an important strategic shift accepting that local referenda
be held in the affected regions. In this round of site selection, local referenda were
conducted in all four candidate locations. In the end, in 2005, the government
designated Gyeongju, the region which had the highest rate of acceptance, as the
new construction site for the nuclear waste disposal facility.

There are some anti-nuclear groups who questioned the outcome arguing that
the KHNP intervened so forcefully that they suspected vote falsification; they
refused to accept the voting result. There has also been ongoing controversy over
the safety of the Gyeongju facility as the bedrock in that area is very weak and
the site lies on active fault lines (Leem 2009; KFEM 2014). The site has, however,
in the meantime been opened.

4 The government’s conception of the spent fuel repository

Based on the decision of the 249th Atomic Energy Commission of 1988, the
Korean government created a plan to build a central interim storage facility for
spent fuel treatment by 2016. In this facility, spent nuclear fuel would be stored
until the government makes a final decision about whether to reprocess or dispose
of it permanently. After several failed attempts to select a nuclear waste repository
site, and especially after the debacle in Wydo, in 1994 the government of
President Roh Tae Woo introduced a new political approach to gain public con-
sensus. A public forum for discussion was created. In the policy forum, experts
established basic guidelines, formualted policy advice, and developed a frame-
work for a spent fuel policy.®

6 Decision of the 253rd Atomic Energy Commission in December 2004
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As a result of the forum’s work, the Specialized Committee on Conflict
Management was formed within the Atomic Energy Commission and began
public engagement in February 2007. It organized the Spent Nuclear Fuel Public
Discussion Task Force in April 2007 with members of the committee and external
experts, including representatives from NGOs and local citizens. The task force
conducted case studies on how other countries, such as the United Kingdom and
Canada, dealt with public engagement in nuclear waste management questions;
the task force met over twenty times.

The Public Discussion Task Force submitted a recommendation report to the
government in April 2008 and a plan for conducting public discussions in
September of the same year. In this report, eight principles for public discussion
were suggested: participation, responsibility, ethics, sincerity, independence,
deliberation, uniqueness and transparency. It was also recommended that interim
storage be given priority in discussions until a decision about final measures was
made (MOTIE and KHNP 2014; Lee, H.S. 2013).

In order to provide a legal basis for the public discussion, the Radioactive
Waste Control Act was introduced in 2009; it has since been amended several
times. From November 2011 to August 2012, the government operated the Spent
Nuclear Fuel Policy Forum, which brought together experts from various fields
to collect opinions on measures for spent fuel management. The anti-nuclear
NGOs, however, criticized President Lee’s conservative government as being
insincere and refused to participate in the forum. Nevertheless, the forum
submitted a recommendation calling for an early start to public discussions and
set a target to complete the construction of the interim storage facility by 2024.

Based on this forum’s recommendations, a decision was made at the Second
Atomic Energy Promotion Council meeting in November 2012 to create the
Public Engagement Commission on Spent Nuclear Fuel Management (PECOS),
a temporary advisory body of MOTIE. Established in 2013, the commission was
tasked with officially starting the public discussion on spent fuel management
measures. It was originally composed of 15 members, including experts in the
humanities and technology as well as local stakeholders. However, the anti-
nuclear NGOs refused to participate because the overwhelming majority of
commission members were advocates of nuclear power. Therefore the com-
mission started its work with only 13 members.

In February 2014, PECOS submitted a plan including guidelines for the
public discussion. Since then, discussions have been conducted many times based
on this plan (Hong 2014; MOTIE and KHNP 2014). The submission of the report
was originally scheduled for December 2014, but after the extension of the
working period, the final report and recommendation of the Commission were
submitted to the government in June 2015. They were then reviewed by the
Atomic Energy Promotion Commission (MOTIE and KHNP 2014; PECOS
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2015).In July 2016, the government indicated it would initiate a process to narrow
differences in the views of stakeholders with the goal of selecting a site for high-
level nuclear waste by 2028 (Yonhap 2016).

Additionally, the government plans to set up a Radioactive Waste Manage-
ment Master Plan and a local referendum will likely be held to determine a final
storage site for spent nuclear waste. This process has the potential to trigger great
social conflict, if more is not done to engage the public in the discussion.

5 Legal and institutional framework

The lack of transparency in nuclear waste management has been a critical issue
in Korea for many years and regulatory reform has been requested by various
political actors, and particularly NGOs. Under these socio-political circum-
stances, in April 2006 the Board of Audit and Inspection demanded the govern-
ment or an institution independent of the nuclear power companies take over the
direct management of nuclear waste.

The government began drafting the Radioactive Waste Control Act with the
intention of making comprehensive improvements in the nuclear waste manage-
ment system. This legislation, which came into effect in January 2009, consists
of seven chapters, forty-five articles and eight appendices. It contains provisions
for the preparation of the radioactive waste management master plan (Article VI),
radioactive waste management expenses (Article XIV), charges for spent nuclear
fuel management (Article XV) and the establishment and operation of a
Radioactive Waste Management Fund (Articles XX VIII-XXXT).

Originally, matters concerning safety of nuclear energy and waste were
integrated into regulations for the nuclear use and promotion according to the
Atomic Energy Law of 1959. This law served as a basic guideline for compre-
hensively regulating nuclear energy use, the nuclear industry and management
until its amendment in 201 1. As public concerns about the safety of nuclear power
plants grew in South Korea after the Fukushima nuclear accident, the Atomic
Energy Law was subdivided into the Atomic Energy Promotion Act and the
Atomic Energy Safety Act on July 25, 2011, with the aim of managing safety
issues more systematically. The Safety Act deals with matters concerning nuclear
safety, while the Promotion Act offers prescriptions for nuclear energy research,
development, production and use. Through these acts, an independent system of
nuclear safety management was finally created a half century after the country
first started using nuclear energy for power generation.
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In compliance with Article IIT of the Atomic Energy Promotion Act, the Atomic

Energy Promotion Commission (AEPC)’ was established on October 26, 2011.
This commission, under the authority of the prime minister, was tasked with
deliberation and decision making on important matters regarding the utilization
of nuclear energy. At the same time, the Nuclear Safety and Security Commission
(NSSC) was established in accordance with the Act on Establishment and
Operation of NSSC (Article XV)? and the Atomic Energy Safety Act.

In contrast to European nations such as Germany, in South Korea the
Ministry of Environment has no legal authority on matters of nuclear energy and
waste. Instead, the ministries responsible for nuclear matters are the Ministry of
Trade, Industry and Energy (MOTIE) and the Ministry of Science, ICT and Future
Planning (MSIP). MOTIE oversees business and regulation of nuclear power and
nuclear waste as outlined in the Electric Utility Act, while MSIP is largely
responsible for nuclear energy development as prescribed by the Atomic Energy
Promotion Act. Within MOTIE, the Office of Energy and Resources is
responsible for general matters concerning nuclear and energy policy. It takes
care of integration and coordination of nuclear power-related businesses and deals
with affairs regarding nuclear waste management (MOTIE and KHNP 2014). Tt
is responsible for:

e ecstablishing and enforcing a basic plan for nuclear waste management
and R&D of related technology,

e providing support for site selection, construction, operation and adver-
tisement of nuclear waste management facilities, and,

e managing and operating the nuclear waste management fund.

MSIP sets goals and develops strategies for nuclear promotion policy in
accordance with the Comprehensive Nuclear Energy Promotion Plan (CNEPP).
In support of these goals, MSIP also comprehensively manages nuclear R&D
policies and administrative management, including research on and the
development of nuclear power-related facilities, nuclear materials and radioactive
technologies.

AEPC is a consultative body with the Prime Minister as its head. This
commission deliberates and decides on important issues concerning the utilization
of nuclear energy. Preliminary decisions regarding CNEPP are also made by

7 Although the official name of the commission in Korean was changed by law, the commission
continues to use the old English name, the Atomic Energy Commission, from 1959. This chapter
uses the new official name of the commission as translated into English.

8 Enacted on 25 July 2011.


http://nssc.go.kr/nssc/en/c4/sub1.jsp#ex1
http://nssc.go.kr/nssc/en/c4/sub1.jsp#ex1
http://nssc.go.kr/nssc/en/c4/sub1.jsp#ex1
http://nssc.go.kr/nssc/en/c4/sub1.jsp#ex2

FOR REFERENCE PURPOSES ONLY

86 Sung-Jin Leem with Miranda Schreurs

AEPC and then are ultimately decided on by MSIP. AEPC is also responsible for
the integration and coordination of matters regarding the utilization of nuclear
energy and nuclear waste, in order to control the nuclear waste in a safer and more
effective way. It deliberates and decides on the general master plan for nuclear
waste management, issued by MOTIE, in compliance with Article VI of the
Radioactive Waste Control Act. Regarding spent fuel disposal, issues are initially
addressed by AEPC, and then Ministers of MOTIE and MSIP make the final
decision after consultation with the relevant authorities. In other words, AEPC,
which was established with the purpose of nuclear energy promotion, has
authority over the decision-making process for spent fuel management.

NSSC manages overall tasks related to nuclear power safety and security as
well as nuclear non-proliferation. It is also in charge of safety regulations such as
construction permits, operating licenses and the inspection of reactors including
their related facilities, radioactive materials and nuclear waste disposal facilities.
To get permission for operation, construction or prolonged use of nuclear waste
disposal facilities and their attached structures, the operators must submit a
radiological impact assessment to NSSC (Articles 63, Atomic Energy Safety Act).
This commission also creates general plans for nuclear power safety. The Korea
Institute of Nuclear Safety (KINS), affiliated with NSSC, carries out most of the
decisions regarding safety regulations of the commission as prescribed in the
KINS law (NSSC 2014a, b; NSSC 2012; MOTIE and KHNP 2014).

The establishment of NSSC was initially regarded as a step forward in the
development of nuclear governance. This was because the commission, as an
independent agency affiliated with the President, was expected to further
strengthen the national nuclear power safety management system. However, quite
contrary to this expectation, President Park Geun-hye’s new government handed
over command of NSSC to the Prime Minister in 2013. Consequently, the
political stature of the commission was diminished while the importance of its
role in rearranging safety policy on nuclear power and waste management grew.

The Korea Radioactive Waste Agency (KORAD) was established on
January 1, 2009 as outlined in articles 18-27 of the Radioactive Waste Control
Act. As a semi-governmental agency affiliated with MOTIE, KORAD is in
charge of nuclear waste management and disposal facilities, including spent fuel
management.” The core tasks of KORAD include:

e transportation, storage, treatment, and disposal of nuclear waste includ-
ing spent fuel;

9 KHNP and MOTIE had had the responsibility for the nuclear waste management from June
1996.
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e site selection, construction, operation, and post-closure management of
nuclear waste disposal facilities;

e collection, survey, analysis and management of documents regarding nu-
clear waste management;

e public relations for nuclear waste management;
e R&D and international cooperation on nuclear waste management, and,;

e operation of the nuclear waste management fund (MOTIE and KHNP
2014; Lee, K. H. 2013).

To cover the future cost of nuclear waste management and dismantling, the
Electric Utility Act specifies the establishment of the Fund for Nuclear Follow-
up Management. This fund covers low- and intermediate-level nuclear waste
management costs, spent fuel management costs, and reserve funds for
dismantling nuclear power plants. The former two costs are administered by
KORAD, while KHNP is in charge of the latter.

According to the fund’s annual income statement for the period of 2009-
2013, total nuclear waste management costs reached 179,776 million KRW
(142.9 million Euro) in 2009 and 1,136,140 million KRW (903.8 million Euro)
in 2013.'° It is encouraging that the fund is growing every year; however, fund
management has been criticized because a large portion of the money has been
used for asset management, while actual expenditures on nuclear waste manage-
ment have been conspicuously low (CFOI 2013; MIKE 2012).

Table 6 shows important legislation and institutions in charge of nuclear
energy management and security in South Korea.

Table 6:  Important legislation and institutions in charge of nuclear energy

Atomic Energy Promo- | Covers research, development, production and use of]

tion Act nuclear energy, nuclear energy promotion commis-|
sion, plans for promotion of nuclear energy, and nu-|
clear energy R&D funds.

Ministry of Sci-
ence, ICT and
Future Planning

Radioactive Rays and Promotes the use and R&D of radiation and radioiso-| (MSIP)
RadioisotopeUse Promo- | topes; supports related industries.
tion Act

Addresses safety management in the R&D, produc-
tion and use of nuclear energy in order to prevent dis-|

Nuclear Safety Act .
Y asters caused by radiation.

10 The exchange rate of 18 June 2015 was used.


http://endic.naver.com/enkrEntry.nhn?entryId=402cd5562fb44defb9634929b41ae857
http://endic.naver.com/enkrEntry.nhn?entryId=402cd5562fb44defb9634929b41ae857

FOR REFERENCE PURPOSES ONLY

Sung-Jin Leem with Miranda Schreurs

88

Act on Establishment of
the Nuclear Safety and Se-
curity Commission

Contributes to promoting public safety and environ-|
mental conservation by establishing the Nuclear
Safety and Security Commission

Act on Measures for the
Protection of Nuclear Fa-
cilities

Establishes a system for physical prevention and pro-
tection against radioactivity and nuclear disasters.

Nuclear Damage Com-
pensation Act

Prescribes matters concerning compensation for nu-
clear damage resulting from nuclear reactor opera-|

Nuclear Safety
and Security
Commission

tions.

Establishes a basic system promoting competitive-|

Electric Utility Act ness among electric utilities.

Ministry of
Electric Source Devel- | Promotes the electric source development business. Trade, Indus-
opment Promotion Act try and Energy

(MOTIE)

Radioactive Waste Con-
trol Act

Source: MSIP 2014: 319-321.

Improves the safe and efficient management of radi-|
oactive waste.

6 Siting procedures, social participation and access to
information

Institutionally, commissions can be a means for non-governmental experts and
anti-nuclear NGOs to take part in decision-making processes. With regard to
social participation in nuclear waste issues in Korea, three Commissions — the
Atomic Energy Promotion Commission (AEPC), the Nuclear Safety and Security
Commission (NSSC), and the Public Engagement Commission on Spent Nuclear
Fuel Management (PECOS) — play a particularly important role.

Through the amendment of the Atomic Energy Law, AEPC assumed
responsibility for the functions of the former Atomic Energy Commission, except
in matters related to nuclear safety. AEPC consists of a chair (the prime minister),
four ex officio members (ministers) and six civil members; thus civic parti-
cipation is guaranteed by law. However, as the remit of the commission has been
to promote nuclear energy, there was little opportunity to discuss or question
nuclear expansion policies. Commission members have typically been advocates
of nuclear energy use and have tended to approach nuclear waste problems only
from technological viewpoints. They have not raised questions about the funda-
mental direction of nuclear energy or nuclear waste management policies. The
socio-economic consequences of nuclear waste management has not been given
much attention. Even if anti-nuclear members were to participate, it would likely
make little difference as decisions are made by majority vote (Yun 2015). If
President Moon is to succeed in his plans to shift nuclear policy in new directions,
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than deep changes to institutions will be necessary, and resistance to change from
nuclear industry supporters is likely to be fierce.

Likewise, the NSSC has nine members including the chairman. In 2015, only
two members, a scientist and an NGO activist, were nominated from the oppo-
sition parties. Aside from these two members, the commission members were pro-
nuclear. Although the NSSC has been more diverse than the other nuclear
commissions, the majority of members have tended to support nuclear power.
Thus, there has been little possibility for alternative opinions to be reflected in
decision-making processes. This led opposition members to criticize the decisions
made by the NSSC as being closed-door and not reflective of the views of the
public.

For similar reasons, anti-nuclear NGOs declined to participate in PECOS,
which they argued is biased. Due to the limited degree of NGO participation in
the PECOS and low levels of public interest in their work, there have been few
opportunities for the commission to gather various public opinions. Considering
that the purpose of this commission is to foster public discussion, one might
expect that all of the procedures and results of the meetings would be disclosed
to the public, and that diverse groups of people would be involved in the
discussion. In reality, this has not been the case; records of the meetings have not
been made available to the public and public discussions have tended to be one-
sided. Citizen participation in the public discussions has been very low.
Furthermore, public discussion about spent nuclear fuel has been limited to the
issue of site selection for the interim storage facility. This may now change as the
government of President Moon has vowed to radically change the countries
energy policy in the direction of energy saving and renewable energy and away
from nuclear energy and fossil fuels, reflecting changing public perceptions of
nuclear energy after the Fukushima nuclear accident and growing awareness of
the threats of climate change.

If this shift in policy is to be realised, changes will be necessary in the
membership and operating practices of the commissions dealing with nuclear
policymaking and nuclear waste management. Transparency, starting with access
to information for citizens and genuine possibilities for citizens to play a role in
the decision-making process will be necessary.

In addition to the commissions, there is also a public hearing system: a legal
instrument which enables citizens, stakeholders and NGO activists to gain access
to information and make suggestions regarding nuclear policy-making. In the
past, public hearings have often been treated as a mere formality and have been
used by nuclear plant operators or government agencies as an official chance to
explain their plans to the public before enacting legislation and not as a venue to
response to critical or opposing positions. In some cases, public hearings have
been altogether side-stepped (Yun 2015; Choi 2013). The government of Moon
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Jae-In has pledged to change how energy decision making is done and made a
first effort to make good on his pledge by putting the question of whether to
continue with the construction of the Shin Kori 5 and 6 nuclear plants which have
already been partly constructed.

7 Lessons learned

Despite democratic advances in Korea, the public has been largely excluded from
the political arena surrounding nuclear power and nuclear waste management
issues. The participation of citizens, NGOs and stakeholders in the policymaking
process and their access to information on nuclear matters has been restricted and
the policymaking process has been largely closed to anti-nuclear viewpoints,
making the work of many governmental institutions controversial.

The lopsided composition of PECOS and restrictions on information release
led to the nonparticipation of anti-nuclear NGOs in the commission. Conse-
quently, public discussion on spent fuel disposal was mostly conducted by the
commissioners representing or advocating the governmental plan. The Korean
Federation for Environmental Movements (2015) warned that pushing into
making decisions on spent fuel policy in this way, without first trying to develop
a public consensus on the road forward, could lead to serious social conflicts and
significant controversy over the management of spent fuel (KFEM 2015).

With temporary storage facilities for spent nuclear fuel rapidly filling up,
there is an urgent need in South Korea to reach a social consensus on nuclear
waste management and storage policy. To prevent further delays and opposition,
nuclear governance must be based on public participation. To achieve this, the
government must have an open and in-depth dialogue with various stakeholders,
including civil society and local residents. Only when the policy arena is openned
to the public can a transparent nuclear governance be achieved and publically
acceptable decisions on nuclear waste management be made. For Moon Jae-In’s
government, the challenge will be to speak true to campaign pledges.

Despite the limited penetration of renewable energy to date, interest in
alternative energy has been growing especially at the local level. Various local
governments have linked anti-nuclear positions to renewable energy policy
promotion. Particularly significant has been the ‘One Less Nuclear Power Plant’
campaign, conducted by the Seoul Metropolitan Government. Also noteworthy
are the anti-nuclear decisions made by the local parliament and citizens of
Samcheok city.

Society’s perception of nuclear energy has become more negative since the
Fukushima nuclear accident and public demands for alternative energy have
increased. This prompted the leading opposition party, the Democratic Party, to
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make the phase-out policy one of its campaign promises in the 2012 presidential
election. The Democraticy Party lost the 2012 election to the pro-nuclear party of
Park Geun-hye. Park’s controversial governing style and charges of corruption,
however, led to her subsequent impeachment. In the ensuing elections, the former
student activist, Moon Jae-In, was elected as president. He campaigned to end
South Korea’s reliance on nuclear energy and since entering office in the spring
of 2017 has taken the first steps to make good on his promise by stopping plans
for several new nuclear power plants.

Developing a social agreement on the path forward will require a wide-
ranging and open discussion with high levels of public participation. Only in this
way can a new approach to nuclear policy and waste management governance be
achieved. This will be critical if a solution to the challenge of high level
radioactive waste management is to be found.
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Abstract

It is almost 50 years since Japan’s first nuclear power plant went into operation.
Prior to the Fukushima accident, the country was the world’s third largest
producer of nuclear energy. This huge industry and research sector was built on
the premise that Japan would recycle its spent nuclear fuels. It is upon this
unstable foundation that Japan attempted to establish its nuclear disposal
construct. Even after the government made the decision to abandon the Monju
fast breeder reactor which has been plagued by problems for years, Japan is not
giving up its pursuit of a demonstration fast reactor. The nuclear fuel cycle has
remained a major ambition of the government, so reprocessing cannot be
excluded in any consideration of final disposal in Japan.

Nuclear waste management is always discussed separately from nuclear
power policy in Japan. The power companies use nuclear power without serious
consideration for nuclear waste, and even after the Fukushima nuclear accident,
they tried to restart their reactors as quickly as possible.

In addition to the lack of transparency and alternatives and the confusion
surrounding the management of nuclear waste in Japan, the debate has never
really made it to the public arena. As a result, the site selection process in Japan
has made little progress.

To change this situation, the site selection method was changed, from the
system of voluntary application by local governments to a government-led
selection system. The government is adopting a stronger role, and in August 2017,
they issued a report which indicates that up to one-third of the Japanese territory
could be considered suitable for building a disposal site. The government hopes
to narrow down the candidate sites over the next 20 years.
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1 Introduction

On 11 March 2011, eastern Japan was struck by a major earthquake and massive
tsunami which flooded the Fukushima Daiichi nuclear power plant (NPP)
knocking out its emergency cooling system. Without proper cooling, heat began
to build up as the reactor went critical. The build up of heat in the reactors caused
a hydrogen explosion which sent a radioactive plume into the surrounding land.
Years later, the area around the plant remains off limits as efforts are made to deal
with the aftermath of the world’s second worst nuclear accident.

Prior to the Fukushima accident, the Japanese government had promoted an
expansion of nuclear power generation. The nation’s 54 nuclear reactors gene-
rated 288 TWh (288 billion kilowatt hours) in 2010, accounting for about 26
percent of Japan’s total electricity consumption (WNA 2015). The government
planned to build even more capacity with the goal of obtaining about 40 percent
of the nation’s electricity from nuclear power.

In response to the accident and both domestic and international concern, the
Japanese government agreed to establish new more stringent safety standards and
to test all of the country’s reactors against these standards. By May 2012, all of
Japan’s nuclear reactors had been taken off line to await inspection under the new
more stringent regime. In the meantime, TEPCO decided to retire the six reactors
in the Fukushima Dai-ichi and Dai-ni nuclear power plants. In addition, several
other of Japan’s oldest nuclear power plants were shut down leaving 43 opera-
tional nuclear reactors as of 2017.

In September 2012 a new, independent Nuclear Regulation Authority (NRA)
was established. In July the following year, it began the lengthy process of
conducting safety reviews of each of the country’s nuclear power stations under
the new regulatory requirements. Applications for over 20 reactor restarts have
been made and, as of June 2017, 12 nuclear reactors had passed the safety
assessments. Five of these reactors are now operating.

The government is pushing forward with the restart of the reactors even
though there is still no final disposal site for high-level radioactive waste.
Currently, spent fuel (SF) is stored in cooling pools which have been built at each
of the country’s nuclear power stations. This fuel will continue to increase in
volume as the nuclear power stations are restarted.

Discussion of nuclear energy issues in Japan has focused almost solely on
the energy supply aspect. However, given the aftermath of the Fukushima
accident and the issue of restarts, the time is ripe for a serious societal discussion
about nuclear waste.
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2 Overview of nuclear power policy and nuclear fuel cycle
policy

Japan has a long history with nuclear energy and the largest nuclear energy
capacity after the United States and France. Japan spent many years pursuing
nuclear fuel reprocessing in the hopes of establishing a closed nuclear cycle. A
brief history of Japan’s nuclear programs is presented below.

2.1 The historical background of Japan’s nuclear power policy
2.1.1  Nuclear energy policy

In November 1955, the Japan—US Atomic Energy Agreement was concluded.
Under the agreement, the United States provided Japan with convential nuclear
technology. Japan’s research into the “peaceful use of nuclear energy”
commenced in earnest the following month.

A decade later, in 1966, Japan’s first commercial reactor, the Tokai NPP
began operation. Starting in the 1970s, a succession of NPPs went into operation.
The oil crisis was a significant factor behind the swift construction of nuclear
power stations in Japan at this time; grants and subsidies also played a major role.
Under the Three Power Source Development Laws, the national government
provided tax incentives and other inducements to communities which agreed to
host nuclear power plants. Many of the areas that emerged as candidate sites for
nuclear power stations were experiencing depopulation, had low birth rates or an
aging population as young people flocked to the cities during the era of high
economic growth. Local governments in the candidate areas sought to increase
employment and tax revenue by attracting NPPs (Inoue 2015:15).

In the 1980s, following the accidents at Three Mile Island and Chernobyl,
there was growing anxiety in many countries about the risks of nuclear power
generation. In Japan, however, the government and the nuclear industry
succeeded in maintaining an image of nuclear power as an environmentally
friendly form of energy. This stayed this way even after a criticality accident in
the Tokai-mura uranium enrichment facility in Ibaraki in 1999 killed two workers
and left another seriously injured.

Nuclear energy was promoted as a means to fuel the economy without
emitting greenhouse gas emissions. Nuclear power generation was expected to
play a major role in cutting domestic CO; emissions and enabling Japan to meet
its reduction commitments under the Kyoto Protocol. However, a series of
accidents at Japanese nuclear installations led to growing anti-nuclear sentiment
among citizens in candidate areas. As a result, the construction of nuclear power
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stations did not proceed as smoothly as it had in the 1970s, or at the pace the
government had projected (Sagara 2009: 50).

When the Fukushima accident occurred, the Democratic Party of Japan
(DPJ) was in control of the government. The DPJ reacted to the accident by
drawing up three possible energy policy scenarios for the future, including one
which would see nuclear power abandoned by the 2030s. Despite the fact that it
was the LDP which had promoted nuclear power, the DPJ was held responsible
for many of the problems experienced in the immediate aftermath of the accident.
The election of 2012 saw the Liberal Democratic Party (LDP) return as ruling
party under the leadership of Abe Shinto. The Abe administration took the
position that the Fukushia triple disaster (major earthquake, tsunami, and nuclear
accident) was a rare occurrence and that nuclear power was itself safe and would
be made even more so under the new safety standards. Furthermore, the Abe
government has painted a picture of nuclear energy as being essential to the
stability of the nation’s electricity supply and economy. The Basic Energy Plan
published in April 2014 positions nuclear power as an “important source of base
load power” (ANRE 2014a: 8) and sets out a policy to restart nuclear power
stations which are deemed safe. While advocating that reliance on nuclear power
should be “reduced to the minimum amount necessary,” the plan avoids
committing to a time frame for using nuclear power.

In April 2015, the Ministry of Economy, Trade and Industry (METI)
published new estimates of the cost of power generation by source of supply. The
cost for nuclear power per kilowatt-hour was estimated to rise to at least 10.1 yen
(ca. 7.64 cent) by 2030, making it the cheapest option among the available sources
of supply when the lower end of the estimate range for each is compared. The
estimates which were made for solar photovoltaics, wind power, and other forms
of renewable energy were based on the purchase price under the feed-in tariff
system introduced in 2012 and government research and development
expenditures. With these assumptions, the report assumed that renewable energy
will be substantially more expensive than nuclear power. Even in the cheapest
case, domestic solar cost estimates rose from 9.9 yen (ca. 7.48 cent) under the
estimate made in December 2011 to 12.5 yen (ca. 9.45 cent) in the 2015 estimate,
and onshore wind power rose from 8.8 yen (ca. 6.66 cent) to 13.9 yen (ca. 10.51
cent) over the same time frame. The METI plan calls for a share of 20-22 percent
nuclear power in the electricity mix in 2030.

2.1.2  The nuclear fuel cycle

The Long-Term Program for Nuclear Energy formulated in 1956 stipulated the
importance of establishing a nuclear fuel cycle and commercializing fast breeder
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reactors. The nuclear fuel cycle basically became a “state policy” in Japan
(Funabashi et al. 2012: 318).

The 1970s saw an expansion in nuclear power generation not only within
Japan, but also worldwide. This gave rise to fears of uranium shortages, so
proactive efforts were undertaken in Japan to develop a fast breeder reactor. The
1967 Long-Term Program for Nuclear Energy set a target for the commer-
cialization of fast breeder reactors by the latter half of the 1980s; the Joyo
experimental reactor reached its first criticality in 1977.

However, from the latter half of the 1970s into the 1980s, there was a slump
in nuclear power station construction worldwide. The price of uranium resources
subsequently plummeted, and as a result, developing fast breeder reactors was no
longer a matter of urgency.

Nevertheless, Japan continued to promote the nuclear fuel cycle, along with
nuclear power generation. The electric companies in Japan concluded a repro-
cessing contract in September 1977 with British Nuclear Fuels Limited (BNFL),
which is now Sellafield Ltd, and in May 1978 with Cogema (now Areva). It was
to be a provisional measure until a reprocessing plant in Japan could begin
operations.

In 1984, the Federation of Electric Power Companies (FEPC) requested the
cooperation of Aomori Prefecture with regard to the siting of three nuclear fuel
cycle facilities (a uranium enrichment facility, a reprocessing facility and a low-
level radioactive waste storage facility); the Governor of Aomori Prefecture
granted formal approval the following year.

In 1993, in Rokkasho, Aomori Prefecture, Japan Nuclear Fuel Ltd., which
had been established with contributions from the power companies, began con-
struction of a reprocessing plant with a maximum annual processing capacity of
800 tons of uranium. Initially, it was expected to be completed in December 1997,
with construction costs estimated at 760 billion yen (ca. 5.74 billion Euro), but
due to various problems, the completion was postponed close to two dozen times.
Japan Nuclear Fuel Limited (JNFL) estimated in October 2014 that the total
construction costs had soared to 2.19 trillion yen (ca. 16.5 billion Euro), more
than triple the initial estimate made in 1979.

The Nuclear Reprocessing Organization of Japan (NuRo) was established as
an authorized company by METI on 3 October 2016. The organization aims to
advance steady and efficient reprocessing of spent nuclear fuel, among other
efforts. NuRo will collect funds and contract out reprocessing and MOX fuel
fabrication to the JNFL. It shows the strong will of the government to not only to
keep but also to further promote the nuclear fuel cycle.

The commercialization of fast breeder reactors fell behind schedule pushing
the target period for commercialization into the 2030s. The problem was
exacerbated when the Monju prototype reactor, which had reached its first critical
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state in 1994, suffered a sodium leak and fire in 1995, causing a further delay to
commercialization plans. As a result of the Monju accident, the idea of pursuing
a fast breeder reactor was abandoned. Instead, efforts to close the nuclear fuel
cycle would focus - for the time being - on “pluthermal”, which uses MOX fuel?
in light water reactors.

In 2016, the government made a decision to close and decommission Monju.
This does not mean that Japan has completely given up on pursuing the
development of a demonstration fast breeder reactor. The government argues that
by using the Joyo experimental fast-breeder reactor and collaborating on a joint
project with France to develop an advanced experimental fast-breeder reactor for
industrial demonstration (ASTRID) the necessary level of technological
knowledge and data for development of a demonstration reactor can be obtained.

2.2 The current status of radioactive waste in Japan

In Japan, high-level radioactive liquid waste (generated by the reprocessing of
spent fuel) that has been vitrified and sealed in containers is classed as high-level
radioactive waste (HLW). As of 2017, Japan had 2,448 packages of waste that
had undergone reprocessing and vitrification: 2,176 of these are stored at the
JNFL reprocessing facility at Rokkasho-mura in Aomori Prefecture, while the
remaining 272 are stored at the Japan Atomic Energy Agency (JAEA)
reprocessing facility at Tokai-mura (NUMO 2017). This includes the vitrified
waste packages which were reprocessed overseas and sent back to Japan. The
amount of fuel reprocessed by Areva and BNGS was approximately 5,600 tons,
which corresponds to about 2,200 vitrified packages. By the end of 2008 1,310
vitrified packages had been sent back from France (ATOMICA 2009). If all of
the SF resulting from nuclear power generation were to be reprocessed into
vitrified packages, this figure would rise to approximately 25,000 packages
(NUMO 2017).

High level radioactive waste (HLW) is subject to geological disposal, as is
transuranic (TRU) waste, in accordance with the 2007 revision of the Final
Disposal Act. TRU is low-level radioactive waste with long half-lives containing
more than a specified concentration of long-lived radionuclides, generated by the
operation and dismantling of reprocessing plants and MOX fuel fabrication
plants. It includes hulls and ends, emission filters, concentrated liquid and

2 The plutonium and uranium in spent fuel can be recovered through reprocessing. This plutonium
and uranium is blended to produce mixed oxide (MOX) nuclear power reactor fuel. More than
30 reactors in Europe (Belgium, Switzerland, Germany and France) currently use MOX. Ten
Japanese reactors are licensed to use MOX and several are currently doing so.
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miscellaneous solid waste. Each type has a prescribed container, and is placed
either in canisters, drums or rectangular containers, and in some cases will have
undergone a solidification process (NUMO 2008). The Nuclear Waste Manage-
ment Organization of Japan (NUMO) anticipates a TRU waste volume of
approximately 18,100 m?> (NUMO 2008: 5).

2.3 The waste management strategy (veprocessing or direct disposal?)

The nuclear fuel cycle has remained the major ambition of the government and
the nuclear industry through to the present day. Reprocessing cannot be excluded
in any consideration of final disposal in Japan; as such, this section provides a
broad overview of reprocessing compared with direct disposal (once-through).

2.3.1  The argument made for reprocessing

Without any prospect of a fast breeder reactor in sight, there is no longer any real
hope for Japan of being able to effectively utilize the industry’s accumulated
uranium resources, which was the primary purpose to be achieved with a closed
nuclear fuel cycle. This section will concentrate on those factors which are
specific to Japan.

Spent fuel is stored at each nuclear power station, but many of the storage
pools are almost full (Table 1). Currently, more than 14,000 tons of SF are stored
at nuclear power stations in Japan. The total capacity of all nuclear power station
pools is approximately 20,000 tons, which means that almost 70 percent of
storage capacity is deployed. The remaining available capacity differs between
stations, but the pools in three NPPs will be full within approximately three years,
as will the pool at Kyushu Electric Power Company’s Genkai NPP in Saga
Prefecture. Rokkasho reprocessing plant, which has a maximum capacity of 3,000
tons, had 2,964 tons as of 2016 (JNFL 2016: 6).
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Table 1:  Quantity of spent fuel stored at each NPP in tons (September 2017)

Electric Power Company/ NPP | Quantity of Available Capac- | Remaining Operation
Waste Stored ity Time
(yrs) 2014 estimate
Hokkaido Tomari 400 1,020 16.5
Tohoku Onagawa 420 790 8.2
Higashidohri 100 440 15.1
Tokyo Fukushima 2,130 2,260 n/a
Daiichi
Fukushima Daini 1,120 1,360 n/a
Kashiwazaki Ka- 2,370 2,910 3.1
riwa
Chubu Hamaoka 1,130 1,300 8.0
Hokuriku Shiga 150 690 14.4
Kansai Mihama 470 760 7.5
Takahama 1,220 1,730 7.6
Ohi 1,420 2,020 7.3
Chugoku Shimane 460 680 7.0
Shikoku Ikata 640 1,020 8.8
Kyushu Genkai 900 1,130 3.0
Sendai 930 1,290 10.7
JAPC Tsuruga 630 910 9.3
Tokai Daini 370 440 3.1
Total (rounded) 14,870 20,740

Source: Author’s compilation based on data found in ANRE (2014b: 4) and FEPC (2017)

In 1994, the municipal government of Rokkasho-mura concluded an agreement
with JNFL, stating that the vitrified packages would be stored there temporarily
for a period of 30-50 years, whereafter the electric power companies involved
would remove the vitrified packages. The director-general of the Science and
Technology Agency and the governor of Aomori Prefecture made a commitment
that the vitrified packages brought to Rokkasho-mura would be removed at the
end of the storage period and that Aomori Prefecture would not become a final
disposal site (ANRE 2013: 4).

The proponents of interim storage claim that this agreement means that if
reprocessing were to be abandoned, there would be a risk that the local
government would refuse to allow spent fuel from nuclear power stations to be
brought to the Rokkasho Reprocessing Plant. Moreover, the nuclear power
stations might have to remove the SF that they have already taken there
(Yamaguchi 2005: 7). If interim facilities for SF storage cannot be secured, the
SF storage capacity at each nuclear power station will be exceeded and it will
become impossible to continue nuclear power generation.

In terms of measures to deal with SF, the national government and the
electric power industry revised the Reactor Regulation Act in 2000, allowing the
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construction of SF “interim storage facilities” outside power stations. In 2005,
TEPCO and Japan Atomic Power Company (JAPC) established the Recyclable-
Fuel Storage Company (RFS) and construction of an interim storage facility for
SF began in the city of Mutsu, Aomori Prefecture in 2010. This facility was due
to begin operating in March 2015, but its launch has been delayed until the latter
half of 2018 for safety reasons (RFS 2016).

SF emitted by the nuclear power stations operated by TEPCO and JAPC will
be kept in dry storage at this interim storage facility for up to 50 years. The
premise of such facilities is that even after storage, the SF will be transferred to a
reprocessing plant to undergo reprocessing (TEPCO 2012: 2).

2.3.2  Economic evaluation

Increasing costs of reprocessing

The Rokkasho Reprocessing Plant is not progressing as planned. According to
figures released in 2003 by FEPC the total cost of building, operating for 40 years,
and decommissioning the Rokkasho Reprocessing Plant is estimated at
approximately 11 trillion yen (ca. 83.2 billion Euro). This figure includes the cost
of reprocessing 14,000 tons of stock waste that had already accumulated by 2004,
plus some 18,000 tons of flow waste that would be generated thereafter, making
a total of 32,000 tons to be reprocessed over the course of 40 years. The Rokkasho
Reprocessing Plant has the capacity to reprocess 800 tons annually and the
estimates are based on the assumption the facility will work at full capacity for
over 40 years. If operating levels were to decrease, the costs would surge even
higher (ANRE 2003: 25).

There are also costs involved in storing the vitrified packages. The
government expected the storage costs to be approximately 30 million yen
(227,000 Euro) per package; the vitrified packages returned from overseas were
estimated to cost 120 million yen (ca. 908,000 Euro) per package to store (Oshima
2010: 20). Moreover, while the packages are in storage, the nuclear fuel tax will
have to be paid; this was expected to amount to approximately 730,000 yen (5,522
Euro) per package per year in the case of Aomori Prefecture, and approximately
940,000 yen (7,111 Euro) per package per year in the case of Ibaraki Prefecture.
The tax cost of storing the packages for 50 years was estimated at 1 trillion yen
(ca. 7.6 billion Euro).

Japan’s fast breeder reactor has been shut down since December 1995,
costing 50 million yen (ca. 378,000 Euro) per day in maintenance costs (Hokkaido
Shinbunsha 2013: 129). Monju (see 2.1) worked for just 250 days of its 22-year
lifespan and cost more than 1 trillion yen (ca. 7.6 billion Euro) (JAEA 2017).
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Reprocessing is more expensive than direct disposal (once-through fuel cycle)

With no prospect of commercializing fast breeder reactors, there were fears that
the cost of the nuclear fuel cycle could balloon, so the nuclear fuel cycle was put
under review, with consideration being given to the option of direct disposal
(once-through).

In October 2011 JAEC estimated that the cost of "re-processing” would be

twice the cost of "direct disposal".

Table 2:  Nuclear fuel recycling cost (Comparison in kWh)
2011 Estimate 2004 Estimate
all reprocessing 1.98 yen ca. 1.6 yen
(ca. 1.49 cents)* (ca. 1.2 cents)
half reprocessing/half intermediate treatment® 1.39 yen ca. 1.4-1.5 yen
(ca. 1.05 cents) (ca. 1.05-1.13 cents)
all direct disposal? 1-1.02 yen ca. 0.9-1.1 yen
(ca. 0.75-0.77 cents) (ca. 0.68-0.83 cents)

*cent = Euro cent

Source: Based on data from JAEC (2011: 14)

In April 2012, the JAEC re-estimated the cost of the nuclear fuel cycle. In all three
comparisons, regardless of the share of nuclear power included in the electricity
mix, the most cost effective method was direct disposal.

Table 3:  Nuclear fuel recycling cost depending on the choice
nuclear power ra- all reprocessing half reprocessing/ all direct disposal
tio of total elec- half intermediate treat-
tricity generation ment
8.1-8.7 trillion yen
0% --- --- (ca. 61.2 -65.8 billion
Euro)
14.4 trillion yen - 10.9-11.6 trillion yen
15% (ca. 109 billion 14.4 trillion yen (ca. 82.4-87.7 billion
(ca. 109 billion Euro)
Euro) Euro)
20% (lcsa'ﬂt?éhsogiﬁie:n 15.3 trillion yen 12-12.8 trillion yen
0 Eur.o) : (ca. 115.7 billion Euro) (ca. 91-97 billion Euro)
18.4 trillion yen 17.3-17.4 trillion yen 13.9-14.8 trillion yen
30% (ca. 139 billion (ca. 130.9-131.6 billion | (ca. 105-112 billion
Euro) Euro) Euro)

Source: Based on data in JAEC (2012: 24, 66, 108).

3 Reprocessing of half of the waste, the other half is treated intermediately for 50 years.

4 All waste disposed directly 54 years after its use for power generation
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This seems to suggest that direct disposal would be better in economic terms. The
Draft Revision of the Basic Policy Based on the Final Disposal Act approved by
the Cabinet on 22 May 2015 states that research will be conducted regarding
direct disposal and other disposal methods (METI 2015: 7). The Radioactive
Waste Working Group of the Advisory Committee for Natural Resources and
Energy, which proposes improvements to initiatives and systems, adopted the
view that “direct disposal is an alternative to the nuclear fuel cycle, not an
alternative to final disposal” ANRE 2015b: 7). This in effect means that SF should
be reprocessed. Moreover, even the recently revised Basic Policy stresses the
importance of the nuclear fuel cycle, with the criteria for selecting final disposal
sites predicated on reprocessing (ANRE 2014b: 2,3).

There is a strong tendency not to exclude the option of reprocessing, both to
honor the agreement with Aomori Prefecture and to ensure access to interim
storage facilities. There are also those who argue against relinquishing a
technology that could potentially be used for making nuclear weapons (Hokkaido
Shinbunsha 2013: 119).

3 Final disposal
3.1 The background to the selection of geological disposal

In 1962, the Japan Atomic Energy Commission (JAEC) became the first body in
Japan to address the disposal of radioactive waste. In 1976, research into
geological disposal got underway, with the Power Reactor and Nuclear Fuel
Development Corporation (now JAEA) playing a central role in research and
development. In 1992, they prepared a report setting out the technical possibilities
for geological disposal and published another in 1999 detailing the technical
reliability of the geological disposal of high-level radioactive waste (JAEA
2015a: 2). As a result, it was confirmed that geological disposal was technically
feasible. The decision to select geological disposal rather than managing it above
ground was based on the premise that areas deep underground would be the most
stable locations, even in earthquake-prone Japan, provided that areas near
volcanoes and fault lines were avoided (NUMO 2015b: 14-15).

In 2000, the Specified Radioactive Waste Final Disposal Act (Final Disposal
Act) was enacted stipulating that: 1.) high-level radioactive waste be disposed in
a stable subterranean geological formation at a depth of more than 300 meters; 2.)
an implementing body be established; 3.) a three-step process be adopted for
selecting disposal sites; and, 4.) a contribution-based system be used to secure the
funds for final disposal.
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The Nuclear Waste Management Organization of Japan (NUMO) was established
in October 2000 as the implementing body. NUMO is responsible for the selec-
tion of disposal sites, the construction and management of disposal facilities, final
disposal, the sealing and management of disposal facilities, and disposal opera-
tions in general.

NUMO plans to construct a facility where at least 40,000 vitrified packages
and 19,000m* of TRU can be buried; the above-ground facility is expected to
cover an area of 1-2 km? and the underground facility 6-10 km?, with the cost of
the disposal forecast at approximately 3.5 trillion yen, or approximately 26.5
billion Euro (NUMO 2015a:19).

3.2 Basic approach to disposal

In Japan, the 2005 Framework for Nuclear Energy Policy attached importance to
radioactive waste treatment and disposal. The four principles that underlie the
framework are: liability of generators, minimization of radioactive waste, rational
treatment and disposal, and implementation based on mutual understanding with
the people. In addition, the present generation is to assume responsibility for safe
disposal of radioactive waste in order to protect future generations.

The laws regulating activities associated with radioactive waste management
are the Act on the Regulation of Nuclear Source Material, Nuclear Fuel Material
and Reactors (abbreviated as the Reactor Regulation Act), and the Act on the
Prevention of Radiation Disease Due to Radioisotopes, (abbreviated as the
Radiation Disease Prevention Act).

The Final Disposal Act was enacted in 2000 as a law specific to high-level
radioactive waste. The Act on Special Measures for Handling Pollution by
Radioactive Materials was enacted to address the issue of the disposal of waste
polluted by radioactive materials discharged as a result of the Fukushima Daiichi
NPP accident; the government has been at the center of efforts in this area.

3.3 Bodies involved in geological disposal

Ideally, an implementing body with responsibility for the disposal of high-level
radioactive waste will ensure both safety and adherence to the principle of
generator liability. When it met in May 2000, the JAECs Panel on the Disposal
of HLW argued that the implementing body should be private rather than public,
and that the government’s role should be limited to establishing and enforcing
safety regulations.

The NUMO, whose establishment had been authorized by the METI, was
designated the implementing body for geological disposal, in accordance with the
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Final Disposal Act. NUMO is responsible for selecting sites for the construction
of disposal facilities; constructing the facilities; carrying out geological disposal;
sealing, closing, and managing the facilities; and collecting contributions to cover
costs.

The 2005 Framework for Nuclear Energy Policy states that the government,
research and development institutions, and NUMO are to consistently promote
research and development of geological disposal of high-level radioactive waste.
NUMO was made responsible for the safe implementation of final disposal
operations involving high-level radioactive waste and technical development
aimed at improving economic performance and efficiency. Research and develop-
ment institutions are to be led by the Japan Atomic Energy Agency (JAEA),
which is described in detail in the organization chart of the Sector of
Decommissioning and Radioactive Waste Management (JAEA 2015b).

4  Siting procedures and costs
4.1 The repository site selection process

The Final Disposal Act provides for the selection of a repository site in a three-
stage process covering the selection of preliminary investigation areas, detailed
investigation areas and a repository construction site. The opinions of the local
population are to be fully respected in the selection process. At each stage of the
process, reports on the investigation are to be compiled and explanatory meetings
held. Without the agreement of the local population, the municipal mayors and
the prefectural governors, the site selection process cannot move to the next stage.

The first stage involves a literature survey, analyzing previous earthquake
activity, volcanic eruption, fault activity, uplift and erosion and other relevant
tectonic phenomena. If the literature survey confirms that there is no indication
of pronounced geological perturbations resulting from natural phenomena such
as earthquakes, and that there will be no risk of such phenomena occurring in the
future, then preliminary investigation will be carried out.

Preliminary investigations (borehole and trench) will be carried out on the
surface, analyzing geological formations, rock properties, geological structures,
groundwater characteristics and geodynamics. Concurrent with more detailed
investigations at ground level, underground research facilities are to be
constructed. This research will determine the suitability of the geological
formation for a repository.

Following the identification and selection of a repository construction site,
the disposal facilities are to be designed and a safety evaluation undertaken.
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Construction can begin after a safety review by government experts (NUMO
2016: 5).

4.2 Geological selection criteria

Given its high volcanic activity and frequent earthquakes, are there any suitable
sites in Japan for geological disposal? NUMO claims that detailed surveys of the
geological environment make it possible to avoid areas affected by volcanoes or
active faults, thus ensuring safety. An analysis of the distribution of volcanoes
across the Japanese archipelago shows that the location of volcanoes has shown
almost no change over the last several million years (NUMO 2015a: 15).

NUMO further suggests that it is possible to avoid the effects of active faults
because there have been no major changes in fault movements over the last few
million years; once a fault appears, it becomes the site of repeated activity,
because it is a weak point. NUMO has determined that sites within 15 km of a
volcano, which have experienced more than 300 m (150 m in the case of coastal
areas) of uplift in the last 100,000 years, or are situated on an active fault line
(with the width of the fault being given as one-hundredth of its length) are
unsuitable as disposal sites.

4.3 Burden of final disposal costs

The costs involved in final disposal are premised on the nuclear fuel cycle. The
largest costs are for SF reprocessing. Other costs include reactor decommis-
sioning, geological disposal and development and siting.

Under the Spent Nuclear Fuel Reprocessing Fund Act enacted in 2005, the
costs associated with reprocessing at the Rokkasho Reprocessing Plant can be
passed on by adding them to electricity charges. (For further details concerning
the costs associated with reprocessing, see 2.3.2) The costs for reactor decom-
missioning have been added to electricity charges since 1989, under the “nuclear
power generation facility dismantling charge” (Oshima 2010: 21). The costs of
disposing of approximately 40,000 vitrified packages, including the cost of
developing the technology required for geological disposal and the costs
associated with constructing, operating, and sealing the facility, were estimated
at approximately 3 trillion yen (ca. 22.7 billion Euro). Under Article 11 (1) of the
Final Disposal Act, power companies are obliged to make an annual contribution
to NUMO, commensurate with the volume of waste resulting from nuclear power
generation. Since 2000, the citizens of Japan have funded this contribution,
through a portion of their electricity charges set aside for this purpose. In the
financial year 2016, this contribution amounted to 10.3 billion yen (ca. 78 million
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Euro), making a total of 987.1 billion yen (7.47 billion Euro) in contributions as
of the end of March 2016 (NUMO 2017). In the end, it is the general public, which
pays for reprocessing, decommissioning and disposal through higher electricity
charges and other fees.

The selection of a final disposal site will have a huge socioeconomic impact,
due to the very long time involved with geological disposal. Recognizing that it
will be vital to ensure that host sites benefit from acting as hosts, METI has put
together a budget for “grants for areas hosting power facilities” under the grant
system based on the Three Power Source Development Laws. METI has decided
to pay 1 billion yen (ca. 7.56 million Euro) per year to both the municipal and
prefectural governments of the area concerned at the literature survey stage, and
2 billion yen (ca. 15.1 million Euro) per year at the preliminary investigation
stage. The grant system from the detailed investigation stage onwards is to be
determined in due course (Ueda and Li 2014: 7).

Once a municipality is actually confirmed as a host area for a disposal site
and the site begins operating, it will receive annual income of approximately 2.7
billion yen (ca. 20.42 million Euro) in fixed asset tax for 60 years, making a total
of approximately 160 billion yen (1.21 billion Euro). In addition, the area can
expect to benefit from employment creation, with the economic effect of the
construction and operation of the disposal site estimated at 39.8 billion yen (ca.
301 million Euro) annually (Ueda and Li 2014: 7).

S Policy shift on site selection methods
5.1 The only district to apply for a literature survey

The Final Disposal Act prescribes a three-stage selection process with public
participation and the support of local government. As described above, it also
prescribes that grants are to be provided from the site survey stage for the purpose
of regional development.

Despite the creation of this site selection framework, the only municipality
ever to have applied for a literature survey since the application process opened
in 2002 is Toyo-machi in Kochi Prefecture. Toyo-machi announced in January
2007 that it would apply for a literature survey. A town of approximately 3,000
inhabitants, Toyo-machi is located on the Pacific coast, close to the border with
Tokushima Prefecture. The decision to apply was made by the town’s mayor
without consulting with the town council, so opinion in the town was bitterly
divided (Hokkaido Shinbunsha 2013: 50). Beyond the town, the prefectural
governors of both Kochi and Tokushima expressed their opposition to NUMO.
The incumbent mayor resigned over the issue, calling an election in April 2007,
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standing again and seeking a mandate from local residents. The opposition
candidate won a landslide victory and the application for the literature survey was
withdrawn on 23 April (Hokkaido Shinbunsha 2013: 50). On 21 May, the town
council enacted an ordinance rejecting the proposal to bring radioactive and
nuclear material into Toyo-machi settling the issue once and for all (Toyo-machi
2017).

5.2 “Nationwide Map of Scientific Features for Geological Disposal”

Conducting the various surveys for selecting a candidate site could take around
20 years. The subsequent process of building a facility, burying the waste and
ultimately sealing the facility could take 100 years. As not a single local
government in Japan has undergone a selection survey, this means there is a long
journey ahead. Japan has not yet even reached the starting point.

To rectify this situation, on 22 May 2015, the Cabinet approved a revision
of the government’s Basic Policy based on the Final Disposal Act. The key point
in the revision is the switch from the system of voluntary application by local
governments to one in which the government plays the key role in choosing the
site, with the aim of speeding up the process of selecting candidate sites (ANRE
2015b). The government put together an extensive list of areas thought to be
geologically suitable and released a “Map of Scientific Characteristics” at the end
of July 2017, which was subsequently posted to the ANRE website (ANRE 2017).
The map does not pinpoint potential nuclear waste repository sites. It illustrates
in four colours (light green, dark green, orange and silver) the suitability of
geological conditions throughout Japan. The areas in light green are deemed
suitable as final disposal sites. If the areas lie within 20 km of the coastline they
are shown in dark green. These dark green areas are also favourable from the
standpoint of maritime transport. The areas in orange lie within a radius of 15
kilometres from volcanoes or are located close to active faults. These areas are
therefore deemed unfavourable from the standpoint of underground stability and
other factors. The areas in silver are those with reserves of oil, natural gas, coal
and other minerals that could be exploited in the future. Approximately 900
municipalities, more than half of all municipalities in Japan, are classified as dark
green areas. These 900 municipalities account for about 30 percent of Japan’s
total land area (NIKKEI 2017), the combined light green and dark green areas
account for about 65 percent of Japan's total area, and are considered suitable for
the construction of a disposal site (Mainichi 2017). These areas must be narrowed
down, but no decision has been made yet as to how the list of candidate sites
should be narrowed down.
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The first stage of presenting the scientific characteristics map is finished, and
Japan can now proceed to the second stage. Starting in autumn 2017, the METI
began holding discussions with municipalities in dark green areas to explain the
necessity for final disposal (ANRE 2017). If any municipalities show interest,
research can finally go ahead. If not, the government will propose to some
municipalities that they should agree to an investigation. The government hopes
to narrow down the candidate sites over the next 20 years.

6 Further considerations

Why has there been so little progress made on the question of final disposal sites
for radioactive waste? At the root of this non-decision are a number of uncer-
tainties and the ambiguous definitions on which the discussion is based. The
manner in which these uncertainties evolve has the potential to substantially affect
future policy on final disposal.

6.1 The direction of nuclear energy policy and flow waste

It is unclear how many NPPs in Japan will actually be restarted. The government
has decided that nuclear power generation will account for about 20 percent of
the energy mix by 2030, but it remains unclear whether nuclear power generation
will continue thereafter, or whether the nation will seek to move away from
nuclear power.

Abandoning nuclear power would mean zero generation of flow waste.
Consequently, the only waste which would need to be transported to final disposal
sites would be the existing stock waste. Even if the country does not abandon
nuclear power immediately, setting a clear deadline for abandoning it would
facilitate precise calculations of the quantity of flow waste that would be emitted
in the future.

If as is presently the case, the question of whether nuclear power will be
sustained or abandoned remains undecided, there will continue to be uncertainty
surrounding the quantity of radioactive waste that will be generated in the future.
If the government were to decide to abandon nuclear power entirely, this would
bring into question the need for nuclear fuel recycling, the major premise of
Japan’s nuclear energy policy. If the nuclear fuel cycle is not brought to fruition,
the nature and quantity of flow waste will change.
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6.2 Public anxiety and a low level of awareness

The method used hitherto for selecting candidate sites involved providing local
citizens with a financial bonus large enough to compensate for or offset their
anxiety and sense of risk regarding radioactive waste disposal. In many instances,
waste disposal has been discussed solely in terms of its economic and institutional
aspects, rather than following a democratic process as was the case of Toyo-
machi. The mayor, who was hoping to revitalize the town, acted on his own. On
28 February 2007, when the people of Toyo-machi were still in the midst of a
fierce debate that polarized the town into pro- and anti- factions, NUMO
submitted an application to alter its business plan, so that it could begin the
literature survey in 2007. The national government granted its approval just one
month later on 28 March. Although it said that it would respect the views of local
citizens concerning the selection of the candidate site, both NUMO and the
national government sought to move their plans forward, without any consi-
deration for the opinions of local people. This kind of behavior increases the sense
of distrust among the general public (Nishio and Sueda 2009: 28-30).

The subsequent failure of any additional local governments to even apply for
a literature survey despite the huge economic advantages involved would appear
to be attributable to the fact that the feelings of anxiety and distrust among the
people far outweigh any financial benefits. It is almost impossible to dispel the
anxieties of the general public with economic advantages alone, so it is essential
to carefully undertake a democratic process, providing accurate data and infor-
mation in order to gain the understanding of the public.

According to a survey of public attitudes to HLW conducted by the Japan
Atomic Energy Relations Organization (JAERO) in 2001, the proportion of
respondents who reported having a good understanding of the difference between
high-level radioactivity and low-level radioactivity was 6.9 percent, whereas the
combined total for those who had either not much or no understanding whatsoever
was around 80 percent. The proportion of those reporting that they knew nothing
about geological disposal was 70 percent, demonstrating the low level of
awareness among the general public (ATOMICA 2003).

Since the Fukushima accident, the topic of abandoning nuclear power has
begun to crop up frequently in energy policy discussions. However, the media
rarely reports anything about radioactive waste, so one certainly cannot say that
public awareness of the topic has increased (JAERO 2013: 48).



FOR REFERENCE PURPOSES ONLY

False Premise, False Promise 113

6.3 What is “high-level radioactive waste?”’

High-level radioactive waste consists of vitrified packages and TRU waste. This
definition arises from the fact that the nuclear fuel cycle is the major policy
premise in Japan. Spent fuel is regarded as a resource in Japan, because Japan
aspires to recycle its nuclear fuel. Until now, the goal was to reprocess all SF, but
given present circumstances, direct disposal of at least some of it is coming under
consideration (see 2.3.2.2). Should all or any of the SF be directly disposed, the
SF would also be declared as high-level radioactive waste.

From this perspective, it would seem appropriate to adopt the definition used
by the Science Council of Japan: “The term ‘high-level radioactive waste’ does
not merely refer to high-level radioactive waste emitted after the reprocessing of
spent nuclear fuel; it will also be used to indicate spent nuclear fuel in the event
that reprocessing of all spent nuclear fuel is halted and direct disposal is also
carried out.” (Science Council of Japan 2012: 4).

Discussing final disposal sites on the basis of a definition that equates high-
level radioactive waste with SF would make it possible to avoid any major
changes in the approach to disposal sites, even if there were a change in the
current policy of reprocessing all SF. The Fukushima NPP accident is also
generating high-level radioactive waste. The disposal of radioactive waste from
nuclear fuel materials and reactors that have undergone core meltdowns will be
much harder to dispose of than conventional high-level radioactive waste (AESJ
2015: 10). The quantity and quality of the radioactive waste which actually goes
to final disposal could differ from the data on the quantity and nature of “high-
level radioactive waste” as defined by law (Ueda and Li 2014: 8).

6.4 The ambiguous principle of the liability of generators

The costs involved in processing and disposing of high-level radioactive waste
are immense and create various problems. The question of who will bear the
financial burden is also a crucial point of contention.

The Framework for Nuclear Energy Policy explicitly states that the pro-
cessing and disposal of high-level radioactive waste is based on the principle of
the liability of generators. Electric power companies and other generators are
obliged to ensure safe processing and disposal of radioactive waste, while the
state must supervise them to ensure compliance.

In reality, however, the burden of ensuring the safe management of
radioactive waste, responsibility for its final disposal, and compensation in the
event of an accident has been effectively passed on to NUMO. The nuclear fuel
cycle and radioactive waste processing cost an enormous amount of money, most
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of which is borne by the public in the form of electricity charges. Moreover, the
national government provides vast sums in treasury funds, so it would be no
exaggeration to say that it is the state that is funding the cost of the nuclear fuel
cycle and final disposal operations (Ueda and Li 2014: 9). Also when it comes to
the question of who shoulders the cost burden, the principle that the waste
generators are liable is not functioning.

As it currently functions, the system is mitigating the liability of the electric
power companies, which are also the waste generators, while increasing the
authority of the state. It is unrealistic to require a single company to bear the
liability for continuing to manage such waste for tens of thousands of years after
disposal. Nevertheless, if mandatory generator liability is relaxed and electric
power companies are relieved of their responsibilities after disposal, the only
outcome will be a continuation of irresponsible power generation.

6.5 The Fukushima accident

Because of the Fukushima accident, there are three serious additional problems
involved with radioactive waste which other countries do not have: dealing with
the decommissioning of damaged reactors, contaminated water and deconta-
mination in off-site areas in Fukushima.

The problem of high level radioactive waste from the Fukushima accident
has yet to be addressed. Much of the high level radioactive waste is being
temporarily stored at the Fukushima site itself. The immediate area around the
nuclear plants remains highly radioactive and the molten fuel rods remain in the
reactor core.

The decommissioning of severely damaged reactors like those at the
Fukushima Daiichi NPP is unprecedented in history. It is very important to know
the exact locations and the physical, chemical, and radiological forms of the
corium to ensure its safe removal. The high radioactivity in the reactor means,
however, that only specially designed robots can probe the unit, and this activity
is still in the exploratory phase. It is estimated that it will take at least 30 years to
deal with the decommissioning of the damaged nuclear reactors in the Fukushima
Daiichi NPP, given the highly dangerous conditions under which the work must
take place.

In August 2014, the Nuclear Damage Compensation and Decommissioning
Facilitation Corporation (NDF) was set up by the government as a planning body
with management support for R&D projects. The NDF supports the decom-
missioning work and formulates strategies to deal with the main mid-and-long
term challenges associated with the decommissioning of the Fukushima Daiichi
NPP, such as methods of retrieval of fuel which has melted and must then harden,
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as well as radioactive waste management. In May 2017, the management of the
reserve fund to promote decommissioning was added to the corporation’s scope
of duties.

Another serious problem on site is contaminated water. The Fukushima
Daiichi site contains vast amounts of highly contaminated water that were used
to cool the remains of the reactor cores. According to TEPCO, groundwater enters
the reactor building at a level of 300 tons per day, and becomes contaminated
(TEPCO 2017). It is very important to stop the leakage of contaminated water to
the outside. Since 2014, preparations have been underway for an ice wall
surrounding the damaged Fukushima Daiichi, and the final section of ice is
currently being frozen. However, it is uncertain whether the wall will function as
envisaged. Similar technology is widely used in the construction industry, but the
ice wall in Fukushima is the largest to date (WNN 2017).

Decontamination is one of the most important measures for radiation
protection to remove radioactive materials from inhabited areas. Decontamination
is carried out according to the Act on Special Measures Concerning the Handling
of Radioactive Pollution (Act on Special Measures), which was enacted in August
2011. Areas contaminated at relatively low levels by the radioactive plume are
being “decontaminated”. The thousands and thousands of large garbage sized
bags of contaminated soil and other debris which have been collected are being
brought to temporary storage areas (often a cleared area in the mountains or fields)
for low- and medium-level radioactive waste in the Fukushima area. They will
remain at these locations until they can be moved into an interim storage facility.
The interim storage facility is to be established in Fukushima prefecture where
huge amounts of soil and waste were generated by decontamination activities.
The interim storage will operate for 30 years, and then final disposal of the waste
will be carried out.

In 2016, the Ministry of Environment announced that material with less than
8000 becquerels per kilogram of caesium would no longer be specified as
contaminated waste, or subject to restrictions on disposal. Where radioactivity is
less than 8000 Bg/kg, contaminated soil may be used for embankments. Use is
unrestricted, if the radioactivity level is less than 100 Bq/kg. Most of the stored
waste in Fukushima has decayed to below the 8000 Bq/kg level. According to the
Ministry of Environment, the current status of specific (designated) waste (over
8,000 Bg/kg) is 194,080.8 tons (MoE 2017).

7 Conclusions

In Japan, the discussion on final disposal began at more or less the same time as
the nation began developing and using nuclear power. As a result of research and
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development over many years, the discussion of the technical aspects of vitrifing
waste and disposal methods has advanced. In addition, the government has
established financial support to help deal with the enormous costs that are
expected to be incurred between the selection of the candidate sites and actual
final disposal. Despite the large financial incentive, however, not a single local
government is willing to apply for the investigation stage, the financial benefits
cannot offset the fears and skepticism of the people.

Although the variables in the equation have changed, such as the Fukushima
accident and the Monju shutdown, the outcome has been left unchanged. SF
reprocessing is a constant in Japan’s nuclear and waste management policy, a
default answer which has stifled discussion and hindered planning.

Moreover, several uncertainties make decisions in Japan more difficult.
Future nuclear policy will determine the type and volume of waste which will be
emitted. Discussing the restart of Japan’s nuclear power stations must take into
account the direction of the nation’s nuclear energy policy and its disposal
challenges.

The “high-level radioactive waste” accounted for in present legislation are
the canisters of vitrified waste. This legal framework is the basis for researching,
financing, storing and disposing of this waste, but the framework is too tight and
rigid. The waste from the Fukushima accident and other types of waste are subject
to specific legislation; they differ greatly from the vitrified packages in form,
quantity and required disposal methods, and they are discussed separately.

The uncertainties will remain until the government decides on the direction
it wishes to take, and this in turn renders the disposal site issue even more intricate
and formidable. It is necessary to have clearly defined criteria, accurate data and
information, in order to have open democratic discussions. In Japan, the repo-
sitory search process has been restarted, but the dialogue with the municipalities
is based on vague criteria. It will prove enormously difficult to gain the trust and
understanding of citizens. Japan must finally cease to discuss its nuclear policy
and nuclear waste policy independently if the country is to develop a realistic
solution to the dilemma of final disposal.
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Abstract

The main source of nuclear waste in Hungary is the four VVER-440 reactors at
the Paks site, which began producing commercial electricity between 1982 and
1987. At the time of plant construction, in the 1970s, an agreement was made
between Hungary and the Soviet Union that spent fuel should be transported to
the Soviet Union for reprocessing. This was the practice for more than a decade;
the last shipment took place in 1998, with a total of 2,331 spent fuel cartridges
transported to Russia. Although this final shipment took place 18 years ago, there
has been no final decision regarding Hungary’s nuclear waste management
strategy. The reference scenario foresees domestic deep geological disposal, how-
ever the option of shipping spent fuel to Russia for reprocessing still remains
open. Spent fuel is currently stored in an interim storage facility next to the Paks
NPP.

A complex screening procedure for a potential waste disposal site (hosting
either high level waste from decommissioning or spent fuel as well as high level
waste) started in 1999. As a result, six geological formations were “recommended
for further research”. The most favoured is the Boda Siltstone Formation in the
Western Mecsek Mountain, in the southern part of Hungary. According to plans,
the site will start to operate in 2064.

The Hungarian national programme, based on the Council Directive
2011/70/EURATOM was prepared by the government and submitted to the
European Commission in August 2015. The document was made public in June
2016, and its final version was adopted by the government in August 2016.
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1 Introduction

The main source of nuclear waste in Hungary is the four VVER-440 reactors at
the Paks site, which began producing commercial electricity between 1982 and
1987. In 2014, over 50 percent of electricity production originated from this
nuclear power plant (NPP) in Hungary. The NPP is 100 percent state-owned.

The original lifetime of the reactors in the Paks NPP is 30 years. The license
was valid for Unit 1 until 2012, for Unit 2 until 2014, for Unit 3 until 2016 and
for Unit 4 until 2017. A decision to prolong operation was made by the company,
which was supported by political consensus; the lifetime extension procedure
started in the early 2000s. Unit 1, 2 and 3 have already received their renewed
licenses, while the process is ongoing in case of Unit 4.

On January 14, 2014, Hungary and Russia concluded an agreement on
atomic energy cooperation, in which the countries agreed, inter alia, to construct
two new nuclear reactors of 1,200 MW capacity each with a Russian loan of 10
billion Euros. Their operation is planned to start in the mid-2020s. The agreement
also makes possible the shipment of spent fuel to Russia for reprocessing or for
technological storage.

2 Nuclear waste disposal in Hungary
2.1 Historical background

The 1996 Act on Atomic Energy was the first law to regulate radioactive waste
management in Hungary. It was also the first official document to mention
disposal of spent nuclear fuel (SF), based on the international standards of
national disposal (OECD 1995). According to the Act, spent fuel is not defined
as radioactive waste until the decision about its management is finalized; in other
words, it only becomes waste when its final disposal is decided on.

At the time of NPP construction, in the 1970s, an agreement was made
between Hungary and the Soviet Union which stated that after three years of
cooling in a water pool, SF was to be transported to the Soviet Union for
reprocessing. The service was free of charge, based on the original agreement.
However, the agreement was amended unilaterally by the Soviet Union several
times; these amendments increased the cooling time from three years to five
years, as well as introduced a charge for shipping and reprocessing that increased
over time. It soon became clear, from the Hungarian perspective, that this practice
could not be maintained for long. Thus at the beginning of the 1990s, a decision
was made to prepare for an alternative, namely building a national interim storage
next to the Paks site.
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Nevertheless, until 1998, Paks NPP transported spent fuel for reprocessing to
Russia without the obligation to take back radioactive by-products. This occurred
despite the adoption of the Russian Environmental Protection Law in 1993, which
ordered the return of reprocessed radioactive wastes to the country of origin.
According to special agreements between Hungary and Russia, Hungarian
shipments could ignore this obligation. In 1997, the first three modules of the
interim storage facility were built and transport to Russia was no longer
necessary. The last shipment of spent fuel took place in 1998, with a total 0f 2,331
spent fuel cartridges transported to Russia.

The Hungarian Atomic Energy Authority (HAEA) was assigned by the
government to establish a public authority responsible for collection, storage and
decommissioning of radioactive waste. In 1998, the Public Agency for Radio-
active Waste Management (PURAM) was founded for this purpose. Since then,
PURAM has been managing and supervising three facilities: the Radioactive
Waste Treatment and Disposal Facility (RWTDF) at Piispokszilagy for the
disposal of radioactive wastes of institutional origin, the National Radioactive
Waste Repository (NRWR) at Bataapati for the final disposal of low- and
intermediate-level wastes of NPP origin and the Interim Spent Fuel Storage
Facility (ISFSF) at Paks for the interim storage of spent fuel from the NPP. A
fourth facility will be added to this list, when the final disposal site for high-level
radioactive waste (HLW) is selected (Fig. 1.). Screening for this site started in
1999 and as a result, six geological formations were recommended for further
research. Site selection is a longer procedure, with a planned conclusion in 2030.

() PUSPOKSZILAGY
Radioactive Waste Treatment
and Disposal Facility

(O PAKS
Interim Spent Fuel Storage Facility

O BATAAPATI
National Radioactive Waste Repository

Planned site of the final
disposal of spent fuel

Figure 1: Facilities managed by PURAM (by Dénes Fellegi).
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There is an important event in the history of spent fuel management which needs
to be noted. A serious incident happened at the Paks NPP Unit 2 reactor in April
2003, when 30 fuel assemblies were damaged during a cleaning process. The
incident was provisionally registered as Level 2 on the International Nuclear
Event Scale (INES). The incident has been re-evaluated and given a final rating
of INES 3. The incident occurred in the fuel cleaning system, which was located
under 10 metres of water in a cleaning tank and next to the SF cooling pond as
well as the reactor in the reactor hall. An investigation by the HAEA concluded
that the incident was caused by inadequate cooling of the fuel elements. In July
2003, an International Atomic Energy Agency (IAEA) mission concluded that
neither the HAEA nor Paks NPP used conservative decision making in their safety
assessments, given to this unproven fuel cleaning system (IAEA 2003). The
damaged fuel assemblies stayed in the tank for three and a half years, then they
were removed, put in cases and inserted into the cooling pond next to the reactor.
The remediation process was finished by the end of 2006 and the fuel elements
were transported to the Russian Mayak facility in August 2014.

2.2 The national inventory

The largest portion of HLW originates from the four reactors of the Paks NPP.
The fuel is uranium dioxide, of which some 42 tonnes are loaded in each reactor.
One hundred SF assemblies per unit are generated every year. After its removal
from the reactor, SF is placed in a water pool (decay pool) for 3 years and then is
transferred to the ISFSF for an additional 50 years. As of 1 January 2014, the Paks
NPP had produced 1,095.2 tons of heavy metal with 1,751 SF assemblies in the
decay pools and 7,687 assemblies in the ISFSF (see Table 1.). An additional 8,290
SF assemblies are expected by the end of operation (PURAM 2014).

Table 1:  Spent fuel inventory of the Paks NPP as of 1 January, 2014.

Storage capacity Stored amount
Number thm Number tum
Decay pools 2,600 308.4° 1,751 207.7
ISFSF 9,308 1,104.1° 7,687 887.5

* The heavy metal equivalent of spent fuel was calculated with 118.62kgU per assembly. Source: PURAM 2014

Note that these figures do not include the fuels damaged in 2003 during the INES
3 incident.

A small amount of SF is generated in reactors that do not produce
commercial electricity, such as the educational (Hungarian Technical University)
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and research (Hungarian Academy of Science) reactors in Budapest. The fuels
used here differ in every parameter from those used by the Paks NPP (see Table
2).

Table 2:  Spent fuel generated by educational and research reactors.

SF generated until 1 January SF to be generated during whole
2014 operation
Number kgum Number kgum
Research reactor (fuel
type: VVR-M2(20) 39 8.58 810 178.2
Educational reactor
(type: EK-10) 0 0 56 68.91

Source: PURAM 2014

SF generated by the research reactor is stored in two onsite water pools. An
average of 70 fuel assemblies are replaced annually; on 1 January 2014, 39 SF
assemblies with a heavy metal content of 8.58 kgU were stored in the water pools
and all others were transported to Russia. The educational reactor has a facility to
store SF but it has never been used, as the original load made in 1971 is still in
use (PURAM 2014).

HLW other than SF is generated in the Paks NPP, at a rate of five m* each
year. It is stored temporarily onsite in vertical storage tubes. As of 1 January 2014,
99.3 m* of HLW had been generated; a further 120 m? is expected by the end of
operation. An additional 496.2 m? (gross amount) HLW is estimated as a result
of decommissioning.

2.3 The (interim) storage site

In the 1990s and following changes in the political and economic situation in
Central and Eastern Europe, it became clear that the practice of shipping SF to
Russia couldn’t be maintained for long. Therefore the management of the Paks
NPP made a decision to build an interim storage for SF as an alternative to the
transports. Experts from the NPP selected the Modular Vault Dry Storage model
for this facility. Planning, licensing and construction of the first modules took
place from 1992 to 1996. The ISFSF was put into operation in 1997 and has been
managed by PURAM since 1998.

Each module of the facility has a license for 50 years. Operation and
extension happens in parallel to one another; currently the third extension phase
is underway with the construction of modules 21-24. For the four operating blocks
(and excluding the planned two new reactors), a total of 36 modules are planned.
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2.4 The waste management strategy (with current waste disposal plan/concept)

In Hungary, HLW has been generated since the 1960s. Due to lack of prohibiting
legislation, it was transported to the Radioactive Waste Treatment and Disposal
Facility (RWTDF) at Piispokszilagy, where institutional radioactive wastes are
disposed. This practice was stopped after the Paks NPP was put into operation.

Nevertheless, there has been no final decision regarding a strategy for
nuclear waste management. The reference scenario foresees domestic deep geo-
logical disposal (DGD), however the option of shipping SF to Russia for
reprocessing remains open. This latter option is theoretically ensured for the
operating reactors by a protocol between Hungary and Russia, which was signed
in 2004; and for the two planned reactors by the international agreement signed
in 2014. Taking official calculations into consideration, direct disposal seems to
be the more practical and economical option (PURAM 2010). Despite this, the
Hungarian national policy adopted by the parliament in May 2015 states that no
final decision has been reached regarding SF management; therefore, the
selection of a DGD site has to be conducted in addition to current interim storage
procedures.

A complex screening procedure for a potential waste disposal site started in
1999 and as a result, six geological formations were “recommended for further
research” (Konrad et al. 2006). The most favoured is the Boda Siltstone
Formation in the Western Mecsek Mountain, in the southern part of Hungary. At
this site, a second phase of geological field investigations started in 2016.
According to plans, the disposal site will begin operation in 2064 (PURAM 2014).

The legal framework on radioactive waste disposal only mentions the
ensuring of retrievability during operation of the disposal site. No reversibility or
retrievability options are discussed in the strategies or regulations for after site
closure.

The Hungarian national programme (NP 2016), based on the Council
Directive 2011/70/EURATOM, was prepared by the government and submitted
to the European Commission in August 2015. After the Strategic Environmental
Assessment (SEA 2016) and related public involvement process was carried out,
the national programme became public in June 2016. Although the document was
open for public evaluation, none of the concerns raised have been taken into
account, evidenced by the government’s approval of the final version without any
changes in August 2016.

The national programme contains the same information as the earlier plans
and strategies, described above, nothing specific or new emerged with its
adaptation. Questions on management options, such as domestic DGD or
shipments to Russia, for SF remain open, as do questions on financing and
schedule.
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3 The legal and institutional framework
3.1  The legal framework

In 1996, the Hungarian Parliament adopted the Atomic Energy Law, which
entered into force on 1 January 1997. It is based on the rules and guidelines of the
TAEA, incorporating EU directives and Organisation for Economic Co-operation
and Development/ Nuclear Energy Agency (OECD / NEA) recommendations.
This law sets the framework for the application of nuclear energy, including SF
management. Accordingly, the NPP operator shall ensure that the smallest
amount of radioactive waste is generated and must obey the polluters pay
principle, while the management of radioactive waste is the responsibility of the
state. Therefore, the Atomic Energy Law regulates the establishment of an
agency, PURAM, with the mission to manage interim storage and final disposal
of nuclear waste, as well as the establishment of the Central Nuclear Financial
Fund (CNFF), where all these activities are to be financed from (see section 6.)

A number of lower regulations exist to describe in detail the operation of
PURAM (215/2013 Government Decree), as well as the safe storage and disposal
of radioactive waste (155/2014 Government Decree). The latter includes pro-
visions on siting, building, operating, closure and monitoring of disposal sites.
The so-called active institutional time interval (the time of active monitoring of
the site after closure) regarding all radioactive waste disposal sites is determined
to be least 50 years, which can be extended by the atomic energy authority as
needed. During building and operation of disposal sites, PURAM is required to
submit a yearly report on management and safety to the atomic energy authority.
This authority is required to conduct an intermittent inspection every 10 years
regarding safety of the disposal site. The appendix of this decree contains detailed
safety regulations on planning, establishment, operation, emergency preparedness
and response, maintenance and supervision, radioprotection? and management of
accidents.

Interestingly enough, there was a ministry regulation on site selection
(geological requirements as well as details of licensing procedure), however, after
approximately one year of being in force, it was abolished.

2 Radioprotection means the protection against radioactive radiation and the protection against
the leaking of radioactive substances. This word appears in connection with the safety of radio-
active waste disposal sites.
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3.2 The institutional framework

For nuclear facilities defined in the Atomic Energy Act, including facilities for
SF management, the responsible authority is the HAEA. It is a regulatory body
operating under government control, but with independent responsibilities
defined in a specific law. The minister in charge of supervision is appointed by
the Prime Minister.

The fundamental objective of regulatory supervision is to prevent nuclear
incidents and accidents. The HAEA’s competence includes the establishment of
safety requirements, nuclear safety licensing and control, approval of nuclear
emergency preparedness and response plans of nuclear facilities and registration,
transport and control of radioactive substances. The HAEA’s work is supported
by a scientific council, with a maximum of 12 experts; its members and president
are appointed by the minister supervising the HAEA. Their tasks include advising
on important strategic questions, as well as on research and development
regarding nuclear safety.

The HAEA regularly reviews and assesses the operation of the licensees and
the safety and security performance of the facilities. The essential part of the
review and assessment activity is the investigation of events occurring at nuclear
facilities.

Licensing of the management of SF and the establishment of a disposal site
is a complex procedure with a number of authorities involved. According to the
regulations, the main authority is the National Public Health and Medical Officer
Service, which is responsible for licensing radioactive waste management
facilities. Other distributions of authority include:

e radioactive and nuclear substance registry and control, as well as certain
safety elements of installations and radioprotection, are under the super-
vision of the HAEA;

e environmental and water quality protection aspects are enforced by the
regional environmental authority (as the establishment of a nuclear
waste disposal site requires an Environmental Impact Assessment, which
is to be conducted by the environmental authority);

e geological safety is under the supervision of the mining authority.
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4 Siting procedures

For deep geological disposal of SF, no particular site has been selected in
Hungary. A national screening procedure was conducted in the early 2000s,
which resulted in the selection of six geological formations (with different
lithology, such as clay, siltstone and granite). The most advantageous seems to be
the Lower Permian Boda Siltstone Formation, with an area of 150 km? and
thickness of nearly 1,000 m. It is mainly homogeneous and shows fine imper-
meability (Konrad and Hamos 2006). In 2004, field investigations started but only
lasted a few years; they had to be stopped because research capacity was
concentrated on the LILW final repository, Bataapati, which has since been built
and began operation in 2012.

4.1 Procedures and criteria for site selection

The screening was a combined, two-level procedure. Within this process, all
registered Hungarian formations were considered.

In the first phase (negative screening phase), evidently unsuitable formations
were dropped; e.g. limestones or formations with thickness less than 300 m. By
the end of this phase, 20 geological formations remained in 32 territorial units.
These were subject to a deep investigation in the next phase.

The second phase (detailed assessment phase) was a qualification with
uniform evaluation aspects. A total of 62 properties were analysed and each was
assigned a weight number reflecting its importance. Evaluation covered qualities
such as thickness, homogeneity, porosity, permeability, stability, phenomena of
tectonic origin, hydrogeology, cover and underlayers, seismicity and volcanic
activities.

After evaluation, each formation was put in one of the following categories:
(1) recommended for further research, (2) could be considered, (3) not
recommended for further research. Six formations with nine territorial units were
classified in the first category, with the Boda Siltstone being the most ambitious.

5 Information and participation

Research reveals that there has been a turnaround in the social acceptance of
radioactive waste management facilities over the past decade (Vari and Ferencz
2006). This means that - along the lines of the developed Western countries - the
purely technically-oriented, hierarchical approach has been replaced by a more
democratic one. The most important element of this approach is to ensure con-
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cerned municipalities a generous compensation and some degree of control.
However, Vari and Ferencz’s analysis also shows that important components of
developed Western countries’ radioactive waste policy, e.g. transparency of
decisions, a broad social debate, crystallized national energy policy and an
agreed-upon strategy for radioactive waste management, have not been included
in the Hungarian experience.

Information distribution and public engagement is mainly conducted through
the municipal associations. Their main task is participation in safety oversight of
nuclear facilities and provision of up-to-date information on important events in
course of the siting, planning, construction, and operation of the facility to local
populations.

The national programme has brought no change in this status quo. Although
Article 12 point (j) of the 2011/70 Euratom Directive prescribes the development
of a transparency policy to ensure access to information and effective public
participation in the decision-making process, the national programme neglects to
include this policy. It also lacks a targeted strategy to engage the general public
regarding transparency; the national programme only discusses interaction with
the municipal associations.

5.1 Compensation mechanisms and socio-economic impact

The Atomic Energy Law provides for support to associations of local
governments regarding their access to information and control activities. In this
vein, government decree (214/2013), which was put into force on 1 January 2014,
regulates the distribution of supporting funds, their transfer and their accounting.
The municipal associations can be established around nuclear facilities (or future
facilities) and are supported annually from the Central Nuclear Financial Fund.
Currently, four municipal associations exist and represent 34 local governments:
the Isotope Information Association (ITT) around the Piispokszilagy RWDTF
facility (for non-NPP LILW); the Social Association for Control and Information
(TETT) around Bataapati (final repository for NPP LILW); the Social Control
and Information Association (TEIT) around the ISFSF; and the Western-Mecsek
Social Information Association (NYMTIT) around the possible future disposal
site for HLW and SF. Their combined support exceeds 1 billion HUF (3.3 million
EUR) per year, which is distributed according to a particular algorithm described
in the government decree.

By law, this financial support was originally intended to cover costs of the
municipalities’ dissemination activities regarding the nuclear facility in their
vicinity. However, local governments have also used this money for development
within their municipalities; at the time, this was clearly against regulations. A
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2005 official investigation of the State Audit Office of Hungary revealed this
practice and recommended stopping it (Allami Szamvevészék 2005). However,
the reaction of the Hungarian Parliament was quite different: they amended the
law and allowed funds to be spent on regional development as well.

Thus, since this amendment, the financial support acts as a kind of
compensation for municipalities, which accept the operation of a radioactive
waste facility in their vicinity. However, this may be questionable in the case of
NYMTIT, as there are not yet operating facilities in the vicinity. The local
governments within NYMTIT get “compensation” for accepting research
activities. In the long-term, the local government of Boda (a member municipality
of the NYMTIT) was promised that they may hold a referendum to decide
whether or not to accommodate the planned underground research laboratory and
subsequently — if tests prove the suitability of the rock formation — the repository
itself. This is only a promise, however, and not a law (Vari and Ferencz 2012).

6 Costs and financing

The Central Nuclear Financial Fund (CNFF) was established in 1998 and based
on the Atomic Energy Law. The CNFF is a treasury fund, which means that its
budget, including annually planned expenditures and income, is part of the state
budget. Until 2014, the manager of the Fund was HAEA; after 2014 it has been
managed by the Ministry of National Development.

The CNFF is dedicated to financing the final disposal of low, intermediate
and high level radioactive waste (including spent fuel), as well as the interim
storage of SF and the decommissioning of the NPP. It also covers the costs of
operation of PURAM. The CNFF’s income is provided by the users of nuclear
energy. The biggest contributor to the fund is the Paks NPP itself, which provides
around 90 percent of the fund’s annual income.

It is worth mentioning that there was no money allocated for waste
management in the first 16 years of operation of the Paks NPP. For the total
calculated expenditures of the CNFF, see table 3.

The plan — which does not include the planned new units at the Paks NPP —
shows, that slightly less than half of the CNFF will finance the expenditures con-
cerning spent nuclear fuel and nearly a quarter will be used for the decommis-
sioning of the operating four units of the Paks NPP. As the Bataapati LLW-ILW
final repository has only been in operation since 2012, most of its costs do not
appear in the plan.
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Table 3:  Total expenditures for the activities to be financed from the CNFF

for the four operating blocks, until 2084

Total expenditures until 2084

In millions of EUR, including VAT
Bataapati LLW-ILW final repository 258.36
Construction, expansion 68.77
Operation 100.07
Conditioning 23.75
Shut down, monitoring 65.76
HLW and SF final repository 2,443.53
Preparation 190.59
Construction 962.51
Operation 1,069.39
Conditioning -
Transportation -
Shut down, monitoring 221.03
SF interim storage 395.86
Construction, expansion 197.65
Refurbishment 1.7
Operation 196.51
Piispokszilagy LLW-ILW final repository (no NPP waste) 152.62
Safety enhancement 7.43
Shut down, monitoring 45.20
Operation 99.98
Decommissioning Paks NPP and SNF interim storage 1,267.77
Other costs 893.0
Compensation for municipalities 322.08
Fee of manager of the Fund 32.55
Fee for supervision 197.66
PURAM operation costs 340.70
Total 5,411.15

Source: PURAM 2014
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In 2014, the income of the fund was 32,226 million HUF (~104 million Euro),
while the expenditures were 12,493 million HUF (~ 40 million Euro). The fund
thus increased by 19,733 millions of HUF (~ 64 million Euro). The total amount
in the CNFF was 242,975 million HUF (784 million Euro) at the beginning of
2015.

The methodology of the calculations regarding expenses is based on an
algorithm which was determined in 2000 by the Expert Committee of the then-
existing National Atomic Energy Committee (OAB 2000). By law, the state
annually sets an interest rate on the reserves of the fund, which is connected to
the prime rate of the central bank. Thus, inflation is taken into account.

It is worth mentioning that plant lifetime extension (PLEX) was already
taken into account in calculating the annual payments, although none of the units
were licensed for PLEX at the time (and to date, the first, second and third unit
have received their PLEX licenses). While the total income of the CNFF,
calculated on basis of the total operating time of the Paks NPP, significantly
increased, the necessary annual payments slightly decreased. The high annual
payments for 2012-2017 calculated in earlier plans were no longer necessary, due
to the longer operating time.

The tasks that are to be financed from the CNFF fall within the state’s
responsibility. If the amount in the CNFF proves to be insufficient, the state is
obliged to pay. According to the recent status of the CNFF, the satisfactory
operation of the fund is guaranteed only as long as there is a major contributor to
the fund, namely, a NPP. It is unclear whether the state budget could cover the
expenses in the event that there is no contributor to the fund (as the NPP is shut
down); it is clear that high expenditures will continue to appear year by year.

7 Conclusions

The issue of nuclear waste management within the radioactive waste discussion
is relatively young in Hungary. Establishing a national HLW disposal site is a
general aim; however, the question of SF seems to remain tied to Russia.
Shipment of SF to Russia (for reprocessing) happened in the past and is still
considered an option, even though economic analyses show that it is a costly
alternative.

The national programme for radioactive waste management leaves this
question open, with a wait-and-see approach. Subjects such as reversibility and
retrievability do not appear in the discussion framework; these subjects seem to
be steps ahead of where the issue of SF is right now. Currently, interim storage of
SF is applied, while the first phases of geological research are now being carried
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out in the area found to be most advantageous for a final repository according to
the screening process.

Financing of radioactive waste management happens through a budgetary
fund (CNFF). It is fairly transparent, and its incomes and expenses can be
followed through PURAM s activities and reports, as well as through the balance-
sheets of the Hungarian State Treasury. However, as the 2005 report of the State
Audit Office of Hungary found, money in the CNFF is in practice not allocated
on a separate bank account, and its reserves are continuously used by the
government for other purposes. This means that the significant costs of HLW final
disposal will be a heavy financial burden for future generations.

The Council Directive 2011/70/EURATOM prescribes for Member States
the preparation of a national policy and a national programme. The Hungarian
national policy, which was adopted by the Parliament in May 2015, states that no
final decision has been reached yet regarding SF management, and therefore
besides interim storage, the selection of a DGD site has to be conducted. The
Hungarian national programme was prepared by the government and submitted
to the European Commission in August 2015. Its final version was adapted by the
government in August 2016.

Since the actual building of the disposal site will happen in decades, public
participation is not a general practice regarding this issue. It is represented by the
municipal associations comprised of local governments, whose primary current
task is providing information to the public on the research activities.
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Nuclear Waste Governance in Lithuania
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Abstract

There is only one nuclear power plant in Lithuania — the Ignalina NPP. Both of
its units are permanently shut down and under decommissioning. Unlike many
other nations with nuclear power plants, Lithuania never operated a research
reactor. During the Ignalina NPP’s operation from 1983 until 2010, roughly
21,500 spent nuclear fuel (SNF) assemblies were accumulated. A portion of this
fuel has already been transferred to a facility for dry interim storage in casks for
50 years and the remaining portion will be transferred to the new facility that is
currently under construction.

Since 2003, two near surface repositories (NSRs) have been under imple-
mentation near the Ignalina NPP: a landfill facility for 60,000 m? of Very Low
Level Radioactive Waste and a NSR facility with engineering barriers for 100,000
m? of Low and Intermediate Level Radioactive Wastes. In the site selection
process for the NSR facilities, Lithuanian authorities concluded that public
acceptance and good relations with neighbouring countries are as important as
geological criteria.

Possibilities for disposal of SNF in a geological repository were analysed in
2001-2004 with support from Swedish experts. Because of these investigations,
crystalline rocks and clay formations were declared as prospective for SNF
disposal. In parallel, a repository in crystalline rocks was proposed and a related
generic safety assessment of this repository concept was performed. Thus, at the
moment the Lithuanian SNF disposal program is in the initial site investigation
and preliminary facility design stage. It should be emphasized that existing
knowledge has largely been gained from international cooperation.

Regarding EC Directive 2011/70/EURATOM, a new national program on
the management of spent nuclear fuel and radioactive waste has been prepared
and approved by the government in 2015. As initial activities, more detailed
planning and preparation of a research program for implementation of the
geological repository have been proposed. The intention is to continue inves-
tigation of clay and rock formations with support from safety assessments.
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1 Introduction

There is only one nuclear power plant (NPP) in Lithuania—the Ignalina NPP. It
is situated nearby the town of Visaginas in northeast Lithuania, near the borders
of Latvia and Belarus (Figure 1) and on the bank of the largest Lithuanian body
of water, Druksiai Lake (Figure 4). Lithuania never operated a research reactor.

Baltic Sea

Klaipéda
! H 3
Lithuania

Russian Vilnius
Federation

Belarus

Figure 1:  Location of Ignalina NPP.

The Ignalina NPP possesses two similar light water cooled graphite moderated
reactors, also known as RBMKs. Using light water for cooling and graphite for
moderation enables the use of low-enriched uranium for fuel. The RBMK-1500
is the latest and most advanced version of this type reactor design. The first grid
connection for Unit 1 was achieved 31 December 1983, and for Unit 2 at 20
August 1987. Original design lifetime for these reactors was projected to end in
2010-2015.

The Ignalina NPP during operation was a vital component in Lithuania’s
energy balance; it generated more than 70 percent of the total electricity in
Lithuania (including energy exports). There were a variety of reasons for this high
percentage, but the main one was that nuclear power had a significantly lower
production cost than other forms of power under the economic and technical
conditions in Lithuania. After the Chernobyl nuclear accident, safety systems at
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the Ignalina NPP were re-evaluated and authorities decided to decrease the
maximum thermal power of the units from 4,800 to 4,200 MW. This limited the
maximum electric power to about 1,250 MW per unit. On 5 October 1999, the
Seimas (the Parliament of Lithuania) approved the National Energy Strategy, in
which it was stated that the Ignalina NPP’s first unit would be shut down before
2005. This decision took into consideration substantial long-term financial
assistance from the European Union (EU), G7 and other states as well as
international institutions. On 10 October 2002, the Seimas approved an updated
National Energy Strategy in which it was stated that the first unit would be shut
down by 2005 and the second unit by 2009 if funding for decommissioning was
available from the EU and other donors. The units were shut down on 31
December 2004 and 31 December 2009, respectively.

The following sections present a historical background and review progress
in the disposal of nuclear waste and activities related to the implementation of EC
Directive 2011/70/EURATOM in Lithuania.

2 Nuclear waste disposal in Lithuania
2.1 Old Soviet time facilities

A storage facility exists at the Ignalina NPP for bituminized evaporator bottoms
of liquid radioactive waste generated there. This is an aboveground, two-storey
assembled concrete monolith building (Building 158) consisting of 12 inside
steel-lined vaults for loading the bitumen compound. A preliminary long-term
safety assessment of this facility performed in 1998 concluded that this
radioactive waste facility could be converted into a disposal facility if a multilayer
earth cover was used, but a more detailed analysis is necessary. At present, this
facility is licensed as a storage facility, based on the Safety Analysis Report
(SAR) prepared in 1999-2000.

There is also an old “Radon” type facility for institutional waste at
Maisiagala (40 km from the capital Vilnius). This repository, built in 1964, was
designed for institutional waste and is a typical of the “Radon” type facilities
constructed in the early 1960s and used throughout the former Soviet Union. It
was closed in 1989. Waste at this site was disposed of in a reinforced concrete
vault with internal dimensions 14.75 x 4.75 x 3 m (200 m? in volume). In addition,
sealed sources were deposited in two stainless steel containers, each with a
volume of 10 litres. Medical sources were deposited with a biological shielding.
At the end of the operation, the residual volume was filled with concrete and sand.

Based on updated information, in 2005-2006 a SAR for the existing disposal
facility was prepared and proposals for safety improvements were made. After
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review of the SAR, by regulatory authorities, it was decided to upgrade and
license the Maisiagala facility as a radioactive waste storage facility because
safety indicators for a disposal facility could not be met. The state nuclear power
safety inspectorate (VATESI) licence was issued in 2006. Additionally, there are
plans to retrieve waste from this facility and dispose of it in the NSR currently
under design at the Sabatiske site (close to the Ignalina NPP). The retrieved sealed
spent sources will be transferred to the Ignalina NPP site for interim storage.

2.2 New near-surface disposal facilities

Lithuanian legislation states that very low level short-lived waste could be
disposed of in a simple near surface repository of landfill type (VATESI 2010).
Here, treated and untreated radioactive waste that met acceptance criteria could
be placed. Activities related to the set up of a landfill repository for very low level
waste at the Ignalina NPP site began in 2003, with preparation of a reference
design and site selection. The design and construction contract for buffer storage
facility and for landfill repository design was signed at the end of 2007.
Implementation of the project is ongoing. The total volume of the landfill repo-
sitory will be 60,000 m>. The waste will be disposed of by campaigns (4,000 m?
of Very Low Level Radioactive Waste per campaign). Between campaigns, the
waste will be stored in the buffer storage facility. Operation of the landfill
repository is planned for 2018-2038. After closure, active passive control will be
performed until 2068 and 2138, respectively.

The activities related to the implementation of a near-surface repository
(NSR) for low and intermediate level (short-lived) waste in Lithuania commenced
in 2002 with preparation of the reference design (2002) and siting of the
repository (2003-2007). Finally, the Sabatiske site for the NSR was approved by
the Lithuanian Government (11 November 2007). The design project has been
under development since 2009 by the consortium: AREVA (France), ANDRA
(France), the Lithuanian Energy Institute (Lithuania), Specialus Montazas-NTP
(Lithuania), Pramprojektas (Lithuania). The total volume of the near surface
repository will be 100,000 m>. Operation of the near surface repository is planned
for 2022-2038. After closure, active and passive control is foreseen until 2138
and 2338, respectively.

2.3 Interim storage of SNF and long-lived waste

Lithuania’s legislation forbids reprocessing of SNF in Lithuanian territory, but
does not disallow reprocessing SNF in other countries and returning the
secondary waste back to Lithuania. However, SNF reprocessing has no relevance
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in the current conditions because the use of reprocessed SNF is limited and
secondary waste must be treated similarly to SNF (i.e. disposed of in a deep
geological repository).

64%

15%
9% 10%

2.0% enrich. 2.1%enrich. 2.4%enrich. 2.6% enrich. 2.8% enrich.

Figure 2:  Breakdown of the nuclear fuel used during the Ignalina NPP‘s
lifetime

Nuclear fuel with different U-235 initial enrichment, from 2 percent to 2.8 percent
and with and without erbium absorber was used during the NPP’s operation
(Figure 2). By 2010, 21,571 SNF assemblies that contain about 2,400 tons of
uranium (110-112 kg per assembly) had been accumulated.

In 1992, the decision was made to build an interim dry SNF storage facility
at the Ignalina NPP site. After the tendering process, GNB Gesellschaft fiir
Nuklear Behilter mbH casks were chosen. Twenty of these casks are ductile cast
iron CASTOR RBMK-1500 casks; the remaining one hundred are metal-concrete
CONSTOR RBMK-1500 casks. The facility design operation lifetime is until
2050.

As indicated above, 21,571 SNF assemblies had been accumulated at the
Ignalina NPP as of 2010; 6,016 of these were accommodated within the existing
SNF dry-storage facility at the Ignalina NPP. To accommodate the remaining
15,555 SNF assemblies, a new interim storage facility was needed. After the
tendering process in January 2005, the contract for this new facility was awarded
to Consortia GNS Gesellschaft fiir Nuklear-Service mbH and RWE NUKEM
GmbH, Germany. The Lithuanian Energy Institute (LEI), as the local sub-
contractor, is supporting the Consortia in the environmental impact assessment



FOR REFERENCE PURPOSES ONLY

144 Povilas Poskas

program and report, and also preliminary and final safety analysis reports
preparation and licensing. Within this facility, the SNF will be loaded in the
higher-capacity CONSTOR RBMK-1500/M2 casks.

The operational long-lived ILW is stored in large vaults within concrete
structures (Building 157) at the Ignalina site. The solid radioactive waste manage-
ment modernization project includes plans to retrieve this waste, load it into
containers and, after proper characterization, transfer it to the new facility for
interim storage for at least 50 years.

2.4 Activities related to the disposal of spent nuclear fuel and long-lived waste
2.4.1  Strategy for disposal

The first strategy on management of radioactive waste approved by the
Lithuanian government in 2002, defined several activities to be taken related to
spent-nuclear-fuel disposal. These included drafting and implementing the long-
term research program, “Possibilities to dispose of spent nuclear fuel and long-
lived radioactive waste in Lithuania” amd analysing the possibilities for: a.)
having a deep geological repository for spent nuclear fuel and long-lived
radioactive waste, b.) creating a regional repository through joint efforts with
neighbouring countries, c.) disposing of spent nuclear fuel in other countries, and
determining the cost and justification for such disposal, and d.) prolonging the
storage period for interim storage facilities by 100 years or more.

The Research Program for Assessment of Possibilities for Disposal of Spent
Nuclear Fuel and Long-lived Radioactive Waste for the Years 2003—2007 was
prepared and approved in 2003. In parallel, the Swedish Ministry of Foreign
Affairs allocated special funding to support activities in Lithuania related to the
closure of the Ignalina NPP. One of the subject areas identified for support was
the development of national competence on issues related to disposal of SNF.

In 2008, the Strategy for Radioactive Waste Management was revised and
subsequently, the national research program for 2008-2012 was developed and
approved (Government Resolution No. 860).

Regarding EC Directive 2011/70/EURATOM, a new National Program for
the Management of Spent Fuel and Radioactive Waste was prepared and
approved by in 2015 (Government Resolution No. 1427). The ultimate strategic
goal of the program is safe management of all radioactive waste and spent nuclear
fuel available in Lithuania, which includes protection of people and the
environment from the harmful effects of ionizing radiation and avoiding the
imposition of undue burden on future generations. Storage of spent fuel and
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radioactive waste, including long-term storage, is an interim solution and thus
cannot be an alternative to disposal.

The first objective of the program is to reduce generation of radioactive
waste. Legislation requires reducing the volume of radioactive waste as
practically and reasonably possible. Minimization of waste generation should be
achieved via waste clearance (reuse of materials, devices and equipment that have
been contaminated with radionuclides or disposal as non-radioactive waste).

The second objective of the program is to achieve a high level of nuclear and
radiation safety and environmental protection for spent nuclear fuel and
radioactive waste. The actions to be taken concerning short-lived low- and
intermediate-level radioactive waste have been described above. Long-lived low-
and intermediate-level radioactive waste and spent sealed radiation sources will
be separated from short-lived wastes and loaded into appropriate containers. The
containers holding long-lived radioactive waste will be stored in a long-lived
waste storage facility. Graphite from the dismantled reactors will be moved to the
storage facility between 2022 and 2038. The waste will be stored up to 2066 and
then is to be disposed of in a geological repository. The design lifetime of the
existing dry storage facility for spent nuclear fuel is until 2050 and that of the new
facility is until 2067. After the storage period, the spent nuclear fuel should be
disposed of in a geological repository. Since the operation period of the existing
spent nuclear fuel storage ends earlier than the planned commissioning of the
geological repository, the possibility of extending the storage period of the dry
storage for spent nuclear fuel will be analyzed. This analysis program is expected
to conclude in 2025.

The third objective of the program is to ensure sustainable management and
long-term safety of spent fuel and long-lived radioactive waste. Laws prohibit the
processing of spent nuclear fuel in Lithuania. Spent nuclear fuel can be recycled
abroad, with the resulting secondary waste returning to Lithuania. However, this
solution is not economical and the resulting secondary long-lived high-level
radioactive waste has to be managed the same way as spent fuel is. As the storage
of spent nuclear fuel and radioactive waste is only a temporary solution, the spent
fuel and long-lived radioactive waste eventually has to be disposed of in a
geological repository. The geological repository will be needed before the end of
the spent nuclear fuel and long-lived radioactive waste storage period (2050 -
2067). Usually the installation programs for geological repositories (research and
development, site selection, construction) last approximately 30 years. The
National Programme for the Management of Spent Fuel and Radioactive Waste
foresees that the geological repository in a suitable geological formation in
Lithuania will start operation in 2067. Therefore, in 2015 — 2016, a repository
development project was established.
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2.4.2  Development of the disposal concept and generic safety assessment
studies

During 2001-2004, the Lithuanian Energy Institute and supporting Swedish
experts were developing the repository concept (LEI 2005a) and the generic
safety assessment (LEI 2005b) of a repository in crystalline rock.

A detailed repository design is highly specific to waste type and geological
conditions. For all waste types, construction of access and emplacement shafts
and tunnels involves the excavation of a substantial underground facility. This
includes the removal of several hundreds of thousands of cubic meters of rock, to
possibly millions of cubic meters for larger waste disposal programs. Geological
repositories currently being considered have underground dimensions varying
from a few square kilometres to roughly twenty square kilometres, depending on
the inventory of waste, its thermal output, and the repository design.

The proposed repository concept for Lithuania is based on the KBS-3
concept developed by SKB for disposal of SNF in Sweden. The KBS-3H design
with horizontal canister emplacement has been proposed as the reference design
for Lithuania. The scheme of the repository is shown in Figure 3.
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Figure 3:  The scheme of the repository after final sealing and closure of the
facility (LEI 2005a)

The repository concept is described at the level of detail needed to perform a
generic safety assessment and cost analysis. This generic repository concept for
SNF disposal in crystalline rock in Lithuania envisions waste disposal in hori-
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zontal emplacement tunnels with a diameter of 1.85 m and length of 250 m. The
repository would be constructed in the crystalline basement at a depth of 300-500
m. Disposal canisters with RBMK-1500 SNF would be emplaced with 1.2 m
between the canisters. A copper canister is assumed for the disposal of SNF in the
basement rock. The proposed canister for SNF is designed with two components:
an outer corrosion protection of copper and a cast iron insert with channels for the
RBMK-1500 SNF half-assemblies. This is to improve the mechanical strength of
the canister. The copper canister has a wall thickness of 50 mm and will be made
of oxygen-free copper with low phosphorus content. The canister insert will be
made of cast iron with a minimum wall thickness of 50 mm. Preliminary data for
the RBMK-1500 SNF reference canister propose a 1,050-mm diameter and a
4,070-mm length. One disposal canister can hold 32 RBMK-1500 fuel half-
assemblies, and for Lithuanian SNF disposal, about 1,400 canisters would be
necessary. Thus, the required area for the repository construction would be about
0.4 km?.

A generic safety assessment of the repository is presented in Volume 3 of
Investigations of Possibilities (2005). Because of assumed similarities in the
repository environment and repository concept, the selection of scenarios was
based on the safety assessment performed in Sweden. For this stage of generic
safety assessment, only two scenarios were chosen: a base scenario and a canister
defect scenario. In performing this safety assessment, Lithuanian parameter
values were used to the extent possible.

To analyse system evolution under the above-mentioned scenarios, a thermal
evolution, criticality, and dose assessment of the copper canister loaded with
RBMK-1500 SNF were performed. Analysis of thermal-evolution effects at the
top of the crystalline rock showed that over a period of one million years after
deposition of the spent fuel, the heat released from the canister with RMBK-1500
SNF will have only a marginal impact on thermal conditions at the top of
crystalline rock.

An essential component of the safety assessment was to calculate
radionuclide release and doses to critical group members. The computer codes
COMPULINK?7 and CHAN3D, provided by SKB, were used to calculate
radionuclide release through the near- and far-field regions from a canister with
an initial defect (canister defect scenario). For dose assessment, the computer
code AMBER 4.4 (UK) was also used. These calculations showed that the
majority of the analysed radionuclides identified as safety concerns will be
effectively retarded in the near-field (by the bentonite buffer). Release rates of
Cs-135, 1-129, Tc-99, and Ra-226 are the most significant. The near-field release
rates are dominated by Cs-135 and 1-129. Over an extended period, the release
rate is dominated by Ra-226, which is formed by an in-growth from the chain
decay of U-238. Modelling of the transport of radionuclides through the far-field
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was performed for the radionuclides most dominant in the near-field. The values
of parameters that influence on radionuclide transport were selected from the
study area in Lithuania. When they were not available, values from the Beberg
site (in Sweden) were used. Results of total dose behaviour demonstrated that the
dose constraint of 0.2 mSv/y will not be exceeded in a period of a million years
and, in fact, will be lower than this constraint by two orders of magnitude. The
total dose rate for the initial period is dominated by non-sorbing radionuclide I-
129; later, it is dominated by Ra-226.

Subsequently, modelling studies were performed to gain a better under-
standing of these processes in the repository and in the surrounding environment
(Justinavicius et al. 2014; Narkuniene et al. 2015; Poskas et al. 2014).

International cooperation was critical in this process. An effective catalyst
of competence development was a multiyear cooperation project with the Swe-
dish International Project for Nuclear Safety (SIP) (“Competence development in
the area of SNF disposal”, 2001-2004). Later, to ensure effective transfer of
knowledge and practices from other countries, the Lithuanian Energy Institute
participated in various research projects coordinated by the International Atomic
Energy Agency (IAEA) and took advantage of TAEA fellowships, training
courses and workshops. To participate in the European research community on
nuclear issues, the Lithuanian Energy Institute took part in the EC 7th Framework
Program and in HORIZON 2020 projects.

3 The legal and institutional framework
3.1 The legal framework

Lithuania has established an appropriate legislative and regulatory framework to
govern the safety of spent fuel and radioactive waste management. All legal acts
concerning spent fuel and radioactive waste management are prepared according
to the best in-country and international practices, including IAEA recommen-
dations. This legislation covers all areas of spent fuel and radioactive waste
predisposal management and disposal of very low level waste and low and
intermediate level wastes (VATESI 2014).

A list of the primary legal acts regulating the management of spent nuclear
fuel and radioactive waste in Lithuania include the laws on: Management of
Radioactive Waste (1999, last amended 2014), Nuclear Energy (1996, last
amended 2014), Radiation Protection (1999, last amended 2014), and Ratification
of the Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management (2003). Various regulations were
developed addressing nuclear safety and disposal of wastes, including:
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e Nuclear Safety Requirements BSR-3.1.1-2010, the General Require-
ments for Dry Type Storage for Spent Nuclear Fuel (2010) and Nuclear
Safety Requirements BSR-3.1.2-2010, Regulation on the Pre-disposal
Management of Radioactive Waste at the Nuclear Facilities (2010).

e Regulation on Disposal of Low and Intermediate Level Short Lived Ra-
dioactive Waste P-2002-2 (2002).

e Regulation on Disposal of Very Low Level Radioactive Waste P-2003-
02 (2003);

e General Radioactive Waste Acceptance Criteria for Disposal in Near
Surface Disposal Facilities (2009).

e  Order of the Minister of Health and the Head of the State Nuclear Power
Safety Inspectorate No. V-1271/22.3-139 On the Rules of Radioactive
Substances, Radioactive Waste and Spent Nuclear Fuel Import, Export,
Transportation in Transit and inside the Republic of Lithuania (2008,
amended 2012).

The basic provisions for the management of spent nuclear fuel and radioactive
waste are established in the Law on the Management of Radioactive Waste. This
law defines principles of radioactive waste management, the competence of
authorities, the duties and responsibilities of the waste generator as well as of the
radioactive waste manager and provisions for licensing.

The basic radiation protection and safety requirements, corresponding to
TAEA recommendations and EU legal requirements, as well as the allocation of
responsibilities to bodies involved in the different steps of spent fuel and
radioactive waste management are established in the Law on Nuclear Energy and
the Law on Radiation Protection.

The Law on Nuclear Energy and the Law on Nuclear Safety, in concert with
regulations made under other laws, establish the licensing system for activities
related to nuclear materials and nuclear cycle materials (their transportation,
acquisition, etc.), as well as for nuclear facilities in the following life-stages: site
evaluation, design, construction, commissioning, operation, and decommis-
sioning. Supervision of the closed radioactive waste repository and the acqui-
sition, storage, use and transport of nuclear or nuclear fuel cycle materials is also
executed according to the afore mentioned laws.

A licence for the construction of a nuclear facility may be granted only if the
parliament (in the case of the NPP) or the government (for other facilities) has
adopted a legal act on the facility in question.
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3.2 The institutional framework

The state nuclear power safety inspectorate (VATESI) is the competent authority
for the licensing of activities involving nuclear materials and nuclear fuel cycle
materials, as well as activities carried out in nuclear facilities within their legally
defined lifetimes.

During site evaluation, VATESI is responsible for reviewing and assessing
the site evaluation report. Positive conclusions in respect of this report must be
made also by the Ministry of Health, the Civil Aviation Administration, the
Lithuanian Geological Survey, the Lithuanian Hydro Meteorological Service and
the Fire Prevention and Rescue Department. Before the design activities start,
technical specification for design must be approved by VATESI. Design of a
nuclear facility has to be performed and assessed according to the requirements
established by the competent institutions, including VATESI, the Ministry of
Environment (MOE), the Ministry of Health, the Ministry of Interior and other
institutions involved according to the laws on Construction and on Nuclear
Energy and their corresponding regulations.

Following the provisions set out in the Law on Radiation Protection,
VATESI issues licences and permits for the nuclear energy area activities
involving the sources of ionising radiation. These primarily involve a licence or
a temporary permit to carry out activities under ionising radiation at a nuclear
facility and a licence or a temporary permit to store, maintain and use sources of
ionising radiation at a nuclear facility.

The Radiation Protection Centre (RPC) under the Ministry of Health is
responsible for issuing licences for the transportation of radioactive waste and for
small producers (waste producers excepting the operator of a nuclear plant) to
manage institutional waste excluding disposal; to collect and sort radioactive
waste; undertake its pre-treatment, treatment, and conditioning; and to store,
recover and decontaminate it. In order to carry out the one-time transport of radio-
active waste from small producers, a single permit is needed in addition to a
licence issued by the RPC.

According to the Law on the Management of Radioactive Waste, sealed
sources can be imported into Lithuania if there is a plan to return them to the
supplier after their useful life. Additionally, the recipient must cooperate with the
Radioactive Waste Management Agency (RATA) for the management of radio-
active sources if, due to unforeseen circumstances, it is not possible to return them
to the supplier. The recipient is thus obliged to insure the source for value of
RATA services. For small producers, cooperation with RATA and insuring
source is required before the use licence will be granted.

The MOE coordinates and methodically manages the environmental impact
assessment for proposed national and transboundary economic activities. It
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decides whether the proposed economic activities are to be allowed in the selected
site (since 2010, this function has been delegated to the Environmental Protection
Agency (EPA) under the MOE) and takes part in state supervision and control of
nuclear facility design and construction. Following the procedure prescribed by
legislation, the MOE participates in the issuing of licences for radioactive waste
management activities.

The EPA organises, coordinates and performs state environmental monitor-
ing, and controls environmental monitoring of economic entities. It also
exchanges monitoring information with other countries.

There are additional ministries and institutions that are involved in regulating
some specific issues in radioactive waste management according to their com-
petence; however, these institutions are not regulatory bodies as defined in this
Convention. These institutions are the Ministry of Energy, the Ministry of Social
Security and Labour, the Ministry of Transport and Communications, the
Ministry of National Defence, the Ministry of the Interior, the State Security
Department and the Governmental Emergencies Commission. The competence
of these institutions is defined in the Law on Nuclear Energy.

4  Siting procedures and criteria for site selection
4.1 Experience from the NSR site selection

Activities related to site selection were started in 2003. At the first stage of the
desktop studies (based on the assessment of geological, tectonic and hydro-
geological conditions as well as principal selection criteria), three areas were
selected near the Ignalina NPP. These were the Dysnai, Zarasai, and Visaginas
areas. The principal criteria for selection were as follows:

e Legal (compliance with the legislation of Lithuania and its international
agreements and treaties);

e Environmental (the repository must have minimal impact on the envi-
ronment);

e Public acceptance (the project must be acceptable to local, national and
international communities);

e Technical and safety aspects (the site must be geologically stable, and
the natural phenomena and processes must have little effect on the engi-
neered barriers and the waste);
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e Location (the site must be located as close to the Ignalina NPP as possi-
ble in order to minimise the probability of accidents and costs related to
transportation of waste).

At the second stage of the desktop studies, nine sites within these areas were
selected for more comprehensive analysis. The terrain, topography, geomor-
phology, and infrastructure as well as the geological and hydrological structures
of the sites were analysed and assessed. Main site selection criteria included:

e No possibility for flooding of the foundation, sufficient surface inclina-
tion so that water can drain away into a surface water body, with prefer-
ence being for a large hill.

e Highresistance to erosion, meaning a relatively smooth site with shallow
water flow speed v below the critical speed v,

e Slope stability of friction material: 1.) Compressibility, compression
strength, shear strength, and internal friction angle and stiftness (E-mod-
ulus) of the bottom bed shall comply with requirements for massive con-
struction projects; 2.) Low pore water pressure; 3.) A maximum seismic
intensity on the MSK scale <=6; 4.) Good constructability. Feasibility of
excavation, homogeneous ground; 5.) Low hydraulic conductivity with
a filtration coefficient k less than 107 m/s or even 10°m/s; 6.) A low and
steady groundwater level at least 3 m below the bottom barrier to miti-
gate the risk of flooding, and; 7.) Short distance to the Ignalina NPP, and
no transportation of waste through large settlements and protected or
recreational territories.

e Favourable infrastructure and logistics.

The sites in the Dysnai and Zarasai areas were found to be less suitable because
of their greater distance from the Ignalina NPP, higher population density, and
relatively unfavourable public opinion. Ultimately, Apvardai and Galilauke in the
Visaginas area (Ignalina District) near the Ignalina NPP were selected as the two
most promising sites.

In 2004, an environmental impact assessment (EIA) study for a potential
NSR to be constructed at both the Apvardai and Galilauke sites was developed.
The EIA report was subject to approval by regulatory authorities and the local
municipalities. The EIA law also requires that the comments and concerns of the
local public are considered. The population of the Ignalina District was informed
and consulted in many ways, including articles in local newspapers, broadcasting
programs on local TV, and seminars and meetings. In 2005, all relevant
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institutions approved the study. However, the Municipality of Ignalina District
approved the EIA study on the condition that measures would be taken to mitigate
the negative social and economic impacts of the NSR facility. After analysing the
municipality’s demands, the Ministry of Economy recommended looking for an
alternative site outside the boundaries of the Ignalina District, with preference
given to Visaginas Municipality and the territory belonging to the Ignalina NPP.
In 2005, a new search for a site in the territory of Visaginas Municipality was
conducted and the Stabatiske site (Figure 4) was deemed to be the most suitable.
The EIA report was updated to include the studies related to this new site. The
majority of the local population in Visaginas district is familiar with nuclear
activities and thus accepted the proposal to construct an NSR there.

Consultations with Latvia and Belarus began in late 2005 and continued through
2007. These neighbouring countries were informed about the site selection and
the EIA in accordance with the provisions of the Joint Convention on the Safety
of Spent Fuel Management and on the Safety of Radioactive Waste Management
and the Espoo Convention on the Environmental Impact Assessment in a
Transboundary Context. The Ministry of Environment in Latvia and the Ministry
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of Natural Resources and Environmental Protection in Belarus submitted their
comments and proposals regarding the EIA report in 2006. The comments and
proposals were discussed at bi- and trilateral meetings. Belarus was especially
concerned about the Galilauke site due to its proximity to their border and, as a
result, this site was wholly rejected. This issue became a relevant topic in the
bilateral diplomatic relations and was discussed not only at expert levels, but also
among prime ministers. Opposition to the Galilauke site was raised by Belarus in
various international forums, including the IAEA. A special inter-governmental
working group was established and met twice a year to discuss nuclear energy
development and radioactive waste management issues. The Latvian Government
and the general public did not show as much interest and concern as the
Belarusian Government. The proposed sites are located some 10-20 km from the
Latvian border.

In December 2005, an IAEA experts mission was organised to review the
site selection process for the NSR in Lithuania. The experts made some
comments, but in general emphasised that the site selection program met
international safety requirements and that the proposed technology with waste
packages being housed in concrete vaults sealed with clay was very reliable.

In June 2007, the MOE approved the EIA report and indicated that it agreed
with the establishment of the NSR at either the Galilauke or Sabatiske sites, with
priority given to the latter site. Based on this conclusion, the Lithuanian
government approved the Stabatiske site for construction of the NSR in
November 2007.

4.2 Selection of the possible geological formations for disposal of SNF

Based on prior investigations, several geological formations were identified as
potentially suitable for a deep SNF repository (Kanopiene and Marcinkevicius
2000): rocks of the crystalline basement, Lower Cambrian clay, Permian sulphate
deposits (anhydrite), Permian rock-salt, and Lower Triassic clay.

In 2001-2004, further investigations were performed by the Geological
Survey of Lithuania and the Institute of Geology and Geography, with support of
Swedish experts, to define suitable geological formations. The initial phase of the
investigation, from 2001-2002, consisted of a general overview of the region’s
geological structure and the composition of the sedimentary cover and crystalline
basement based on the most important geological parameters describing the
suitability of formations (such as simple tectonic structure, absence of
intraformation aquifers, low neotectonic and seismic activity, good isolation, and
favourable mechanical properties of the rock). Following this, the aerial
distribution of these favourable formations was defined. The screening was also
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based on an evaluation of the general geological parameters — such as lithological
homogeneity of the prospective layer, thickness, depth and lateral extent, and
tectonic structure — of the candidate formation.

After these investigations, experts concluded that rock salt did not have a
high potential for SNF disposal. In contrast, the crystalline basement rocks were
considered among the best candidates for a geological repository. The best
prospects for the crystalline basement appeared to be located in the south-eastern
part of Lithuania, where these rocks have only a 200-300 m thick sedimentary
cover. The prospects for clayey formations were reduced to the Lower Cambrian
Baltija Formation and the Lower Triassic, as they best meet the requirements for
depth, thickness, lithological composition, and homogeneity of sediments.

In 2003, more detailed investigations of these geological media were made,
as desktop studies alone are not a sufficient basis for making a prioritisation. The
direct observation and characterisation of cores from reference wells were carried
out for detailed evaluation of candidate formations, analysis of similarities, and
differences between the cores of the different zones at different depths. At the
same time, a sampling for a preliminary analysis of mechanical properties was
carried out leading to the selection of the Lower Triassic formation as the first
and the Cambrian Baltija Formation as the second priority for investigations of
their clayey formations.

It was determined that an area of 100 km? of crystaline rock could be found
between major fracture zones at an acceptable depth and with a normal fracture
content to fulfil desired requirements, both with respect to tightness and stability.
As there is also broad experience and competence concerning SNF disposal in
crystalline rocks in Sweden, crystalline rocks were selected for further
characterization in 2004.

Laboratory investigations were performed on crystalline rocks to gather
general information about the strength parameters of these rocks as a function of
different petrological compositions. Rock samples were taken from old cores
collected in boreholes drilled in southern Lithuania during deep geological
mapping at a scale of 1:200,000. Depths of the samples varied from 427 to 606 m
and were selected as these are optimal values for deep repository construction.
The main characteristics of the crystalline rocks, such as density, porosity,
unconfined compression strength, and rock temperature, were collected from
different literature sources. All the data were filed systematically and a simple
statistical analysis was performed. Tectonics and hydrology of the crystalline
basement were analysed using existing archival information.

The four-year long investigation concluded that the Lower Triassic forma-
tion was most suitable.
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5 Information and participation

Information and participation in the environmental impact assessment process is
based on application of several national and international legal documents
(Ragaisis et al. 2014).

The Law on Environmental Impact Assessment is supported by dozens of
regulations, which specify requirements for preparation of the EIA program and
report, on informing the public and public participation in the EIA, on review of
EIA documents at the MOE and subordinate institutions, and other miscellaneous
topics, e.g., guidance on quality control for the EIA.

Annex 1 to the law defines that the EIA is obligatory for activities identified
as construction and decommissioning or dismantling of nuclear power plants,
storage or disposal of spent nuclear fuel, and construction and decommissioning
of radioactive waste management, storage or disposal facilities. The EIA process
consists of two main stages: the scoping stage (deciding on the coverage of the
EIA) and the EIA study stage. Each stage includes preparation of relevant EIA
documents (i.e., the program during the scoping stage and the report during the
study stage), informing the public, and coordinating the review of the EIA
document with relevant parties and the competent authority. At each step, the EIA
document must be updated in accordance with the comments and proposals
received (Figure 5).

The MOE participates as a stakeholder in the strategic environmental
assessment of national level plans and programs: it examines strategic environ-
mental assessment documents, drafts plans and programs, and provides con-
clusions concerning them; organizes and coordinates EIAs in the transboundary
context; takes part in state supervision and control of design and construction of
nuclear facilities; and, following the procedure prescribed by legislation and other
legal acts, takes part in the issuing of licences for radioactive waste management
activities.

The EPA participates as a stakeholder in the strategic environmental assess-
ment of plans and programs at the local level (municipality lever or smaller): it
examines strategic environmental assessment documents draft plans and pro-
grams and provides conclusions concerning them; coordinates the EIA process
for proposed economic activities; and makes decisions whether these activities
are to be allowed in the selected site.

The relevant parties (state and municipal authorities) analyse programs and
reports and draw conclusions on programs, and reports about the feasibility of the
proposed economic activity within the scope of their respective competencies.
The relevant parties are the MOE, the Ministry of Health, the Radiation Protection
Centre (RSC), the Fire and Rescue Department under the Ministry of the Interior,
the Department of Cultural Heritage under the Ministry of Culture, county
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administrations, municipal administrations, the Lithuanian Geological Survey
under the MOE, and the State Nuclear Power Safety Inspectorate (VATESI),
among others.

The public can submit proposals concerning the EIA of the proposed
economic activity and the likely effect of this activity on the environment. The
public concerned can be entitled by relevant laws to apply to the Court for a public
interest defence contesting the material or procedural legality of decisions, actions
or inaction as they related to the EIA.

A decision made by the competent authority on the feasibility of the
proposed activity is valid for five years. Recent amendments to the law allow for
an extension of five additional years upon motivated request from the organiser
of the proposed activity.

EIAR ’l

A 4
Public review and
hearings
: 1
Relevant parties External review
| (experts)
International Competent External review
consultations authority (experts)

v
Decision

Figure 5: Process of review and coordination of the EIA report (Ragaisis et al.
2014)
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Time allocated for public participation in the EIA and the duration of EIA
document review is defined by the Law on Environmental Impact Assessment
and its supporting regulations. Based on the most recent requirements, public
informing, coordination and approval of an EIA program takes approximately
three months. A similar process for an EIA report should take approximately six
to nine months (this timeframe is influenced by the relevant party or the
competent authority’s decision regarding the necessity of external support). These
estimations are based on a rather optimistic assumption that the need for updated
EIA documents will be minimal and only one review is sufficient to lead to a
decision from relevant parties and the competent authority. If the EIA report
changes significantly in the course of review, the competent authority has the
right to request that the review process start over.

As a party to the Convention on Environmental Impact Assessment in a
Transboundary Context (Convention 1991), Lithuania is obliged to implement the
EIA process in compliance with provisions set by the Convention. A decision on
the feasibility of the proposed activity can be made only after international
consultations with relevant foreign states are finished.

As of this writing, there are no specific regulations for an EIA or compen-
sation mechanisms for socio-economic impact in the case of the geological
repository.

6 Costs and financing

Cost estimates for the disposal of SNF and long-lived intermediate level waste in
the crystalline basement in Lithuania is presented in the Concept of Repository in
Crystalline Rocks, in Investigations of Possibilities (LEI 2005a). This pre-
liminary assessment was based on the experience accumulated during
development of the Swedish KBS-3 concept, as applied to the Lithuanian case.
The method used in the analysis is based on the application of a concept known
as the “successive principle,” which has been used particularly as a tool for
managing uncertainties that may develop due to unforeseen events in the future.
The input data for the calculations are obtained from the “most likely” costs, or
the so-called reference costs, by means of conventional (deterministic)
calculations. These calculations are based on a functional description of each
facility, resulting in layout drawings, equipment lists, personnel forecasts, etc.,
under established fixed conditions but without allowances for variations and
uncertainties. To provide guarantees to cover losses resulting from future
unforeseen events, reasonable additional costs (cost variations) are included in
the probabilistic calculations. The influence of a specific variation on the costs is
evaluated, and the result provides a mean value of the future costs and the standard
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deviation of the cost for a desired degree of confidence. If the 50 percent degree
of confidence is accepted, the planned total expenditures would be about 2,600
million Euros.

7 Conclusions

The Lithuanian SNF disposal program remains in an initial site investigation and
preliminary facility design stage. Research and international cooperation acti-
vities undertaken in the field of SNF disposal in Lithuania starting in 2000 have
led to the following outcomes:

Prioritisation of potential geological formations for SNF disposal in
Lithuania.

e Proposal of a preliminary repository concept (design of the repository
and canister).

e  Preliminary calculations of temperature distribution, criticality, and dose
rate from disposal canisters, modelling of radionuclide and gas migration
from the repository.

e Development of expert competence in SNF disposal.

According to the new national program on management of spent nuclear fuel and
radioactive waste approved by the government in 2015, the near future activities
related to SNF disposal will be oriented towards planning for implementation of
the geological repository, investigations and characterization of prospective
regions, further development of the repository concept and general safety
assessment, as well as building competence through international cooperation.
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Delays in Finding a Solution

The Governance of Nuclear Waste Disposal in Slovakia
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Abstract

After its founding in 1993, Slovakia faced two main challenges in the governance
of nuclear waste disposal, mainly with regards to a final solution for spent nuclear
fuel (SNF): 1.) the SNF generated in the territory of the former Czechoslovakia
was to be disposed on the territory of the Czech Republic due to its more suitable
geological conditions, and 2.) help was expected from Russia, as the former
Czechoslovakia cooperated closely with the former Soviet Union. Despite the fact
that a national agency for nuclear waste was envisaged in the Slovak legislation,
its establishment was delayed, and relevant roles were ‘entrusted’ to the state-
owned company JAVYS only in 2011. This contributed to the delayed restart of
the national SNF geological repository development programme, which was
suspended in 2004. Despite the government’s request to restart this programme
as soon as possible, as affirmed in the Nuclear Back-end Strategy of 2008, only
some desk research activities have been carried out since 2013. The plan for a
final solution for SNF was most recently reported on in the joint National Policy
and National Programme document (prepared in order to comply with the Council
Directive-2011/70/Euratom), approved in 2015.
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1 Introduction

When Slovakia was established in 1993, it had the fourth-largest share of
electricity generation from nuclear (about 54 percent) of all the nations in the
world (Bennett 1994: 12), and has maintained a more or less stable share since
then. In 2015, Slovakia ranked third, after France and Ukraine, with a share of
about 55.9 percent (IAEA 2017a).

As will be shown in part 2.1, Slovakia faced significant challenges in the
governance of nuclear waste disposal, especially with regards to a spent nuclear
fuel (SNF) final solution. In addition to discussing how Slovakia dealt with these
challenges, this chapter provides an overview and update on relevant information
as reported to the European Commission in the joint National Policy and National
Programme in 2015, and selected results of the research carried out within the
IPPA project (2011 —2013), which concerned transparency, participation and
compensation related to nuclear facilities.

2 Nuclear waste disposal in Slovakia
2.1 Historical background

Construction of all existing nuclear reactors on the territory of Slovakia began
during the communist regime (1948 to 1989), during which Czechoslovakia
cooperated closely with the Soviet Union (see Table 1). This cooperation
influenced the management of SNF from the reactors. SNF from an experimental
nuclear power plant (NPP) A-1, which was shut down as a result of the INES-4
accident during refuelling in 1977, was exported to the Soviet Union without any
obligations concerning the reimport of radioactive wastes (RAW) from
reprocessing. In contrast, SNF and high-level radioactive wastes (HLW) from the
other NPPs located in the territory of the former Czechoslovakia, which was
ineligible for export back to the Soviet Union and later Russia, was to be disposed
of in the Czech Republic “because of the much more suitable geological
conditions there” (Mihdk and Mrskova 2013: 8). Only after a political decision to
divide Czechoslovakia into two countries was made in 1992 did the Slovak
Government address the intention to implement the SNF final solution by means
of construction of a deep geological repository (DGR) in Slovakia (Resolution of
the Slovak Government No. 930/1992).
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Table 1: Overview of nuclear reactors in Slovakia

. . . . Construction | Operation Shut
Locality, name, Unit no. Unit type, Net capacity start since down
Bohunice, A-1 (ex- HWGCR KS 150, 93 MW, 1958 1972 1977
per.)

Bohunice, V1, Unit 1 VVER 440-230, 408 MW, 1972 1978 2006
Bohunice, V1, Unit 2 VVER 440-230, 408 MW, 1972 1980 2008
Bohunice, V2, Unit 1 VVER 440-213, 471 MW, 1976 1984 -
Bohunice, V2, Unit 2 VVER 440-213, 471 MW, 1976 1985 -
Mochovce, Unit 1 VVER 440-213, 436 MW, 1983 1998 -
Mochovce, Unit 2 VVER 440-213, 436 MW, 1983 1999 -
Mochovce, Unit 3 VVER 440-213, 440 MW, | Construction started 1987, suspended
1993 and restarted 2009.
Mochovce, Unit 4 VVER 440-213, 440 MW,

Source: IAEA 2017b.

The first Conception of RAW disposal in Slovakia was approved in 1994
(Resolution of the Government No. 190/1994). It set general principles and tasks
for state authorities in the newly established country related to the development
of a legal and institutional framework and a final solution for SNF inclusive of a
financing scheme (see section 6 ). The main amendment of this first conception,
approved in 2008 as the ‘Strategy of nuclear back end in Slovakia’ (Ministry of
Economy (MoE) 2008), is addressed in section 2.4.

Until 2006, all Slovak commercial nuclear facilities were owned by the
former state monopoly, Slovenské elektrarne (Slovak Electric hereafter referred
to as the SE company or just SE). The monopoly managed operations and
planning in power plant operations (both non-nuclear and nuclear), operation of
SNF and RAW facilities, and electricity transmission. While separation of the
transmission grid was requested by the government, the restructuring of the
nuclear facilities resulted from negotiations held in tandem with the sale of 66
percent of SE’s shares. This sale was motivated mainly by SE’s significant debts.
The Italian company Enel, chosen in 2004 as a preferred bidder in this sale
process, was not interested in holding a share in SE’s divisions for decom-
missioning of nuclear units and SNF/RAW disposal, or in the Bohunice V1 NPP.
In 2005, SE therefore established a daughter company, GovCo (from ‘the
Government company’), which acquired all the property not wanted by Enel on
1 April 2006. In 2007, GovCo changed its name to ‘Nuclear and Decom-
missioning Company, plc. (‘Jadrova a vyradovacia spoloCnost (JAVYY)).
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JAVYS’s mandate and activities concerning SNF and RAW are further dealt with
in section 3.2.

Apart from NPP decommissioning and SNF and RAW activities, the state-
owned JAVYS also holds a 51 percent share in the company ‘Jadrova energeticka
spolo¢nost’ Slovenska’ (JESS), which is a joint venture with the Czech power
group ‘CEZ’ that holds the remaining 49 percent of shares. JESS was established
in 2009 as a direct response to the Slovak government’s decision to construct a
completely new NPP at the Bohunice location, next to the shutdown NPP V1
owned by JAVYS (Resolutions of the Government 275/2008 and 948/2008). The
Environmental Impact Assessment (EIA) process, concluded in 2016, recom-
mended that a Generation III+ pressurized water reactor with a maximum gross
generation capacity of 1,700 MW, be built. Rosatom and China General Nuclear
Power Corporation negotiated investment options for this project with the Slovak
government and the Ministry of Economy (MoE); there are no publicly available
proceedings of the negotiations.

2.2 The national inventory

Information concerning the inventory of SNF and RAW in Slovakia is available
in “The national programme for handling of SNF and RAW in the Slovak
Republic”, or simply, The National Programme (National nuclear fund 2015a).
An overview of key information is provided in Tables 2, 3, and 4.

Table 2:  The current RAW inventory (NPPs in operation)
Type of waste (activity in .
Bohunice Mochovce
GBq, NPP V2 / NPP Mo- NPP V2 (Units 1&2) Total Total
chovce 1&2)
concentrate (167,5/447,1 1560 m? 983 m’ 2543 m?
GBq) 2785 m*
sorbents (5,4/3,0 GBq) 156 m® 86 m’ 242 m?
compressible (354,5/7,2 80 tonnes 15 tonnes 95 tonnes
GBq)
combustible  (354,5/7,2 106 tonnes 19 tonnes 125 tonnes 244 tonnes
GBq)
metal (354,5/7,2 GBq) 19 tonnes 5 tonnes 24 tonnes

Source: National nuclear fund (2015a), Table 2, pp. 31-32; calculations by the author.
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Table 3:
of NPPs)

Assessment of future RAW generation (assuming 40-year lifetime

Type of waste (activity in

Bohunice Mochovce Mochovce
GBq, V2 / Mochovce 1&2 / . . Total
Mo. 3&4) V2 (Units 1 & 2) (Units 3 & 4)
concentrate (114/887/1480 1 060 m? 1950 m? 3253 m? 6263 m’
GBq)
sorbents (2,8/7,9/11,6 GBq) 80 m* 228 m? 330 m? 638 m’
compressible (396/92/132 95 tonnes 207 tonnes 296 tonnes 598 tonnes
GBq)
combustible (396/92/132 102 tonnes 268 tonnes 380 tonnes 750 tonnes
GBq)
metal (396/92/132 GBq) 32 tonnes 23 tonnes 40 tonnes 95 tonnes

Source: National nuclear fund (2015a), Table 2, pp. 31-32; calculations by the author.

Table 4:
of NPPs)

Assessment of future RAW generation (assuming 60-year lifetime

Type of waste (activity in

Mochovce

Mochovce

;3/1](3)'(1%;‘/42‘)/ Mochovce 1&2 / | Bohunice V2 (Units 1 & 2) | (Units 3 & 4) Total
concentrate (226/1369/1962 2112 m? 3010 m® 4313 m’ 9435 m’
GBq)

sorbents (0/13/16,6 GBq) 224 m? 372 m’ 474 m? 1070 m?
compressible (tonnes) 205 tonnes 337 tonnes 426 tonnes 968 tonnes
combustible (tonnes) 216 tonnes 436 tonnes 548 tonnes 1 200 tonnes
metal (tonnes) 62 tonnes 33 tonnes 50 tonnes 145 tonnes

Source: National nuclear fund (2015a), Table 2, pp. 31-32; calculations by the author.

Slovak authorities assume that “together approximately 620 casks of wastes from
Slovak power plants will not be disposable in the National RAW repository”
(ibid.: 32), without providing any information about possible destinations for

these wastes.

The National Programme document provides information about the weight
(in kg, in scientific notation) and activity (in Bq, in scientific notation) of wastes
expected to arise from the decommissioning of the Slovak NPPs along the
categories: a) activated or contaminated components, b) activated or contami-
nated construction objects, c¢) activated or contaminated facilities, and
d) contaminated soil in the case of the decommissioned experimental NPP A-1.
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These wastes total 44,000 tonnes for the experimental A-1 NPP and 243,000
tonnes for the V1 NPP (ibid.: 32). The contaminated parts of the NPPs still in
operation were assessed at 20,400 tonnes for the V2 NPP and 20,200 tonnes for
the Mochovce NPP Units 1 and 2 (ibid.), and 25,700 tonnes for Units 3 and 4 of
the Mochovce NPP, which are under construction (ibid.: 33).

Furthermore, the document provides information and data concerning
institutional and captured RAW. The concluding part of the document, which is
dedicated to the national inventory, contains an assessment of SNF unit
production (SNF assemblies), provided in graph form only for the variant
assuming a 60-year lifetime for NPPs. According to the forecast, the number of
SNF units (about 11,000) should increase to 32,658 units.

2.3 The SNF interim storage facilities

Currently, there is one SNF interim storage facility in operation located near the
Bohunice NPPs. It is owned and operated by JAVYS. Its construction
(1983 — 1987) followed the Soviet Union’s decision to extend SNF interim
storage time in Slovakia from 3 to 10 years (MoE 2014: 50 — 52). This wet type
facility (with the operating temperature 31-40°C, limit value max. 50°C) has been
in operation since 1986. Its current capacity of 14,112 SNF assemblies is
estimated to be fully utilized by around 2022. In order to respond to future SNF
production, both expansion of an existing facility in Bohunice and construction
of a completely new SNF interim storage facility at the Mochovce NPP are
planned.

In February 2016, an EIA procedure for an expansion of the facility in
Bohunice was concluded with a recommendation for JAVYS to opt for dry type
storage in a building connected with original facility’s main building (Ministry of
Environment 2016: 2). Increases in storage capacity are planned for two phases —
in the first phase, by 10,100 SNF assemblies, and in the second, by 8,500
assemblies (ibid: 1). These additional capacities are to be constructed between
March 2018 and March 2020 and to operate from 2021 to 2121 (ibid.).

The new SNF interim storage facility in Mochovce is to be constructed by
the nearby NPP owner and operator, the SE company. Because the original EIA
procedure concluded in 2003 was not valid under the new laws resulting from
Slovakia’s accession into the EU, a new EIA procedure started in 2013 (MoE
2014: 55; VUIJE 2013). The procedure passed scoping with a decision issued in
February 2014, but as of February 2017, it had not yet been concluded (Ministry
of Environment 2017). The facility is planned to have a storage capacity of 21,200
SNF assemblies, and its operation period is planned for 60 years with a possibility
of extension to 100 years (VUJE 2013: 15).
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2.4 The waste management strategy

The current Slovak SNF and RAW management strategy was (re)approved by the
government on 8 July 2015 in the joint National Policy and National Programme
document, prepared in order to comply with the Council Directive 2011/70/
Euratom establishing a community framework for the responsible and safe
management of SNF and RAW (MoE 2015). From the official name of this
document in its Slovak original, it is explicitly clear that it is an update of ‘The
Strategy for the Final Stage of Peaceful Utilization of the Nuclear Energy in the
Slovak Republic’ approved by the Government on 15 January 2014 (MoE 2014).
Apart from cost estimates valorisation, the joint National Policy and Programme
document was prepared essentially by restructuring the content of the strategy
approved in 2014 into the structure adopted in the aforementioned Euratom
Directive. The only additional content prepared specifically for the National
Programme concerned the “specification of radioactive wastes quantities and
detailed specification of their characteristics and flows” (MoE and Ministry of
Environment 2015: 4); in other words, reporting national inventory as required
by this Directive.

The vast majority of the content of the National Policy and Programme had
already been prepared and consulted on in the mid-2000s in procedures
concerning ‘The Strategy of nuclear back end in Slovakia’ (MoE 2008); this
strategy was approved on 21 May 2008 (Government Resolution 328/2008). With
regards to the SNF final solution scenarios under consideration, all of the Slovak
strategic documents are limited to open fuel cycle. They do not consider an option
for SNF reprocessing because VVER-440 reactors are not licensed to use MOX
type nuclear fuel in Slovakia (National nuclear fund 2015b: 6).

An option to export SNF to Russia was included in the list of three potential
scenarios for SNF final solution in the original ‘Strategy document’ approved in
2008 (MoE 2008: 15). However, it was clearly stated that under current legis-
lation, this option was not legally implementable without an obligation to bring
RAW resulting from reprocessing back to Slovakia. Moreover, this scenario has
been assessed as the economically most difficult? (ibid.). The updated strategy
document from 2014 provided more detailed information concerning the export
to Russia scenario than the original strategy approved in 2008. The updated
strategy highlighted that with exception of the contract signed in 1958 concerning
SNF from experimental A-1 NPP, the signed contracts did not imply an obligation
by Russia, as a supplier of fresh nuclear fuel, to accept SNF permanently (MoE
2014: 50). For this reason, both the updated strategy document from 2014 and the

2 This assessment is not publicly available, as it was submitted to the government in 2001 in a
classified document.
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joint National Policy and Programme document from 2015 do not consider the
SNF export to Russia scenario at all. In both of these documents, the authorities
are explicit that the final SNF solution in Slovakia follows a double path scenario,
i.e. preparation for the development of a deep geological repository of SNF and
HLW in Slovakia, and participation in activities which would lead to international
deep repository (MoE 2015: 6f). According to the National Programme, the
Slovak authorities should make a decision concerning the continuation of the
‘scenario of a double path’ in 2020 (ibid.: 16). The National Policy states that
Slovakia will deal with the retrievability of disposed SNF within this double path
scenario framework (ibid.: 7).

With regards to RAW disposal, the National Programme set objectives to
construct and commission a facility for handling institutional and captured RAW
(by 2016, met on schedule), to construct facilities for remelting of metal
radioactive wastes and integral storage of RAW in Jaslovské Bohunice, and to
construct a repository of very low-level wastes and a new repository structure
after filling the second double row of the National RAW repository, all by 2018
(ibid.: 151).

3 The legal and institutional framework
3.1  The legal framework

Slovakia has not yet adopted any specific enforceable national-level legislation
concerning technical or social aspects of the SNF final solution. The Council
Directive 2011/70/Euratom was transposed into Slovak legislation by amendment
of the Atomic Act (541/2004 Coll.) and the Act on the National nuclear fund
(238/2006 Coll.) with the new Act No. 143/2013 Coll. (MoE and Ministry of
Environment 2015: 4; NNF 2015a: 12). These amendments, together with the
Atomic Act, are considered to compose the primary nuclear legislation of
Slovakia; while the Act on the National Nuclear Fund (NNF) and related Decrees
of the Government concerning financing of nuclear back-end are referred to as
the third pillar (NNF 2015a: 114f).

The Atomic Act contains detailed provisions for regulating safety and
reliability of operations as well as closure and decommissioning of all nuclear
installations. It covers all SNF/RAW facilities and areas, such as generation of
nuclear energy/electricity, SNF/RAW management, SNF/RAW disposal, and
management of nuclear material in quantities greater than one effective kilogram
(subject to some legal exceptions); additionally, uranium enrichment and
production of nuclear fuel fall under the jurisdiction of this act. The main
principles which were incorporated into this act are briefly outlined in section 3.2.
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The key principle, which concerns the roles and rights of the nuclear regulatory
authority, provides legal ground to consider the authority’s decrees on nuclear
safety and regulations on radiation protection as a secondary nuclear legislation
of Slovakia (see: National nuclear fund 2015a: 112).

None of the amendments to the Atomic Act, which were approved after
finalisation of the reports sent to the EC under the Council Directive
2011/70/Euratom in 2015, concerned SNF/RAW management strategy or safety
measures. Rather, they concerned amendment of the EIA Act (314/2014 Coll.),
financial provisions concerning nuclear accidents (54/2015 Coll.), criminal
liability of legal persons (91/2016 Coll.) and Civil Dispute Code, Civil Non-
dispute Code and Administrative Procedure Code (125/2016 Coll.). Therefore, all
the parts of the National Programme and report to the European Commission from
2015 (Nuclear regulatory authority 2015) and also an overview of the Slovak
Atomic Act and related regulatory framework from 2013 (OECD 2013) were still
valid at the time of finalisation of this chapter.

The National Nuclear Fund Act (238/2006 Coll.) contains provisions
concerning the financing of decommissioning of NPPs, SNF/RAW storage
outside of NPP premises, SNF/RAW disposal, and provisions concerning
preparations and updates of relevant strategies and reports, mainly those required
by the Council Directive 2011/70/Euratom. Some of this act is briefly outlined in
section 6. It is, however, worthwhile emphasizing that a major amendment of this
act was planned for 2016 according to the National Programme document
approved in 2015 (MoE 2015: 15). In January 2016, the MoE announced that it
planned to publicly disclose the first draft of this amendment in May or June 2016
(MoE 2016), but this was postponed indefinitely (MoE 2017a). The deadline to
submit a proposal to amend the Act on NNF to the government was set for
30 September 2017 (ibid.), but this was changed on 7 September 2017 to the new
deadline of 30 September 2018 (MoE 2017b).

3.2 The institutional framework

The general principle imposed by the Slovak Atomic Act is that any use or
handling of nuclear energy sources requires an authorisation (construction permit,
operation license etc.) issued by the Slovak Nuclear Regulatory Authority (Urad
jadrového dozoru (UJD)). This principle applies to nuclear energy generation,
SNF/RAW facilities operation, and nuclear facilities decommissioning. The
provisions of the Atomic Act apply in parallel with provisions of general laws

3 The abbreviation UJD SR [used in the names of decrees in the quoted document] stands for the
Nuclear Regulatory Authority, from the Slovak ‘Urad jadrového dozoru‘.
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such as the Construction Code and laws on impact assessments. UJD is an
independent body liable to the Government.

From 2006 to 2011, the Atomic Act contained a provision according to
which disposal of SNF/RAW could be realised only by a legal entity independent
from SNF/RAW producers, founded or established by the MoE of the Slovak
Republic. However, the amendment of the Atomic Act in September 2011
(350/2011 Coll.) added a new option for entrusting an existing legal body
(independent of SNF/RAW production) with tasks and responsibilities concer-
ning SNF/RAW disposal. “This approach [was] enabled to entrust JAVYS, as a
state-owned company, by duties of [the Slovak national] waste management
agency” (Mihdk and Mrskova 2013: 6). JAVYS also holds authorisations for
decommissioning of the NPPs Al and V1 in Bohunice.

The national nuclear fund (NNF) is a key source of finance for
decommissioning NPPs, SNF and RAW storage outside of NPP premises, SNF
and RAW disposal and treatment of seized (i.e captured) RAW. Its establish-
ment, history and system of accumulation of finances are briefly summarised in
section 6. From an institutional point of view, the NNF is a legal body (a special
purpose state fund) governed by decisions of its sole governing body, the Board
of Governors, which typically meets once a month. The Board of Governors
approves or rejects requests for finance submitted by JAVYS and on occasion
other companies authorised to implement NPP decommissioning and/or
SNF/RAW storage and/or disposal. As mentioned in section 2.4, the NNF is also
responsible for preparation of key strategic and planning documents concerning
the nuclear back end in Slovakia, such as the National Policy and Program
requested by the Directive 2011/70/Euratom®.

4 Siting procedures

The Slovak authorities launched the Programme of SNF Deep Geological
Repository development (the DGR Programme) in 1996, but it was suspended in
2004. The Strategy of Nuclear Energy Back-End, approved in 2008, stated that
“from a short-term point of view, two actions should be made as soon as possible:
1.) to start coordination of the [DGR] Programme in order to update conceptions
and planning documents, and 2.) to continue geological investigations suspended
around the year 2004” (MoE 2008: 66). Although these two tasks were a part of

4 This remained valid after JAVYS was entrusted with the duties of a national agency for
SNF/RAW management in 2011. These duties were confirmed in 2013, in the new legislation
approved by the Slovak Parliament in order to transpose the Directive 2011/70/Euratom into
Slovak law.
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the document that was submitted by the MoE and approved by the government,
the MoE decided not to implement these two tasks “due to financial crisis and
shortage of resources” (MoE 2009). The hiatus in the DGR Program ended in
2012, after the state-owned company JAVYS was de facto entrusted with the role
of the Slovak national SNF/RAW agency. In June 2012, JAVYS started to
publicly procure a supplier to review and update the conceptions and planning
documents prepared within the DGR Programme before 2004. In November
2012, a consortium of companies lead by the joint stock company UJP Praha from
the Czech Republic was selected to carry out this task under the project “Deep
repository — selection of locality, the 1 phase” (Office for Public Procurement
2012). Within this project, the following three documents were submitted to
JAVYS and subsequently to the National Nuclear Fund (NNF) in late 2015:
1.) Strategy for work with the public in relation to the deep repository
development and analysis of potential economic and non-economic instruments
to foster implementation of deep repository, 2.) Informational and promotional
materials about deep repository development in Slovakia and 3.) Update of the
feasibility study for deep repository in Slovakia (MoE 2016). In late 2016, the
following additional documents were submitted to the NNF by JAVYS: 4.)
Criteria for selection and evaluation of localities of DGR and 5.) Proposal of
legislation for stimulation of affected municipalities during implementation of
investigation works and after localisation of DGR. An updated version of the
document, Update of the feasibility study for deep repository in Slovakia, dated
6 December 2016, was also submitted (MoE 2017a). All of these documents are
available to the public only in hard copy accessible and by means of personal
visits at the NNF premises (ibid.).

At the time of this writing, JAVY'S was preparing public procurement for the
first part of the project, Deep repository — selection of locality, the 2nd phase
(Office for Public Procurement 2017a), for which working versions of the
documents were disclosed on 3 February 2017 (Office for Public Procurement
2017b). This part of the project concerns preparation for geological investi-
gations, a framework programme for the DGR development and research, and an
implementation proposal for a system of economic stimulation of affected local
communities (Office for Public Procurement 2017a). Further mid-term planning
information has not been made publicly available, as JAVYS has not sent its own
document, Proposal of workplan for DGR development in Slovakia in years 2017
—2023, to the MoE, and at the same time JAVYS is not liable under the Freedom
of Information Act (MoE 2017a).
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4.1 Procedures and criteria for site selection

Official information regarding procedures and criteria for DGR site selection in
Slovakia are not available in the joint National Policy and National Programme
document approved in 2015, but a short summary on the issue is publicly
available in the Nuclear back-end strategy policies approved by the government
in 2014 (MoE 2014), resp. in 2008 in case of the preceding strategy (MoE 2008).

Within the original DGR Programme implemented from 1996 to 2004,
criteria for assessment of location suitability were chosen and applied using
archived geological information and maps. In the first stage, which resulted in
identification of 15 localities for further research, a total of 58 characteristics were
taken into account. They included aspects of long term development of the
territory, geological risks, geological structure, hydrological characteristics,
geochemical aspects, engineering-geological properties, occurrence of natural
sources of RAW materials and legislative protection for the area (MoE 2014: 53).
In the second stage, the list of localities suggested for further geological research
was reduced to five surveyed localities: the central part of the Tribe¢ mountains
(46 km?), the southern part of Veporské vrchy mountains (78 km?), the southwest
part of Stolické vrchy mountains (24 km?), the eastern part of Cerova vrchovina
mountains (87 km?), and the western part of Rimavsk4 kotlina basin (85 km?)
(ibid.). The first three are in a granitoid environment; the remaining two are in a
sedimentary rock environment. Feasibility studies were made for these two
geological environments from 1996 to 2001.

During the DGR Programme hiatus from 2004 to 2012, limited academic
research related to the suitability of selected environments for the DGR in
Slovakia was carried out by the State Geological Institute of Dionyz Stur and
Slovak Universities (see for example: Slaninka et al. 2007; Adamcova et al.
2009). This research has not impacted the above list of five surveyed localities.
Continuation of geological research in these five localities in relation to the DGR
Programme is also dealt with in the document titled ‘Concept for geological
research and exploration of the territory of the Slovak Republic for the period
2012 to 2016 (with an outlook until 2020)’, approved by the Government
Resolution 73/2012.

4.2 Compensation mechanisms and socio-economic impact

The legislation and practice of added value approaches used from 1993 to 2012
was summarised in the IPPA project Deliverable no. 4.4 (Mihok 2013: 16-20).
This document briefly explains the payments from the national nuclear fund
implemented from 2000 to 2002, nuclear facility location fees/taxes implemented
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from 2002 to 2009, and relevant parts of real estate tax collection implemented
since 2005. As of early 2017, the legislation and practice remained as it was
reported in the IPPA Deliverable. The only new development related to an
objective set “to develop and prepare implementation of a system of economic
stimulation of localities affected by development and operation of repositories”
in the National Programme approved by the Government in 2015. This objective
was assigned to the MoE, JAVYS and the National Nuclear Fund (NNF), with a
deadline of 2018 (MoE 2015: 16, task 19). Correspondingly, the MoE declared
that solutions should not be focused primarily on economic stimuli; instead, a
complex system of informing and working with the public should be developed
for long-term use (ibid.). The first official ‘Proposal of legislation for stimulation
of affected municipalities during implementation of investigation works and after
localisation of DGR’ was submitted to the NNF in late 2016. Its content is
available only in hard copies accessible by means of personal visits to the NNF
premises (MoE 2017a). The update of this document is planned for the second
phase of the currently ongoing Slovak DGR Development Programme (Office for
Public Procurement 2017a).

Regarding the preparation and adoption of the National Programme in 2015,
the MoE did not accept the proposal from the Association of towns and
communities of Slovakia (ZMOS) to prepare and approve a new specific law on
payments for RAW. ZMOS explicitly required that the content of a new law
should be in line with the principles approved by ZMOS in 2012 and submitted
to the MoE in 2012 and again in 2013. The principles requested by ZMOS were
summarized in English in the IPPA Deliverable no. 4.4 (Mihdk 2013: 25f), along
with the related results from the IPPA project’s research (ibid.: 27-33) and
summary of stakeholder discussions held in 2013 (ibid.: 34-37). In 2013, the MoE
stated that the principles proposed by ZMOS were ‘not acceptable’, justifying this
decision solely with a financial reasoning (ibid.: 38). In 2015, the MoE declared
that the [resubmitted] proposal of ZMOS “goes beyond the framework of the
National Programme and therefore cannot be dealt with [in the process of
preparing and approving the National Programme according to the Directive
2011/70/Euratom] (MoE 2015, Annex no. 6: 3).

5 Information and participation

During the communist era and to some extent also during the 1990s,
[Czecho]Slovakia lacked legislation allowing public access to information and
decision making. This was emphasized in 2013 during the discussion about
compensation mechanisms held within the IPPA project, when the mayor from a
municipality near NPP Bohunice made a reference to the fact that in the 1970s,
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“when the NPPs were sited ..., no one was asking the citizens about anything.
Now the citizens are asking the mayors, and request information, resp.
submissions to be made within EIA procedures” (Mihok 2013: 35).

Slovakia only adopted its first Freedom of Information Act (FOIA) in 2000
(211/2000 Coll.). It contained very strict clauses in favour of transparency (Mihok
2011). However, very significant amendments were made to this act in 2010, after
which a majority of information, particularly in the nuclear sector, was designated
confidential or classified information. Furthermore, one of these FOIA amend-
ments “enabled the Nuclear Regulatory Authority (NRA) to inform that new
investment projects in the nuclear sector have been proposed for reviews only at
the notice board located at its headquarters in the capital city Bratislava. Changes
made to the FOIA through amendment of the EIA Act in 2010 concerned nuclear
sector information only, that is, no changes were made regarding information or
documents related to any other industrial sector. The NRA officials argued that
information about nuclear facilities should be kept confidential for the public’s
own sake, since it could be easily abused by terrorists” (ibid.: 229f). Even though
the clauses banning public disclosure of the majority of nuclear sector information
were formally amended in late 2011, the boundary between publicly accessible
and confidential information remained unclear. In effect, this continued to favour
non-transparency for nuclear sector information (Mihok and Mrskova 2011: 5%).

Research concerning stakeholder participation in the nuclear sector EIA and
SEA procedures, carried out within the IPPA project in 2011, identified five
different environmental NGOs as participants in the nuclear sector in EIA and
SEA procedures carried out from 2007 to 2009 (Mihék and Mrskova 2011: 15).
After 2010, however, only the Slovak office of Greenpeace remained active in
EIA, SEA or similar procedures open to NGOs. Proposals and comments sub-
mitted within the interdepartmental observation procedure concerning nuclear
back-end strategy updates and the official meeting to discuss these proposals and
comments held on 18 February 2013 are the last instances of participation by
Slovak environmental NGOs in the SNF- or RAW-related decisions and planning
which could be identified. In 2015, not a single Slovak, foreign or international
NGO asserted its right to participate in preparation of the joint National Policy
and Programme document by means of submitting comments or proposals within
the interdepartmental observation procedure. The decrease of environmental
NGOs’ participation in the nuclear sector EIA, SEA and similar procedures can,
to some extent, be explained by changes in funding opportunities for environ-
mental NGOs, which were outlined in the IPPA project Deliverable 2.4 (ibid.: 11-
14).

5 FOIA amendments adopted after 2011 do not address nuclear sector information transparency.
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The only actor representing the public (resp. elected representatives of the public)
in the interdepartmental observation procedure for the joint National Policy and
Programme document in 2015 was the Association of towns and communities of
Slovakia (ZMOS), whose submissions concerning compensations and socio-eco-
nomic impacts is dealt with in section 4.2. The author is unaware of any Slovak
environmental or other NGO that has recently attempted to represent affected
communities or the general public in matters and procedures concerning the
commercial nuclear sector®.

With regards to the joint National Policy and Programme document, neither
domestic nor transboundary SEA procedures were held as a part of its preparation,
consultation and adoption’. The decision not to carry out a SEA procedure for the
National Policy and Programme was justified with the argument that these
documents contained the same content as the previously approved nuclear back-
end strategy. This decision by the Ministries of Economy and Environment (MoE
and Ministry of Environment 2015) is also publicly available in its English
translation®. A similar decision not to carry out the SEA procedure was made in
2013 with regards to an update of the nuclear back-end strategy. The latest SEA
procedure concerning SNF final solution and RAW disposal plans held in
Slovakia concerned the nuclear back-end strategy adopted in 2008 (MoE 2008),
for which a joint national level and transboundary SEA procedure was held from
2 April 2007 to 15 May 2008 (MoE and Ministry of Environment 2013).

6 Costs and financing

In December 1992, very shortly before Slovakia’s establishment as an indepen-
dent state, Slovak authorities were asked to prepare principles of a nuclear fund-
related law by the end of March 1993 (Resolution of the Slovak Government
930/1992, task 1c). Based on these principles, Act 254/1994 Coll. establishing the
first Slovak nuclear fund was approved by the parliament in August 1994. The
name of this fund during 1995 to 2006 was the State Fund for Decommissioning

6 Slovakian staff of CEE Bankwatch Network were active in matters concerning proliferation of
NPPs, however only on Ukrainian territory, i.e. from the position of a potentially affected for-
eign country.

7 NGOs have the right to participate in the interdepartmental observation procedures concerning
any document submitted to the government; the signed support of at least 500 citizens is needed
to oblige authorities to consult the NGO representatives in person.

8 Available at:  http://www.njf.sk/dokumenty/politika_a_program/DECISION_-

_Ministry_of the Economy_and the Environment of the Slovak Republic.pdf
(last accessed 25 January 2017).
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of Nuclear Power Installations and Management of Spent Nuclear Fuel and
Radioactive Waste (abbreviated as SFLJEZ in Slovak language texts and as
SNIDF in English language translations, and often informally called the Decom-
missioning Fund). This original act was replaced in 2006 with the completely new
Act 238/2006 Coll. on the National Nuclear Fund (abbreviated as NJF in the
Slovak language texts and as NNF in English language translations).

The original Act on the Decommissioning Fund obligated NPP operators to
contribute to the fund the equivalent of 10 percent of their revenues from sales of
electricity generated by the NPPs in the preceding year. This one component
mode of SFLJEZ/SNIDF finance generation was implemented from 1995 to
2001. The amendment of the ‘Decommissioning Fund Act’ in 2001 (560/2001
Coll.) introduced a new mode of finance generation composed of two
components: the fixed contributions, in a value equivalent to ca. 11,618 Euro
annually per every MW, of installed electric capacity and variable contributions,
stated as a percentage of revenues from sales of electricity generated by the NPPs
in the preceding year, as in the original Act. The percentage of variable
contribution was originally set to 6.8 percent in 2001 and applied as such from
2002 to 2006, after which it was decreased to 5.95 percent with the afore-
mentioned Act 238/2006 Coll. and applied as such since July 2006. The fixed
contribution value remained ca. 11,618 Euro per MW, until 2012, when it was
increased to 13,428 Euro per MW.. It has been adjusted for inflation annually
since (Act 550/2011 Coll. Amending the Act on NNF). From 1 July 2017 to
30 June 2017, the value of fixed contribution was ca. 14,598 Euro per MW, of
installed capacity of commercial nuclear reactors (NNF 2017).

Neither ‘the Original Act on Decommissioning Fund’ approved in 1994, nor
‘the Act on the NNF’ approved in 2006 obliged owners (resp. holders of licenses
to operate or decommission non-reactor nuclear installations, such as SNF/RAW
storage, processing and/or disposal facilities) to contribute to the fund (MoE
2015: 30).

In 2000, the Slovak government took cognizance of the classified document
titled ‘Prognosis of complete financial support for back end of nuclear power
engineering in the SR’ (Resolution no. 429/2000). This document showed that
contributions to the Decommissioning fund “had to be increased in order to cover
the full costs related to SNF treatment, including final disposal. Mandatory
contributions to the Decommissioning Fund were subsequently increased with the
entry into force on 1 January 2002 of Act 560/2001 Coll.” (European Commission
2013: 12f). According to this author’s own calculations, published in 2010°, the
increase of contributions adopted in 2001 did not have any significant mitigating
impact on the fund’s deficit, assessed by the author at ca. 2.4 — 3 billion Euro as

9 Also available in English upon email request to peter.mihok@umb.sk.
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of the end 2009 (Mihok 2010: Annexes 1 and 2). The prognosis documents was
to be updated by the authorities every two years (Government Resolution
429/2000, part B2), but this was not carried out during 2000 to 2006 period.
Subsequently, this task was replaced with the task to prepare and approve nuclear
back-end strategies (see section 2.4), which include financial plans for the
implementation of these strategies (MoE 2017a).

In order to decrease the NNF’s deficit, the Slovak Government introduced a
levy on the final customers of electricity in 2010; it entered into force on January
2011 (Regulation of the Government of the Slovak Republic 426/2010). This levy
was originally set at 3 EUR/MWh and was adjusted for inflation annually.
Detailed information in English concerning this levy is available in the publicly
accessible European Commission report addressing whether this measure
constituted state aid in a manner that was compatible with the Acquis Com-
munautaire (European Commission 2013). The Commission concluded “that the
distortion of competition resulting from the aid granted under measure [as notified
by Slovakia] is outweighed by the positive contribution of the measure to the
achievement of the Euratom Treaty objectives” (ibid.: 23).

The significant amendment of the National Nuclear Fund Act, planned for
2018, should ensure that value of the contributions made by the NPP operators to
the fund are no longer set by Parliament but instead by an independent body,
presumably the National Nuclear Fund (MoE 2015: 15).

7 Concluding remarks

There have been several delays in Slovakia’s efforts to define and implement a
SNF final solution, including during the establishment of the national SNF/RAW
agency as envisaged by the Atomic Act, with the amendment of the act on the
nuclear fund in order to ensure sufficient financing for dealing with the nuclear
back end, and in relaiton to the adoption of a law on compensation to
municipalities affected by SNF/RAW facilities. All of these delays can perhaps
be, directly or indirectly, related to the hiatus in Slovakia’s deep geological
repository development programme (2004 to 2012) officially justified by
“financial crisis and shortage of resources” by the Ministry of Economy (MoE
2009).

The question arises as to whether a lack of finance can explain delays in the
adoption of laws or the establishment (or entrusting) of a legal body to take
responsibility concerning the final SNF solutions. This question is especially
relevant when considering the 2004 to 2012 period, in which the MoE fostered
completion of the Mochovce NPP Units 3 and 4. Two facts are worth noting in
this regard: the MoE controls 34 percent of the shares owned by Slovakia in the
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project’s investor, the SE company; and finalisation of Mochovce NPP will be
financed without any contract for difference (as for ex. the Hinkley point NPP
project in the United Kingdom) or similar financing scheme.

The Slovak DGR Programme shares a part of its history with the Czech
Republic. As the links between the two countries remained strong even after their
separation (also due to a very minimal language barrier and other factors.), it is
reasonable to assume that Slovak authorities closely follow the development in
the Czech DGR Programme. The complications faced in the Czech Republic (see:
Bursik 2015; Vojtechova and Steinerova 2013; Vojtechova 2009) may also be
potential factors to consider in attempts to understand the delays in Slovakia’s
nuclear waste governance. Nevertheless, after its restart in 2012, the Slovak DGR
development programme seems to be progressing steadily.
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Nuclear Waste Governance and Nuclear Energy in Slovenia and
Croatia
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Abstract

As the plans for the first Yugoslavian Nuclear power plant (NPP) Kr§ko were
drafted in the 1970s, there was no mention of nuclear waste. Similarly, the
purchase contract with Westinghouse made no mention of it. After the
disintegration of Yugoslavia in 1990, the previous contract between the two
states, Slovenia and Croatia, extended the primary 50:50 provision of ownership
to nuclear waste. This agreement is the origin of both cooperation and entangle-
ments about nuclear waste. Slovenia and Croatia have decided to postpone the
construction of a final depository for used nuclear fuel until the NPP Krsko I, and
the pending NPP Krsko II has been definitively put out of operation. The first
strategy for spent fuel management was adopted in 1996. It was based on the
agreement between the governments of Slovenia and Croatia. However, coope-
ration has proven difficult as each side wants to make as much profit from the
NPP as possible and to take over as little cost regarding used fuel as it can. Two
separate final repositories for nuclear waste are probable.

The actual distribution of responsibilities through the end of the operation of
the nuclear power facilities in Slovenia between the Agency for Radioactive
Waste of Slovenia (ARAO) for low and medium active waste and the NPP Krsko
for used fuel is unsatisfactory and creates risks. The ARAO is a state public
institution, and is responsible for handling all waste, preparing strategies, and
developing technical capacity as well as operating facilities for storage or
disposal. The NPP is primarily a profit-driven company that operates the plant
and whose purpose is generation of electricity. These two functions challenge one
another.
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1 Introduction

The NPP Krsko started operating in the autumn of 1981 and has been operating
commercially since 1983. It is a Westinghouse two-loop Pressurized Water
Reactor with a nominal output power of 727/696 MWe (gross electrical power/net
electrical power). The plant is owned by state-owned Slovenian and Croatian
electrical power companies, GEN energija d.o.o. and Hrvatska Elektroprivreda -
HEP d.d., respectively. Ownership is divided 50:50 between Slovenia and
Croatia. The plant is operated by the public/private enterprise Krsko NPP d.o.o.
The NPP Kirsko is the major producer of radioactive waste in Slovenia and
Croatia. All operational radioactive waste and spent nuclear fuel produced
through the NPP are stored on site. Solid radioactive waste is treated and then
packed into steel drums, which are then stored in the solid radioactive waste
storage facility.

Between 1993 and 2002, tensions surrounding the opposing interests of
Croatia and Slovenia in relation to the NPP came to a head. For the HEP and
Croatia, the main disputes were supposedly reduced employment rights for
Croatian workers in the NPP, participation of Croatian managers at the senior
level, payment for the steam generators’ replacement project imposed by the
Slovenian PM Drnovsek, the application of different accounting standards for
Croatian and Slovenian stakeholders, and Slovenian insistence on HEP's con-
tribution into the Slovenian decommissioning fund. For Slovenia, the main
disputes were HEP's failure to pay for the electricity it received from the NPP
Krsko, HEP's refusal to contribute to the Slovenian decommissioning fund, HEP's
refusal to approve all projects from the modernization program, which were seen
as necessary to further secure operation of the NPP by the Slovenians, the amount
of pooled depreciation, and the Croatian decision to cancel the construction of a
second NPP on Croatian soil, as established in the original agreement. Disputes
culminated on 30 July 1998, as the government of Slovenia, the Slovenian
transmission company ELES and the NPP Krsko disconnected transmission lines
to Croatia and terminated all deliveries of electricity from the NPP Krsko to HEP
(Tomsic¢ 2010). The government of Slovenia issued a decree on the transformation
of the NPP Krsko in line with Slovenia's new company laws. The decree was to
remain in force until the implementation of a new bilateral agreement between
Slovenia and Croatia was reached. This new agreement was finally signed on 19
December 2001.

The NPP was designed to operate until the end of 2023. Since the spring of
2015, however, the Slovenian government has sought to legally extend the
operation lifetime for 20 years (until 2043), despite its unfulfilled promise to hold
a national referendum on the nuclear projects. In a joint commission on NPP
issues that same year, representatives of the Croatian government agreed to the
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lifetime extension of 20 years. The construction of a second reactor at the same
site is being proposed by the Slovenian government. According to the ESPOO
convention, any operation extension requires transboundary verification, that is
approval or rejection from neighboring countries; it is rather uncertain, however,
whether Austria, as a neighbouring country, would support it.

In 2003, a new agreement between Croatia and Slovenia on the status of
Croatian investments in the NPP and other legal relationships related to the NPP
Kisko, its use and decommissioning was adopted and ratified. It represents the
first legal regulation on nuclear waste between the two states after 22 years of
operation. The contract’s more concrete language should help to prevent some of
the vagueness which resulted in nonfulfillment of earlier agreements from the
time of the NPP’s establishment under the Yugoslavian government.

Following the agreement, in 2004, the first program for NPP decommis-
sioning was established. However, there were numerous challenges to renewing
the program every five years as required. These issues included differing opinions
on general costs, payments to local communities around the NPP site, and each
state’s level of engagement in NPP reconstruction.

There are two entities in Slovenia in charge of nuclear waste. Low and
middle radioactive waste is managed by the Slovenian national agency for
radioactive waste management, ARAO; spent fuel and highly radioactive waste
are to be managed by the Slovenian electrical power company GEN energija
d.o.o. as long as the NPP is in operation. This raises questions about possible
conflicts of interests and responsibilities, as a provider of nuclear power is also a
producer of spent fuel and responsible for spent fuel management.

Because of the two (state) owners of the NPP Krsko, two separate funds for
decommissioning and management of nuclear waste were established; the ARAO
was established as a state-owned public institution for radioactive waste manage-
ment in 1991 and the fund for decommissioning the NPP Krsko was established
in 1995. There is no joint understanding of the use of the collected funds. For
instance, Slovenia's government supports financing of the surrounding local
communities to assure compliance by the neighbouring population, while the
Croatian government does not see this support as necessary. Moreover, there are
disparities in collected funds, which are generally seen as insufficient. These
disparities resulted from the lack of a united 'master plan' for managing all kinds
of nuclear waste together. Additionally, the levy of 0.30 Euro cents per kWhe,
which is paid by the Slovenian electrical nuclear power company (and to the
Croatian electric company HEP) is not sufficient to finance the construction of a
LILW depository. Beyond these funding issues, the two governments could not
agree on construction of a joint LILW depository. As a result, each intends to
construct a depository for its “half” of the waste. However, both sides were
unanimous in postponing construction of a deep geological repository for spent
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fuel until the NPP’s end of life and leaving spent fuel in temporary storage at the
NPP site. They also agreed to extend the operation of the NPP for another 20
years, until 2043.

Another open question is the “revolving door” between the nuclear industry
and the government energy administrations. For instance, the Director of the
Energy Directorate of the Ministry of Infrastructure and Space /MzlI/ in Slovenia
is a former collaborator of Mr. Danijel Levicar of the GEN Energija d.o.o. which
is the owner of the NPP Krsko. Through such relationships, the nuclear energy
sector has a decisive influence not only in the domain of nuclear energy, but also
in relation to competing energy industries, particularly solar, wind, geothermal
and bio energy sources. The energy sector also has influence over energy pricing
and subsidies. Thus, it is no surprise that the nuclear industry presents itself as the
cheapest and most favored energy, while subsidies for solar panels and wind
turbines are blocked. In this way, nuclear industry collaborators are in a position
to influence key political decisions in state energy politics.

At the same time, there have been no further steps taken towards an
agreement on the decommissioning program and nuclear waste management. The
agreement adopted in 2004 is out of date, as it was planned to be updated every
five years. Among several unanswered questions is the involvement of the local
population and its right to be informed and integrated in decision making, as
defined in the Aarhus convention. At this time, the local population had neither
been consulted about the twenty-year extension of the operation life time of
Krsko 1 nor about the plans to construct an additional dry used nuclear fuel
depository and a LILW depository at the NPP site, although these plans were
distributed to the public by the press. Many speculate that the Slovenian
government of Miro Cerar is testing public reactions and may eventually change
course if there are significant negative reactions. But there have not been any such
reactions and the press has shown a complete lack of dinterest in the issue.
Following the Chernobyl and Fukushima accidents, public opinion has been
against nuclear. However, given the intensive state supression of nuclear
opposition in the media and engaged antinuclear activists being forced out of their
jobs, there has been only a weak public rejection of the nuclear industry’s plans.
As the Croatian government also supports a lifetime extension, it is increasingly
unlikely that the prevailing public rejection of the nuclear industry in Slovenia
after the Fukushima accident will be taken into consideration. This is the case
both at the local level, in the vicinity of the NPP, and at the national level. A
referendum for public decision-making was promised in the coalition declaration
of the newly elected Slovenian government, but never occurred.

This leaves policymakers and scholars with a range of open questions: what
amount of waste is expected to be stored at the NPP site, as the Croatian side
rejects the Slovenian proposal to construct a common LILW depository? What
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amount of waste will need to be managed, and consequently what scale and design
for a depository is needed? Which actor will possess and manage the waste? What
will happen with Croatian nuclear waste that is already deposited onsite at the
NPP?

Similarly, numerous questions arise regarding the permitting and oversight
of any planned waste disposal facilities. According to Andrej Stritar, the head of
the Slovenian Nuclear Safety Administration (SNSA), construction of an ad-
ditional new dry depository for spent fuel at the NPP site, which is needed for the
life time extention of the NPP KrSko from 40 to 60 years until 2043, can be
permitted without an environmental impact assessment /EIA/or approval from the
local community Krsko.

Based on an earlier agreement between the Slovenian and Croatian
governments but without any consultation with affected residents or consultations
with interested NGOs or the general public, on 2 February 2017, the Slovenian
Agency for Environment (ARSO) issued a decision that “for prolongation of the
operation period of the NPP Krsko ... there is no need to implement an
environmental impact assessment (EIA) and acquire an environmental approval.”
(ARSO 2017) As ARSO is part of the Ministry of the Environment and Spatial
Planning (MOP), Minister of the Environment Irena Majcen is at least partially
responsible for the rejection of an EIA in relation to the prolongation of the
operation time of the NPP through 2043. Minister Majcen has been blamed by
environmentalists for years for the ineffective reaction of the government to
industrial toxic contamination in the location of Cinkarna Celje in central
Slovenia which had even attracted the scrutiny of the EU Commission. Political
allies of industrial pollution and industrial pollution pressure groups in former
eastern European countries and in numerous other countries are trying hard to
place their adherents in key positions in environmental ministries and agencies.
This has been the case in Slovenia even though after the declaration of
independence in 1990 it was one of the more prosperous former socialist countries
with a well established political culture and state of law. But after becoming a
member of the EU in 2004 Slovenia like other former eastern European countries
has seen only weak participation of citizens on fundamental political questions
and continued strong development of nuclear production of electricity.

On 6 March 2017 the Legal Information Centre for NGOs in Slovenia filed
a complaint in court produced by four NGOs against the decision of the ARSO
and the MOP to not implement a EIA procedure for the life time extention of the
NPP Krsko. The ARSO had concluded that the prolongation of the operation time
will not have any harmful impact on environment. Such an assessment however,
is contingent upon whether an NPP is operating or not as an operating NPP poses
more potential harm than one which is not in operation even though all NPPs bare
risks. The NPP in question is of the earliest generation so that after 40 years of
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operation the potential of greater risks with continued operation should be
considered. With regard to the ESPOO and Aarhus conventions ARSO did not
correctly evaluate the potential risk of an environmental accident for the popu-
lation and for future generations and other living creatures. ARSO argued that
other governmental bodies, like the Ministry of Health, found no reason to be
concerned about possible harm from an extension of operation. This however,
shows negligence on the part of the Minister of Health, Milojka Kolar Celarc, a
former economist, expert in taxes and alternatively for 10 years state secretary in
the ministry of finances and official in an insurance company.

Slovenia expressed in its Declaration on Activities Republic of the Republic
of Slovenia in the Institutions of the European Union from January 2016 to June
2017 its view that “On the potential further development of nuclear energy there
must be a democratic consensus.” (DeUDIEU1617 (2016) (Chapter Environment,
Nuclear Safety) It is international standard and a willingly accepted obligation to
take into consideration public opinion as called for in Directive 2014/87/
EURATOM. Article 8 requests member states in accordance with national
legislation and international law to enable residents to effectively participate in
the process of decision-making in relation to the issuing of a permit for a nuclear
facility. In Slovenia this is to be assured by the procedure of issuing an environ-
mental protection consent within an environmental impact assessment. Slovenia
has around 200 hazardous industrial facilities that needed to go through such a
procedure. ARSO decided in these cases that an EIA was needed, but in the case
of the NPP Krsko, despite the potential for a Fukushima or Chernobyl size
accident and the far greater harm and more lasting consequences such an accident
would have than could occur in one of the 200 industrial facilities, ARSO
surprisingly followed the unprofessional opinion of the SNSA and Ministry of
Health and did not ask for an EIA.

There have been additional signs of the aging of the NPP. Seven broken fuel
rods were found during the last inspection laying at the bottom of the reactor; they
were then replaced by simple metal rods. On 16 February 2017, the NPP was
automatically shut down because of a defective "control valve for main supply
water in the classic part of the power plant". It was just on 3 day later that ARSO
rejected the EIA. Two months later, on 21 April 2017 at 3 a.m., a defective steam-
relief valve woke the residents in the vicinity of the NPP Krsko out of their sleep.
The NPP had to be powered down again. Residents who lived just a few hundred
metres distance from the fence of the NPP, strayed through the streets to the
closest village, in an effort to find out what is going on and whether they needed
to evacuate immediately or not. They could get no explanation on their telephones
about what was going on. The guard at the entrance to the NPP could only tell
them, he had no more information than they did.
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The GEN, the formal owner of the Slovene half of the NPP (100 percent state
owned) intends to ignore the decline of nuclear energy in Europe and as in several
other eastern European EU member states started preparations and investments
for construction of a second reactor at the site in KrSko. During the search for a
LILW repository across Slovenia more than 10 years ago it became obvious that
because of the firm opposition of the local population it would be impossible to
site any new major nuclear object anywhere else in the country except in Krsko.
The GEN fostered preparations for construction of NPP Krsko II and engaged a
consortium of firms to do the necessary research. In 2006 the Institut de
radioprotection et de stireté nucléaré (IRSN) contracted several subcontractors to
conduct a seismic hazard and fault line assessment.

The findings and recommendations of the IRSN were not what the govern-
ment expected: “IRSN’s opinion on this matter is that this new and serious finding
[about Libna trench, r. L.S] does not allow concluding in a favorable manner as
regards the suitability of the Krsko II sites for the implantation of a new nuclear
power plant. Acknowledging the fact that the feasibility of designing a new
reactor against fault surface displacement is questionable, and consistent with
TAEA and NRC recommendations, IRSN believes that GEN should consider
revising its strategy for the Krsko II project and further examine the possibility to
search for an alternative site.” (Oona Scotti 2013)

After these recommendations were proposed, the GEN suspended the
contract with the IRSN and started looking after a more cooperative institute.
History repeats itself for a second time. When the research for Krsko I was done
almost 50 years ago, the investors skipped the geological institute of Ljubljana
considering it unreliable; they found their needed expertise in Skopje, Macedonia.

The findings and recommendations of the IRSN are important, as there is
just one nuclear site in Slovenia where nuclear facilities are located in overly close
proximity to one another. In these crowded conditions, if a major accident
happens to one, they will all be affected. If the site is deemed unsuitable for the
NPP reactor Krsko II, the same seizmic conditions would impact reactor Krsko
I’s extension, the additional dry fuel repository and the LILW repository. This
makes it easier to explain why the ARSO rejected having an EIA procedure.
Under the law they might then all have to be rejected.

The NPP Krsko acquired an operation permit in 1984 without time
limitation. ARSO followed the wrong opinion of the Ministry of Health, when it
determined that prolongation of the operation time does not represent a change in
the existing situation and thus poses no further threat to the security of the
population and environment. The SNSA changed the operation allowance in 2013
so that the NPP must now perform a periodical security revision and may operate
further if the results are positive. But for all other nuclear facilities the operation
admission is limited to 10 years by the Law on Protection Against lonizing
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Radiation. Only the biggest and the most radiation hazardous facility in the
country has no such operation time limitation. This is disrespectful of article 7 of
the Convention on Nuclear Safety which obliges member contractors to set a
legislative and regulatory framework to govern the safety of NPPs.

The ignoring of Slovenian and neigbouring states’ citizens and civil society
(NGOs) in the EIA process harks to the autocratic past. Exclusive corporative
networks dominate over the state of law and the right of free speech. The nuclear
energy industry’s predominance and arrogance and the hypocritical character of
today’s key political institutions suggest democracy remains an illusion despite
the social changes since the 1990s or more broadly over the last 200 years .

The regulation on financial compensation to communities near a NPP is
defined in the law proposed by the Slovenian Ministry of Finance and by the
SNSA as a compensation for the impact, expected and actual, for the loss of
property value or for stress or health burdens as a result of the presence of the
NPP. This compensation is smaller than the compensation for the proposed LILW
repository, which was introduced in 2010. Behind this disproportionality there is
the intention to promote and advance the nuclear industry, as well as the interests
of professional groups which receive benefits through nuclear projects, high tech
development in a region where industrial enterprises, banks and airports are sold
under the EU commission pressure to foreign investors and their research centers
moved out of the country to the seat of the enterprise. Nuclear reactors seem to
be attractive as a lasting remnant of scientific industrial development.

The disproportionality in funding includes immediate forcing out of a job
any person opposing nuclear power and their close relatives, not only from
nuclear companies but also from companies cooperating with them and from all
public administrative jobs. Further, only local NGOs that cooperate with the
nuclear industry are supported by public financing, while those opposing it are
cut from any public backing. Local public media faces the same censoring — only
those that express full support for the nuclear industry and are not critical are able
to survive.

2 Nuclear waste disposal in Croatia and Slovenia
2.1 Historical background

After the Second World War, the Yugoslavian leader Tito ordered the
establishment of a nuclear weapons program. He saw the development of nuclear
power as key to overall economic development and as a hard currency for use in
international politics. Yugoslavian nuclear research was initially conducted in
close collaboration with Norway, as Tito was not trusted by Stalin after his clash
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with the Communist Information Bureau (Cominform) in 1948 after which
Yugoslavia was expelled from the Soviet Bloc.

Tito terminated the nuclear weapons program after a critical accident at
Vinca's heavy water RB reactor killed one person on 15 October 1958 and
provoked radiation poisoning of a further five persons. He opted instead for a
'‘peaceful' nuclear power program and supported the establishment of research
facilities for the study of the entire nuclear fuel cycle. There was a pilot-scale
uranium mine at Zletovska Reka in Macedonia and a larger, fully operating deep
underground mine at Zirovski vrh, a densely populated region of Slovenia.
Mining took place between 1968 and 1990 without any health protection for the
miners, who were directly breathing radioactive dust in, and those living nearby
the mine. Mining operations were ultimately shut down, though not because of
significant health concerns, which were dismissed by the mining management.
Rather, Croatia did not want to continue paying for half of the production, given
that it could purchase uranium for less. Slovenia was forced to either pay the
difference of 10 million USD per month and cover all production costs for its own
uranium cake or shut the mine down. This finally happened during the democratic
political changes of 1990-91. In the public media, the closure was portrayed as
the result of political pressure from the new Green party of the time which was
not dissuaded by the job losses threatened by mining proponents.

2.2 The early opposition to nuclear in Slovenia

Free public discussion about the construction of a NPP was not tolerated in
Yugoslavia. Similarly, the question of what should be done with the remaining
nuclear waste was not addressed in public or media discussions, as the regime did
not tolerate any disturbing questions that could hinder their project. Both the
public and nuclear experts were excluded from the negotiations about the
purchase of the Westinghouse NPP. The negotiations were led by formal investors
in the Sava River Power Plants Ljubljana and Elektroprivreda (Electrical
management) Zagreb without expert knowledge in nuclear power. Obviously,
neither the scientific competences of the negotiators nor the question of what to
do with used fuel in the long term played an important role in the process. It was
President Tito himself, who was the deciding authority behind the negotiations.
The 1JS senior management and its former director Milan Osredkar felt hurt for
years afterwards because their opinions were disregarded during the negotiations
for the purchase of the NPP.

The problematic character of the supposedly 'peaceful' nuclear power was
unmasked by the Chernobyl disaster in what is now the Ukraine in 1986. The
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accident had a major international impact in central Europe?®. A little more than a
year after the Chernobyl accident, in November 1987, Italy held a referendum
which led to a decision to abandon nuclear power plans. In Slovenia, there were
huge antinuclear demonstrations in Ljubljana and Kr§ko which led to the rise of
the Green party. In the first democratic elections in April 1990, the Green party
won almost 9 percent of the general vote within the proportional election system
and joined the coalition of newly founded political parties. As a condition to
joining the opposition parties’ coalition, the Greens advocated shutting down
nuclear power.

Despite the success of opposition movements in neighboring countries and
the growth of nuclear opposition in Slovenia, plans for nuclear development
proceeded. After 1992, Drnovsek’s government wanted to move ahead with both
construction of a LILW depository and with reconstruction of the NPP Krsko with
the purchase of new steam generators after only 10 years of operation of the old
ones.

His next step to foster nuclear power in Slovenia was a public invitation for
local communities to candidate as a possible location for a LILW depository, with
the promise of adequate financing. Soon, a number of communities (Velika
Polana, Zavré, Smartno pri Litiji, Sevnica, Brezice, Krsko, Polj¢ane, Lenart,
Kostanjevica na Krki), all within economically depressed central and eastern
Slovenia and largely concentrated in the vicinity of the NPP Krsko, announced
their willingness to compete to host a depository. Of the 36 potential locations,
five were chosen. Three were in one of the most depressed regions of the country,
the western Haloze (Nadole, Kocice, Sedlasek), and the others two were close to
the location of the NPP (Presladol, Poklek and Blanco).

Local support for the repository was not, however, widespread. After a brief
period, the process of choosing a LILW depository location was brought to a halt.
Around the country, mayors speculated about what amount of money their
community could gain from hosting a depository, but were later confronted with
such strong popular opposition that they had to give up their plans with the
exception of the three communities in the vicinity of the NPP site, where there
were already large populations of NPP workers. These communities were
promised sizable compensation which contributed to their pro-nuclear stance;
they tended toward intense political repression of individuals and public opinion
opposed to nuclear power.

In 1995, a third of the members of the Slovenian parliament signed a bill
calling for a referendum to shut down the NPP Krsko. At the last moment, this
bill was obstructed by the then-liberal prime minister Janez Drnovsek.

2 Several years prior, in 1978, Austria had held a referendum on the Zwentendorf nuclear power
plant. Voters narrowly rejected it, with 50.5 percent voting against it.
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2.3 The Slovenian national inventory

The Slovenian nuclear program includes the NPP Krsko and the research reactor
TRIGA MARK II, situated in the suburbs of the capital Ljubljana. These two
reactors have produced approximately 450 tons of heavy metal (tum) in spent fuel.
“The latest estimate of the total number of spent fuel assemblies generated in their
40-year operation is now 1553 (620 metric tons of metallic uranium). For the
extended lifetime until 2043, a total number of 2281 fuel assemblies (or 912
metric tons) has been calculated.” (Zeleznik and Kegel 2011: 704.3) The spent
fuel is stored at the NPP Krsko, while the used fuel from the TRIGA research
reactor was returned to the US in 1999. As the operator of a nuclear facility is
responsible for handling used fuel waste, the heat-generating nuclear waste is
stored in the spent fuel pool at the NPP. The ARAO will take over spent fuel after
the NPP and the TRIGA research reactor stop operation definitively. It will be
also responsible for potential recycling, for planning and construction of an
interim repository, and packaging and depositing of spent fuel. After construction
of the repository, the ARAO will also be responsible for its operation,
management and long term monitoring and maintenance. At the TRIGA, there is
also a central depository for nuclear waste from small producers in operation, also
managed by the ARAO.

Additionally, there are the Jazbec mine waste pile and the Bor$t mill tailings
site of the closed uranium mine at Zirovski vrh, where uranium ore was exploited
underground. The Jazbec mine waste pile covers an area of 51,000 m? and
amounts to 1,828,000 tons of mine waste with an average concentration of 53 g
U308/t and 48,000 tons of red mud from raffinate neutralisation with the specific
activity of 65 kBq of Th-230/kg.

The closed uranium mine is situated approximately forty kilometres
northwest of Ljubljana in a densely populated countryside. Both waste piles are
assumed to be statically unstable. Hard rain in November 1990 caused an earth
slide at the Borst mill tailings disposal site, which is situated on a hillside. Some
7.4 million tons of material became unstable and started sliding at a rate of about
0.5 — 1 mm/day.? With the addition of drainage, the sliding was stopped.
Ultimately, the site was deemed unsafe and in 2002, the NSA rejected permits for
the construction of the Borst mill tailings disposal site.

3 “Geophysical investigations and research boreholes determined the depth of the landslide of 20
up to 60 m. Deformations stopped after the draining tunnel had been excavated in 1994. Present
measurements have confirmed the landslide stability. But the question of earthquake stability of
the landslide still remains open.” Karmen Fifer Bizjak: Stabilnost plazu ob potresu v obmocju
jalovidc¢a Borst / Earthquake Stability of the Landslade in the Region of the Uranium Mine
Tailing Deposit, Zbornik referatov 1. Sukljetovih dnevov 1, 2000, Ed. Gaberc, Ana Marija
Majes, Bojan, p. 113-120.
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Both repositories are to be handed over to ARAO. “The Zirovski Vrh Uranium
Mine was in operation from 1984 to 1990. Its lifetime production was 610,000
tons of ore corresponding to 452.5 tons (U308 equivalent) of yellow cake."
(Vrankar 2005: 127.1).4

2.4 The (interim) storage site

Used fuel from the NPP Krsko is first deposited into a designated water pool,
which is housed in the same building as active systems for cooling the pool.
Following the Fukushima accident in 2011, the NPP prepared a study to assess
different storage options for spent fuel with the aim of reducing the risk of a
nuclear incident in the NPP and improving the safety of the storage pool. The
NPP then made a proposal to construct an additional dry storage building for spent
fuel by 2018, with an operating life of 60 years in order to ensure continuous
operation and sufficient storage capacity in case of the extension of operation time
for the NPP Krsko 1 and the construction of the NPP Krsko 2. The construction
and operation of the repository will be financed by the NPP. After a period of dry
storage is provided for further processing, used fuel will be packaged and
disposed of in a deep geological repository after 2065. However, these plans are
in question as it is not yet clear whether Croatia will join these plans or manage
its own repository. What is certain is that Croatian stakeholders support the
lifetime extension of the NPP Krsko 1 for 20 years, until 2043.

2.5 The waste management strategy
2.5.1  The plan for the LILW repository

With the adoption of the Ordinance of National Spatial Plan for the LILW
Repository at the Vrbina site in the Krsko municipality the process of selecting
the location and type of depository was completed. It was December 2009. In
January 2011, two experts from IAEA evaluated the project with regard to the
geotechnical aspects of construction. They identified critical elements of the
suggested design, defined missing data from the field studies, and assessed its
long term qualities (safety). In separate assessments they rated the proposal for a
LILW depository at Vrbina very negatively. “The geological conditions of the
selected site were found to be generally unfavourable ...The worst finding,

4 During its operation, miners were inhaling toxic dust in the deep mine areas without the use of
respirators or other lung protection devices.
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however, was that the ground water level is a mere 3m below ground level
meaning that the construction and operation of the repository will take place
below ground water level which clearly does not comply with IAEA requirements
for the safe design of a waste repository.” (IAEA 2011b) Such conditions are
unsursprising, given that the NPP was sited along the Sava river bed which
provides cooling for the reactor. While proximity to the NPP proved to be
important for limiting public opposition to the depository, geotechnically it
represents a problem.

The TAEA experts, Robert Chaplow and Jaroslav Pacovsky, exposed several
additional unsolved problems in relation to the proposed site and repository?
(IAEA 2011a). Due to the unclear ownership of the land where the repository is
to be built, the exact site was inaccessable for sample taking. Samples were thus
taken in the vicinity of the proposed site rather than at the site itself; futher impacts
of the “agressive underground water” during construction were not specified. The
experts further found that basic information needed for monitoring in advance of
and during construction was missing.

They also argued that after roughly 300 years, the proposed silos and waste
packages would lose their ability to act as physical barriers. The ARAO assumes
that degraded concrete will retain the abiliy to act as a chemical barrier, absorbing
certain radionuclides and retarding their migration away from the silos. However,
the IAEA experts argued that this assumption is unrealistic and found that the
waste is not specified well and the procedures for filling the silos were not
sufficiently defined. They made a similar finding in regard to the materials used,
which should be certified for 300 years; the certification of materials is not
mentioned in the project documentation. Pacovsky further reported that commu-
nication between the developers of individual elements of the preliminary
repository project did not correspond to the up-to-date standards of the project.

This report could not be found on the ARAOQO's official web site for 2011, in
contrast to the report of the Integrated Regulatory Review Service (IRRS) of the
TAEA in the same year. Moreover, there was no public discussion by experts
about what the two IAEA reports meant for the LILW repository project in Vrbina
and the associated risks.

5 “In addition, it became apparent that the calculations carried out by ARAO were based on in-
formation obtained from areas remote from the actual proposed repository site.” See: Chaplow
(2011: 4).
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2.5.2  The plan for the used fuel repository

The main obstacle for a clear and well-defined radioactive waste disposal plan
and reason for the two variants (see Fig. 1) is the uncertainty around whether
Croatia will construct its own repositories or join Slovenian activities and thus
construction of the LILW and spent fuel repositories. The start and duration of
the main activities related to spent fuel storage for both variants are depicted in
Figure 1.
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VARIANT 2 2082-2086 2103-2105 (storage)

Figure 1: Timeline of activities related to spent fuel storage and repository for

2 variants. Source: Zeleznik, N. and Kegel, L. 2011: 704.4)
http://www.djs.si/proc/nene2011/pdf/704.pdf.

The ARAO has prepared the “Revised Reference Scenario for Geological
Disposal Facility in Hard Rock™ a semi-generic description of the geological
repository considered suitable for the NPP spent fuel, high-level waste, and some
long-lived low- and interim-level radioactive waste (LL-LILW). It discusses all
phases of repository development, including research activities, siting,
construction, operation, and closure. The analyzed scenarios are prepared in two
variants. The plan for spent fuel disposal was based on assumptions that there will
be no reprocessing and that the repository will be constructed in a hard rock
environment at a depth of 500 meter. The entire disposal system plan is based on
the Swedish KBS-3V concept, developed by the Swedish Spent Fuel
Management Agency (SKB). The repository development also includes the
construction and operation of an underground testing facility at the site of the
future repository. A sufficient cooling period is required prior to disposal to allow
optimal utilization of canister capacity (4 SF elements per copper canister).
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Disposal of spent fuel starts after a 45-year storage period, according to both
variants. No retrievability options are foreseen for either the LL-LILW repository
or the spent fuel repository.

3 The legal and institutional framework
3.1 The legal framework

Article 72 of Slovenia’s constitution states that everyone has the legal right to a
healthy living environment. The state is thus responsible for promoting a healthy
living environment. To this end, the conditions and manner in which economic
and other activities are pursued have to be established by law. In the case of
nuclear power, however, there is no way to assign full responsibility for any
possible environmental damages, as they are restricted 1) to conditions defined
by law and 2) responsibility for harming people or nature regards only
individuals, while corporations are largely exempted.

The Vienna Convention on Civil Liability for Nuclear Damage was ratified
by Croatia in 1993. To regulate nuclear waste management of the joint NPP
Krsko, in 2003, both countries signed a treaty on the regulation of the status and
other legal relations connected to investment in the nuclear power plant, its
utilization, and its decommissioning (Official Gazette of RS, no. 23/2003).
Croatia adopted the Law on Radiological and Nuclear Safety in accordance with
the EUROATOM Treaty in 2013. Additionally, Croatia adopted the Strategy for
the Disposal of Radioactive Waste, Spent Sources and Spent Nuclear Fuel in
2014, to regulate the obligation to take over used fuel from the NPP Krsko.

The Law on lonising Radiation Protection and Nuclear Safety (ZVISJV-
NPB6) and the secondary legislation is in accordance with the standards of the
TAEA. Slovenia was also fully supportive during the preparations and adoption
of the directive 2009/71/EUROATOM. In 2011, Slovenia adopted the EU
Radioactive Waste and Spent Fuel Management Directive and, until January
2013, harmonized its national legislation with it.

3.2 The institutional framework

The Ministry of Environment and Spatial Planning (MOP) is the regulatory
authority responsible for the development and implementation of the waste
management policy. It has a supervisory function with respect to the Admi-
nistration of the Republic of Slovenia for Nuclear Safety (URSJV) in the Ministry
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of Health, the Office for Civil Protection and Disaster Relief at the Ministry of
Defense and the Ministry of Interior.

The SNSA is responsible for the control of nuclear safety, nuclear facilities
and radioactive sources in the country, with the exception of resources in human
and veterinary medicine, which is in responsibility of the URSVS.

The SNSA performs administrative and development tasks in the fields of
radiation and nuclear safety, radiation practices and the use of radiation sources,
environmental protection against ionizing radiation, physical protection of
nuclear materials and facilities, nuclear non-proliferation and security of nuclear
materials, radioactivity monitoring in the environment, and liability for nuclear
damage. It also carries out inspection duties in the above areas and is involved
with the State Headquarters of Civil Protection in the determination of protective
measures for the population and public information regarding emergency
radiological or nuclear events.

The SNSA further performs professional, administrative, supervisory, and
developmental tasks in the fields of radiation use in medicine and veterinary
medicine, protection of human health against the harmful effects of ionizing
radiation, systematic inspection of working and living environments where
humans have been exposed to natural radiation sources, monitoring of radioactive
contamination of food and drinking water, reduction and prevention of harmful
effects of non-ionizing radiation, and auditing and authorization of radiation
protection experts.

The Energy Directorate, as a body within the Ministry of Infrastructure
(MZI), is responsible for the development of the broader energy policies, laws,
and use of nuclear energy. The directorate is preparing a comprehensive energy
policy regarding energy supply and the granting of mining rights for the
exploration and exploitation of all kinds of mineral resources. It monitors the
state-owned energy enterprises, including the GEN energija, the Slovenian owner
of the NPP Krsko. In this way, the Directorate also has an impact on the nuclear
safety of the facility, as its long-term provision depends largely on the stability of
the NPP’s business and financial position. The Energy Directorate also monitors
the operation of the fund for the decommissioning and disposal of radioactive
waste from the NPP, and in this way makes nuclear electricity presumably one of
the cheapest and cleanest energy sources on the market. These low costs and clean
sources are realized via legally and administratively consolidated low tax rates
for nuclear waste operators and low costs for future nuclear waste management,
omission of or state-paid insurance costs and the initiation of administrative
obstacles for the integration of solar, wind and geothermal energy in the
electricity grid, as well as active support for construction of public infrastructure
for centralized production of electricity entities like NPPs, enforced by the
government and prepared by the energy directorate.
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The Ministry for Infrastructure (MzI) has a supervisory function and is being
integrated into the work of the Croatian-Slovenian intergovernmental com-
mission established under the BHRNEK agreement.

3.3 Procedures and criteria for site selection

The licensing process for a second NPP in Slovenia will follow in ten phases.
These comprise: 1) Preparation of the National Strategic Spatial Plan by the MOP
on the basis of national programs; 2) Issuing of an energy licence for the NPP by
the Energy Agency and of an operating permit for the NPP by the Ministry of
Economy before the start of the National Strategic Spacial Plan process; 3)
Issuing of the National Spatial Plan (NSP) which covers the general siting process
for all facilities of national importance. The NSP is led by the MOP but involves
other stakeholders, including the space arrangement authorities (various
ministries, also SNSA, municipal bodies and agencies, non-governmental
organizations), the public, involved municipalities, neighbouring countries
(signers of ESPOO convention), etc. Part of the NSP for a new NPP is also the
Special Safety Analysis, which is the key document regarding nuclear and
radiation safety in the siting process; 4) Conducting of an Environmental Impact
Assessment (EIA) and obtaining environmental protection consent: the investor
prepares the EIA report including information required by competent ministries
(including SNSA). The EIA and the project of intended activities, after being
publicly displayed, are the basis of application for the environmental protection
consent, which is issued by the Environmental Agency; 5) Consent for
construction is issued by the SNSA based on the overview and approval of the
Preliminary Safety Analysis Report, design for construction, decommissioning
program, waste management program, etc. The consent for construction
represents the basis of application for a construction license; 6) The investor
applies for a license after receiving the consent for construction from the SNSA.
After the license is issued, the construction of the NPP may start; 7) The
expectations of the European Commission (EC) are examined. The investor
gathers information regarding requirements pertaining to radioactive waste
disposal as required by the Treaty establishing the European Atomic Energy
Community (EURATOM). The SNSA provides this information to the EC, which
is obliged to give its opinion within six months time; 8) Before the license to use
the facility will be issued, a technical check and a trial operation must be
performed. The trial operation requires the consent of the SNSA. Once the SNSA
has issued its consent, the MOP must issue a decision on the start of the trial
operation which is to be supervized by the SNSA; 9) The MOP issues the license
for using the facility after it verifies that parameters regarding environmental
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impacts from the trial operation meet the prescribed limits. License for use of the
facility is the final part of the general process for licensing objects; 10) The
investor applies for an operating license from the SNSA after first receiving a
license for the use of the facility. The investor must present the Final Safety
Analysis Report, report on the trial operation, decommissioning program, quality
management documentation, etc. The SNSA reviews and decides about the
approval of the submitted documentation and on the issuing of the operating
license. This overarching position of the SNSA is in a certain way overshadowed
by the fact that the longtime director of the office, Andrej Stritar is a strong
supporter of nuclear power®.

The historical, social and political changes that took place between the 1970s
and the 1990s distinctly impacted the procedure and criteria for nuclear site
selection. The site selection of the NPP Kr$ko in the 1970s took place without any
participation of the concerned population, but instead with persecution by the
police and blacklisting of individuals who opposed the nuclear plans. These steps
were orchestrated by President Tito. However, with the democratic political
awakening of the population in the following decade, such top down methods of
site selection became ineffective. With the rejection of nuclear power in
neighboring Italy and Austria, it is not surprising that in the 1990s no site for a
LILW repository could be found anywhere outside of Vrbina (near the operating
NPP site). Political proponents of nuclear power in Slovenia and Croatia came to
realize that it would not be possible to find new sites for nuclear facilities outside
of existing sites. As a result, the proposed NPP Krsko 2 is to be built at the same
site as Krsko 1. Finding an optimal site on solid ground, unthreatened by flooding,
seismic instability, fires, or mudslides, that would also win the approval of
concerned populations proved impossible. The chosen site at Vrbina does not
have optimal physical conditions, but it was deemed acceptable because the
dominant local political forces favor nuclear power and have been backed by
successive national governments.

The siting of nuclear objects should be executed according to the National
Strategic Spatial Plan and the Ionising Radiation Protection and Nuclear Safety
Act (Article 64). There is however confusion about whether the used fuel interim
dry depot, which was invented by the NPP after the Fukushima accident and
should be constructed by 2018 also should be based on the requirements of the
National Strategic Spatial Act. It is also unclear whether postponing the operation
of the NPP until 2043 requires a new procedure, or whether it is enough for the
government to simply declare its intention to extentd the operation time of the
existing NPP facility. In the latter case, there would be no need for either a

6 Andrej Stritar, declared during a crowded public forum on nuclear power in the 1980s at Can-
karjev dom that nuclear waste is so safe that he was ready to put it under his bed.
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strategic spatial plan or for an environmental protection assessment. Even the
construction of a second reactor could be intepreted in this way, which would
favor the interests of investors.

The nuclear industry's intention is to resolve one of its 'main problems' that
Slovenia does not have any regulations or prescribed procedures, criteria, or set
of conditions for determining the parameters which nuclear technology and
facilities must meet. Establishing prescribed project parameters would do much
to facilitate the procedure of consent acquisition for investors and shorten the
procedure itself, as the spatial planning stakeholders would then merely need to
check whether the design meets the requirements and conditions. These
conditions are, for the time being, determined on an ad hoc basis during the
preparation of the National Spatial Plan.

3.4 Compensation mechanisms and socio-economic impact

As soon as the National Spatial Plan for the LILW repository was adopted in
2011, the municipalities of KrS§ko and BreZice and the ARAO suspended their
cooperation in the siting, construction and operation of facilities with the local
nuclear partnership, which had been in effect since 2007. The partnership’s
purpose was to establish mutual understanding and cooperation between invest-
ors, governmental bodies, and local authorities in KrSko and BreZice on the one
side and concerned local populations on the other regarding operating the existing
nuclear facilities and siting new ones, along with managing compensation. Once
the plan was adopted, investors assumed they could drop their pretense of
collaboration with the local population. They secured an exclusive majority on
the community council, so they could support any proposal put forward by the
mayor of Krsko to comply with the ARAO and the nuclear facilities’ interests,
and ultimately to elect a mayor loyal to them.

The residents’ wish for continuation of the local partnership was ignored.
Since communication between the nuclear industry and its political repre-
sentatives in state and local administration was no longer deemed necessary, the
residents were not accepted as active NGOs and financial support for their
organisations was withdrawn; they thus became inactive. In 2015, the Local
Nuclear Partnership was reestablished to give voice to the needs and interests of
concerned residents. This included residents of all municipalities of the Posavje
region, which receive compensation for exposure to the NPP (Krsko, Brezice,
Sevnica, Kostanjevica na Krki and Kozje) and residents from other regions.
However, the attitude of the local communities and the owners of the nuclear
facilities to this newly established partnership remain negative.
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These communities receive financial compensation according to the Decree on
the Criteria for Determining the Amount of Compensation for Limited Use of
Space in the Area of a Nuclear Object (Uredba o merilih za dolocitev viSine
nadomestila zaradi omejene rabe prostora na obmocju jedrskega objekta) which
can be used by mayors to take political and administrative control over the
communities and to silence opposed residents. They are paid exclusively from the
Slovenian decomissioning fund, as the Croatian side is of the position that its
decomissioning fund is sufficient only to pay for the Croatian nuclear waste
respository on Croatian soil. As it is negotiated between the two states, the
Croatian share of the nuclear waste will be removed first once the NPP Krsko I
stops operation in 2043 or, if the NPP Krsko II is built, around 2070. The Croatian
decomissioning fund is intended only for nuclear waste maintenance once this
nuclear waste is delivered to Croatia. It may seem illogical that the Croatian
investors in NPP Krsko do not participate in financial compensation to the local
communities around Krsko; however this is a strategic move on the part of
Slovenian investors to ensure that Croatian investors support the lifetime
extension of NPP Krsko I and possible construction of NPP Krsko II.

The ARAO pays the communities 5,647,211 Euro per year for the LILW
repository, although there is not yet a repository in sight. The NPP pays taxes into
this compensation fund, however more than 50 percent of the money is transfered
back to the state budget (see Table 1 and Table 2).

At the local level, residents face the risk of exposure to possible health
hazards and economic disadvantages but also receive better local infrastructure.
For employees and representatives of the nuclear facilities in public adminis-
tration, there are also economic advantages. Local political and democratic
culture is under constant pressure from the interests supportive of the nuclear
facilities. Public disagreement with these interests catapults an individual or a
group into the margins of local society and even into a precarious economic or
social status.
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Table 1:  Communities receiving annual compensation or tax payments
T f buildi
Community Compensation axon us;:)e rane Together
i

Article of the Decree| Article 7 (1) Article 7 (2) | Article 8 (1) | Article 8 (2)
Krsko 5.698.440 € 57.560 € 153.570 € 2.357.167 € |8.266.737 €
Brezice - -| 153.570€ | 1.715.368 € | 1.868.938 €
Sevnica - -| 153.570€ 210.347 € 363.917 €
[Kostanjevica - -| 153.570€ 28.642 € 182.212 €
Kozje - -| 153.570€ 39.626 € 193.196 €

Source: Decree on the criteria for setting compensation level payable for limited use of space within
the area of a nuclear facility.
WWW.mop.gov.si/.../visina_nadomestila_raba_prostora_obmocje_jedrske_ objekte.doc

Table 2:  Annual compensation and tax on use of building site

Tax on use of building
. . Together
Compensation Site

Article 7 (1) |Article 7 (2) |Article 8 (1) |Article 8 (2)
NPP, compensation 57.560 € 51.229 € - -15.227.789 €
NPP, tax - -| 767.850€ 4.351.150 €
The ARAO, compen-
sation for the LILW 5.640.880 € 6.331€ - -15.647.211 €
repository (Vrbina)

Source: www.mop.gov.si/.../visina_nadomestila_raba_prostora_obmocje jedrske objekte.doc

The majority of political parties represented in the parliament are not willing to
openly admit to their support of nuclear power but promote it nevertheless as
much as possible. Increasingly, the majority of members of successive govern-
ments prefer not to speak publicly on nuclear issues and instead hold up the
opinions of 'nuclear experts' who are chosen, according to their endorsement and
promotion of nuclear energy. In the official statements and documents on energy,
nuclear energy is presented as the most sustainable and cheapest energy option
for the long run.

Although there has been significant growth of sustainable sources of energy
(SSE) and espcially solar power since 2009, when Slovenia adopted the Regu-
lation on Support for Electricity Produced from Renewable Energy Sources (Ur.


http://www.mop.gov.si/.../visina_nadomestila_raba_prostora_obmocje_jedrske_objekte.doc
http://www.mop.gov.si/.../visina_nadomestila_raba_prostora_obmocje_jedrske_objekte.doc
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1. RS, no. 37/2009) (Brecl and Topi¢ 2014), there are still very effective
administrative obstacles, orchestrated by nuclear power representatives in the
government, to prevent increased use and promotion of wind, solar, and geo-
thermal energy. Costs and financing

In the ReNPROG (2015), the MOP states that the majority of funds for
radioactive waste and spent fuel management should come solely from the sale
of electricity from the NPP Krsko: “The state budget and taxpayers with these
costs have not been and will not be burdened”. However, this statement has never
been underpinned by serious calculations. The program for decommissioning and
disposal of low and intermediate level radioactive waste and spent nuclear fuel
from the NPP Krsko estimates the costs of decommissioning between 1.15 and
1.7 billion Euros. The decommissioning program further defines the contribution
for the fund as 3 Euros per megawatt hour, or 0.3 cents per kWh of electricity
produced by the NPP and sold in Slovenia. The Slovenian Fund for used fuel and
disposal of radioactive waste from the NPP Krsko was founded in December
1994, 13 years after the NPP's operation began in 1981. The HEP only began
payments into the Croatian fund for decommissioning in 2006, but pays an annual
rate of 14.25 million Euro. At the moment, the budget of the Croatian fund is
higher than the budget of its Slovenian counterpart. The two funds are not com-
parable, either in regard to their financial sources nor in regard to their
management and use of finances. They are alike only in that they are funded in
order to enable the decommissioning of the NPP Krsko and refer to the 2002
Treaty between the Government of the Republic of Slovenia and the Government
of the Republic of Croatia on the status and other legal relations connected to
investments in the nuclear power plant, its exploitation and decommissioning.

Table 3:  Nominal costs of all DP activities in various Slovenian scenarios

(million Euro 2009)
Activity NPP 2023 NPP 2043
D&D 518,93 554,22
SF storage 319,23 417,79
SF disposal 1136,45 1330,15
LILW joint disposal 2018 532,78 742,43
LILW joint disposal 2038 - 606,34
LILW separate Slovenian 491,00 697,79
LILW separate Croatian 271,70 271,70

Source: http://www.rs-rs.si/rsrs/rsrs.nst/I/K73D90123DFE26972C12578F50019CAD8/$file/SkladN
EK_SP06-09.pdf
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However, the treaty does not clarify whether the states will construct a single joint
repository for used fuel or separate repositories. Slovenia prefers a joint deep
repository project, as it would be financially favourable for both countries.
Croatia accepts joint interim repositories until the final decommissioning, along
with the lifetime extension of the NPP Krsko, but criticizes the Slovenian side for
not signing the second draft revision of the decommissioning of the NPP in 2010.
Croatia criticized that Slovenia unilaterally decided to construct a LILW
repository. Given the likely lifetime extension of the NPP Krsko until 2043, and
that the 2011 Directive 2011/70/ Euratom committed all member states to work
out their respective policy for radioactive waste management and spent nuclear
fuel by August 2013 and implement that policy by August 2015, Croatia argued
that it is only responsible for 50 percent of the radioactive waste and spent nuclear
fuel from the NPP Krsko for which it will continue to research locations for a
LILW repository on Croatian territory. A possible location has been indicated at
Trgovska gora, close to the Bosnian border. Therefore, a joint LILW and deep
repository for used fuel from the NPP Krsko appears rather unlikely.

On 20 July 2015, a meeting of the intergovernmental commission of Croatia
and Slovenia confirmed plans to extend the operation time of NPP Krsko from 40
to 60 years (until 2043), even though there are clear signs of reactor aging and
downtown Zagreb, the capital, is just 24.5 km away. However, the meeting came
about five years too late. During the previous meeting in 2010, the Slovenian side
made a strategic mistake by refusing to accept and confirm Revision 2 of the
Program of Decommissioning and Radioactive Waste and Spent Nuclear Fuel for
the NPP. This refusal was due to the opposition from the Slovenian council of
experts - i.e. 'nuclear experts' who all belong to the nuclear lobby. They were
opposed to the decommissioning program because the dues to the decommis-
sioning fund would have risen from 3 Euro per MWh to at least 6 Euro per MWh.
As a result, from 2010 onwards the payments into Slovenia’s decommissioning
fund are too low to cover the expected final costs. It is not surprising that Croatia
supported the extension of the NPP operation until 2043, because under these
financial conditions the NPP is likely to be very profitable and nuclear power can
be said to be the cheapest of all energy sources. However, even with this
profitability there will not be enough money collected for the management of the
radioactive waste and used fuel (see Figures 2 and 3).

According to international standards, the ultimate financial responsibility
lies with the country where a NPP is situated - that is, if the money runs out, the
Slovenian taxpayers will have to pay the difference. At this moment, the costs for
decommissioning have apparently slightly decreased (by approximately 400
million Euro nominal value).
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Figure 2:  Assets of the Croatian NPP Krsko Decommission Fund (in million

Euro).
Source: http://www.fond-nek.hr/images/Prilog20-skracena%?20verzija.pdf, p. 13.

These funds will be reallocated to the construction of the dry storage for used fuel
at the NPP site as operating expenses (previously they were included in the
program for decommissioning and disposal of LILW and used fuel). Thus, there
will be even fewer assets for the actual decommissioning of the NPP.
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Figure 3. Assets of the Slovenian Decommission Fund, Sklad za financiranje
razgradnje NEK in odlaganje radioaktivnih odpadkov iz NEK,

(Slovenian Fund for financing of decommissioning of NPP Krsko and depositioning of
radioactive waste from the NPP).
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4 Conclusions

The cooperation of two states as joint owners of NPP Krsko has proven to be
difficult. The two states have had opposing interests from the beginning, such as
with the uranium mine Zirovski vrh and the subsequent mill tailings site in
Slovenia. The owners of the plant also had different opinions regarding the new
steam generators bought just 13 years after the start of operation. Today, it seems
likely that there will be two LILW depositories built and two separate final deep
ground depositories for the used fuel. Both owners of the NPP have however
agreed to extend the NPP’s operation through 2043. This extension was agreed
upon despite key unanswered questions about radioactive waste management and
the fact that there are clear indications of reactor aging, such as seven broken fuel
rods found in the reactor during the last inspection. Although mandatory nuclear
waste management provisions were initially adopted, 20 years after the start of
operations, the payments into two separate decommissioning funds are not
coordinated and not sufficient to fully cover the expected costs of radioactive
waste management and decommissioning. There have also been conflicting
opinions among the owners regarding compensation payments to the surrounding
population. There was a local partnership to represent the interests of the affected
residents for a short period of time, but it was disbanded after the industry’s
favored plan to construct a LILW depository next to the NPP was accepted. The
local population was not consulted when the NPP was planned or during its
operation. As of 2015, a new local nuclear partnership is trying to organize itself
to represent the interests of the affected population.
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Radioactive Waste Management in a Post Nuclear Accident State:
Ukraine
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Abstract

In 1986, Ukraine experienced a major nuclear accident at the Chornobyl? nuclear
power plant (NPP); over three decades later, this event continues to define
Ukraine’s waste management situation. Today, radioactive waste at the Chor-
nobyl NPP site and surrounding exclusion zone (CEZ) constitutes over 98 percent
of total solid radioactive waste. Spent nuclear fuel is excluded from this figure as
it has special legal status and is not considered to be radioactive waste. Following
Ukraine’s independence from the Soviet Union, its institutional system to manage
nuclear waste problems has continually changed and has not reached the state of
clear responsibilities and distribution of roles between various institutions.
However, the need for this clarity is recognized by experts and proposals have
been made to centralise the management system. EU and IAEA funding enables
research on the waste management system most suitable for Ukraine, including
deep geological disposal (DGD), regulatory system improvements and physical
infrastructure. Adaptation of the Ukrainian standards and practices to the
European standards will be accelerated in view of the EU-Ukraine Association
Agreement. Because of the ongoing military conflict with Russia, Ukraine lost
control over its research reactor in Sebastopol and nuclear waste collection center
in Donetsk.

1 Centre of Environmental Initiatives ‘Ecoaction’, www.ecoaction.org.ua;
E-Mail: opasyuk@bankwatch.org

2 We use Chornobyl as correct Ukrainian town name rather than commonly known Chernobyl.
The later one is the Russian translation of the town and power plant name and means ‘worm-
wood’. Russian language was dominant in USSR and used as a basis for transliteration to Eng-
lish. Ukrainian official names of the plant and the town are transliterated as Chornobyl and we
follow this rule.
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1 Introduction

The 1986 Chornobyl nuclear accident led to the biggest release of radioactive
materials from a destroyed nuclear reactor in history. Ever since, dealing with
radioactive waste from the reactor’s destruction has been the primary concern of
the Ukrainian state and has garnered attention and financial support from the
international community. Solving this problem required the nuclear industry to
learn from its mistakes in attempting to put the waste under some level of control.

The CEZ defines Ukraine’s waste strategy. The absence of a local population
and the reality that most of the country’s nuclear waste is located in this area
makes it suitable as a final disposal site (storage on the ground and a future deep
geological disposal (DGD). The final disposal of the nuclear waste is looked at
taking a very long perspective. Ukrainian nuclear experts argue that there are
richer and more advanced countries performing research on strategies for final
nuclear waste disposal, and thus Ukraine simply needs to wait for the time when
best practices have been defined by others.

Ukraine has traditionally sent its spent nuclear fuel to Russia for repro-
cessing. However, ever-growing costs led to the decision to build its own
capacities that will allow for nuclear waste storage in the country for a period of
50 to 100 years. The Association agreement with the European Union means
adaptations of the Ukrainian legislation to the relevant EU and Euratom
Directives. This might require Ukraine to accelerate its decision making process
on numerous aspects of nuclear waste and spent nuclear fuel management to meet
the requirements of EU Directives (see legal framework section).

2 Nuclear waste disposal in Ukraine
2.1 Historical background

The Ukrainian nuclear industry originates from uranium mining development in
the late 1940s as the USSR was developing its military nuclear program. The
VostGOK (Eastern ore processing) plant was established in 1951 and produced
the first uranium concentrate in 1959. Various facilities built as elements of the
USSR nuclear industry appeared in Ukrainian cities during Soviet times and
continue to function today. The Turboatom company produced the first turbines
for test nuclear reactors in 1956 and became the main facility providing turbines
for the nuclear power plants built by the USSR.

The construction of the first reactor in Soviet Ukraine, the Chrnobyl NPP,
was started in 1970 and completed in 1977. By the time the Soviet Union
collapsed in 1991, Ukraine had 15 operating nuclear reactors and 3 more in
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advanced stages of construction. There are 15 reactors in operation in Ukraine
today.

The Chornobyl accident on 26 April 1986 which destroyed reactor number
4 has had a great impact not only on the global nuclear industry, but also on the
destiny of USSR. In the moment of proclaimed transformation of Soviet society
towards more openness, the massive popular antinuclear movement joined with
the Ukrainian movement in calling for independence. Mikhail Gorbachev, then
the President of the USSR, suggested that the accident “was perhaps the real cause
of the collapse of the Soviet Union five years later” (Gorbachev 2006).

When still a part of the USSR, the Ukrainian Parliament introduced a
moratorium on the construction of new nuclear reactors. This moratorium was
subsequently abolished in 1993 as nuclear power was seen as a basis for energy
independence. Ukraine had an ambition to develop a full nuclear cycle that would
allow it to produce nuclear fuel domestically. Nuclear was seen as a solution for
energy sector problems, as Ukraine received nuclear fuel for free in exchange for
passing over its nuclear weapons to Russia (following the Budapest Memorandum
on Security Assurances). (Trofymovych 2016: 280).

Today, Ukraine’s nuclear sector continues to depend on Russia, using
Russian TVEL (nuclear fuel producer) as its primary source of fresh nuclear fuel
and a destination for the reprocessing of much of its spent nuclear fuel. The
Ukrainian state, with support from Western governments and in cooperation with
Westinghouse, has taken steps to limit this dependence by bringing in alternative
fuel and building spent fuel storage facilities within Ukraine. However, the
country is far from achieving independence in the nuclear sector.

Major accidents like Chornobyl as well as the overall safety and image of
the Ukrainian nuclear industry were of major concern to governments and the
nuclear industry in Europe and the USA. Various programs backed with the
financial support of the EU and USA were implemented following Ukrainian
independence. EU technical assistance programs like Tacis (which received 170
million Euro in funding since 2007 from the Instrument for Nuclear Safety
Cooperation) were given unusual rights to invest in industrial equipment, in
contrast to their historic role as advisors. The European Commission has
supported numerous projects to develop Ukrainian nuclear safety and waste
management systems.

Management of the infrastructure and waste in the Chornobyl exclusion zone
and development of the new shelter above the destroyed reactor became a truly
international effort. Various projects financed by international donors and
managed by the European Bank for Reconstruction and Development (EBRD)
allowed implementation of massive projects as New Safe Confinement, which
Ukraine would have a had difficult time implementing by itself. The various
failures in this process (for example, Areva’s failure to build proper Spent Nuclear
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Fuel Storage. See section 2.4.2), however, have demonstrated how unprepared
the nuclear industry is to deal with the challenges brought by accidents of
Chornoby] scale.

Ukraine has leveraged the Chornobyl accident for its broader nuclear
ambitions, communicating that it would not close operating Chornobyl reactors
until it received funding from the G7 and EC governments for two new reactors:
Khmelnitsky 2 and Rivne 4. After the long saga of the Khmelnitsky and Rivne
reactors’ (known as K2R4) project appraisal, the last operating unit (no. 3) at
Chornobyl was shut down in December 2000. New Soviet design rectors were
completed in 2004 with financial support from the EBRD and Euroatom.
Conditions of the loans included that Ukraine develop an effective nuclear safety
system.

External technical and financial support as well as Ukraine’s active parti-
cipation in relevant international treaties continue to improve the nuclear waste
management system and regulatory framework. However, since the majority of
nuclear waste originated from the Chornobyl accident, international practice is
not fully applied. Critically, the state rather than the nuclear operator company is
financially responsible.

Russian military intervention in eastern Ukraine and Crimea has further
complicated the situation. Ukrainian authorities have lost control over the storage
of the nuclear waste in Donetsk and its research nuclear reactor in Sebastopol,
although they remain responsible for nuclear safety at these sites. Most
concerningly, the warfare involves heavy artillery and missiles just 200km away
from the biggest European nuclear power plant at Zaporizhzhya and its dry spent
nuclear fuel storage.

2.2 The national inventory
2.2.1  Categorization

Ukrainian legislation defines radioactive waste as radioactive materials created
by human activity that cannot be further used (The Parliament of Ukraine 1995).
Spent nuclear fuel does not formally fall into this category. The nuclear industry
and the government believe that SNF contains valuable elements as uranium and
plutonium that might be used in the future. However, different methods to
categorize waste are used for different purposes. Besides, the introduction of new
categorizations of waste were done without cancelation of previous ones.

The Ministry of Health defines five different approaches to classifying
radioactive waste in its Main Sanitary Rules for Radiation Safety in Ukraine
(Ministry of Health 2005). These approaches are: 1.) State of matter. Here waste



FOR REFERENCE PURPOSES ONLY

Too much to Handle

215

is categorized by aggregate state into solid and liquid waste’ 2.) Type. Based on
period of radioactivity. Short-lived RAW should have a potential radiation dose
rate below ImSv/year after 300 years from the moment of disposal.
Consequently, monitoring of such a disposal site can be stopped or simplified.
Such waste can be disposed of at the near-surface facilities. Long-lived RAW will
have a potential radiation dose above 50 mSv/year and should be stored in deep
geological formations; 3.) Groups. RAW is also classified by the exemption level
shown in Table 1; 4.) Categories. There are three categories of RAW based on
specific activity range in kBq/kg: low level waste, intermediate level waste and
high level waste. See Table 2; 5.) Kinds. Classifies waste based on the half-life of
the radionuclides in the waste (short-lived includes radionuclides with a half-life
of no more than 10 years; middle-lived includes radionuclides with a half-life
between 10 and 100 years; andlong-lived radionuclides with a half-life of over
100 years and short-lived RAW are further split into sub-categories referring to
radionuclides with half-lives measured in days, weeks or years.

Table 1: RAW classified by the ‘exemption level’
RAW group Solid RAW Exemption level kBq/kg
1 Transuranic alpha-emitting radionuclides 0.1
2 Alpha-emitting radionuclides 1.0
3 Beta- and Gamma- emitting radionuclides (Ex- | 10
cept those in the group 4)
4 3H, 14C, 36Cl, 45Ca,53Mn, 55Fe, 59Ni, 63Ni,93 | 100
mNb, 99Tc, 109Cd,135Cs, 147Pm, 151Sm,171T
m, 204TI

Source: Ministry of Health 2005

Table 2:  Solid and liquid RAW categories based on specific activity
Solid RAW specific activity range, kBq/kg Liquid RAW
RAW Category Alpha-emitting radionuclides | Beta- and Gamma- emitting §peciﬁc acti\{-
radionuclides ity as a multi-
plier
PCingest
Group 1 Group 2 Group 3 Group 4 B
1 |Low level >10" <10'  |>10° <10® [>10' <10° |>10% <10* [>1<10?
waste
2 |Intermediate |>10' <10° >10°<10° [>10° <10” [>10* <10® |>10> <10°
level was
3 |High level >10° >10° >107 >10® >10°
waste

Source: Ministry of Health 2005
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Additionally, the Ministry of Health regulation enables classification by the
technologies that lead to the creation of RAWSs as well as accidental sources.
Beyond these very different approaches to RAW categorization from the Ministry
of Health, there are categories defined by other legal provisions. This circum-
stance creates confusion and makes it difficult for various actors to come to shared
conclusions on appropriate waste management strategies.

Because of this situation, the EU Instrument for Nuclear Safety Cooperation
project (U4.01/08-C) has been working in Ukraine to help update radioactive
waste classification for disposal purposes. The suggested classification divides
radioactive waste into classes to meet the requirements for disposal in four types
of repositories: surface repository (landfill-type facilities with limited regulatory
control); near-surface repository with a system of engineered barriers; under-
ground repository located at intermediate depths; and DGD. The authors of the
proposed system argue that moving to this classification system will make waste
management cheaper, enabling simpler storage for low-level waste.

System developers suggest to divide radioactive waste into the following
classes: non-radioactive waste; natural radioactive materials (NORM); very low-
level waste (VLLW); low-level waste (LLW); intermediate-level waste (ILW);
high-level waste (HLW); and spent radiation sources (SRS). The updated classi-
fication is expected to result in considerable efficiency as radioactive waste is
classified according to optimum disposal method and types of repositories. Draft
legislation has been developed for adoption by Ukraine’s parliament (Proskura
2014); however, the law remains absent from the parliament database.

2.2.2  RAW accounting

The fifth State Inventory of RAW was carried out in 2013. There are state
registers of radiation sources and of radioactive waste, which exchange infor-
mation in the process of this inventory. For example, 719 spent radioactive
sources (SRS) were transferred to the Radon facilities in 2014 as RAW and 241
user stored 3715 SRS in 2014. There were 11,784 radioactive sealed sources in
the register at the end of 2014 (State Nuclear Regulatory Inspectorate of Ukraine
2015a).

The most comprehensive overview of the radioactive waste stored and
managed in Ukraine is available in English in the National reports on Compliance
with the Obligations under the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management. The last of
these reports was published by the State Nuclear Regulatory Inspectorate of
Ukraine in 2008. Results of the fifth State Inventory of RAW cannot be found
online.
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The 2009 Radioactive Waste Management Strategy of Ukraine stated that 27 m3
of solid and 35.1 m? of liquid radioactive waste is produced for every 1 bn kWh
of nuclear electricity, which equates to 370 m? of solid and 480 m? of liquid waste
per year. Collectively, Ukrainian solid waste storage sites were at 30-70 percent
capacity and liquid waste storages at 21-76 percent capacity. The nearly full
storage units of the high-concentration salt solution at NPP sites was pointed out
as a particularly important problem (Cabinet of Ministers of Ukraine 2009).

Table 3:  Types of radioactive waste and their management in Ukraine
Type of Long Term Ma- Funding of Li- | Current Practice/ | Planned Facilities
Liability | nagement Policy ability Facilities
Spent fuel | Decision deferred Funds set aside | Reprocessing Interim Storage Facil-
during opera- abroad and interim | ity -2 at ChNPP; cen-
tion long-term storage | tralized Interim Stor-
age Facility; deep geo-
logic repository
Nuclear Treatment com- National RAW | On site storage, Treatment complexes
fuel cycle | plexes at each NPP; | Fund (fees col- | treatment at the for all operating NPPs
waste final disposal at a lected from NPP RAW com- completion, Industrial
centralized reposi- | electricity plexes; Liquid Ra- | Complex for Solid Ra-
tory (Vektor site) tariff) dioactive Waste dioactive Waste Man-
Treatment Plant for | agement for ChNPP
ChNPP completion;
Applica- | Final disposal at National RAW | Storage and limited | Centralized processing
tion waste | centralized reposi- | Fund (fees paid | treatment at Radon | and disposal facility,
tory, (Vektor site) by waste pro- facilities (Vektor site)
ducers)
Decom- ChNPP - plans in Decommission- | ChNPP — final
missioning | place, operating ing Fund (fees | shutdown and con-
liabilities | NPPs —strategy in | collected from | servation stage
place electricity tariff)
ChNPP — state
budget
Disused Historic and orphan | National RAW | Storage at Radon | Centralized processing
sealed sources — central- Fund (fees paid | facilities and long-term storage
sources ized repository; new | by waste pro- (Vektor site); deep geo-

- return to produc-
ers/ centralized re-
pository

ducers); state
budget for leg-
acy

logic repository

Source: State Nuclear Regulatory Inspectorate of Ukraine 2015a
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Estimates for the total amount of solid RAW and liquid RAW in Ukraine are
2,960,000 m® and 42,340 m?, respectively. The distribution of nuclear waste at
various sites is as follows:

Table 4:  Share of Solid Radioactive Waste in Ukraine by location

Location Share of all Solid Waste (%)
CEZ (Temporary waste Localization Sites) 72.4
Shelter over Destroyed Chornobyl 4 unit 20.2
Radioactive Materials Storages 5.8
Chornobyl NPP site 0,1
Nuclear Power Plants 1,3
“Radon” Waste Storages 0.2

Source: Gramotkin 2016°

Table 5:  Share of Liquid Radioactive Waste in Ukraine by location

Share of all Liquid Waste (%)
Chornobyl Nuclear Power Plant 47.2
Other Nuclear Power Plants 439
“Shelter” 5.9
“Radon” Waste Storages 1.9
Research Nuclear Reactors 1.1

Source: Gramotkin 2016'

The estimated amount of the radioactive waste stored at Chornobyl NPP storages
is 21,000 m® of liquid radioactive waste and 2,500 m? of solid radioactive waste.
Another 500 m® of liquid RAW and 225,000 m? of solid RAW will be produced
at the process of Chornobyl NPP decommissioning (Gramotkin 2016)'.

2.2.3  RAW at nuclear power plants

The National Nuclear Energy Generating Company, Energoatom, implemented
the “Comprehensive Program for Radioactive Waste Management” in 2012-
2016. As a result of this program, there is ongoing construction of RAW Treat-

3 The author of the document is not confirmed. The document is not published and was obtained
by email. Figures correspond well to other sources.
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ment Plants NPP sites in order to minimize RAW and prepare for disposal or
long-term storage in the centralized near-surface disposal facilities at the Vektor
site, once it is built (State Nuclear Regulatory Inspectorate of Ukraine 2015a: 20).

Energoatom NPPs produce on average 27 m®> SRAW and 35m* LRAW per
1 bn kWt-h of electricity. The lack of space at the temporary storage sites is
becoming a problem in view of plans to extend the lifetime of the reactors. The
situation is made even more difficult by the presence of liquid radioactive waste:
according to current legislation, it is not suitable for disposal and there are no
facilities to solidify this waste (Kondratiev 2016: 41).

Chornobyl NPP has three reactors that continued to operate after the accident
atunit 4 in 1986. The last one was shut down in 2000. Activities to decommission
units 1, 2 and 3 of the plant are ongoing. High-level RAW are collected in special
containers (KTZV-0.2) and are held in temporary storage organized at the
building originally used to store fresh nuclear fuel. Low and medium level waste
is sent directly to Buriakivka storage (Kondratiev 2016). In the process of decom-
missioning the Chornobyl site, 0.03 m*® (0,012 t) of solid radioactive waste was
accumulated in 2014. Overall 3,783 m?3 of high-level and long-live RAW is stored
there with a cumulative activity of 8.59 TBq (State Nuclear Regulatory
Inspectorate of Ukraine 2015Db).

At the Chornobyl site, there is an Industrial Complex for Solid Radioactive
Waste Management (ICSRM) constructed by RWE NUKEM GmbH with the
European Commission support, as well as a Liquid Radioactive Waste Treatment
Plant (LRWTP) built with EBRD support. The European Commission has also
financed construction of the Long-Length Waste Cutting Facility at Chornobyl
NPP (LICF Project). All of the facilities were completed in recent years.

2.2.4  RAW at destroyed Chornobyl reactor

2006 estimates suggested that there are 400,000 to 1,740,000 m* of RAW located
in the Object Shelter (OS) (also known as the ‘Sarcophagus’) at the site of the
destroyed Chornobyl NPP unit 4. High level of radiation and destruction caused
by the explosion makes it difficult to have precise estimates. At the beginning of
2005, their total activity was known to be about 4.1-10'7 Bq.

Over 10 percent of the total amount of the OS RAW is high level waste
(HLW), a significant amount of which is concrete, metal structures and equipment
and other materials from the reactor. Over 2,800 t of HLW are fuel content
materials (FCM), including lava-like FCM, fragments of the reactor active zone,
reactor graphite and fuel dust.
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At the OS, there is constant accumulation of atmospheric water, condensate and
liquids of technological origin. Liquid RAW (LRW) has arisen from the inter-
action of water with radioactive materials.

Annually, up to 900 m* of LRW are pumped from the accessible OS rooms
and transported to the onsite treatment and storage system for LRW. In the OS
operation, including transformation of the OS into an environmentally safe
system (OS stabilization stage), considerable amounts of solid RAW have arisen
and have been disposed of at the Buryakivka Radioactive Waste Disposal Site
(RWDS) (Ministry of Ukraine of Emergencies and Affairs of population
protection from the consequences of Chornobyl Catastrophe 2006).

Radionuclide and chemical composition of LRW depends on its location.
Water inside the OS contains Cs134, Cs137, Sr90, Pu239-240 and Am241 as well
as organic and membrane-forming compounds (State Nuclear Regulatory
Committee of Ukraine 2008b). According to the state register of radioactive waste
in 2007, the following radioactive waste is located inside the OS and at its site:

Table 6: Radioactive waste is located inside the OS and at its site

Type of RAW; Physical Category | Volume, m® | General Nuclide com-
Ne (location) state of activ- activity, position%
ity TBq
Solid radioac- Fresh and Interme- 530,400 — 740,000 Mix of radio-
1. tive waste', lo- spent fuel diate and 1,737,400 (20 nuclides
cated inside assemblies, | high- MCi) (uranium,
Shelter and at lava-like level caesium,
Shelter indus- FCM, dust, strontium,
trial site, oc- metal cobalt,
curred as a re- equipment, transuranium
sult of accident | construc- elements —
and works on tion -and- plutonium,
elimination of assembly americium
accident conse- | elements, and others)
quences etc.
After-accident Liquid Interme- 2,500-3,000 | 12,4 Mix of radio-
2. waste? located | RAW diate and | 2 (335Ci) | nuclides:
inside Shelter low-level uranium,
caesium,
strontium,
plutonium
and others.

Notes by SNRCU: 1. Data in table is approximate and based on the results of research. 2. Amount of
liquid waste changes every year depending on atmospheric precipitation that enters the shelter (State
Nuclear Regulatory Committee of Ukraine 2008b: 93).
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A major international effort to make the Chornobyl accident site as safe as
possible, the Shelter Implementation Plan (SIP), was implemented in 1997 and
managed by the EBRD with financial support from the USA, European
Commission and various national governments.

The SIP effort was first focused on developing proper monitoring systems
inside of the Object Shelter, developing surrounding infrastructure and then
stabilising the sarcophagus to manage the risk of an accidental collapse. One of
the walls was stabilised with steel structures to take some of the weight off the
roof.

In November 2016, a milestone in the completion of the extraordinary New
Safe Confinement (NSC) was achieved when an arch-shaped structure weighing
36,000 tonnes and standing 108 meters tall was moved from the construction site
over the SO. The structure includes massive cranes and is designed in a way that
allows for disassembly of the old sarcophagus and further retrieval of the nuclear
waste inside the destroyed reactor.

NSC construction started in 2010. The cost of the NSC is now at 1,504
million Euro (1,424 million Euro plus 80 million Euro of unexpected costs),
according to the Ukrainian Accounting Chamber. It is designed to be in operation
for 100 years. Overall costs of the Shelter Implementation Plan are expected to
amount to 2.1 billion Euro; the plan is to be completed by 2017. It is funded by
contributions from more than 40 countries and organisations.

2.2.5 RAW in the Chornobyl exclusion zone

The Chornobyl accident created a great amount of RAW that requires very special
attention. Dealing with the nuclear waste storage systems created in the rush after
the accident is complex, as these systems do not meet current nuclear safety
requirements. Hundreds of thousands of cubic meters of radioactive waste are
stored at more than 600 interim radioactive waste locations and under the
Chornobyl Shelter. A significant share of this waste is considered long-lived
radioactive waste (State Nuclear Regulatory Inspectorate of Ukraine 2015a).
Buryakivka, Pidlisny and Chornobyl NPP Stage III are major sites of radioactive
waste disposal in the CEZ.

Buryakivka RWDS has been in operation since 1987. Buryakivka RWDS is
composed of 30 near-surface storage modules (trenches) for RAW disposal. The
main engineering barrier which provides for radionuclide storage is a special clay
protective layer, 1 meter thick. Since the Buryakivka RWDS began operation,
approximately 1,330.5 thousand tons (665.25 thousand m®) of Chornobyl origin
RAW were located in the trenches with a total capacity 2.53 E15 Bq (as of late
2012).
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Pidlisny RDWS and Chornobyl NPP Stage IIl RDWS were constructed during
the years following the Chornobyl accident. These facilities contain the most
dangerous high-activity and long-lived emergency RAW. According to the State
Nuclear Regulatory Inspectorate, in the future, all RAW will be removed and re-
disposed of in geological storage facilities. Before beginning construction of these
geological storage facilities, the safety of existing facilities is to be maintained
and improved. Accordingly, activities to protect waste disposal sites from degra-
dation and support necessary localizing functions of the engineering barriers of
these storage facilities, as well as to create additional barriers and to improve
monitoring systems, were carried out in 2012 (State Nuclear Regulatory
Inspectorate of Ukraine 2013).

As most of Ukraine’s nuclear waste is located in the CEZ, where there is also
an availability of nuclear infrastructure and a small local population, this zone
was chosen to host all of the country’s RAW. The Vektor complex at the edge of
the 30-km zone is supposed to accumulate all of the waste from various facilities.
The design of the complex envisions storage of the 533,644 m® of RAW. The first
stage of the complex development envisions two facilities and supporting
infrastructure with a total volume of 19,200 m>. Construction started in 2000 and
was stopped in 2010 due to lack of funding. Thus, some of the elements con-
structed at the beginning of this process have started to deteriorate (State Nuclear
Regulatory Inspectorate of Ukraine 2016: 66).

2.2.6  RAW from non-NPP sources

Non-NPP Radioactive waste is systemically managed via the Radon facilities
which are situated at six locations across the country. There were 539,728
ionizing radiation sources with a total 2,86E+16 Bq and 5864 m’ of RAW,
totalling 7,28E+15 BQ at the Radon sites in 2014 (State Nuclear Regulatory
Inspectorate of Ukraine 2015b: 50). In light of the outdated standards at these
storage sites there is a plan eventually to move the waste to the centralised storage
at the Vektor complex. First, however, approval is required for the operational
and technical approaches to extract the waste from existing wells at Radon sites,
as these sites were not designed for waste retrieval. Funding and possible
personnel exposure to radiation during extraction operations are key limiting
factors.

In 2014, there were 14 cases of unexpected radioactive materials identifi-
cation — in most cases radioactive sources found in the scrap-metal brought to
metallurgy plants (State Nuclear Regulatory Inspectorate of Ukraine 2015b: 47).
Ukraine has over a dozen uranium tailing sites created by the mining and
enrichment industry. Some, like Balka Scherbakivska, are operational, while
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others are closed. There was no proper management of the sites following the
collapse of the Soviet Union, and thus the nearby population continues to be at
risk. Various programs to manage the risk of radioactive pollution were designed
by state bodies, but often lack funding for implementation. According to the
Radiation Safety Standards of Ukraine, waste from the uranium mining industry
is not considered RAW.

There are four RAW disposal sites remaining from the former activities of
the USSR Army. These are maintained by the Ministry of Defence and State
Border Guard Service of Ukraine (State Nuclear Regulatory Inspectorate of
Ukraine 2014: 31).

2.3 Spent fuel
2.3.1  Chornobyl reactors

There is spent nuclear fuel stored in 21,284 spent fuel assemblies (SFA) at the
site of Chornobyl NPP. There is no fresh nuclear fuel at the Chornobyl site. The
majority of SFAs (21,231.5)* is stored in the cooling pool of the Wet Spent Fuel
Storage Facility (ISF-1), which was commissioned in 1986. The remaining 52.5
SFAs (which are damaged) are stored in the cooling pools of unit 1 and 2 of
Chornobyl NPP (ChNPP) (State Nuclear Regulatory Inspectorate of Ukraine
2015b). The State Specialized Enterprise Chornobyl NPP is in charge of
Chornobyl SNF.

The ISF-1 is licensed through 2025, following an earlier decision by the
nuclear regulator. A new dry type storage facility (ISF-2) is under construction at
the ChNPP site in order to provide for safe long-term storage of all spent nuclear
fuel. This construction is sponsored by the international community as a part of
safe Chornobyl plant decommissioning efforts. It was originally planned to be
completed in 2004. The construction was started by French company Areva, but
the contract was cancelled as the storage technology was shown to be inadequate
for the Chornobyl SNF. Construction was subsequently taken over by the US
company Holtec and is currently at a late stage of completion.

2.3.2 Research reactors

Spent fuel from the WWR-M research reactor of NASU INR (Kyiv) is stored in
a SF storage facility at the research reactor. There has been no decision made on

4 Some spent fuel assemblies are broken, thus 0,5 of SFA
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its future. The Ministry of Education and Science is responsible for the SNF’s
management.

The research reactor IR-100 at the Sebastopol Nuclear Energy and Industry
Institute (Sebastopol) has no SF —based on the definition of spent fuel in the Joint
Convention (State Nuclear Regulatory Committee of Ukraine 2008b: 13).

Following Russia’s annexation of Crimea, the Ukrainian nuclear regulator
has lost contact with the management of the Sebastopol Nuclear Energy and
Industry Institute and invalidated its licence for reactor operation (State Nuclear
Regulatory Inspectorate of Ukraine 2015b: 10).

2.3.3  Operating commercial reactors

Ukraine has arrangements with the Russian Federation for dealing with spent fuel
from Khmelnitsky, Rivne and South Ukraine NPPs. The spent fuel is transported
to the Mayak facility at Chelyabinsk oblast of the Russian Federation. The
WWER-440 fuel (from the units 1 and 2 of Rivne NPPs) is reprocessed there,
while WWER-1000 fuel is stored. Mayak is expected to finalise the WWER-1000
reprocessing process development and will start WWER-1000 fuel reprocessing
in 2017. The contract for the processing of Ukrainian WWER-440 fuel suggests
that Ukraine should start receiving radioactive waste accumulated from
reprocessing in 2018.

The high radioactive waste created from reprocessing in Russia should come
back to Ukraine. However, the storage for the disposal of this waste is not yet
constructed. The government plan is to build an appropriate facility at the Vektor
complex.

To reduce the cost associated with SNF management, a dry storage facility
was built at Zaporizhzhya NPP. The feasibility study done by Energoatom and
approved by the Cabinet of Ministers of Ukraine in 2009 showed the economic
viability of storing SNF in Ukraine, rather then sending it to the Russian
Federation. Building a single centralised storage site was chosen as the most
efficient approach (State Nuclear Regulatory Inspectorate of Ukraine 2015b: 39).
The decision has been criticised by environmental NGOs which suggest that
storage systems should be built at NPP sites and transferred to the site of final
disposal once it is ready.

2.34  Alternative Westinghouse fuel

Almost all of the fuel used by the Ukrainian NPPs is produced by the Russian
TVEL manufacturer. Since the late 1990s, Ukraine has cooperated with the
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Westinghouse company to become an alternative producer of nuclear fuel for
WWER reactors. So far, the fuel produced at the Westinghouse factory in Sweden
has been tested at the South Ukraine NPP and the tests have recently been
extended to include the Zaporizhzhya NPP.

We can expect that the handling of spent Westinghouse fuel should not be
different from that produced by TVEL. However, this fuel will not be sent to
Russia for reprocessing and instead needs to be stored in Ukraine. There is the
dry storage at Zaporizhzhya NPP. But for the South Ukraine NPP, fuel should
stay on site until the Centralised Dry Storage is commissioned in the CEZ and the
spent fuel of all Ukrainian NPPs (but Zaporizhzhya) is transported there.

2.4 The (interim) storage sites
2.4.1 Radioactive waste at NPPs

Nuclear power plants in Ukraine manage and store their radioactive waste at their
sites. The key deficiency of the current practice is the absence of facilities to
prepare radioactive waste for long-term storage or disposal. It is expected that this
waste will be transported to the centralised Vektor storage once it is fully
operational.

Most of the solid radioactive waste is generated at NPPs during maintenance,
repair and modernisation work. About 80 percent of solid waste is rags, insulation
materials, metal and concrete pieces of equipment and buildings. Liquid waste is
made up of the trapped water coming from the leakages of the primary circuit,
cooling pool, discharges from the deactivation rooms and test laboratories, etc.
Still bottoms that are formed in the process of evaporation of radioactive waters,
as well as sorbents and molten salt formed by further evaporation processes are
also considered to be liquid waste.

Solid waste is sorted primarily based on the dose rate and put in temporary
storage on site, both in bulk and in 200 liter steel barrels. There were no plans to
use installations of the deep evaporation of liquid waste at the time of the NPP’s
design, so there is no dedicated storage for salt fusion cake. This is instead housed
in solid waste storage systems.

The lack of space at the temporary RAW storage systems is a problem in
view of the plans to extend reactor lifetimes. The situation is further compounded
by the challenges of the liquid radioactive waste: it is not suitable for disposal
(according to current legislation) and there are no facilities to solidify it.

Energoatom is implementing a program to build facilities for solid radio-
active waste management at the power plants. Such complexes are in late-stage
construction at Zaporizhzhya and Rivne power plants. Construction of solid waste
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treatment facilities at Khmelnitsky plant is about to start. There is no final
decision to build such a facility at the South Ukraine NPP (Kondratiev 2016).

All NPPs have systems for liquid radioactive waste storage. LRW is stored
in stainless steel containers with an alarm system to detect leakage. The containers
are stored in concrete spaces covered with stainless steel sheets. NPPs have
evaporation facilities with different levels of efficiency.

Solid wastes are sorted according to gamma radiation intensity and are
transported to the temporary storage units on site. Some NPPs have facilities to
reduce the volume of waste by compacting with pressure (ZNPP and SUNPP) or
incineration (ZNPP). The storage units are concrete buildings divided into diffe-
rent sections by waste type. There are fire alarm and automatic firefighting
systems as well as filtered ventilation systems (State Enterprise 'National Nuclear
Energy Generating Company 'Energoatom" 2014: 12).

2.4.2  Spent nuclear fuel

Currently Ukraine has two facilities for the temporary storage of SNF:
Intermediate Spent Fuel Storage (ISF) 1 (wet) at the Chornobyl NPP and ISF (dry)
at the Zaporizhzhya NPP. There are two more storage facilities under con-
struction: ISF-2 (dry) at the Chornobyl NPP and Centralised ISF for the fuel of
the WWER reactors at multiple Ukrainian NPPs. While the first is about to start
operations, the second is still a greenfield project.

ISF (dry) at Zaporizhzhya NPP (only for SNF generated at Zaporizhzhya) — in
operation

Zaporizhzhya NPP was the first to reach the end of available space at the spent
fuel pools on site. The resulting Dry Type Spent Fuel Storage Facility project was
started in 1996 and the first stage of the storage was completed in 2001, with a
capacity for 100 ventilated storage casks. The second stage was completed in
2011. The storage facility is designed to fit 380 casks with 9,000 fuel assemblies.
There were 124 casks on site as of 1 January 2015.

The storage facility was designed by the US company Duke Engineering &
Services. The cask includes 24 fuel assemblies that spent five years at the spent
fuel pool and have low energy production (below 1 kWh) (State Nuclear
Regulatory Inspectorate of Ukraine 2015b: 38).
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ISF-1 (wet) at Chornobyl NPP — in operation

The Chornobyl SNF of the RBMK type was supposed to stay in the cooling pools
next to reactors for no less than 1.5 years and then stored in the wet SNF storage.
There are 21,284 fuel assemblies at Chornobyl NPP site as of 1 January 2015.
There are 52.5 damaged SFAs in the pools of the reactors 1 (32) and 2 (20.5) and
21,231.5 undamaged SFAs in the ISF-1.

Chornobyl NPP State Enterprise is responsible for implementing the action
plan to improve safety of ISF-1. ISF-1 was supposed to be free of fuel and closed
in 2016, but will need to operate longer as the replacement (ISF-2) was not
commissioned in time. The life-time of ISF-1 will end in 2025, based on the safety
reassessment conducted in 2011 (State Nuclear Regulatory Inspectorate of
Ukraine 2015b: 42).

ISF-2 (dry) at Chornobyl NPP - under construction

The contract to build new spent fuel storage for the Chornobyl NPP fuel was
signed by Ukrainian government with Framatome (now Areva) in 1999. The spent
nuclear fuel from Chornobyl’s no. 1, 2 and 3 reactors was to be stored there for at
least 100 years. It was expected that facility will be ready by the year 2005. The
project was a part of the special fund managed by the European Bank for
Reconstruction and Development (EBRD). However, in 2004, it became clear
that Areva’s technical solution was not suitable for the Chornobyl reactors’ fuel
and construction was stopped. Areva had to pay a fine.

Areva’s contract was taken over by Holtec International in September 2007.
The new facility would retain the concrete structures built by Vinci and
Bouygues, as well as some equipment. Work at the site only resumed in October
2014, 14 years after its start and 11 years after the shutdown of the construction
managed by Areva. The total cost of the storage facility has more or less
quadrupled. Today, total costs are estimated at more than 300 million Euro.

The design of ISF-2 suggests that the fuel assemblies will be divided into
two parts. Each part will be placed in special cartridges. Then, each of the 186
cartridges will be put into hermetic steel containers with helium. These containers
will be stored in concrete storage modules, where they can stay for 100 years. The
design allows for extraction of the containers, to see if they are still hermetically
sealed or if repacking is necessary (State Nuclear Regulatory Inspectorate of
Ukraine 2015b: 43).
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CSFSF (dry) for the SF from Khmelnytska, Rivne and South Ukraine NPPs - site
is selected, designing is ongoing

The Centralized Spent Fuel Storage Facility (CSFSF) is designed to have a
capacity for 12,500 SFA of WWER-1000 and 4,000 SFA of WWER-440 type
and to operate for 100 years. The decision to locate central storage in the CEZ is
spelled out in the law 4384-VI approved on 9 February 2012 by the Parliament of
Ukraine.

The Cabinet of Ministers approved the process for allocating 45.2 hectares
of land between the relocated villages of Stara Krasnytsia, Buriakivka,
Chystogalivka and Stechanka of Kyiv oblast to Energoatom to build the storage
and connecting railroad (State Nuclear Regulatory Inspectorate of Ukraine 2015b:
40). In 2014, Energoatom was assigned to operate CSFSF. In that same year, the
State Agency of Ukraine for Exclusion Zone Management obtained a special
permit for preparatory works on CSFSF construction.

The current contract with Holtec International requires the company to
supply the specified process equipment to store 2,511 SFA of WWER-1000 and
1,105 SFA of WWER-440, supply spent fuel handling and storage technology
and implement other activities to support the establishment of the CSFSF. In
2015, the operator (NNEGC Energoatom) with the support from IAEA experts,
developed the “Plan for Equipment Infrastructure Requirements for the Spent
Fuel Transfer Process in Ukraine: NPPs to CSFSF” (State Nuclear Regulatory
Inspectorate of Ukraine 2015a: 42).

2.5 Waste management strategy (with current waste disposal plan/concept)

Implementation of state strategy in the area of radioactive waste management is
performed in accordance with the Strategy on Radioactive Waste Management in
Ukraine (up to 2060), the National Environmental Program on Radioactive Waste
Management and the National Program on Chornobyl NPP decommissioning and
Shelter Transformation into an Environmentally Safe System.

The strategy includes organizational and technical measures directed at the
management of so-called “post Chornobyl” waste, localized in the CEZ at the
Chornobyl NPP site. In the Exclusion Zone at the Chornobyl NPP site and at the
site of Vektor Complex, a number of new facilities for RAW management are
being constructed: for removal of RAW from existing temporary storage
facilities; sorting, processing and conditioning of RAW; new facilities for RAW
storage; and near surface storage facilities for conditioned RAW (State Nuclear
Regulatory Inspectorate of Ukraine 2013).
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The strategy is designed for 50 years. This is the time needed to develop an entire
infrastructure for radioactive waste storage and mitigate the long-term nature of
radioactive waste threats.

The strategy will be implemented in three stages. The first stage (10 years)
includes developing: a proper legal base, a national institution to manage waste
disposal, financing mechanisms, and the containers and vehicle fleets to transport
the waste. In addition, it includes designing, construction and operation of the
storage systems for short-term low- and medium- level waste, as well as storage
systems for high level and long-term low- and medium level waste; identification
of a site to dispose high level and long-lived low- and medium level waste in deep
geological formations, and the creation of new and modernization of the existing
facilities for processing, conditioning and packaging of radioactive waste in
accordance to the requirements for the waste to be stored and disposed.

The second stage (30 years) includes: completing work to clean up
dangerous storage of radioactive waste of Chornobyl origin as well as from the
state corporation UkrDO ‘Radon’ and national defence programs; exclusion,
conditioning and transfer for the ultimate disposal of the operational radioactive
waste from NPP storage units as well as the waste generated from NPP (including
Chornobyl NPP); disposal of all short-lived low and medium level waste; storage
of the high level and long-lived low- and middle- level waste; design, construction
and commissioning of the storage system for high level and long-lived low- and
middle- level waste; and, design of the technologies, equipment and work to
extract radioactive waste from the Chornobyl unit 4 OS.

The third stage (10 years) includes: operation of the equipment to condition
and pack radioactive waste of all types and categories; transportation to the
storage units for disposal; operation of the storage units to dispose radioactive
waste of all types and categories; finalising the disposal of radioactive waste
created in the process of the Chornobyl NPP decommissioning and turning the
OS into an environmentally safe site; and, conducting activities to rehabilitate
radioactively polluted areas. (Cabinet of Ministers of Ukraine 2009)

The main aspects of the RW management system development are: on-site
treatment of the NPP RW to a condition where it can be disposed of or stored for
a long time; collection, conditioning, temporary storage, transportation of RW
created by medicine, science, industry at the specialized regional enterprise of the
State Company UkrDO Radon; centralized disposal of the low- middle level
short-lived RW and long term storage of the long-lived and high-level RW of all
origins at the storage units of the Vektor complex; disposal of the long-lived and
high-level RW in geological storage systems; creation of the national RW
Management Organization; providing sustainable and sufficient financing of RW
management activities; and, development of the legal base and international
cooperation. (Datsenko 2015)
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2.5.1  Vektor facility

The strategy for nuclear waste management is based on the idea of having one
centralized storage for different types of waste at the Vektor complex. Different
onsite facilities will handle radioactive waste from Chornobyl NPP and the CEZ
as well as from sealed radioactive sources. There will be centralized near-surface
disposal facilities for solid RAW. An engineered near-surface disposal facility for
solid radioactive waste at the Vektor Site is in operation. Two near-surface
disposal facilities (SRW-1 and SRW-2) are under construction and a management
structure has been established. In addition, a Centralized Long-Term Storage
Facility for Spent Sources (CLTSF) is under construction. In addition, a special
facility is being designed for long-term storage of vitrified high-level RAW to be
returned after reprocessing of SF from NPPs and two facilities are being designed,
one for long-term storage of long-lived RAW, and the other for long-term storage
of high-level RAW from Object Shelter. (State Nuclear Regulatory Inspectorate
of Ukraine 2015a: 12)

The construction of the facilities at Vektor face constant delays because of a
lack of funding. This has delayed the infrastructure for glassification of the waste
to be returned from Russia which was supposed to have been completed in 2010
(Energoatom letter to Chornobyl trade unions) and the completion of the five
storage units which were supposed to have been completed by 2012.

2.5.2  Spent nuclear fuel

Ukraine has not made a decision on the final management of SNF beyond long-
term storage; it is following a strategy of delaying on making a decision. Addi-
tionally, there is no clear unified plan for SNF management by the state. The
Spent Nuclear Fuel Management and Centralised Storage Design, Location and
Construction Law only deals with fuel from the WWER reactors and states that it
will be managed by the Chornobyl NPP SSE along with the separate storage of
spent fuel storage from the Chornobyl reactors. However, the construction of the
Centralised Dry Storage is managed by Energoatom.

While there is a special fund for radioactive waste management, there is no
such fund for spent nuclear fuel. Rather, the expectation is that the nuclear
operator is in control of the situation and will solve problems as part of operational
costs.

2.5.3  Final disposal plan

The process of identifying a site for deep geological disposal (DGD) in Ukraine
started in 1993. From 1996 to 2003, a screening of possible sites across Ukraine



FOR REFERENCE PURPOSES ONLY

Too much to Handle 231

was conducted. In 2000-2006, complex research on two of the preferred sites was
implemented along with research into the conceptual design of the geological
disposal and RAW isolation technologies.

Designers of the DGD assume that it will be a place for SNF storage as well
as classified RAW. There is also an assumption that Ukraine will be building new
nuclear power plants until 2030 as described by the Energy Strategy of Ukraine
(now outdated, as new versions of the strategy cancelled proposals to construct
20 new reactors by 2030) (Shybetskyi 2011).

Preliminary investigations have shortlisted sites for a DGD for high- and
intermediate-level wastes, including those arising from Chornobyl decommis-
sioning and clean-up. It is assumed that approximately 59,000 m3 of long-lived
waste must be disposed of in the geological repository. With 95 percent of the
total volume of long-lived waste stored at the CEZ, research has focused on the
use this area for final disposal. Most of this research has been conducted within
the framework of international technical assistance projects with the aim of
providing a scientific basis for future decision-making. Based on geological and
geophysical investigations conducted in 2001-2003, two areas within the Ukrai-
nian Shield were selected for deep boreholes: Veresnia and Tovsty Lis (see Figure
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Figure 1:  Suggested geological disposal sites based on hydrogeological and
geodynamic characteristics. (Source: Shestopalov 2006: 231)
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3 The legal and institutional framework
3.1 The legal framework

Ukrainian legislation in the field of radioactive waste management attempts to
mirror international rules and best practices. A number of laws were developed
as a part of the technical assistance provided by the European Union. The need to
implement these provisions is a challenge for the regulator. In one case, there was
even a typographical mistake in the figures that define the category of the waste
written into a law.

In 2015, the regulator presented a legislative concept for how to match the
strict Soviet regulations with the Western approach, in which some provisions are
simply recommendations.’

Different aspects of waste management are covered by a number of
Ukrainian laws: On the Use of Nuclear Energy and Radiation Safety; On Radio-
active Waste Management; On Protection of Human Against Impact of lonizing
Radiation; On Decision Making Procedure for Sitting, Design, Construction of
Nuclear Facilities and Objects for Radioactive Waste Management of State
Importance; On Physical Protection of Nuclear Facilities, Nuclear Materials,
Radioactive Waste and Other Sources of lonizing Radiation; and, On Permissive
Activity in the Area of Nuclear Energy Use.

RAW management is further defined in norms, regulations and standards for
nuclear and radiation safety. There are requirements regarding radioactive waste
management until their disposal as well as in regard to their near surface storage;
general radiation safety requirements; general provisions for the safe disposal of
radioactive waste in geological repositories; and, general provisions for NPP
safety. (State Nuclear Regulatory Committee of Ukraine 2008b)

The Law on the Use of Nuclear Energy and Radiation Safety (1995) is the
key legislation of the sector. It defines the decision-making process regarding the
location, construction and decommissioning of RAW management facilities.
Guiding principles for the decision-making process include: 1) the probability of
an ionising radiation impact, 2) the number of people that would be effected and
3) assuring that individual doses of radiation should be the lowest practically
achievable.

The Law on Radioactive Waste Management (1995) further defines the
principles of state policy. These include: prioritizing the health and safety of
people and the environment from radioactive impacts (in accordance with state
norms of the radiation safety); minimizing the level of waste production (to the

5 Selected Ukrainian regulations on nuclear waste are available in English at:
http://www.snrc.gov.ua/nuclear/en/doccatalog/list?currDir=119835
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extent practically achievable); avoiding uncontrolled accumulation of radioactive
waste; involving local communities and authorities in decision making; and
clearly defining the responsibilities of the involved parties for safe RAW
management. The law states that the state’s radioactive waste management fund
should cover the cost of radioactive waste management.

In 2009, the On the National Program for the Chornobyl NPP Decommis-
sioning and Transformation of the Shelter Object into an Ecologically Safe
System Law replaced the previous Comprehensive Program.

Other programs and strategies which specify steps to be completed by the
state in the field of RAW management include the National Ecological Program
of Radioactive Waste Management$; the Radioactive Waste Management Stra-
tegy in Ukraine’; and the State Program for Safe Storage of Disused High-Level
Sources®.

The Radioactive Waste Management Strategy of Ukraine addresses DGD as
well as the terms of reference for the development and approval for geological
storage (GS); research on the selected GS sites, the development of technology to
store radioactive waste and to build the storage unit; the design and safety analysis
of the storage facility; and the building, licensing and commissioning of geo-
logical storage (including construction of the underground research lab as a pilot
section of the storage). (Cabinet of Ministers of Ukraine 2009)

In 2012, the parliament passed a law dedicated to the creation of a centralised
storage facility. The law states that centralised storage will be part of the Special
Enterprise Chornobyl NPP. It specifies that the storage facility should have the
capacity to hold 16,259 nuclear fuel assemblies. These will contain fuel from the
Ukrainian NPPs and specifically the WWER-440 and WWER-1000 reactors. It
requires the company to allocate 10 percent of the storage costs to the develop-
ment of the social infrastructure in the nearby city of Slavutych as well as Ivankiv
and Polissya rayons of Kyiv oblast.

International agreements

Ukraine is party to the Joint Convention on the Safety of Radioactive Waste
Management and the Safety of Spent Fuel Management and the Convention on
Nuclear Safety, both of which fall under the IAEA.

6 Approved by the Law of Ukraine No. 516-VI, 17 Sept 2008.
7 Approved by the Order of Government No. 990p, 19 August 2009.
8 Approved by the Order of Government No. 1092, 3 August 2006.
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EU Association Agreement

Following the signing of the EU-Ukraine Association agreement, the government
developed an action plan. Varios Directives are relevant for the implementation
of the plan®: Council Directive 2013/59/EURATOM of 5 December 2013,
defining basic safety standards for protection against the dangers arising from
exposure to ionizing radiation'?; Council Directive 2006/117/Euratom of 20
November 2006 on the supervision and control of shipments of radioactive waste
and spent fuel and Council Directive 2014/87/Euratom of 7 August 2014, amen-
ding Directive 2009/71/Euratom and establishing a Community framework for
the nuclear safety of nuclear installations.

The State Nuclear Regulator Inspectorate created an interagency working
group to implement the provisions found in the Directives.

3.2 The institutional framework

In accordance with Ukrainian law, the State Nuclear Regulatory Inspectorate of
Ukraine implements functions of the national regulatory body on nuclear and
radiation safety. It sets safety criteria, requirements and conditions for nuclear
energy use (normative documents, standards), grants permits and licenses to carry
out activities in this area (licensing), and supervises implementation of legislation,
norms, rules and standards of nuclear and radiation safety (supervision).

Responsibility for the management of WWER reactors’ SNF is assigned to
the nuclear operator Energatom and the Ministry of Energy and Coal. Respon-
sibility for the management of Chornobyl (RBMK) reactors’ SNF is assigned to
the Special State Enterprise Chornobyl NPP and the Ministry of Environment and
Natural Resource. SNF from the research reactors is stored on sites and is the
responsibility of the Ministry of Education and Science.

In 2010, the Ministry of Emergencies (no longer in existence) created a
single national utility responsible for long term storage and disposal of RAW
called the Specialised State Enterprise Central utility to manage radioactive waste
(SSE CEMRW) a main utility of the Ukrainian State Corporation Radon (USC
Radon). USC Radon specializes in scientific and technical research, design engi-
neering, technical and project documentation and production of special equipment
and devices. It also specializes in the design, construction, exploitation and
technical and radiation monitoring of existing storage points for radioactive waste

9 For details, see: http://goo.gl/Lexqfa

10 and repealing Directives 89/618/Euratom, 90/641/ Euratom, 96/29/ Euratom, 97/43/ Euratom,
and 2003/122/ Euratom
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at all stages, including those located in the Chornobyl Exclusion Zone. USC
Radon includes 6 regional centres to collect radioactive waste from medical,
scientific and other facilities, as well as operates the utility that handles radio-
active waste at uranium mines.

The State Exclusion Zone Agency (SEZA) is currently responsible for the
long-term storage and disposal of radioactive waste and thus SSE CEMRW; this
agency reports to the Ministry of Environment and Natural Resources. However,
the Ministry of Energy and Coal is responsible for preliminary treatment of the
waste produced by NPPs with the exception of Chornobyl NPP.

More specifically, the State Exclusion Zone Agency is responsible for:
management of RAW long-term storage and disposal, including disposal of the
radioactive waste at existing storage units and the development of a DGD; the
State Fund to Manage Radioactive Waste, development of a method to use the
funds and sponsorship of the statewide environmental program on the radioactive
waste management; ensuring state registry of radioactive waste and its storage
systems, state inventory, also on radioactive materials managed by other state
agencies; organizing activities to identify, create and support stable functioning
of the system for physical protection of RAW, as well as the safety of collection,
transportation, processing, storage and disposal stages; archiving documentation
that defines the utilities which manage RAW, control of warning signs and fences
around the utilities with RAW etc.; making decisions on the closure or continued
use of RAW storage units following approval of the State Nuclear Regulatory
Inspectorate; ensuring development of the study plans and expert study programs
on RAW management; and organizing training, retraining and advanced skills
development for personnel in the field of radioactive waste. (Cabinet of Ministers
of Ukraine 2014)

4 Siting procedures

The Ukrainian Law On Decision Making Procedures for Siting, Design, and
Construction of Nuclear Facilities and Radioactive Waste Management Objects
of National Importance (Law No. 2861-15) was introduced in 2005. It is the key
document that defines the decision-making process in siting nuclear waste storage
and final disposal sites.

4.1 Procedures and criteria for site selection

According to this law, the government of Ukraine is responsible for proposing a
specific law on siting any individual nuclear facility of national importance; this
law is subject to approval by the parliament.
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The state nuclear regulator adopted requirements and procedures for the selection
of the nuclear waste sites in 2008 (State Nuclear Regulatory Comittee 2008a). It
is up to the nuclear operator to plan and implement activities for the waste facility
siting. An environmental impact assessment (EIA) is required for the preselected
sites.

Investigations of alternative sites are also required. The procedures set a
rather lengthy list of requirements for the sites, including geological, hydro-
logical, geochemical, anthropogenic, sociological and other conditions. Site pre-
ference depends on the ability to provide maximum isolation and safety and
consideration of socio-economic factors. The procedures emphasize a conser-
vative approach to this site criteria assessment.

Also relevant in site selection is the nuclear regulator’s General Require-
ments on Radioactive Safety for Deep Geological Disposal Sites (29.05.2007 No.
81). It is based on the requirements for nuclear waste sites, but goes into more
specific details. It also includes provisions for the elimination of the trans-
boundary impacts and reducing the financial burden on future generations.

As stated previously, the CEZ is the top choice for the location of the new
waste storage facilities. There are thus governmental decisions in place and work
in progress to build the Vektor facility for radioactive waste and spent nuclear
fuel storage. Most of the detailed research on options for final disposal in
geological formations is also happening in the CEZ.

4.2  Compensation mechanisms and socio-economic impact

The Law on the Use of Nuclear Energy and Radiological Safety suggests that the
volume of financing allocated to socio-economic development is determined for
every site separately and is to be defined in the law that allows construction of the
site. These costs are allocated in the construction budget and are disbursed as a
reflection of the actual expenditures on a monthly basis to the local budgets. In
the case of centralised spent nuclear fuel storage, the allocation to social programs
accounts for 10 percent of the project cost.

The local population has additional rights for being within the observation
zone of the RAW management utility, including specific social infrastructure like
shelters and personal protection items (iodine tablets) in case of emergencies. The
funds are to be allocated from the State Radioactive Waste Management Fund.
The Cabinet of Ministers defines which local administrations are eligible for
socio-economic compensation for the impacts of every particular utility.
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5 Information and participation

The parliament has to approve legislation for the construction of any new facility
that manages nuclear materials. It can only do so if the siting is approved by the
local authorities. The local authorities “accept the decision on agreement after
conducting of local advisory questioning of citizens of Ukraine (advisory
referendum) on this issue”, according to law No. 2861-15 on decising making
procedures. The procedures for nuclear waste site selection require the nuclear
regulator to provide the information necessary to conduct public hearings to local
authorities (State Nuclear Regulatory Committee of Ukraine 2008c: 51).

A public consultation process organized by Energoatom in 2008 regarding
the siting of the Centralised Spent Fuel Storage is the only instance where a
consultation process was started. One public hearing was conducted at Slavutich,
the satellite town of Chornobyl NPP on the other side of the Dnipro river. In the
Ivankiv region, which borders the CEZ and the proposed site of the spent nuclear
fuel storage the company limited its public engagement to an information round
table, as it did in Kyiv.

Despite the requirement to have a public referendum on the siting of nuclear
facilities, there is no evidence that it was ever held for the Centralised Spent Fuel
Storage. Instead, the legislation was adjusted in 2009, removing the need for
public consultation for the facilities located in the CEZ as they related to efforts
to construct a Centralised Spent Fuel Storage facility. It is up to the state body
responsible for the management of the exclusion zone to agree on construction
there. The law to build a centralized SNF storage was approved by Parliament in
2012.

The existence of the CEZ gives the nuclear industry a significant opportunity
to limit public consultation on waste management facilities. The absence of the
local population makes it attractive, in addition to the presence of existing
infrastructure for waste management and transport as well as proximity to the
majority of Ukrainian nuclear waste. Locating the DGD in the CEZ will, most
likely, not require public consultation either. Unfortunately, this also means
further transformation of the CEZ into a nuclear waste dumpsite.

6 Costs and financing

The costs of nuclear waste management on the NPP sites are covered by
Energoatom operational costs. Future costs of radioactive waste management are
covered by the environmental tax accumulated in the RAW Management Fund.
The state guarantees that it will manage the waste of the companies that have paid
the tax.
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In 2009, the State RAW Management Fund was created with by Law 17.09.2008
515-VI. Money is collected for this state fund through pollution fees assigned to
RAW creation and temporary storage by its producers. The fund is managed by
the State Exclusion Zone Agency. Since 2011, the amount and the method of
payment to the fund is determined by the tax code (article 249 Section VIII).

The fund receives around UAH 600 million annually (20 million Euro at the
exchange rate of March 2016). The nuclear operator Energoatom has transferred
around UAH 3.1 billion (over 166 million Euro) into the fund between 2009 and
2014. The exchange rate has changed from 10 UAH: 1 Euro in 2009 to 25 UAH:
1 Euro in 2014 (Energy and Coal Ministry of Ukraine 2015).

The use of the fund is defined by the Cabinet of Ministers Order (20.05.2009
No. 473). The order suggests that the fund be used for the implementation of the
State Environmental Program on Radioactive Waste Management.

The 2010 budgetary law widens the scope of the fund’s use and allows for
spending on other tasks. As a result, there is not enough money for the activities
that the fund should finance — namely, radioactive waste management. In its letter
to the Chornobyl United Trade Union Organization, Energoatom has stated that
the program on waste management was financed at the level of 8-10 percent.

International donors have paid for a number of RAW management utilities
(the Liquid Radioactive Waste Treatment Plant and the Industrial Complex for
Solid Radioactive Waste Management) (Chornobyl NPP 2017). Industry
specialists raise concerns over the absence of a single state policy, leading to
duplicated facilities built at the sites of NPPs and at the centralised waste
management facility.

Involvement of international donors is partly a result of the 1995 Memo-
randum of Understanding among the G7 nations, the EU and Ukraine, which
established international support to ensure timely and safe closure of the
Chornobyl NPP (G-7 and Ukraine 1995).

EBRD was asked to manage the Chornobyl-related funds as it had
experience managing a Nuclear Safety Account (NSA) that operated to improve
safety of the nuclear reactors in eastern Europe. Its responsibility was extended
to Ukraine in 1995. Since then, close to 2.5 billion Euro has been received for
EBRD-managed Chornobyl projects from 45 donors. The EBRD contributes 715
million Euro of its own resources in support of the work to transform Chornobyl
into an environmentally safe and secure site.

While EBRD positions its involvement as a tool to improve nuclear safety,
some of its loans are seen by environmentalists as questionable, as it supports the
Ukrainian nuclear industry’s staying afloat. The most recent example of this is
the EBRD 300 million Euro loan (backed by another 300 million Euro from
Euratom) for the Nuclear Safety Upgrade Program. This loan provides crucial
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funding to implement ongoing efforts to extend the lifetime of the Ukraine's
ageing nuclear reactors (Holovko 2012).

Additionally, the EU has been providing various grants to improve radio-
active waste management in Ukraine. As a part of the INSC U4.01/08-B project,
EU experts have calculated that with the existing radioactive waste classification,
the total cost of storing all waste in two types of storage systems would be UAH
750 billion (25 billion Euro). This estimate can be compared to the UAH 684.5
billion allocated as overall state budget expenses in 2016. It is clear that Ukraine
will not be able to allocate sufficient funds to store all waste. The new system of
radioactive waste classification proposed by the EU project on waste classi-
fication, is expected to cut the cost by a factor of 10 and be in accordance with
international standards (State Exclusion Zone Agency 2016).

Ukraine has systematically attempted to cut costs on spent nuclear fuel
reprocessing by Russia. It initially built a SNF storage system at Zaporizhzhya
NPP and is slowly moving forward with plans to build a centralized spent fuel
storage for other NPPs. Although the costs for construction and maintenance of
the storage facility have not been published, according to Energoatom the
operation of the storage allows Ukraine to save USD 40 million per year by not
sending SNF to Russia for reprocessing (State Enterprise 'National Nuclear
Energy Generating Company “Energoatom” 2006).

The Cabinet of Ministers ordered to build a Centralised Spent Fuel Storage
estimated UAH 1.59 billion (160 million Euro) for infrastructure construction and
an annual maintenance cost of 3.67 billion UAH (370 million Euro) (Cabinet of
Ministers of Ukraine 2009). According to the president of Energoatom, the cost
of production and 100 years of operation for one cask amount to around USD 2.2
million, compared to USD 15 million cost of sending the same volume of SF to
Russia for reprocessing (Ukrainian News Agency 2015).

7 Conclusions

The development of radioactive waste management in Ukraine has been impacted
by the transition of the state management system in the post-Soviet era, the
Chornobyl nuclear accident and a constant lack of funding. In the 1990s, the
nuclear industry was too attractive for the bankrupt Ukrainian state to consider
the future costs of nuclear waste. The nuclear industry was not obligated to repay
capital investments (this was done by the collapsed USSR), it did not bear
financial responsibility for the Chornobyl catastrophe and it received free nuclear
fuel from Russia.

The scale and the cost of the Chornobyl nuclear waste problem overshadows
the problems of the waste accumulated at Ukraine’s additional 15 operating
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commercial reactors. It also complicates the governance of radioactive waste
management.

At the same time, the CEZ has become extremely attractive for the
development of the centralised nuclear waste and spent nuclear fuel management
systems, as well as a final disposal site. With the absence of a sizeable local
population to consult, existing infrastructure and trained personnel, and its
proximity to the majority of the country’s nuclear waste, the CEZ is seen as an
ideal place to focus operations. Thus, plans to construct a centralised spent nuclear
fuel storage and ongoing research for a final deep geological disposal are ongoing.

The change of legislation in 2009 enabled construction of the new facilities
in CEZ that are not related to the mitigation of the Chornobyl nuclear accident,
which were previously forbidden. Further changes removed requirements to
consult with local populations for proposed facilities located in the CEZ, which
are required for corresponding decisions elsewhere in the country.

Ukraine’s waste management system suffers from the government’s focus
on solving day-to-day tasks rather than long-term objectives. This absence of
strategy is particularly problematic for radioactive waste management. For
example, it took just a few years since its creation to undermine functioning of
the Radioactive Waste Fund by widening the scope of activities it can finance and
directing the funds accumulated to other purposes. Due to the lack of funding,
activities envisioned by the State Waste Management Strategy are systematically
delayed.

Nevertheless, Ukraine is progressing with the development of the legal,
institutional and scientific structures needed to fulfil recommendations of the
TAEA and adopt European best practices. Most of these activities are carried out
with EU and IAEA financial support. Implementation of the provisions of the EU-
Ukraine Association agreement is expected to drive the process further, as
Ukraine will adjust its legal framework to relevant EU Directives.
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Management’ approach to handling its radioactive waste, involving interim
storage at reactor sites and eventual final disposal in a centralised, deep geological
repository. The process is described as a flexible step-by-step, phased approach
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repository, the process will span generations, taking potentially upwards of 140
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1 Introduction

In 2007, after decades of public inquiries, commissions and panels on how
radioactive spent fuel and nuclear waste should be managed, Canada adopted
what has been termed the ‘Adaptive Phased Management’ approach. The APM
envisions centralised containment and isolation of used fuel in deep geological
disposal, allowing for monitoring and retrieval after emplacement. It also includes
an option for shallow storage at the central site prior to placement in the repository
if it should be so decided.

The main tenets of APM are technical and social, meaning a deep repository
will only be constructed at a site based on technical and scientific demonstrations
of health and environmental safety, security of nuclear materials (including
meeting international safeguards obligations) and economic feasibility alongside
socially-demonstrated community willingness, well-being and involvement.
These twinned concepts set the framework for a long, multi-generational series
of steps and phases that will require dedicated efforts and finances to maintain
momentum along the way.

This chapter begins with an overview of Canada’s nuclear power, followed
by a historical summary of how the APM process emerged, the inventory Canada
currently has (and is anticipated to have in the future), what the APM legally and
institutionally entails along with how it is being implemented today and what is
expected in the future in terms of finances, community engagement and siting
procedures.

2 Nuclear power in Canada

Canadian industry and Atomic Energy of Canada Limited (AECL) began a
Canadian line of nuclear power plants (NPPs) in the late 1950s. The CANDU
(Canada Deuterium Uranium) reactor uses heavy water (deuterium oxide) as a
moderator and coolant and is fuelled by natural uranium (as distinct from enriched
uranium). In 1962, the first prototype (22 MWe) went operational at Rolphton,
Ontario, 30 kilometres from the Chalk River facilities, with the second, larger
prototype (200 MWe) beginning to generate power at Douglas Point, Ontario, in
1967. Rolphton was permanently shutdown in 1987 and Douglas Point in 1984.
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Table 1:  Nuclear Power Plants in Canada
Sites Owner/ No. of |Installed | Startof Planned Clo- | Current
Operator | Units | Capacity |Commercial |sure Status
(MWe) Operation
Bruce A and Refurbishment
B Nuclear 6,232 Bruce A and multi-year | All units
Generating Bruce 8 1977-79 life extension | operating
Stations, Power (Bruce A & | Bruce B program of 6
Kincardine, B com- 1984 - 1987 | units began in
Ontario bined) 2016 and will
continue
through 2053,
allowing units
to operate till
2064.
Darlington Ontario Until 2055 (be-
Nuclear Power Gen- ginning of All four
Generating eration 4 3,512 1990-1993 shutdown state | reactors
Station, (OPG) 2048 and final | operating
Clarington, shutdown in
Ontario 2085)
Pickering 1971 -1973 | Initially 2020, | Six operat-
Nuclear for units 1 to | operations ex- |ing; two in
Generating OPG 8 3,100 4 tended until safe storage
Station, 1983 - 1986 |2024.
Pickering for units 5 to
Ontario 8
Point Lep- New Operating
reau Gener- | Brunswick |1 705 1 February Until 2036
ating Station, | Power Nu- 1983
New Bruns- | clear
wick (NBPM)
13,549 19 opera-
Total 21 (13,553 op- tional
erating)

Source: IAEA Power Reactor Information System (PRIS)

Commercial reactors began operating in 1971 in Pickering, Ontario. In total, 25
reactors were built. Six have since been permanently shutdown and today 19 are
operational, located at five plants in three provinces. The Gentilly-22 Nuclear

2 The Gentilly-1 was permanent shutdown on 1 June 1977. See the IAEA’s Power Reactor Infor-
mation System (PRIS):

https://www.iaea.org/PRIS/CountryStatistics/ReactorDetails.aspx?current=47, last accessed 17
April 2017.
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Generating Station, located near Trois-Rivieres, Québec, was permanently shut
down in December 2012, leaving Ontario and New Brunswick as the only
provinces with operating plants. In Ontario, nuclear power generates more than
50 percent of the province’s electricity. In 2016, Canada’s total nuclear electricity
production was 97,445 GWh or 15.63 percent of the country’s electricity (IAEA
2017). The nineteen power reactors currently operating are listed in Figure 1.

3 Nuclear waste disposal in Canada
3.1 Historical background

Canada’s approach to nuclear waste management has its roots in the late 1960s.
In 1969, Canada’s then nuclear regulator, the Atomic Energy Control Board
(AECB) requested Chalk River Nuclear Laboratories (owned by the crown
corporation Atomic Energy Canada Ltd, AECL) to conduct research on storing
and disposing of nuclear waste. AECL joined with Ontario Hydro and Hydro
Quebec to form a committee of waste owners to study the issue and in 1972
presented their conclusions, including the concept of a retrievable waste facility.
Following on the committee’s recommendation for a design study, the AECL led
a ‘Committee Assessing Fuel Storage’ to study long-term retrievable storage of
spent fuel. Its report of December 1974 recommended above-ground canister-type
storage as an interim measure and deep geological disposal as a permanent one.
As noted by a 1980 report on the history of the AECB, these twin concepts
(interim storage and final geological disposal) would provide the direction for
developing Canada’s nuclear waste management (Sims1980: 146).

In 1974, the AECB published a Guide for Licensing of Radioactive Waste
Management Facilities. In it, three categories of waste storage or management
facilities were outlined which the Board would be prepared to license: Category
A facilities for the collection, packaging and temporary storage of radioactive
wastes for up to two years; Category B for storage up to 50 years; and Category
C for permanent waste storage (AECB 1974: 6). All three categories were
intended to be retrievable pending demonstration of the long-term integrity of any
disposal facilities (ibid.: 10). Until then, the Board would only license waste
storage facilities designed to allow for retrievability (Didyk et al. 1975: 10). As
noted by the AECB in 1976, the expectation of eventually moving the material
meant that “interim storage necessarily implies retrievability.” Conversely,
“ultimate storage or disposal does not, in the logical sense, necessarily imply
retrievability” (Didyk 1976: 7).

In April 1977, the Department of Energy, Mines, and Resources (EMR, now
NRCan) commissioned a panel to examine nuclear waste disposal. Completed in
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four months, the Hare report underscored nuclear waste should “not be allowed
to continue to accumulate indefinitely in interim storage” (Aiken et al. 1977: 1).
A year later, the Ontario Royal Commission on Electric Power Planning, known
as the Porter Commission, reviewed Ontario’s long-range plan for generating
electricity and similarly highlighted the urgent need to develop permanent
disposal facilities (Porter 1978).

Both reports paved the way for a joint Canada-Ontario Nuclear Fuel Waste
Management Program in 1978 to develop a generic concept for deep geological
disposal. Under the program, Ontario Hydro (now Ontario Power Generation,
OPG) was responsible for developing technologies for interim storage and
transportation of irradiated fuel while AECL focused on developing a concept for
a spent fuel deep underground repository within the plutonic rock of the Canadian
Shield. Technologies for the immobilisation of both irradiated fuel and fuel-
recycle wastes were explored, leaving options for the disposal of either form
(AECL 1983:5).

In 1988, AECL submitted its concept for geological disposal to the
government. The design followed the Hare report’s recommendation to bury
waste 500-1000 metres deep in the Canadian Shield and included the use of both
geological and engineered barriers and contained no provisions for monitoring or
retrieval (Ramana 2013: 198). In turn the federal Minister of Energy, Mines and
Resources referred the concept for public review and in October 1989, a public
inquiry named after its chair Blair Seaborn was established. The Seaborn panel
was tasked to examine the safety and criteria for accepting long-term waste
management and disposal and to comment on the feasibility of the AECL design.
The Panel held public meetings in provinces that hosted nuclear reactors or
mined, refined or fabricated uranium (Manitoba, New Brunswick, Ontario,
Quebec and Saskatchewan). The Panel also developed the guidelines for AECL
to carry out an environmental impact assessment.

In 1994, the AECL submitted an Environmental Impact Statement (EIS) on
the effects of its conceptual repository, including interim storage, transportation
and closure. As a round of public hearings discussed the EIS, the Federal
Government issued a Policy Framework for Radioactive Waste in 1996 outlining
key principles and respective roles of government and waste owners. It specified
that Ottawa was responsible for developing policy, regulations and oversight of
waste producers and owners, and for ensuring radioactive waste disposal was
carried out in a safe, environmentally sound, comprehensive, cost-effective and
integrated manner. Waste producers in turn were responsible for the funding,
organisation, management and operation of disposal and other waste facilities in
line with the ‘polluter pays’ principle (CNL 2013: 10).

Nine years after its establishment, the Seaborn Panel released its report,
concluding the feasibility and safety of the AECL design had been adequately
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demonstrated at a conceptual level; but broad public support for the idea had not
been demonstrated and therefore did not meet the required level of acceptability
to be adopted as Canada’s approach (NWMO 2005: 16). A number of the Panel’s
recommendations (including how the Government could reach a decision on
acceptability), coupled with the 1996 Policy Framework for Radioactive Waste,
provided the basis for the Canadian Parliament passing the Nuclear Fuel Waste
Act (NFWA) in 2002.

The NFWA in turn requires nuclear waste owners to establish a waste
management organisation to “provide recommendations to the Government of
Canada on the long-term management of used nuclear fuel.” In turn, the Governor
in Council selects one of the options proposed and provides oversight during
implementation. In the fall of 2002, utility companies (OPG, Hydro Quebec and
New Brunswick Power) established the Nuclear Waste Management Orga-
nization (NWMO) and, as mandated by the NFWA, investigated three approaches
based on both storage (on-site at nuclear reactor sites or centralised either above
or below ground) and permanent disposal. For the latter, the Act specified the
study be based on the concept described by the AECL in its 1994 Environmental
Impact Statement and the recommendations of the Seaborn report (NFWA,
Section 15). In its report submitted in November 2005, the NWMO recommended
a fourth option: the Adaptive Phased Management (APM) approach, offering a
blending of each of the three options.

APM is based on phased and adaptive decision making, incorporating
flexibility to implementation to allow for a step-by-step approach, supported by
research and public engagement at each interval along the way. It provides for
ongoing monitoring systems and retrieval for irradiated fuel bundles. On 14 June
2007, Ottawa accepted the approach as Canada’s plan, calling for centralised
containment and isolation of Canada’s used fuel in a deep geological repository
with an informed and willing host. As noted by the Minister of NRCan:

This approach includes the isolation and containment of the used fuel in a deep geo-
logic repository, with an option for temporary shallow underground storage. This
safe, long-term approach will ensure that used nuclear fuel is monitored and retriev-
able. It is designed to take advantage of emerging energy technologies, including the
future possibility of recycling used nuclear fuel (NRCan 2007).

3.2 The national inventory

In March 2008, the CSA Group (formerly the Canadian Standards Association),
a not-for-profit organisation comprised of government, industry and consumer
groups, developed along with the CNSC a standard for a radioactive waste
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classification system. Four categories were recognised: high-level, intermediate-
level and low-level radioactive wastes along with uranium mine and mill waste
(CNSC 2017a). Every five years, the Low-Level Radioactive Waste Management
Office (LLRWMO) issues the Inventory of Radioactive Waste in Canada report,
on behalf of NRCan, which provides statistics based on Canada’s four waste
categories. Data on inventory is also reported to the International Atomic Energy
Agency (IAEA) and included in the Radioactive Waste Management Database
which tracks low- and intermediate-level waste (L&ILW) worldwide.

High-level waste

As of 30 June 2015, Canada had approximately 2.6 million used CANDU fuel
bundles (approximately 52,000 tonnes of heavy metal (t-HM)) in storage at
reactor sites.

Table 2:  Inventory of spent fuel in Canada as of June 30, 2015.
Current net
power ca- Number of fuel Number of
pacity bundles in wet | fuel bundles in
Site (GWe) storage dry storage

Bruce A and B Nuclear Generating Stations 4.693 687,768 425,078
Darlington Nuclear Generating Station 3.512 335,279 153,917
Douglas Point Waste Management Facility 0 22,256
Gentilly-1 Waste Management Facility 0 3,213
Gentilly-2 Nuclear Generating Station 0.635 32,801 97,140
giocri(ering A and B Nuclear Generating Sta- 3094 400,440 300,977
Point Lepreau Nuclear Generating Station 0.635 39,730 92,700
Chalk River Laboratories 0 4921
Whiteshell Laboratories 0 2,268
Total: 12.569 1,496,018 1,102,470

Source: Progress Through Collaboration Annual Report, 2015b: 11 (Nuclear Waste Management Or-
ganization)

Projections for the total number of used fuel bundles produced to the end of life
for the existing reactor fleet range from 3.4 to 5.2 million used CANDU fuel
bundles (approximately 69,000 t-HM to 103,000 t-HM). The lower end is based
on an average of 25 effective full power years (EFPY) of operation for each
reactor with no additional refurbishment beyond what has already been
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completed. The higher estimate assumes most reactors are refurbished and life
extended for an additional 25 EFPY of operation (Garamszeghy 2015: iii).

Low- and intermediate-level waste

Low- and intermediate-level waste (L&ILW) in Canada refers to all radioactive
waste except spent fuel and waste from uranium mining and milling (CNSC 2015:
20). Low-level radioactive waste is minimally radioactive and contaminated
equipment from the operation of a nuclear facility such as protective clothing,
mops, tools and dust collectors. Intermediate/level waste consists mostly of
resins, air filters and used reactor components. Most of the radioactivity subsides
within 300 years. According to the CNSC, Ontario Power Generation, which
owns 20 of Canada’s 22 CANDU reactors, generates approximately 77 percent
of Canada’s operational L&ILW waste annually. CNL produces approximately
17 percent as well as accepting L&ILW for long-term management from a
number of small producers and users of radioactive materials across Canada such
as hospitals, universities and small industries (which make up approximately
three percent of annual volume). The remaining three percent is generated by the
other two CANDU reactors (in New Brunswick and Quebec) and Cameco
Corporation’s uranium processing and conversion facilities in Ontario (CNSC
2017b).

Uranium mine and mill waste

Over 200 million tonnes of uranium mill tailings have been generated in Canada
since the mid-1950s (CNSC 2015: 22). Given the large volumes and low level of
radioactivity levels of mine and mill waste, such waste is decommissioned in
place (at mine and mill sites), in mined out open pits converted to tailings
management facilities (TMFs). There are 20 TMFs located at closed or decom-
missioned uranium mines: 14 are located in Ontario (in the Elliot Lake and
Bancroft areas), four in northern Saskatchewan and two in Northwest Territories
(CNSC 2017b). Of these only three TMFs in Saskatchewan are operational, the
others no longer receive waste material. The management of shutdown or
decommissioned mines and mines, along with their adjacent waste facilities, is
either under the responsibility of the former operators or within the purview of
the provincial and federal governments (CNSC 2017a).

This category also forms historical low-level radioactive waste (LLRW)
which was waste resulting from handling and processing from the 1930s to 1970s.
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Historic waste

Canada has approximately 1.7 million cubic metres of wastes and contaminated
soils in the Northwest Territories, British Columbia, Alberta and Ontario related
to radium and uranium production and processing dating back to the 1930s.
Known as historic low-level waste (LLW), the Government of Canada is
responsible for its long-term management which is undertaken by the LLRWMO
of Canadian Nuclear Laboratories Ltd (CNL). The bulk of historic LLW is located
in Port Hope and Clarington, Ontario. The Government of Canada and the local
municipalities agreed in March 2001 to community-developed proposals as
potential solutions for the clean-up and long-term management of historic LLW
in the Port Hope area, establishing the Port Hope Area Initiative (PHAI).

Canada also manages legacy liabilities resulting from nuclear research and
development conducted by the National Research Council of Canada (1944 to
1952), AECL (1952 to 2014), and now CNL, on behalf of the Government of
Canada. The liabilities consist of outdated and unused research facilities and
buildings, a variety of buried and stored radioactive waste and affected lands.
Facilities include Whiteshell Laboratories, Chalk River Laboratories (CRL) and
the three partially decommissioned prototype reactors (Gentilly-1, the Nuclear
Power Demonstration reactor and Douglas Point). Also included are small
quantities of high-level waste, such as prototype and research reactor used fuel,
by-products of the production of medical isotopes and waste from early fuel
reprocessing experiments conducted between the 1940s and 1960s at CRL (CNSC
2017a).

3.3 The (interim) storage sites

After their removal from CANDU reactors, fuel bundles are stored in water pools
for a minimum of 6-10 years before being placed in convection cooled concrete
silos or bunkers for interim dry storage. The number of disposal sites is limited to
government-approved and monitored facilities on land set aside in perpetuity for
disposal purposes. As such, solid wastes and high and medium level liquid wastes
are stored at locations adjacent to reactor facilities. Given such facilities produced
the volumes of waste that need to be stored, they maintain a skilled, on-site staff
trained in the safe handling of radioactive materials (Dewar 1969: 3; Ramana
2013). All the inventory of Canada’s spent fuel is currently in interim storage, co-
located at the facilities mapped below.
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Figure 1: Map: Interim storage facilities in Canada (Source: Nuclear Waste
Management Organization 2017a)

In addition, OPG’s low and intermediate level waste from its CANDU reactors is
stored at the Western Waste Management Facility (WWMF) at the Bruce nuclear
site in Kincardine, Ontario. Hydro Quebec and New Brunswick Power have their
own interim storage facilities for L&ILW co-located at their reactor sites (CNSC
2015: 21).

3.4 The waste management strategy

The Adaptive Phased Management approach to Canada’s nuclear waste is based
on phased and adaptive decision making, incorporating flexibility to
implementation to allow for a step-by-step approach, supported by research and
public engagement at each interval along the way. The NWMO’s 2005 report
recommended that the Canadian Shield and areas underlain by Ordovician
sedimentary rock (in southern Canada) could be considered for the ultimate
centralised containment and isolation of used fuel in deep geological disposal. It
also included an option for shallow storage at the central site prior to placement
in the repository. The only geographic limitation on the final recommendation
was that any developed facility should be sited within Ontario, Quebec, New
Brunswick or Saskatchewan, i.e. in provinces that have benefited from the
employment and electricity associated with the nuclear industry (Murphy 2009:
131). The report proposed that any deep geological repository be “sited only in a
willing host community” (NWMO 2005: 6).

There are three phases of implementation under the Adaptive Phased
Management approach: Phase I, Preparing for Central Used Fuel Management;



FOR REFERENCE PURPOSES ONLY

A Twinned Approach 257

Phase 2, Central Storage and Technology Demonstration, and; Phase 3, Long-
term Containment, Isolation and Monitoring (NWMO 2005: 24). It should be
noted that the NWMO underscores there is no fixed timeframe to its APM with
the timelines below “intended to be ‘illustrative’ only” as nominal time frames
were “required in order to develop conservative cost estimates” (ibid.: 33). In
other words, the actual period will be determined by society at the time.

Phase I

Canada is currently in Phase I which involves maintaining storage and monitoring
of used fuel at reactor sites while engaging with citizens to develop a program for
activities such as design of the process for choosing a site, development of
technology and key decisions during implementation. Selection of a central site
will be based on the rock formations suitable for shallow underground storage
(optional) and an underground characterisation facility and deep geological
repository. At the same time, continued engagement with regulatory authorities
focuses on pre-licensing work and eventually initiating the licensing process,
triggering the environmental assessment process. Safety analyses, underground
characterisation and the development and certification of transportation
containers and used fuel handling guidelines. Towards the end of the approxi-
mately 30-year timeline for Phase I, a licence will be obtained to construct the
underground characterisation facility at the central site, including decision
whether to proceed with construction of a shallow underground storage facility
and if so to obtain a construction licence, followed by an operating licence for the
storage facility (NWMO 2005: 24).

Phase II

The next 30 years then focuses on demonstrating central storage and technology
and will involve transportation of used fuel from reactor sites to the central site if
a decision and licence to operate shallow underground storage has been given. If
not, used fuel will continue to be stored at reactor sites until a deep repository
becomes operational. Research and testing at the underground characterisation
facility will be conducted to demonstrate and confirm the suitability of the site
and deep repository technology while engaging with citizens through site
assessment, technology and timing of waste placement in the repository. Phase II
will require complete final design and safety analyses to obtain required operating
licence decisions along with the decision as to when to construct the deep
repository. The plan notes that there may be a need to manufacture transportation
containers and facilities, processing facilities for their loading and production
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facilities for storage containers along with processing facilities to transfer used
fuel from transportation to storage containers (NWMO 2005: 24).

Phase III

Long-term Containment, Isolation and Monitoring then extends another 60 years
and beyond. Used fuel at reactor sites would be transported to the central facility
for repackaging, or if used fuel was already stored at a co-located shallow
underground facility, it would be retrieved, repackaged into long-lived containers
and placed into the deep geological repository for final containment and isolation.
Continuous monitoring, including with the participation of citizens, for an
extended time with the option of retrieval until a future generation would decide
when to decommission the underground characterisation, close the repository and
decommission surface handling facilities. During this period, nuclear waste
owners would continue to be responsible for interim management at reactor sites
and would assume responsibility of waste as it is transported to the central facility
(NWMO 2005: 25). It should be noted that the timeframe for extended monitoring
in NWMOQO’s 2005 report estimated a possible 240-year period while a more recent
report states that 70 years had been assumed for planning purposes (NWMO
2015a: 40).

Retrievability

The concept of retrievability has survived as a concept in Canada’s nuclear waste
management since the committee of waste owners presented their first study on
storing and disposing of nuclear waste in 1972. At the time, given plutonium
could be recovered from spent CANDU fuel and re-used in existing or future
nuclear power plants, the committee did not exclude the possibility of repro-
cessing and storing fuel so, if one day necessary, it could be retrieved and
(re)processed (Sims 1980: 146).

Canada’s policy changed sometime after India’s 1974 nuclear test. However,
unlike the United States which announced in 1977 it would “defer indefinitely the
commercial reprocessing and recycling of plutonium” (Carter 1977), Ottawa
never made a formal policy announcement regarding reprocessing. Although
commercial reprocessing has never been carried out in Canada® and there is little
pressure from utilities to do so given uneconomical costs, reprocessing can overall
reduce the volume of fuel waste by recycling and is therefore has been given
attention as a topic for the occasional technical study throughout the years.

3 Chalk River Laboratories did reprocess spent fuel in the 1940s to 1960s to extract plutonium.
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Reprocessing however does not obviate the need for geological storage as
underscored by a background paper by the NWMO (NWMO 2003: 24).

With Phase III calling for a 70-year period of monitoring in which nuclear
fuel is retrievable, technological and scientific advances in the decades or
centuries to come may yield new ways to make reprocessing more economical.
Canada’s approach today to retrievability is one related to storage, whether
interim at reactor sites or at a shallow storage facility co-located at the centralised
site. Disposal however does imply permanence and irretrievability. This has been
accepted since 1987 when the AECB first declared its preferred approach to long-
term waste disposal was permanent disposal with no intention of retrieval (AECB
1987: 2).

4  The legal and institutional framework
4.1 The legal framework

Primary federal legislation regulating the nuclear industry and radioactive waste
management include the Nuclear Safety and Control Act (NSCA) and the Nuclear
Fuel Waste Act NFWA). The nuclear industry is also subject to the Canadian
Environmental Assessment Act, 2012 (CEAA 2012) and other Acts related to the
environment such as the Canadian Environmental Protection Act (CEPA) and the
Fisheries Act (FA).

The Nuclear Safety and Control Act (NSCA) passed by Parliament in 1997
entered into force on 31 May 2000 and established the Canadian Nuclear Safety
Commission (CNSC) to implement the Act. The legislation provides for the limi-
tation of the risks to human and environmental health and safety and national
security associated with the development, production and use of nuclear energy,
nuclear substances and prescribed equipment and information. The Act imple-
ments Canada’s obligations pursuant to international treaties governing the
development, production and use of nuclear energy, including the non-
proliferation of nuclear weapons and nuclear explosive devices.

Under regulations issued by the CNSC, the possession and management of
radioactive waste is subject to the same regulations and requirements for
possession and management of any radioactive substance. The CNSC takes a
consultative and graded approach, specifying technical requirements in licence
conditions (versus issuing general technical regulations specific for waste
management). A waste management facility is also subject to the same regulations
as for other nuclear facilities, differing at the level of facility-specific conditions
in licences. All licensees of nuclear facilities must provide information on the
radiation protection program, environmental protection and monitoring program,
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waste acceptance criteria, operational program documents, public information
program and conceptual decommissioning plans and financial guarantees for the
costs of decommissioning (Ferch 2003: 39).

Two documents specific to waste management have been issued by the
CNSC. Regulatory policy P-290, Managing Radioactive Waste (2004) and
Regulatory Guide G-320, Assessing the Long-term Safety of Radioactive Waste
Management (2006). The policy outlines the philosophy and principals under-
lying the CNSC’s approach while the guide assists applicants in understanding
the ways to meet NSCA obligations, CNSC Regulations, or other legally-
enforceable standards.

The Nuclear Fuel Waste Act (NFWA) of 2002 formalised the polluter pays
principle. The Act instructs nuclear utilities to form, operate and fund a waste
management organisation which in turn proposes approaches to the Government
of Canada for the long-term management of nuclear fuel waste, and to implement
the approach selected by the Government. Essentially the Act entrenches a
framework for decisions on the management of nuclear fuel waste, including the
requirement for trust funds established by utilities and the AECL to finance
implementation of the selected approach.

The Canadian Environmental Assessment Act designated that projects that
are regulated by the CNSC or the National Energy Board automatically require
an environmental assessment by those regulators (and therefore they must submit
a project description and assessment to those regulators and the Canadian
Environmental Assessment Agency). Other acts related to environment that
nuclear projects have to take into account are: the Canadian Environmental
Protection Act (sustainable development requirements for pollution prevention
and protection of environment and human health): Fisheries Act (prevents
fisheries resources from becoming threatened or polluted by proposed or existing
projects); and the Migratory Birds Convention Act and the Species at Risk Act
which prevent migratory birds and all wildlife species respectively from being
threatened or endangered by a proposed or existing project.

4.2 The institutional framework

The main government actors involved in the management of Canada’s nuclear
waste are the Canadian Nuclear Safety Commission, the Nuclear Waste Manage-
ment Organization and Natural Resources Canada (NRCan).

The Canadian Nuclear Safety Commission (CNSC) is responsible for the
regulation of radioactive waste in Canada. It was established by the NSCA,
thereby replacing the AECB which had been established in 1946 to regulate the
development, production and use of nuclear energy and the production,
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possession and use of nuclear substances, prescribed equipment and information.
As Canada’s nuclear regulator, the CNSC licenses, regulates and monitors waste
management facilities to ensure they operate according to approved plans. Under
the Act, the CNSC is also mandated to implement Canada’s international
commitments on the peaceful uses of nuclear energy as well as to disseminate
scientific, technical and regulatory information on its activities and on the effects
of regulated activities on human and environmental health and safety.

Pursuant to the NFWA, the waste management organisation —the NWMO —
was established in 2002 by the nuclear energy corporations of OPG, Hydro-
Québec, and New Brunswick Power, along with AECL. The NWMO’s mission
is “to develop collaboratively with Canadians a management approach for the
long-term care of Canada’s used nuclear fuel that is socially acceptable,
technically sound, environmentally responsible and economically feasible”
(NWMO 2003: 6; NWMO 2005: 17). From 2002 to 2005, the NWMO studied
various approaches to the long-term management of Canada’s spent fuel,
including the APM approach which was ultimately picked by the Government. In
May 2010, the NWMO began the site selection process.

Natural Resources Canada (NRCan) is the lead government department
responsible for developing and implementing uranium, nuclear energy and
radioactive waste management policies. It also administers the NFWA and is
responsible for funding and managing a number of programs in the areas of
historic low-level radioactive waste, legacy waste and uranium mine and mill
tailings.

There is also the Low-Level Radioactive Waste Management Office
(LLRWMO) established in 1982 to carry out the responsibilities of the federal
government for the management of historic low-level radioactive waste (LLRW)
in Canada. The Office is operated by Canadian Nuclear Laboratories (CNL)
through a cost-recovery agreement with Atomic Energy of Canada Limited
(AECL), the federal Crown Corporation that provides funding, direction and
priorities for the LLRWMO. The LLRWMO manages historic LLRW at nume-
rous waste sites located throughout Canada and has successfully completed
projects in Ontario, British Columbia, Alberta and the Northwest Territories. The
Office responds to questions from the public, conducts consultation and
stakeholder engagement activities and establishes partnerships to resolve LLRW
issues within local communities. The LLRWMO has completed many successful
remediation projects in its more than 30-year history (CNL 2017). As of 31
December 2013, the LLRWMO also publishes the definitive inventory of all
radioactive waste in Canada (CNL 2013).

In addition, other Government of Canada departments and agencies involved
in governing aspects related to the nuclear industry include: Health Canada
(recommendations on radiological protection standards and monitors occu-
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pational radiological exposures); Transport Canada (in developing and
administering policies, regulations and services for the Canadian transportation
system, including the transportation of dangerous goods) and Environment
Canada which is responsible for the administration of the Canadian
Environmental Protection Act.

5 Siting procedures

Initiated in May 2010, the NWMO is currently in the site selection process. The
organization is working with a number of communities to understand the
implications of hosting a repository in their area by conducting multi-year
preliminary assessments in a number of areas with communities that expressed
initial interest in hosting the project. These assessments include field studies,
involving geophysical surveys and analysis of geological features, followed by
studies of environment, safety, engineering and transportation and assessments of
whether the repository will be supported broadly and would enhance community
well-being if sited in the study areas (CNSC 2015: 36)

The site selection process requires communities in an area initiating their
interest to enter and move through the process that requires communities, First
Nation and Métis communities and surrounding municipalities to work together
in implementation. Communities are invited to learn more about the repository
project initiative. This allows them to decide whether they would like to host the
facility. Communities choose to be involved, have access to info and financial
resources to help them make informed decisions and can withdraw from the
process at any time. From a starting number of 22, there were nine areas, all
located in Ontario still involved as a focus of study as of January 2017: Blind
River; Elliot Lake and Area; Central Huron, Homepayne and Area; Huron-
Kinloss; Ignace and Area; Manitouwadge and Area; South Bruce, and; White
River and Area (NWMO 2017b).

To date there has been no recommendation by the NWMO nor a decision by
any community to accept the repository.

5.1 Procedures and criteria for site selection
On technical aspects, the NWMO’s criteria for site selection include (NWMO
2005: 233):

e location in suitable rock such as the crystalline rock of the Canadian
Shield or the Ordovician sedimentary rock basins;
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e absence of known potential economic resources at depth;
e sufficient surface area for receipt facilities and associated infrastructure;

e seismically stable region with low known or projected frequency and
magnitude of earthquakes;

e low frequency of major groundwater-conducting fracture zones, fea-
tures, or faults at repository depths;

e  geotechnically suitable host rock formation below the surface for the op-
tional shallow rock cavern vaults;

e geotechnically suitable host rock formation at least 200 metres below the
surface with a preference for a suitable host rock formation between 500
and 1,000 metres below the surface for the underground characterisation
facility and the deep geological repository

e geotechnically suitable (e.g. reducing) conditions in groundwater at re-
pository depth

e evidence of rock mass homogeneity and stability at repository depth;
e low hydraulic gradient and low permeability; and

e diffusion-controlled transportation of dissolved minerals at repository
depth.

It should be noted that the NWFA stated that the NWMO study must specify an
economic region for implementation of its preferred approach. An ‘economic
region’ is a defined grouping of complete census divisions created as a standard
geographic unit for analysis of regional economic activity. In Quebec, economic
regions are designated by law while in all other provinces they are created by
agreement between Statistics Canada and the provinces concerned. Murphy and
Kuhn (2009) point out that this requirement puts Canada as the only country
predetermining a region using economic criteria (154).

However, the NWMO final report does not specify an economic region. The
NWMO does take a regional approach but is not bounded by ‘economic regions’
as it maintains it would be inappropriate to select one specifically because 1.)
storage on site would require implementation in a number of regions; 2.) centra-
lised approaches, due to transportation, require implementation in more than one
region, 3.) given actual site characteristics are important, it is difficult to propose
an economic region prior to site investigation. 4.) pre-identification could screen
out potential sites by prematurely identifying economic regions and eliminating
others, and 5.) narrowing the number of economic regions at an early stage may
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unduly remove communities that might otherwise wish to be considered as
potential host locations (NWMO 2005: 145). That said, a NWMO background
paper specifies that out of the 76 economic regions in Canada, 21 are located on
the Canadian Shield (Kuhn and Murphy 2003: 1).

Accordingly, the NWMO approach focuses on volunteer host communities,
as developed in 1994 and in the Seaborn Panel’s report. Instead of a top-down
identification of areas, the process is a bottom up, transparent and voluntary
process for a willing community to engage and eventually host the facility. The
site must meet the scientific and technical criteria as noted above to ensure that
multiple engineered and natural barriers will protect human beings, other life
forms and the biosphere, sustain engagement of people and communities through-
out the phased process of decision and implementation and will be responsive to
advances in technology, natural and social science research. Aboriginal
traditional knowledge and societal values and expectations are also taken into
account (NWMO 2005: 44).

Critics of a policy of ‘placelessness’ suggest it has been a deliberate tactic of
both the nuclear industry and government to avoid the controversy associated
with identifying a particular site (Murphy 2009: 138). Murphy (2009) noted that
“Canada’s approach to nuclear fuel waste management has been placeless,
focused on technical concepts rather than emplaced, site-specific decision-
making” (130). Murphy and Kuhn argue the siting process will be tense and its
success far from guaranteed (150). These arguments echo a number of conclu-
sions from inquiries past and their accompanying recognition of the sensitivities
and public challenges to nuclear waste management in Canada. The APM does
not suggest, nor would regulators and the NWMO assume, the process will be
free of discord, heated debate or financial and economic challenges along the way.

5.2 Compensation mechanisms and socio-economic impact

According to a NWMO background paper done by two consultancies, Golder
Associates Ltd., and Gartner Lee Limited (2005), measures that can be put in
place to avoid or minimise significant socio-economic effects on a community’s
way of life, including everything from establishing large buffer areas around main
facility buildings to free or subsidised transportation to the facility for workers
from surrounding communities; and from providing ‘impact grants’ to munici-
palities to offset costs associated with the expansion of infrastructure main-
tenance, capacity and government services that will accompany the project to
local procurement of goods and services and compensations for potential loss in
property value. The paper considers timelines further down the line, such as the
repository’s closure (planned or unanticipated) which may cause social disruption
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and psychological and financial strain for workers, their families and the local
community. Suggested measures to mitigate closure include providing skills
upgrading/re-training, improved early retirement (higher pensions than otherwise
eligible) and external placement (ibid.: 19).

It is important to underscore that the NWMO is in the early stages of the first
phase of the APM approach. Site selection requires the needs and expectations of
communities and surrounding areas to be recognised and addressed in the design
of implementation plans. Detailed study on community well-being is anticipated
during Phase I with the goal to understand specific social and economic pressures
that may occur and what planning will be required to address them. To this end,
ongoing collaborative consultations with communities, and the eventual host
community, will lead to the development of community-specific and regional-
specific measures.

6 Information and participation

In 2002, the NWMO launched a three-year national consultation process as
mandated by the NWFA in exploring and assessing the four disposal options that
were studied in its report (NWMO 2005: 17). Methods of outreach included,
among others, expert panels and workshops, e-dialogues, Aboriginal dialogues,
and nuclear community dialogues (NWMO 2005: 61). According to the report, it
was estimated that through 31 August 2005, more than 50,000 people had visited
the NWMO website with conservative estimates that more than 18,000 citizens
contributed to it, including more than 500 specialists (NWMO 2005: 62). Face-
to-face conversations were held with more than 250 individuals and groups
involved, including from communities currently storing used fuel, nuclear power
plant workers, Aboriginal leaders, faith communities and so forth. Moreover, the
NWMO states that 15 national, regional and local Aboriginal organisations
conducted a range of dialogue initiatives (ibid.: 111).

Some critics of the NWMO’s national consultation process argue that the
process reinforced inequalities between the nuclear energy industry and a
coalition of religious and environmental organisations and Aboriginal nations
(Fuji Johnson 2009: 90). The criticisms at the inclusiveness of the process were
not in terms of the actors and organisations approached, but the inclusion of all
voices in its dialogues, reports and recommendations (Fuji Johnson 2009: 95).
Darrin Durant and Anna Stanley argued that “we do not deny that extensive public
consultation exercises have taken place, but we assert that the object of those
consultations reflects continuing marginalisation of political dissent and stubborn
refusal to accept that much public disquiet is about institutional interests rather
than technology per se” (Durant and Stanley 2009: 36).
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After the APM approach was adopted, the NWMO invited the interested public
to contribute suggestions and ideas to the development of an inclusive site
selection process. This yielded a draft document in August 2008, Moving
Forward Together: Designing the Process for Selecting a Site which was
presented for comments before being finalised as the May 2010 report, Moving
Forward Together: Process for Selecting a Site for Canada’s Deep Geological
Repository for Used Fuel.

By the end of 2014, the NWMO and the nine communities mentioned in
section 5 had entered into Step 3 to conduct a preliminary assessment of potential
suitability. This assessment is to be conducted in two phases over several years
with Phase 1 focusing on desktop studies for communities to learn and reflect;
and Phase 2 focusing on fieldwork conducted with the involvement of commu-
nities in the area, including First Nation and Métis communities. Throughout, the
potential for a safe site, fostering community well-being, and the community’s
continuing interest are all to be explored (NWMO 2017d).

Based on the community’s geology and willingness, it will then move on to
Stage 4 which would include detailed site evaluations. Steps 5 and 6 involve
community confirmation of acceptance and willingness to host the repository.
Step 7 follows with a full regulatory review and approval process and Step 8,
construction and operation of an underground demonstration facility and then
construction of the actual repository in Step 9 (NWMO 2017¢). The APM is
designed to be shaped by the pace of the communities involved throughout each
step.

7  Costs and financing

All waste owners have financial guarantees for the long-term management of
radioactive waste as required by the CNSC. A large portion of these guarantees
exists in segregated funds, of which the NFWA is a defined portion. The funding
of NWMO to finance long-term waste management is arranged in two stages:
waste owners directly fund NWMO’s annual costs until the receipt of a
construction license for a deep geological repository. At that point, the NFWA
trust fund will cover all further NWMO costs. As of 2011, the total lifecycle cost
for 3.6 million fuel bundles was approximately CDN $17.9 billion (CNSC 2015:
14). By 2015, the cost estimate was approximately $22.8 billion (NWMO 2017c).
A distinction should be made on these figures, recognising there is a difference
between actual costs as spent over many decades (i.e. $22.8 bn) and present value
of the required investment upon which current investments are based. When
updated to 1 January 2017, present value, the APM costs to be funded under a
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scenario of 3.6 million lifecycle bundles is $7.5 billion. This covers liabilities
from 2017 onwards (NWMO 2017f).

Starting from zero in 2002 when the trust fund was established, the four
nuclear waste partners (Ontario Power Generation, NB Power Nuclear, Atomic
Energy Canada Limited, and Hydro-Quebec) have been contributing annually to
the fund which totalled $1.5 billion by 2009 (Kemp 2009); $2.8 billion as of
December 2013 (OECD/NEA 2015) and $3.7 billion at the end of 2015 (NWMO
2016: 1). In 2016, the four waste owners were required to make a total deposit of
$215 million. The amount of annual contribution for each waste owner is
calculated based on the amount of fuel bundles it has produced to date NWMO
2016: 3).

The NWMO maintains an ongoing obligation to assess the accuracy of the
cost estimate, and the sufficiency of contributions to cover cash flow, for the
entire life of the project (NWMO 2005: 39). Actual figures will depend on a range
of factors such as the location of the host community, schedule, and timelines for
implementation. Accordingly, the total cost will fluctuate but will follow the
‘polluter pays principle’ where nuclear waste producers are financially respon-
sible for long-term management. While the funds in the trust fund today are far
from the total estimate for the total project, the NWMO is confident that the
current $3.7bn nest will cover 97 per cent of implementing APM from the start of
the construction phase (NWMO 2016: 3).

8 Conclusions

The approach Canada has adopted to handling its nuclear waste may seem
impaired by too many unanswered variables from location to cost to long-term
acceptance and even viability. Yet, while it may seem ad hoc and more akin to
‘finding the way as we go’, the APM is an approach that has evolved from almost
five decades of debate, study, and public discourse. It is designed to be shaped by
the pace of Canadian communities involved while carrying forward scientific and
technical study based on past and ongoing inquiries within Canada and abroad. It
is crafted to be nationally-appropriate, reflecting Canada’s nuclear history,
provincial-federal make-up, and legislative and regulatory framework.

While a centralised, deep geological repository remains placeless for the
time being in Canada, there is a pathway forward which allows for flexibility and
agreement when needed. Nuclear projects are inherently controversial and usually
among the top most expensive infrastructure projects, meaning the process will
surely involve moments of tension and heightened emotion. As the years pass and
new generations take over, the twinned approach to incorporating the technical
and the social will require steady, dedicated efforts. The multi-generational
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character to permanent disposal of nuclear waste motivates flexibility while the
enormity of the quest impels a comprehensive, continually-studied and reviewed
approach. In the end, a geological repository will not only become the biggest,
most expensive construction project done in Canada to date; it will also be one of
the most publicly-vetted.
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A Democratic Deficit

The Challenges of Nuclear Waste Governance in Argentina and
Brazil

Moira Jimeno'

Abstract

In Argentina and Brazil, the management of nuclear wastes remains an unresolved
question. Despite some relevant regulations issued after the restoration of
democracy, like the Regulatory Requirements for the Mangement of Radioactive
Wastes in Argentina (Law 25018, enacted in 1998), and Law 10308 on the
Selection of Sites, Construction, Licensing, Operation, Monitoring, Costs, the
Compensation, Civil Liability and Guarantees relating to Deposits of Radioactive
Tailings, among other Provisions, enacted in Brazil in 2001, neither of these two
countries have long-term disposal strategies for nuclear waste. Spent nuclear fuel
is stored in interim facilities located at the nuclear power plants. In the case of
Argentina, the National Atomic Energy Commission (CNEA) submitted the
Strategic Plan of the National Program for Radioactive Waste Management
(PEGRR) to the National Executive in 2014 for its evaluation and approval. The
plan defines the characteristics for nuclear wastes sites. The PEGRR has been
preliminary approved but has not obtained the final approval from the National
Congress.

The difficulty in finding a solution resides in the limited involvement of
relevant actors in the process of selecting a nuclear disposal strategy. The CNEA
in Argentina and the National Nuclear Energy Commission (CNEN) in Brazil,
together with their national governments, have generally exercised a centralized
and low-transparency control over nuclear issues, including nuclear waste,
leaving almost no room for social participation. This has resulted in great
uncertainty that has defined the management of nuclear waste.
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1 Introduction

Although the global use of nuclear power has been declining since 2006
(Brunnengréber and Schreurs 2015), two countries in South America have been
experiencing a slow but progressive nuclear renaissance. The case of Argentina
and, to a lesser extent, Brazil illustrate this pattern. In Argentina, a third nuclear
power plant (NPP) entered into full operation during the second half of 2014. The
Argentine-designed small modular reactor, Central Argentina de Elementos
Modulares (CAREM-25), is as of November 2017, under construction and two
additional NPPs are foreseen to start construction in 2018 and from 2020,
respectively. Meanwhile, Brazil has two operating NPPs and one under
construction. Argentina, and also Brazil, have also signed agreements with third
countries, namely China and Russia, to construct new NPPs in the next years.

Since 2012, a number of high-level agreements have been signed by the
Argentine and Chinese presidents. The agreements have addressed the
construction of the fourth NPP, a Pressurized Heavy Water Reactor (PHWR) unit
designed, built and operated by Nucleoeléctrica Argentina (NA-SA) and
supported by China National Nuclear Corporation (CNNC) under long-term
financing, and technology transfer for the manufacturing of nuclear components
and fuel fabrication in Argentina. The latest agreements between Argentina and
China were signed with the China National Energy Administration in May 2017,
confirming the fourth and fifth reactors. Argentina also has some cooperation
agreements with Russia, such as the agreement signed in April 2015 that
establishes a framework for cooperation in construction of a 1200 MWe Water-
Water Energetic Reactor (VVER) with Russian financing (World Nuclear
Association (WNA) 2017a). Since Mauricio Macri assumed the presidency in
December 2015, his administration has been more focused on cooperation with
China than on advancing the agreements with Russia (Jimeno 2016).

An overview of all NPPs (under operation, construction, planning or
proposed) in Argentina and Brazil is presented in Table 1.

Table 1: ~ NPPs in operation, under construction, in planning, and proposed in
Argentina and Brazil

Country NPPs in NPPs under NPPs in plan- Proposed NPPs
operation construction | ning

Argentina Embalse CAREM 25 Atucha 3 CAREM 150
Atucha 1 Atucha 4 VVER-1200
Atucha 2

Brazil Angra 1 Angra 3 Northeast, Pernambuco
Angra 2 Southeast, Minas Gerais

Source: Author’s compilation from World Nuclear Association (2017 data for Argentina and Brazil).
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As the level of ambition of Argentina’s nuclear plan is higher than that of Brazil,
this chapter focuses on the Argentenian case, but also includes a brief comparison
with the Brazilian case in section 8.

2 Nuclear waste management policy
2.1 Historical background

Argentina started developing nuclear energy early in the 1950s around the same
time as Brazil and Mexico. On 31 May 1950, President Perdn issued the first
decree (No. 10936) promoting nuclear energy and founded the National Atomic
Energy Commission (CNEA). The decision to develop nuclear power was
influenced by Austrian scientist, Ronald Richter who proposed to Perén the idea
of constructing a nuclear energy pilot plant to produce controlled nuclear fusion
(Montenegro 2005). The president, enamored by Richter’s vision, authorized the
construction of nuclear installations on Huemul Island in southern Argentina. In
February 1951, Richter announced that he had achieved “thermonuclear reactions
under controlled conditions at technical scale”. A year later a scientific com-
mission formed by the renowned physicists and scientists José Antonio Balseiro,
Mario Bancora, Manuel Beninson, Pedro Bussolini, and Otto Gamba was formed
to investigate the Huemul project. The commission found out that the Austrian
scientist’s project was a fraud (Montenegro 2005).

Despite this upset, Balseiro, Bancora, and other scientists began a new
national nuclear program for Argentina. CNEA was entrusted with the direction
and monitoring of all nuclear program activities (Jimeno 2015). The government
allocated generous resources to CNEA to move forward with NPP construction.
The first NPP, Atucha I, was constructed in 1973. Radioactive wastes (RW) from
the plant were disposed of in a semi-contention system for solid wastes located in
the Ezeiza Waste Management Area (AGE) at Ezeiza Nuclear Center (CAE).

The national policy of allocating significant economic resources to the
nuclear program continued during the military dictatorship (1976-1983) but
changed after the return of democracy in the mid- 1980s, when resources were
drastically reduced and the nuclear program was suspended for a time. When
President Nestor Kirchner (2003-2007) took office, the national government
decided to reactivate the nuclear industry and allocate CNEA with more
resources. The Strategic National Plan of the Nuclear Sector was launched in
order to complete the construction of Atucha II, which had begun in 1981 but was
suspended in 1994, and to relaunch other objectives of the suspended nuclear
program (Jimeno 2015).
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Under the Macri administration, CNEA signed an agreement with the German
consortium TECNA-Siemens to advance the construction of CAREM-25. The
prototype might be followed, in 2021, by a larger version (100 MWe or 200
MWe), located in the province of Formosa at the border with Paraguay. The new
government has also confirmed the decision to extend the life of Embalse (Jimeno
2016).

Since its establishment, CNEA has been the unifying agent of the nuclear
sector, participating in the subsequent creation of the national nuclear companies
such as Invap, NA-SA, and Dioxitec. As the central nuclear energy body, CNEA
is also the operating organization for the final management of spent fuel (SF) and
radioactive waste, while the Nuclear Regulatory Authority (ARN) created in 1997
is responsible for regulating nuclear waste issues and control of nuclear safety
activities. This regulatory institutional arrangement was created to comply with
the safety provisions established in the Joint Convention on the Safety of Spent
Fuel Management and on the Safety of Radioactive Waste Management ratified
by law in 2000.

2.2 The national inventory

For the classification of radioactive wastes, Argentina has adopted the scheme
proposed by the International Atomic Energy Agency (IAEA) that contemplates
six classes of waste based primarily on considerations of long term safety and also
by implications for disposal of the waste (Manzini, interview June 15, 2015). As
Alberto Manzini? points out, “[t]he (referred) IAEA classification scheme is
merely used to inform the inventories of nuclear wastes and organize the
information. Yet, the acceptance of a waste for a particular disposal needs to be
demonstrated in a safety assessment. The content limits for each radioisotope
activity will be established based on the safety assessment of final disposal site
after selecting the waste” (interview June 15, 2015). Note that uranium mining
waste is considered a distinct class due to its different nature and the decision to
treat it in the places where it originates. Table 2 shows the characteristics of the
different nuclear waste categories.

2 Written interview with Alberto Manzini, member of the National Atomic Energy Commission
(CNEA), responsible for the National Program for Radioactive Wastes Management (PNGRR).
Manzini was interviewed on different issues concerning nuclear waste disposal.
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Table 2:  Classification of radioactive wastes in Argentina
Waste Category Years Disposal System Institutional Control
Very Low Level <30 Outside surface system 50 years
Low and Intermedi- | <30 Monolithic disposal near to the | 300 years
ate-level surface with multiple barriers
High Level >30 Deep Geological Disposal (= | Not applicable
500 m)

Source: CNEA 2010.

The exact volume of radioactive waste and SF generated in Argentina is unclear.
As required by the National Program for Radioactive Waste Management
(PNGRR), CNEA provides an approximate value of the radioactive waste and SF
in the country (see Table 3).

Table 3:  Approximate volume of radioactive waste and SFs in 2013

Generator Low and Inter- Spent Fuel stored Annual Spent

mediate-Level Waste (as of end 2013) Fuel
Embalse + Atucha I 148,849 SF [Total ura-

3 gl

90 m’/year nium: 4,228,091 k] 4,230 SF/year
Atucha IT No Data No Data No Data
Ezeiza Waste Manage-
ment Area (research re- 25 m/year 176 SF [Total ura- 13 SFlyear

actor RA-3 / radioiso-
tope production)

nium: 204 kg]

Source: Based on data provided by a member of the PNGRR (interview June 15, 2015).

Manzini observes that “[I]n practice, SF can not be stored together in contact
with each other due to their criticality and thermal dissipation, but if all SF were

stored in contact with each other an aproximate calculation of their volume in m

would be:

3

e Atucha I and Embalse: 36 m> of annual volume and 1,470 m’® of total

storage;

e  Research reactor (RA-3): 0.1 m? of annual volume and 2 m? of the total
stored volume. Yet, as the SFs cannot be stored together, the real volume
occupied is greater than the above values” (interview 27 July 2015).

A national system to register, operate, and maintain radioactive waste (RW) data
is expected to be implemented to ensure a complete tracking of current and future
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RW from nuclear activities in the country. According to the Radioactive Waste
Management Regime (Law 25018), CNEA, through the PNGRR, shall
implement, maintain, and operate a data registration system to identify in a
continuous and reliable manner the generators and transporters of nuclear wastes
as well as other participants across the entire management cycle. The information
and registration system shall contain an inventory of all existing RW in the
country. When appropriate, copies of the documentation shall be sent to the
competent authorities from the provinces and the city of Buenos Aires (Law No.
25018: Article 10). In practice, the AGE has a database that includes the
generators and RW sent to and stored at this area, while each NPP has its own
registration system with an inventory of their generated wastes (interview 15 June
2015).

2.3 Interim storage

Neither Argentina, nor Brazil, have a long-term disposal system for nuclear waste
and instead store their spent nuclear fuel in interim facilities at the NPPs. At
Embalse NNP (1985) there is a SF storage pool and a dry storage system. The
stored inventory at the end of 2012 was 99,900 fuel elements in 185 silos. In 2013,
the SF dry storage system (ASECQ) had a total of 248 silos. The SF stored in the
ASECAQ silos has been included, at the ARN’s request, in the Ageing Manage-
ment Program for Components and Systems of the Nuclear Power Plant
Associated to Nuclear Safety. The surveillance plan for canisters, internal clad-
ding and the concrete structure of all ASECQ system silos was incorporated in
the framework of this program. Additionally, there is a periodic measurement of
the content of aerosol and noble gases inside the silos (Autoridad Regulatoria
Nuclear (ARN) 2013).

At both Atucha units (completed in 1974 and 2014) SF is stored in interim
storage pools. Due to the limited storage capacity of the Atucha I interim pool,
NA-SA developed a compact storage project in 2002, which created 1,360 new
places for the SFs. Foreseeing that by 2015, the storage capacity would be fully
reached, an interim dry storage system to store new SF generated from both
Atucha NPPs was planned. Although the plan was to start operation of the interim
dry storage facility by February 2015, construction is not expected to be finished
until March 2018 (CNEA 2015). The facility will consist of a new building where
vertical underground silos will be located; this new building is an extension of the
SF storage building 1, located within the plant controlled area. Construction
works, which are responsibility of the Construction Unit of Atucha II and Unit
IV’s Construction Group, began constructing a net for sustaining soil from
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excavation as well as pit foundation (ARN 2013). The interim facility will enable
the dry storage of 2,754 SF elements (CNEA 2015).

Due to the construction delay, according to the National Nuclear Safety
Report (ARN 2013), the Construction Unit of Atucha II is working on an
alternative storage plan which will involved the transfer of SF from Atucha I to
Atucha II. The fabrication of the necessary devices for the transfer operation was
completed by the end of 2014. The transfer operation from the two pools of
Atucha I to the four pools of Atucha II began in 2015 and more than 100 SF
elements have been transferred thus far. The process should continue until all 620
SF elements have been transferred (Manzini, interview 28 March 2016).

Very low, low and intermediate-level waste including used fuel from
research reactors, disused sealed sources, and production nuclear material are
handled at Ezeiza Nuclear Center’s (CAE) Waste Management Area (AGE), an
eight hectare area located in the jurisdiction of Ezeiza, which is part of the Greater
Buenos Aires area. The AGE has a central and specially designed interim storage
facility where intermediate-level RW is stored in dumpsters and barrels awaiting
conditioning and ultimately final disposal in a future intermediate-level
repository.

Low-level waste (LLW) is treated, conditioned, and temporarily stored at
AGE until a decision concerning transport to a future designated repository and/or
final disposal is made. Until the early 2000s, LLW was disposed of in final
disposal facilities (i.e. semi-containment and containment structures) located at
the AGE. In 1999, CNEA conducted an analysis regarding the hydrological,
meteorological, socioeconomic, and demographic changes taking place in Ezeiza
that could affect the operation of AGE. Based on this analysis as well as the
1960s-era disposal design, CNEA decided to suspend the operation of solid,
liquid, and structural LLW final disposal in order to conduct a safety reassessment
of AGE. In 2006, CNEA decided to permanently discontinue the operation of the
disposal systems independently of the results of the safety reassessment, as it
concluded that these systems had already exhausted their operational phase.
Concerns and complaints raised about pollution caused by LLW in Ezeiza’s
groundwater might have influenced this decision. CNEA is still waiting for a
decision and authorization concerning the siting of a final disposal facility.

3 The waste management strategy
3.1 Waste disposal and its financing

The SF discharged from a nuclear reactor contains not only high-level radioactive
wastes (HLW) but also fissile elements useful for making new nuclear fuel. For
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this reason, in Argentina, like in Brazil, the spent nuclear fuel is not considered a
waste but a strategic energy resource with potential use. For now, spent nuclear
fuel is stored in interim wet and dry facilities located at the NPPs. Whether
Argentina will opt for an open cycle (skipping reprocessing of SF and focusing
on DGD) or a closed cycle (nuclear fuel reprocessing and final disposal of
remaining RW), remains an open question. The Strategic Plan of the National
Program for Radioactive Waste Management (PEGRR) which has not obtained
the definitive approval from the National Congress foresees “studies for the siting,
construction, and operation of a future DGD. The decision on either reprocessing
or direct DGD, will depend on the finalization of the studies for the location of
the DGD, and studies must be completed no later than 2030” (CNEA 2011: 10).

For the final disposal of very low, low, and intermediate-level wastes, there
is a project in planning that has two stages and three phases within the second
stage. The first stage includes the selection of sites, the election of final disposal
systems near the surface, conceptual design of the industrial complex, and public
communication. The following near-surface final disposal systems have been
chosen:

e For intermediate and particular LLW: Concrete disposal comprising of a
set of multiple barriers in which wastes are packed in 200 liter barrels
and/or special concrete dumpsters with an insulation period of 300 years.
Similar examples are L'Aube in France and El Cabril in Spain (CNEA
2011, Section B: 9);

e For LLW: Concrete repository with a simple barrier (insulation period of
50 years) (CNEA 2010: 58);

e For very low-level waste: Surface systems with engineering improve-
ments (CNEA 2010: 58).

Moreover, “the PEGRR plans to build a new disposal for very low and LLW.
Works related to the search and selection of sites and areas to localize these
repositories are currently ongoing” (CNEA, Section B: 9).

The second stage has three phases, including conceptual and basic
engineering, as well as execution of the project. Under the conceptual engineering
phase, the following steps are described: classification of RW, criteria of
acceptance, characterization of the RW, establishing a matrix of the present
inventory and forecasting future waste levels, addressing Atucha II wastes;
development and testing of procedures for the treatment and conditioning of
wastes, site characterization, engineering barriers, and issuing a preliminary
safety report.



FOR REFERENCE PURPOSES ONLY

A Democratic Deficit 281

The basic engineering phase addresses the concrete plan for the project with a
corresponding schedule of investments, their estimated costs and the issuing of
the preliminary safety report. Finally, the execution of the project phase refers to
the call for tenders, the construction and commissioning of the project, and the
operation of the facilities.

Act 25018 foresees the creation of a Fund for the Management and Final
Disposal of the Radioactive Wastes managed by the Argentine state and
composed of the funds collected from the generators of RW. The fund has yet to
be implemented. According to a representative of the PNGRR, to understand the
financing of the management and disposal of RW and SF it is essential to note
that Act 25018 was enacted in 1998, the same year that Decree No. 1390 which
sets rules for the enactment of Act 24804 contemplating the possibility of the
privatization of nuclear plants was approved. As there has been no privatisation,
the national state is responsible for taking over the necessary investments related
to nuclear waste issues (interview June 15, 2015).

The interviewee added that nuclear waste management activities are
financed through CNEA’s budget, which is approved annually by the National
Congress. CNEA is under the Ministry of Federal Planning, Public Investment,
and Services. The PNGRR representative’s argument does not clarify why the
fund has not yet been established.

Norma Morandini (2015) insisted that the National Executive explain why
the fund has not yet been constituted, although already in 1998 the legal
foundations for its establishment were set and radioactive waste generators and
their waste levels are annually collected (following the enactment of Law
25018).3 The only reference to the funding for nuclear waste management
activities and SF found in official documents is the CNEA’s report entitled
“Gestion de los Residuos Radiactivos y de los Combustibles Gastados en la
Republica Argentina: Informe al Honorable Congreso de la Nacion
Correspondiente al Ejercicio 2011 segun lo prescripto por la Ley No 25.018”.
This report indicates that the funds used by CNEA are from various sources: the
National Treasury ($ 6,008,015), Equity ($ 24,714), the National Treasury
PRAMU ($ 3,850,117), World Bank Funds, PRAMU PPF ($ 915,827), and funds
from services to third parties ($ 340,564) for a total of: $11,139,237. These figures
do not include spending on staff (CNEA 2012: 26).

3 Norma Morandini is National Senator for the political party Civic Front of the Province of Cor-
doba.
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4 The legal framework

The legal framework applicable to nuclear wastes in Argentina is based on the
provisions of the National Constitution and the specific legislation issued to
regulate nuclear activity such as the National Law on Nuclear Activity (Law
24804) and the Joint Convention on the Safety of Spent Fuel Management and
Safety in the Management of Radioactive Waste (Law 25279 of July 2000), as
well as Law 25018, which lays down the Radioactive Waste Management
Regime.

The first legal regulation related to nuclear waste issues was Article 41 of
the National Constitution, enacted in 1994 when the Constitution was reformed.
Article 41 is relevant because it bans the entry of RW into national territory. It
was drawn up by Juan Schroder, who until 1994 was the coordinator of the
Greenpeace antinuclear campaign in the country (Greenpeace 2002). This legis-
lation has been invoked by national environmental NGOs in their attempts to halt
controversial agreements with international nuclear organizations, such as that
with the Australian Nuclear Safety Organization (ANSTO) (see section 7).

The National Law on Nuclear Activity was issued in April 1997 to regulate
nuclear activities, assigning the corresponding responsibilities to the National
Atomic Energy Commission (CNEA) and the Nuclear Regulatory Authority
(ARN). CNEA was tasked with the responsibility for the management of RW, the
decommissioning of NPPs and other nuclear facilities, and the exercise of state
ownership for the fissile elements contained in the SFs and developed or
introduced in the country. The ARN was tasked with regulation and control of all
activities related to radiological and nuclear safety. Law 24804 also regulates the
siting for high, intermediate, and LLW repositories, assigning CNEA the duty to
propose locations and the ARN and provinces the task of approving the proposed
locations.

The Radioactive Waste Management Regime was set up in October 1998. It
created the PNGRR, the Fund for the Management and Disposal of Radioactive
Wastes, confirmed the responsibility of CNEA as introduced in Law 24804, and
entrusted to CNEA the development of the PEGRR and the annual progress
reports. The PNGRR has several duties and responsibilities related to the
management of high, intermediate and low-level RWs. The most important of
these are designing a RW management strategy, proposing a research and
development (R&D) strategy for appropriate technologies and management
methods, coordination and monitoring of these R&D projects, evaluation of new
disposal sites or facilities, planning and operating the equipment and facilities,
and managing nuclear wastes, including those generated by the closure of
facilities, through uranium mining, and from abandoned mining sites or
manufacturing facilities taken out of service. In addition, the PNGRR is expected
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to promote studies on safety and environmental preservation and assure that
environmental impact is as low as possible through complementary sustainable
development programs for the communities directly affected.

The decision of whether to reutilize the fissile material contained in SFs has
to be made before 2030 (Manzini, interview 28 March 2016). The PEGRR states
that by that time, “the installation of the underground laboratory must have been
started to allow the design and construction of a DGD, which must be operative
by the year 2060” (CNEA 2011: B1). Finally, as Argentina is a federal country,
there are several subnational regulations from the provinces and city of Buenos
Aires which are relevant to nuclear waste management.

5 The national institutional framework and the role of key
actors

According to Law 25018, the National Atomic Energy Commission (CNEA) is
the enforcement authority within the Radioactive Waste Management Regime;
the state is obliged to provide it with necessary resources. It coordinates with the
provinces and the city of Buenos Aires on all matters relating to the law’s
implementation. CNEA should submit the PEGRR and its updates to the National
Executive, who after consultation with the ARN sends it to the National Congress
for definitive approval by law. On 20 August 2014, the PEGRR was submitted to
the former Energy Secretary (under the Federal Planning Ministry)* and it was
preliminary approved by the ARN. Yet, as of this writing, the National Executive
has not submitted it to the National Congress for definitive approval. Senator
Morandini asked the National Executive “why the PEGRR has still not been sent
to National Congress for its approval, as established in Article 9 of Law 25018,
despite being already ellaborated by CNEA and approved by the ARN?”
(Morandini 2015). Despite this prodding, the National Executive has never
provided a concrete answer on the issue.

The CNEA establishes the acceptance criteria and conditions for the
transport and final disposal of radioactive wastes, which must then be approved
by the ARN. Additionally, the transport of radioactive waste, including SF
elements, follows the schedule and procedures established by CNEA previously
approved by the ARN.

However, the Macri Administration has started to implement some
institutional changes. It has created an Undersecretary of Nuclear Energy and has

4 Note that when President Macri took office in December 2015, it was created the Ministry of
Energy and Mining as a result of the higher rank of the Energy Secretary as well as the Secretary
of Mining.
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placed the CNEA under the competence of this undersecretary. The intention of
the Undersecretary of Nuclear Energy is to create the Fund for the Management
and Final Disposal of the Radioactive Wastes for which it has begun to consider
the amendment of the Radioactive Waste Management Law (Law 25018) and the
National Law on Nuclear Activity (Law 24804). The undersecretary’s advisors
are also considering the separation of the PNGRR from CNEA and the creation
of a Radioactive Waste Agency. The latter must be approved by the National
Congress. According to Manzini, the creation of a Radioactive Waste Agency
will take some time due to the aprovals and expenses that involve this process
(Manzini, interview 21 November 2017).

The ARN was established in 1997 as the successor authority of the National
Nuclear Regulatory Body (ENRN). It is an autonomous entity that regulates
matters regarding radiological and nuclear safety, the physical protection and
control of the use of nuclear materials, licensing, and inspection of nuclear
facilities as well as international safeguards and transport of nuclear materials. It
is in charge of granting, suspending, and revoking licenses for construction,
commissioning and operation. Additionally, it oversees decommissioning of
NPPs as well as licensing uranium mining activities, security research reactors,
facilities for waste management or radioactive waste, and nuclear applications
used in medical and industrial activities. The ARN also conducts surveys and
regulatory assessments on facilities; proposes to the National Executive the
expiration, renewal or replacement of a use license for a nuclear installation;
promotes civil or penal actions to the competent courts in case of a breach by a
licensee; and applies sanctions when required. Finally, the ARN has to submit an
annual report to the National Executive and National Congress on the year's
activities and suggestions for actions to be taken for the public interest (Law No.
24804).

As a federal country, the provinces and the city of Buenos Aires also have a
meaningful role. In activities related to the management of radioactive waste,
CNEA must comply not only with the legal regulations established by the ARN
but also with the regulations of the provinces and the city of Buenos Aires,
especially regarding the siting of facilities. In order to install a new disposal site,
locations must first be approved by law in the particular province or, in the case
of Buenos Aires, the city (Law No. 25018: Article 12). The application of the
"environmental impact as low as possible" principle is informed by the
environmental impact assessment requirements not only of the provinces but also
the city of Buenos Aires (Law No. 25018: Article 11).
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6 Siting procedures

As noted above, the siting procedure for final disposals involves three actors:
CNEA, the ARN, and subnational governments. The specific siting procedure for
intermediate, and low-level RW disposals involves various phases from proposal
through construction. First are studies for the selection of geologically favorable
sites. This involves integrating Geographical Information Systems (GIS) and
geological and geochemical data, interpreting satellite images, and making an
inventory of the rock types suitable for RW disposals, i.e. granite, welded tuff
(ignimbrite), and clays of geological basins and regions. This is followed by a
determination of the selection criteria to be used in survey the most favorable
areas according to the inventory of suitable geological regions, seismic activity,
hydrogeology, volcanism, tectonics, and geomorphology as well as resources, and
demographic conditions. Once a suitable site is selected, the project is to be
presented to the authorities of the relevant province and a public hearing to inform
the community is organized. Winning over a community may involve offering
incentives, such as infrastructure developments. Once the approval of the ARN
and the controlling agencies has been obtained, and construction has been
approved by provincial parliament construction can begin. When the construction
starts, public information about the details of the disposal plans and facility
construction should be distributed in the concerned community (Law 25018:
Article 12).

During the 1980s and the 1990s, CNEA undertook geological feasibility
studies to evaluate different siting alternatives for DGD of HLW. At that time,
CNEA’s personnel participated in the IAEA program, "Training in and
Demonstration of Waste Disposal Technologies in Underground Research
Facilities - An IAEA Network of Centers of Excellence" to be trained on nuclear
waste disposal issues. “For the first studies, a granite formation located in Sierra
del Medio in Gastre, province of Chubut, was selected. Studies included drilling
of up to 800 meters and a conceptual design for the engineering of the DGD. Yet,
after more than 10 years of research, the project was finally dismissed in 1997
due to a large local demonstration opposing the HLW disposal” (CNEA 2010:
56) (see section 7). “After the failed attempt in Gastre (...), a few studies of
favorable areas in sedimentary and volcaniclastic formations started to be
conducted. Unfortunately, studies were not continued due to problems of public
and political acceptance because most of the provinces where the studies were
conducted declared their jurisdiction nuclear-free, stating expressly in their
constitutions the prohibition of entry, transport, and storage of RW or the
installation of a repository. It is expected that the approval of PEGRR will
somehow allow the political support that is required to reactivate the studies”
(Mangzini, interview 27 July 2015).
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7 Information and participation

In the late 1980s, the lack of information and transparency about efforts to
construct radioactive waste repositories in Gastre and Salinas Grande spurred
significant opposition from different social sectors and NGOs. In both cases,
CNEA decided to cancel the feasibility studies in the early 1990s. These
experiences contributed to the establishment of new regulations regarding nuclear
waste issues and the formalization of public participation in Argentina’s nuclear
waste management in the late 1990s. In 1997, the ARN was created to control the
safety of the nuclear sector and Law 24804 was issued requiring a formal
authorization for the treatment and siting of nuclear wastes, as well as informing
involved provinces, cities, and the general public. These processes were
incorporated in 1998 in Law 25018. Subsequently, the siting procedure was
formally regulated and the authorization of the ARN, as well as the affected
subnational governments (provinces and the Buenos Aires city), were mandated.
Before 1997, decisions to dispose of and store nuclear waste (such as the final
disposal for very low or low-level RW and interim storage for intermediate-level
RW, as well as SF from research reactors located in the Ezeiza Waste Manage-
ment Area (AGE)) were made by CNEA without any authorization or public
consultation.

Article 41 is particularly significant because of a controversial agreement
with the Australian Nuclear Safety Organization (ANSTO). In 2000, Invap signed
an agreement with ANSTO for the design and construction of a 20 MW OPAL
research nuclear reactor to replace an old reactor located in Lucas Height,
Australia. One of the agreed-upon clauses stated that Australia would send its
spent nuclear fuel to Argentina for processing, after which it would be returned
to Australia. The agreement with ANSTO was severely criticized by Greenpeace
and the Environment Defense Foundation (FUNAM), who declared the clause
anti-constitutional. Despite these complaints from environmental actors, the
Argentinean and Australian Ministries of Foreign Affairs signed a Cooperation
Agreement on the Peaceful Uses of Nuclear Energy on 8 August 2001, which
strengthened the agreement between Invap and ANSTO (Greenpeace 2002). The
national government imposed its will over the objectives of the environmental
lobby, but the presence of antinuclear movements and NGOs was significant.
After the return of democracy (1983), environmental NGOs and social move-
ments have slowly but progressively helped to increase debate about nuclear
activities in the country, especially regarding nuclear waste issues. This is
particularly significant given that during the military dictatorship, “nuclear energy
policy was imbued with great secrecy” (Jimeno 2015: 233).

NGOs and environmental activists such as Greenpeace, FUNAM, Chubut
Anti-Nuclear Movement (MACH), “Unién de Asambleas Ciudadanas” (UAC),
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and Tierralerta have been influential in relation to nuclear questions. They were
successful in campaigns to stop uranium mining activities as well as halt the
construction of waste storage facilities and dumps. In 1989, the activism of
FUNAM contributed to the closure of the uranium mine at Los Gigantes in the
Province of Cordoba, due to the contamination of a lake basin located near the
mine although it must also be noted that economic conditions also played a role;
“it was cheaper to import uranium than produce it locally” (Jimeno 2015: 232). A
few years later, the actions of local antinuclear movements halted the installation
of planned uranium mining in Cérdoba, located in the tourist area of Traslasierra.
As it was a tourist area, the local community was able to obtain the political
support necessary to officially declare Traslasierra a nuclear-free zone. Other
Coérdoba municipalities later endorsed this action.

During the 1990s, environmental and local movements helped to first stop
the construction of a radioactive waste storage site in Salinas Grandes and then a
HLW disposal site in Gastre, Chubut. Salinas Grandes is a large salt desert in
central-northern Argentina within the provinces of Cérdoba, Santiago del Estero,
Catamarca, and La Rioja. A large storage site was planned for this region,
however the actions of FUNAM and the local community halted the project.
Similarly, later on denunciations of MACH and a large local demonstration led
to the cancellation of the project to construct a repository for HLW in the Gastre
basin (Palicio Lada 2016).

Local communities in the vicinity of the CAE have claimed since 2000 that
the groundwater in Ezeiza has been contaminated because of the LLW managed
and disposed of at AGE. These denunciations have been supported by several
environmental NGOs like Greenpeace and FUNAM. Yet, the ARN has
consistently denied these claims, arguing that monitoring has demonstrated there
has been no such contamination of the water. In 2005, complaints reached a
critical peak, when an independent laboratory was able to prove that the
groundwater in Ezeiza was contaminated and elevated concerns about the safety
of the AGE (Lipcovich 2005; Greenpeace and FUNAM 2005). CNEA and the
government tried to calm citizens’ worries on these issues but they failed in their
attempts. Local community members claimed that the process “was marked by
obscuring and silencing the real impact. A few years later the provincial
government was forced to acknowledge the contamination values measured by
independent laboratories, although official reports stated that there was no
contamination from nuclear waste but just high radioactive background level [in
Ezeiza’s water]” (Damveld and Bannink n.d.: 4). CNEA subsequently suspended
definitively LLW disposal in AGE and in 2010. A judge involved in the case
ordered that LLW waste barrels be removed, re-packed and stored in a Repository
for Long-term Storage, built for this purpose. The waste is to remain there until
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the construction of a final disposal facilities for LLW and intermediate-level
waste.

8 A brief comparison with the Brazilian situation

Brazil has two operating NPPs (Angra 1 and Angra 2) and one under construction
(Angra 3) (Table 1). Angra 3 was expected to be in operation by the end of 2015,
but due to a corruption probe in mid-2015, the operating company Eletrobras
suspended the installation contracts. In mid-2016, Eletrobras’ subsidiary, Eletro-
nuclear, became the focus of a corruption investigation. Funding ran out, halting
the work and postponing the construction schedule beyond 2018. In January 2017,
Eletronuclear formally even annulled the electro-mechanical contract, rejecting
the companie’s appeals. The unit is about 70 percent completed (World Nuclear
Association (WNA) 2017b). Similar to the Argentinean case, Brazil has signed
agreements with third countries, namely China, Russia and American company
Westinghouse, to construct new NPPs in the next years. However, the Brazilian
government has announced that construction of new plants after Angra 3 (the
reactor under construction) would not commence until after 2020, due to
difficulties in financing the nuclear projects.

Brazil began developing nuclear energy in 1951, when it was established the
National Research Council. Five years later the country founded the National
Nuclear Energy Commission (CNEN) with the purpose of regulating, licensing
and supervising the production and use of nuclear energy as well as radioactive
protection (CNEN, n.d.). CNEN as well as the state-owned companies, Brazilian
Nuclear Industries (INB) and Nuclebras Heavy Equipment (Nuclep), are under
the Ministry of Science and Technology and Innovation (MCTI) and report
directly to the ministry.

SF from Angra 1 and 2 is stored in interim facilities located at each NPP.
RW generated by the nuclear fuel cycle facilities managed by INB, like that
generated by uranium mining and the nuclear fuel factories, is stored in the same
locations where it originates with the exception of waste generated from the
exploitation and processing of monazite, which is stored at the USIN area in Sao
Paulo. Unlike in Argentina, SF from Brazilian research reactors is stored at the
Nuclear Energy Research Institute (IPEN) in Sao Paulo and the Nuclear
Technology Development Center (CTDN) in Belo Horizonte, where it originates.

Similar to the Argentinean case, in Brazil, Law 10308 states that the Federal
Government, through the CNEN, is responsible for intermediate and final
disposal of all radioactive wastes produced in the country. As the focal point for
management and disposal of radioactive wastes, CNEN is in charge of site
selection, construction, installation, licensing, operation, supervision, costs,
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damages, liability and physical safety of radioactive repositories. As the interim
storage facilities are not operated by CNEN, all costs related to their management
are supported by authorized operators.

Brazilian law foresees a monthly compensation to the municipalities where
initial, intermediate and/or final disposal sites are authorized. The compensation
provided should not be less than 10 percent of the costs paid to CNEN by the
operators of the installations that generate the waste. Yet, the law introduced a
nuance when it says that it will be up to CNEN to monthly receive and transfer to
the municipalities this amount owed by the holder of the authorization for the
operation of the installation that generates the waste.

In Brazil, the legal framework applicable to radioactive wastes is defined by
a series of laws (CDTN 2010). According to Law No. 7804, issued on 18 July
1989, the Brazilian Institute of Environment and Renewable Natural Resources
(IBAMA [Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis)), is responsible for environmental licensing of all facilities with
potential environmental impacts, including nuclear wastes facilities. Law No.
6189 was issued in 16 December 1974 and later modified by Law 7781, enacted
on 27 June 1989. This laws as amended assigns to CNEN all competences in
nuclear matters, including the transport, treatment, and final destination or
disposal of radioactive wastes produced in the country.

Act No. 10308, issued on 20 November 2001, was a milestone in radioactive
waste management and disposal; it defines the criteria, procedures, and rules for
the construction, licensing, management, and operation of radioactive waste
disposal and storage facilities. Act No. 10308 classifies radioactive waste disposal
and storage facilities in different categories, i.e. initial, intermediate, and final.
Initial disposal refers to interim storage normally located at the nuclear
installation, while intermediate disposal refers to longer-term interim storage
facilities located at specific and selected sites. For the design, construction, and
operation of initial disposal facilities, the law assigns responsibility to the
corresponding operator; for nuclear licensing, it assigns responsibility to CNEN
and IBAMA. For site selection, design, construction, and operation of inter-
mediate, and final disposal facilities, responsibility is assigned to CNEN, whereas
both CNEN and IBAMA are in charge of nuclear licensing. CNEN is also
expected to finance the costs related to site selection, design, construction,
installation, licensing, management, operation, and physical safety of inter-
mediate and final disposal facilities. In the case of initial disposal, these costs are
borne by the corresponding operator. The law also highlights that the areas
selected for final disposal facilities will be declared of public interest and utility
and in case they are not already property of the Federal Government, the latter
will expropriate them. Finally, Act No. 10308 forbids the entry of radioactive
wastes into the country (Law No. 10308 2001).
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The competences for nuclear licensing were defined earlier in Brazil than
Argentina. In 1989, the responsibility for licensing activities and installations with
significant environmental impact was assigned to the IBAMA, under the Ministry
of the Environment, through Law 7804 (Art. 10). Since then, IBAMA, which is
located under the Ministry of the Environment, has been in charge of
environmental licencing for nuclear facilities, while CNEN remains the respon-
sible agency for the radiation aspects of nuclear licensing. Eletrobras Termo-
nuclear (Eletronuclear) is responsible for the design, construction, installation,
licensing, management, operation, financing, and physical safety of the interim
storage facilities located at both Angra units, as Eletronuclear is the authorized
operator of the Angra NPPs. Eletronuclear is a subsidiary of Eletrobras.

As explained in the section below, Brazil started to regulate the management
of nuclear wastes in 2001. However, in practice the country has failed to take a
decision on a solution for for low or/and intermediate-level radioactive wastes.

9 Nuclear waste governance: A democratic deficit

In Argentina and Brazil regulation of nuclear waste management issues has
started quite recently, respectively in 1998 with Law 25018 and in 2001 with Act
10308 (NOM-004-NUCL, NOM-020-NUCL, NOM-022/1/2/3-NUCL). Since
then, while some further regulatory advancements in the field of radioactive waste
management have been made, delays continue. In Brazil, a long-term solution for
low and intermediate-level RW was foreseen by 2016. In Argentina, construction
of LLW disposals was expected to start by 2015, followed by construction of
intermediate-level waste repositories in 2018. Despite these former plans, long-
term solutions for low and intermediate-level RW are not happening in none of
these two countries. A decision on the final disposal for low and intermediate-
level wastes is being delayed in both Argentina and Brazil. The identification and
approval of a site for the disposal of very low, low, and intermediate level RW is
not expected before 2020, and construction not before 2030.

Progress on site selection in Argentina may further be delayed, however, as
previous studies conducted to select suitable sites for RW disposal were
suspended and more than a half of all of the provinces in the country (Jujuy,
Chaco, Formosa, Corrientes, San Luis, Mendoza, San Juan, Santa Fe, La Pampa,
Rio Negro, Chubut, Santa Cruz, and Tierra del Fuego) have legally declared their
jurisdictions nuclear-free zones, banning the entry of radioactive waste and the
installation of disposal facilities per law. Additionally, some municipalities like
Traslasierras in the province of Cérdoba have declared their territories nuclear-
free zones. The federal component plays a large role in the country’s governance,
and it seems to be extremely difficult for CNEA to coordinate technical,
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geographical, social, and especially legal-political aspects. It remains unclear
where CNEA will next propose as possible sites for final disposal facilities for
the 2020 obligation and then whether or when approval will be finally obtained.

As is the case in other countries like France and Italy, nuclear issues in
Argentina and Brazil (including the management of nuclear wastes) are treated
centrally, with a few actors binding together and being responsible for all nuclear
activities. CNEA and CNEN control not only waste management activities but
also the national nuclear companies, which are often their subsidiaries. There is
limited room for local and regional participation and decisions are characterized
by low levels of transparency, although Argentinean legislation requires the
formal authorization of subnational governments in siting nuclear waste disposal
facilities. In Brazil, legislation does not require the permission of subnational
governments, but rather foresees an eventual economic compensation for the
municipalities where nuclear facilities are sited. Denunciations from local com-
munities, environmental NGOs, and national senators, such as in the case of
contaminated groundwater in Ezeiza and the still pending implementation of the
Fund for the Management and Final Disposal of the Radioactive Wastes, as well
as the still to be approved PEGRR, illustrate the low levels of transparency in
nuclear activities.

The funding scheme for the management of radioactive wastes and SF is not
well developed in Argentina or Brazil. Due to the fact that the national state
finances all nuclear activities in both countries, it is not clear how, how much, and
from where CNEA and CNEN will obtain funding resources. Financing of nuclear
activities, including nuclear waste management, is managed in non-transparent
ways in the rather secretive atmosphere that has historically characterized the
nuclear sector.

National legislation for the classification of radioactive wastes as well as
nuclear disposal and storage, licensing and approval rules, siting procedures, and
definition of institutional arrangements is quite well developed. Yet, problems
reside on the implementation side; there have been many delays in obtaining
licensing, approval or authorization to construct a disposal at a particular site. As
in other large and costly energy infrastructure plans, the implementation and
application of rules and procedures often fail and experience great delays. Both
countries are at a very early stage in the policy process concerning the
management of SF and radioactive wastes. Currently, decisions on the “simplest”
type of final disposals like very low, low, and intermediate-level waste repo-
sitories are experiencing delays. This does not bode well for the eventual decision
to be made about a solution for HLW final disposal. Argentina is experiencing
somewhat of a nuclear renaissance and new NPPs are either under construction
or projected for the next years. If there is not a policy for the management of
nuclear waste in place, how will the country be able to manage the increasing
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amount of SF and radioactive waste coming from the new NPPs and the additional
planned nuclear reactors? These questions remain unanswered, unresolved, and
even ignored.
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Nuclear Waste Governance in South Africa
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Abstract

Since the Manhattan project, South Africa’s links with the global nuclear industry
have been profound, starting out as a provider of uranium. From 1965 it
commissioned a research reactor, and since 1984 has been producing nuclear
electricity. There was a secretive nuclear weapons programme between 1978 and
1990. Together with considerable waste resulting from the mining of uranium, it
is surprising that the first policy document on radioactive waste appeared only in
2005. Government was forced to do this because of civil society litigation, yet
the policy was issued with almost no public input. The industry has seldom felt
accountable to the public, and the regulator has struggled to meet its obligations,
given shortages of expert staff and budgets. There is concern about current
government plans to add six to eight more reactors to the existing two, given the
need to ensure that the institutions governing and regulating the industry are
competent and viable. This chapter aims to uncover the history of nuclear waste
in South Africa, providing some detail on the inventories, the legal and
institutional background, and current controversies.
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1 Introduction

Although South Africa has only possessed two nuclear power reactors since the
1980s, it has a long record of generating radioactive waste. Primarily, this has
been as a result of the uraniferous content of the ore in the gold-bearing reefs
around Johannesburg. From 1886, the deep sitings of the gold reef meant the
generation of huge amounts of waste, mostly seen as tailings dams or waste
dumps adjacent to the mines, often close to residential areas. These dumps have
significant radioactive content.

The venture during the apartheid era into making nuclear weapons of mass
destruction has also had an impact on the generation of radioactive waste. Current
policy to procure a further six to eight new reactors means that the problems
associated with the management and safe disposal of nuclear waste are likely to
multiply. This is extremely perturbing given the fragility of the current nuclear
regulatory apparatus, already a victim of austerity measures and the inadequate
development of human expertise.

2 Nuclear waste disposal in South Africa
2.1 Historical background

South Africa was integrated into the global nuclear industry in the latter part of
the 1940s. Since the 1920s geologists had pointed out that the gold-bearing
Witwatersrand reef was also rich in uranium (Cooper 1923: 90ff). At the time the
uranium had no known application, and hence little commercial value. It was
treated as part of the waste stream of the gold mining industry, one of the largest
in the world.

During the Second World War, the United States and the United Kingdom
had collaborated in the Manhattan Project, responsible for developing the bombs
dropped on Hiroshima and Nagasaki (Alperovitz 1995). Instead of internatio-
nalizing the nuclear weapons, as scientists like Einstein and Oppenheimer
advocated, those nations which possessed nuclear weapons felt that they could
gain a strategic military edge in the impending Cold War. Both the US and the
UK sought to cultivate nuclear arsenals in their postwar competition with the
Soviet Union. The Soviets developed their own weapons, and the first of their
tests took place in 1949 (Bird and Sherwin 2005).

The Western Allies had no really secure source of supply of uranium, which
had been relatively scarce during the war. The material for the Manhattan Project
originated from the Belgian Congo and Canada. Other known sources included
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Czechoslovakia, but access to supplies here receded behind the Iron Curtain by
the end of the 1940s.

In a global search, the US and UK approached a number of friendly countries
in an effort to seek a reliable and plentiful supply of uranium (Fig 2009a: 182).
The South African Prime Minister Jan Smuts responded positively, and the gold
mining industry agreed to re-mine their tailings dams (waste dumps) for uranium.
South Africa signed a secret agreement whereby the US would receive two-thirds
of its uranium exports and Britain the remaining one-third. This was destined for
their bomb programmes, as the commercial nuclear energy industry was not yet
under way (Fig 2005: 183). Seventeen uranium separation plants servicing 26
gold mines on the Witwatersrand made clandestine arrangements to provide the
uranium to the US and UK weapons programmes. The secret treaty absorbed
South Africa’s output of uranium for a period of a decade (Fig 1999: 78).

Smuts also set about creating an Atomic Energy Board through the passage
of legislation. Smuts lost his seat and his party the control of government in the
May 1948 elections, in an electoral process which excluded the black majority
from the vote. Power then accrued to the National Party, which advocated
apartheid, an intense form of racial subjugation of black inhabitants by a small
white minority. This policy combined strict personal, residential, educational and
job segregation, the confinement of black people to 13 percent of the land, and
their disenfranchisement. It also intensified a harsh system of labour migration,
particularly on the mines.

From 1949, the newly created Atomic Energy Board presided over nuclear
research and development. Scientists were sent abroad, particularly to the US,
West Germany and the UK for nuclear training (Cervenka and Rogers 1978). It
took some time before South African scientists began to develop an interest in
reactor research and other parts of the fuel chain.

By the early 1960s, the research establishment had been moved out of
cramped offices in downtown Pretoria, the capital, to land on the western edge of
the city, at a farm called Pelindaba. Under the US Atoms for Peace programme,
South Africa received a small research reactor which was installed at Pelindaba
in 1965 (Newby-Fraser 1979).

As resistance to apartheid intensified, the ruling regime felt more compelled
to militarise itself. A sophisticated conventional arms industry was developed in
the face of global sanctions. The burgeoning nuclear establishment also offered
the state the chance of having its own nuclear weaponry.

From the 1970s, the Atomic Energy Corporation (AEC, successor to the
AEB) along with its twin, the Uranium Enrichment Corporation (Ucor), a newly
created state-owned enterprise, secretly proliferated in conjunction with Armscor,
the state’s agency for weapons procurement and manufacture. At first, gun-type
nuclear weapons were developed on site at Pelindaba. Manufacture was later
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moved to Advena, a complex a few kilometres closer to Pretoria, and more control
over the process passed to Armscor (Albright 1994: 13).

Meanwhile on a site adjacent to Pelindaba, South Africa built a conversion
plant and enrichment facilities. Ostensibly these were constructed to serve a pair
of reactors commissioned by the electricity utility, Escom. However, in reality,
the enrichment was aimed mainly at producing weapons grade uranium for the
weapons programme. An estimate given was that each of the bombs required an
estimated 55 kg of 90 percent-enriched uranium.2

While proliferating, South Africa also encouraged the construction of two
civilian nuclear power reactors at a site outside Cape Town called Koeberg. Built
by a consortium organised by Framatome, the precursor to Areva, two pressurized
water reactors went into service in 1984. The reactors together can produce a
maximum of 1844 MW, although the maximum output is not always reached.
This amounts to just over five percent of South Africa’s electricity production,
historically dominated by over 90 percent coal burning. Part of the logic for
construction of Koeberg was its substantial distance from the country’s coalfields.
The alternative was to experience inefficient losses of coal-generated power
during long-distance transmission. To date, the nuclear power reactors at Koeberg
are the only ones operating on the African continent (Fig 2005: 54-59).

By the mid-1980s, apartheid South Africa had, despite political and
economic sanctions, acquired most of the links in the nuclear fuel chain (except
for reprocessing, although there were plans to develop a site for experimentation
at Gouriqua). It had also embarked on a plan to proliferate nuclear weapons.

Apartheid South Africa faced additional security problems at this time. The
independence of Angola, Mozambique and Zimbabwe, all under Marxist-leaning
governments, brought the front line ever closer. South Africa was involved in
numerous cross-border invasions and incursions, as well as in trying to repress
growing socio-economic discontent at home.

The purpose of South Africa’s weapons was, President F.W. de Klerk later
suggested, deterrence. There was no logic in utilizing it on the local population,
hostile neighbours, or battlegrounds. Instead, if apartheid was ever to be threa-
tened vitally, the existence of the weapons would have been revealed to the world
in an attempt to defend the life of the apartheid regime (Purkitt and Burgess 2005).

Instead it was apartheid’s own contradictions that defeated it. A combination
of sanctions, disinvestment and a loss of confidence slowly strangled the
apartheid economy. Border wars against liberation movements proved costly and
disruptive, the low point being the defeat of conventional South African forces by
Cubans and Angolans at Cuito Cuanavale. Soon after, South Africa had to

2 Personal interview with David Albright, the founder and current president of the non-govern-
mental Institute for Science and International Security, on 30 December 1993.
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concede the independence of Namibia, whose territory it controlled between 1915
and 1990.

At the same time, civil unrest grew to a peak, and the apartheid regime began
to realize that its days were numbered. In 1990 the African National Congress and
other proscribed parties were unbanned, and Nelson Mandela released. Dis-
cussions with the ANC leadership led to the negotiation of a transitional
executive, democratic elections, and the rewriting of the constitution to reflect
democratic and non-racial values.

De Klerk foresaw the ANC gaining a significant share of political power. To
prevent the incoming party obtaining the knowhow of nuclear weapons, he
decided to dismantle the programme, shred all evidence of it, and to see that South
Africa rejoin the IAEA and the NPT. The identities of the 1000 people involved
in the nuclear weapons programme have never formally been revealed. Nor were
the manufacturers of weapons of mass destruction ever held accountable for their
actions when the “Truth and Reconciliation Commission”, under Archbishop
Tutu, held its deliberations.

At first the ANC, which had in its years of exile been critical of South
Africa’s nuclear programme, gave indications that it would not want to repeat
apartheid proliferation, or the secrecy in which nuclear decisions were made, and
favoured a review of the nuclear establishment (EMG 1994: 3-5).

However, once in power, the ANC continued to budget for the continuation
of nuclear research, although on a much-reduced basis. There was a further
renaming in 1999 of the state’s nuclear research establishment from the Atomic
Energy Corporation to the South African Nuclear Energy Corporation (NECSA).
The conversion, enrichment and fuel fabrication plants at Pelindaba were
dismantled, with the zirconium cladding manufacturing facility of the fuel
fabrication process being sold to China. Work on molecular laser enrichment was
also discontinued (World Nuclear Association 2017).

The state began to bankroll plans to build a demonstration plant for a small-
scale high-temperature helium reactor. Called the Pebble Bed Modular Reactor
(PBMR), the aim was to allow for technological innovation while at the same
time keeping happy a number of the scientists and engineers who had been
involved in the bomb programme (PBMR Company 2002).

The problem was that the PBMR programme was far too ambitious for the
South African nuclear industry to sustain. Dates of completion of the
demonstration plant were placed further and further into the future, costs
ballooned, and there was a decided absence of other investors or clients. It was
surmised that Eskom, whose attitude to the PBMR programme was only luke-
warm, would have been obliged to take delivery of future reactors to justify the
expenditure on it (Thomas 2004; Fig 2010a).
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By 2010, the PBMR company said that it needed a minimum of an extra R31
billion to complete the demonstration plant. The state, however, having already
devoted R9 billion with nothing to show for it, became impatient, and put an end
to the programme.

A growing electricity crisis (Fig 2010b) has propelled the government into
paying more attention to the commissioning of a new fleet of nuclear reactors. It
was argued that 9.6 GW of additional nuclear power would provide base load
electricity and help diversify from coal, which provided over 90 percent of the
country’s electricity needs. Land had been earmarked at coastal sites in the
Eastern and Western Cape, as well as adjacent to Koeberg. More recently, other
sites closer to the coal-mining complex at Witbank, and in the province of
KwaZulu-Natal have also been proposed (Mathews 2017).

The country’s formal nuclear policy foresees the putting in place of the
whole gamut of the nuclear fuel chain, reconstructing conversion, enrichment,
and fuel fabrication plants, but also having pretentions to the undertaking of
reprocessing as well. The policy also envisages the creation of a specialized
nuclear police force to safeguard installations and the movement of nuclear
materials.

Should the construction of a new fleet go ahead, it will occur despite con-
siderable opposition. This arises not only from the anti-nuclear and environmental
movements, but also from faith-based organisations, trade unions, human rights
advocates, community-based groups, and, increasingly, the private business
sector and the business media. Their arguments are that the nuclear fleet will be
too costly, create a debt problem, crowd out investment in cleaner and cheaper
renewables, and force dependency on rigid inflexible energy provision in the face
of a contracting economy and decreasing demand.

The new fleet would multiply the waste stream coming out of reactors,
adding an extra five times the existing amount. This poses a very large challenge
to the underfunded and already overstretched regulatory process.

2.2 The national inventory
2.2.1 Spent fuel at Koeberg nuclear power station

Koeberg is the site of two 922 MW pressurized water power reactors built by
Framatome (now Areva). Low- and intermediate-level wastes are removed for
disposal at Vaalputs, a site 700 km distant from the reactors. Spent fuel is stored
on site in cooling ponds, or in four interim dry storage casks (Castor X/28F) above
ground.
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Table 1:  Inventory of spent fuel stored at Koeberg nuclear power station,

2014
LOCATION STORAGE NUMBER OF SPENT FUEL
ASSEMBLIES
Koeberg reactor 1 Wet storage 1009
Koeberg reactor 2 Wet storage 996
Castor X/28F casks Dry storage 112
Total 2117

Source: NNR 2014b: 125, table 3 (A2-1).

2.2.2 Spent fuel at Pelindaba precinct (NECSA)

Pelindaba houses the national nuclear research facility, which includes a research
reactor installed in 1965 (Safari-1).

Table 2:  Inventory of spent fuel stored at Pelindaba complex, 2014

LOCATION STORAGE NUMBER OF SPENT NUMBER OF USED
FUEL ELEMENTS CONTROL RODS
Safari-1 reactor Wet storage 175 31
Thabana pipe stor- Dry storage 867 134

age facility

Total 1042 165
Source: NNR 2014b: 125, table 4 (A2-2)

2.2.3  Storage of non-reactor wastes at Pelindaba

Pelindaba is home to a number of research and production facilities. It was also
the original site at which nuclear weapons were manufactured. When the weapons
programme was discontinued in 1990, an estimated 385 kg of dismantled
weapons-grade enriched uranium was returned to Pelindaba and is held under
IAEA safeguards.3 Reporting on the inventory for each of the Pelindaba waste
sites has not been comprehensive, but is supplied where known.

3 Personal interview with David Albright on 30 December 1993.
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Table 3:  Inventory of non-reactor wastes stored at Pelindaba
PURPOSE NAME LOCATION INVENTORY
Decontamination of ura- Decontamination services | V-A8
nium contaminated metals | Area 26 Decontamination
Area 26
De-heeling of UF¢ cylinders | UFs De-heeling facility Area 27
Liquid effluent treatment LEMS P-2400 Volume of 13,300m?
Uranium bearing liquid ef- | A8
fluent treatment facility
Predisposal operations Volume reduction facility | Area 14 Pel-
store
Historic liquid waste facili- | Pelindaba East Pelindaba East
ties CaF?2 Pans Thabana
BEVA Pans ABC & 1-14 | Pelindaba West
Storage of post-reactor test | Cell 3 NTP Hotcell com- | P-1701
fuel pin related waste plex
Low- and intermediate-level | Pelstore Area 14 56,099 x 210 litre
waste drummed & contain- drums
:ﬂjst?gssom waste storage fa- Thabana stores Thabana Storage capacity of
14,900 drums
UF, cylinders Areas 21, 16
Decontamination services | V-A8
Bus Shed waste drum store
Drum store Pelindaba East | Medical waste
A-West Storage capacity of
5000 drums
Storage of non-clearable de- | Quarantine store Quarantine
contaminated metals store
Disused sealed radioactive | Pelindaba East Area 24 7,790 sealed sources
sources
Historic disposal trenches Thabana Radio-active | Thabana
Waste Storage Facility (trenches) & P-
5100
Mixed use Dorbyl Camp Area 18
Metal smelter Test smelter Area 25
Storage of confiscated Illicit Materials Store BEVAE-1
radiological material

Source: NNR 2014b: 127, Table 5 and narrative pp. 127-33.




FOR REFERENCE PURPOSES ONLY

Disposal and Contamination 303

224 Storage of waste at Vaalputs National Radioactive Waste Disposal
Facility

Vaalputs (situated in a remote part of the Northern Cape province) was opened in
1986, two years after the completion of the Koeberg nuclear power station. It
received most of the low- and intermediate-level radioactive waste produced at
Koeberg and other nuclear installations. The distance from Koeberg to Vaalputs
is 700 km. The amount of low- and intermediate-level waste stored in drums was
13,882 m? by volume, recorded in 2014 (NNR 2014b: 137, Table 11).

2.2.5 Storage of waste at mines, scrapyards, smelters and research facilities

The National Nuclear Regulator has compiled figures for these sources.

Table 4:  Inventory of radioactive waste at mining and mineral processing
facilities, scrap dealers and smelters, and at small users (e.g.
laboratories and refurbishers). 2014 (in tonnes).

WASTE TYPE METHOD OF MINING SCRAP & SMALL
STORAGE SMELTERS USERS &
LABS
Scrap metal Salvage yard 6.76E+06 1.04E+05 00E+03
Tailings Tailings storage 2.16E+08 2.22E+02 0.00E+00
facility
Waste rock Waste rock 5.12E+07 2.04E+01 1.35E+05
dumps
Other waste Salvage yard 1.78E+05 3.55E+04 6.99E+02

Source: NNR 2014b: 140, Tables 14-16.

2.3 The storage sites
2.3.1  Vaalputs

With the commissioning of two nuclear power reactors in 1984 at the opposite
end of the country, it became clear that the amount of low- and intermediate-level
waste generated at Koeberg would have to be accommodated at a dedicated site,
preferably where population density was low.

It was imperative for the nuclear industry to show that it was capable of
managing the additional waste. The state commissioned studies on the location of
a new disposal site. After rejecting proposals for the Kalahari and Richtersveld
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areas, the Atomic Energy Corporation selected a site at a place called Vaalputs,
in the arid region of Namaqualand. Vaalputs topped the list because of its low
average annual rainfall (74 mm), deep ground water (>50 m) and geological
stability. Levels of public consultation were minimal and will be dealt with in
section 5. Deliveries of Koeberg’s nuclear waste began in 1986, yet it took over
17 years before the regulator communicated with local people in September 2003.

The Vaalputs site was engineered to accept low- and intermediate-level
wastes and it was envisaged that at a later stage high-level wastes could be stored
in specially crafted above-ground silos. However a plan for disposal of high level
wastes has never emerged and continues to elude the industry.

Low-level waste, according to the US Nuclear Regulatory Commission,
consists of contaminated protective shoe covers and clothing, wiping rags, mops,
filters, reactor water treatment residues, equipment and tools, luminous dials,
medical tubes, swabs, injection needles, syringes, and laboratory animal carcasses
and tissues (US NRC 2015). At Koeberg, these wastes are compressed into steel
drums with the same dimensions as petrol drums.

The intermediate-level waste is mainly made up from parts of the reactor
building that have been contaminated, filters, as well as resins, chemical sludge
and metal nuclear fuel cladding. The Canadian Nuclear Safety Commission
defines intermediate-level waste as “waste that has been exposed to alpha
radiation, or that contains long-lived radionuclides in concentrations that require
isolation and containment for periods beyond several hundred years” (CNSC
2015). These materials are mixed with concrete and stored in sealed concrete
drums, which are much larger and heavier than the drums used for low-level
waste.

At Vaalputs, drums from Koeberg are stored in trenches about 10 m deep.
When full, the trenches are covered with compacted soil from the vicinity.
Rehabilitation plans include replanting of the covered trenches with local flora.

Accusations of mismanagement of Vaalputs surfaced in June 1997, when it
was revealed that drums of intermediate level waste had been leaking radio-
activity for a considerable time. This was ascribed to some wear and tear while
the drums stood in open trenches for two to three years awaiting soil cover (Fig
2005: 63).

The operators of the facility, the AEC, were faced with having to suspend
their activities at Vaalputs until they could conform to licencing conditions. It
turned out that on an inspection visit in September 1996, the regulator noted 55
violations of the licence (CNS 1997: 23). Brian Hambleton-Jones, then head of
the AEC’s nuclear waste division, blamed the corrosion on the cold weather
(“extreme cold and heavy rains could have been responsible for hairline cracks in
the concrete blocks containing radioactive waste”), while Tony Stott at Koeberg
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attributed the problem to the extended times between deliveries of waste (SAPA
1997).

According to the regulator, however, the AEC had failed to implement
quality controls and training programmes, develop emergency planning, maintain
proper records, control radioactive effluent, maintain records of staff radiological
protection, check instrumentation, and audit safety procedures. Even worse was
the realization that the process of storing the drums was inadequate, and that there
were no arrangements to store or retrieve records on the disposed waste. The AEC
was accused of a general lack of management and supervision at all levels and
having no effective mechanism of complying with licence conditions. The
document detailing these allegations took a decade to reach the public domain
(Fig 2009b: 83).

In 2009 an official working for the regulator publicly admitted to an
International Atomic Energy Agency conference that the Vaalputs technology
was outdated and ageing. Former workers at Vaalputs have openly voiced their
criticism of the waste dump’s operations. Hendrik Fortuyn said: “When I went to
work at Vaalputs, they (management) told me that the underground water was
contained in such a way that it could not reach the surface, and could not become
contaminated, no matter what. Yet we noticed that the water level did not drop
but continued to climb. We measured this regularly. What it tells me is that the
Vaalputs management was lying to me. I am prepared to testify to this in court.”
Another worker, Willem Ghaal, testified to leakages: “There was a leak in one of
the drums containing nuclear waste. People came from Koeberg to see the drums.
At that time, they closed the drums and reburied them in a square metre of earth
set aside for this purpose.”

2.3.2  Pelindaba including Radiation Hill (Thabana)

From the time of the installation of an Allis-Chalmers experimental reactor
(SAFARI-1) at Pelindaba in the mid-1960s, the nuclear waste that was generated
was stored on the property in a section known as Radiation Hill. Drums of nuclear
waste were haphazardly placed in trenches and covered over with soil, without
much planning or regulation. Radiation Hill was also the site which accepted the
waste of South Africa’s bomb programme (1978-90).

In 1990, as a result of a nuclear incident, condensers from SAFARI-1 were
contaminated and placed in Trench 7 at Radiation Hill. In 1995, workers were
ordered to retrieve them and each was issued with a pickaxe, a shovel, a pair of
boots, an overall and a paper mask to cover their mouths and noses. According to

4 Interviews conducted by Helena Kingwill for the film Buried in Earthskin, 2010.



FOR REFERENCE PURPOSES ONLY

306 David Fig

one of them, Bennie Masemola, “Very soon we unearthed mountains and
mountains of drums, many of them were rusty and full of cracks. I remember the
dust and the smell, and when [ went home, the smell would still hang around me.
It was very bad. As we dug deeper, we were covered with blue, red and green
dust” (Kanhema 1996). A senior manager at Pelindaba confessed: “Look, we
screwed up, made several mistakes, infringed on many of our licence conditions
and no waste disposal records were kept for Radiation Hill.” In a formal statement
the regulator said that these occurrences are indicative of a degradation of safety
culture at the AEC” (CNS 1996).

In May 2005, Shaun Smillie, a journalist on South Africa’s Independent
group newspapers, was included in a media tour of Pelindaba. He was told by
senior manager Arie van der Byl that Radiation Hill had not been operated up to
international standards when it came to nuclear waste management. "In 1997 we
decided that we should rename the facility. We would like to forget that legacy.
It is no longer seen as acceptable to bury waste," Van der Bijl said. (Smillie 2005).
From 1997, the site was renamed Thabana Hill. In 1998 the AEC commissioned
its interim retrievable dry store at Thabana Hill for weapons-grade spent fuel from
SAFARI-1 after receiving the necessary safety and safeguards approvals from the
International Atomic Energy Agency in Vienna. As a result, 120 spent fuel
elements were transported from the spent fuel racks in the pool of SAFARI-1
research reactor to the retrievable dry store.

2.3.3 Koeberg’s spent fuel rods

Since no site in South Africa is yet licenced to receive high-level waste for final
disposal, the high-level power reactor wastes, in the form of depleted fuel rods,
have to date been stored in ponds on site at the existing Koeberg nuclear power
station. This was meant to be a temporary solution. The aim was initially to store
the fuel rods for up to a decade while they cooled off, to permit later transport to
a site dedicated to longer-term disposal. However no such site has ever been
commissioned. The fuel rods, amounting to 32 tonnes of waste per year, have
increasingly populated the ponds at Koeberg. Eskom claims to have densified the
racks to allow storage for the 40-year life of the reactors (Eskom 2017).

In August 2015, it was announced that the operators of the Koeberg power
station, Eskom, would order seven new reinforced metal casks, supplied by US
manufacturer Holtec Interntional, at a cost of R200 million (12.8 million Euro).
The casks would store waste from Koeberg’s spent fuel.

By 2019, a further 30-40 dry storage casks would be ordered, constituting an
interim on-site storage facility. By 2025, the casks would all be transported to an
off-site “central interim storage facility” (Reuters 2015).
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2.3.4  Pelindaba smelter

In 2003, at least a decade after the decommissioning of NECSA’s enrichment
plants, the corporation applied for environmental authorisation of a new test
smelter (and two subsequent 4 tonne induction smelters) within Area 26 of its
premises at Pelindaba East, aimed at melting down 14,000 tonnes of uranium-
contaminated scrap metal used as equipment in the former enrichment programme
and stored at Pelindaba. NECSA had judged that smelting was the best way to get
rid of this equipment.

The smelting was aimed at separating the uranium from the molten metal,
and concentrating it in the slag. This would be collected, drummed and managed
as radioactive waste. NECSA’s estimate is that 1400 tonnes of material will be
smelted each year, allowing for an operations life of 10 years, after which it would
be decommissioned (NNR 2014a: 70-71).

However, strenuous objections were received by a number of NGOs,
including the Pelindaba Working Group, an association of concerned local
residents. They feared that emissions from the smelter would lead to radioactive
contamination of the area. When the minister of environmental affairs finally
authorized the smelters, on 31 August 2007, he rejected local complaints about
the emissions, the failure to have conducted an independent assessment of the
smelter technology, and the exclusion of local communities from the inadequate
consultation process. Objectors also feared that once the smelters had been
allowed to operate, the corporation would start to accept imported radioactive
waste. However, the Record of Decision accepted NECSA’s safety and other
assurances, but insisted that authorisation would fall away if not acted upon
during the following five years.

Nothing was done to commence work on the smelters within the five years,
and when the authorization lapsed on 31 August 2012, Earthlife Africa, a
concerned environmental justice organisation, took legal steps to ask for a high
court injunction to prevent NECSA from going ahead with their construction
(Earthlife Africa Johannesburg 2014). Without taking into account that the matter
was sub judice, the National Nuclear Regulator board approved of the smelters in
April 2013, and issued a licence to that effect on 2 July 2013.

After much negotiation between the parties, and a series of postponements,
the matter came up before Pretoria High Court. On 7 March 2017, Judge Rabie
dismissed Earthlife Africa’s application, allowing the smelters to go ahead
(Naidoo 2017). The court did not impose any obligation on NECSA to undertake
an Environmental Impact Assessment (EIA) process with respect to the climatic
impact of the smelters. This judgment therefore forecloses further opportunities
for public participation in expressing concerns about the smelters.
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2.3.5 Radioactive waste in the environment

For around 130 years, the area around Johannesburg has been at the centre of the
mining of the richest underground gold and uranium bearing reefs in Southern
Africa. The mining has occurred over an arc of approximately 75 kilometres,
along a geological ridge of white waters, or the Witwatersrand. This also
constitutes the continental divide with different rivers flowing into the Indian and
Atlantic Oceans (Turton et al. 2006: 316).

Today the gold and uranium are mostly mined out, and most mines have
closed, along with the companies that operated them. An extensive legacy of
environmental pollution goes unchecked, since little obligation was ever placed
on the mine owners to clean up the damage. Part of this damage to the environ-
ment has been the mismanagement of tailings dams, the huge piles of solid and
liquid wastes discarded by the extraction process. There are 270 tailings dams
across 400 square kilometres in the Witwatersrand, for the most part unlined and
unvegetated. In 1997, it was calculated that of 468 tons of mining waste, 221 or
47 percent came from the gold and uranium complex, and thus constituted the
largest single source of pollution in the country (DWAF 2001).

Additionally, bomb-grade 90 percent-enriched uranium from the dismantled
apartheid nuclear weapons is being held on site at Pelindaba under IAEA
safeguards. Some of this material has provided fuel for the Safari-1 research
reactor. However, the US exerted pressure on South Africa to run Safari-1 on
blended down uranium at a much lower level of enrichment.

The bulk of radioactive waste is generated by the mining and mineral
extraction industries and is situated in tailings dams in the mining areas. The
resulting dumps are not always revegetated, nor is the public removed from their
vicinity. This results in air and water borne contamination, and additional health
problems which are said to affect at least 1.7 million inhabitants living adjacent
to the dumps in the environs of Johannesburg.

Increasingly, attention is also having to be paid to the problem of acid mine
drainage (AMD), consisting of flows of polluted water from the mines into the
surface watercourses and underground aquifers surrounding the former mines. To
prevent this, water was pumped out of the mines, but since most have closed, the
pumping has also ceased, and the water table is rapidly rising towards the surface.
In the West Rand basin, the AMD has already entered the environment and has
been polluting watercourses for some years. This has led to some farmers being
prevented from allowing their cattle to drink water with elevated levels of
radionuclides. It has also led to the blinding of local hippopotami in nearby nature
reserves affected by the flows of AMD into their waterholes.

Worst of all, a population estimated at 1.7 million lives in areas subjected to
elevated radioactivity, without being informed of the dangers. Most are poor
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inhabitants of informal settlements located close to tailings dams, who continue
to grow crops and allow their children to play on contaminated land (the Tudor
Shaft example will be cited below, on page 317). Some pregnant women have
developed a custom of ingesting earth comprised of the waste in order to satisfy
a craving for minerals, without any awareness of the dangers of doing so. The
waste is bagged and sold all over the townships of the Witwatersrand. There is no
public education programme aimed at reversing this practice.5

It is likely that the Witwatersrand is the most radioactive urban area in the
whole of Africa. It would take a major public investment to rehabilitate the region
so that it causes no further harm to humans, animals and the environment.
Meanwhile the government struggles to deal with the consequences of AMD,
which it has characterized as a “potential environmental catastrophe” (DWAF
2009: 22).

2.4 The waste management strategy

Until obliged to do so by the courts in 2005, there had been no specific govern-
ment policy on the question of radioactive waste management. The policy docu-
ment subsequently produced (with almost no public participation) proved to be
agnostic on the question of long-term disposal of high-level radioactive wastes. It
produced a checklist of options (deep-level disposal, vitrification, etc.) from
which future policy makers might select. Therefore the policy is a shallow one
on paper, and does not specify a long-term strategy (DME 2005).

In the meantime, wastes that are being generated by power stations are
simply being held on site, mostly in cooling ponds. Justification is being given to
an increase in above-ground storage of some of this waste. Low- and
intermediate-level reactor waste is being contained in concrete and metal drums
and transported from the power station to a disposal site 700 km away. Some of
the wastes generated at and around Pelindaba find themselves being stored above
ground in varied configurations at the site.

The management of the national waste disposal facility has not always gone
smoothly, and the site has had to close temporarily before conforming to licencing
conditions. More recently it has been placed in the charge of a new radioactive
waste disposal entity, the National Radioactive Waste Disposal Institute, whose
problems are highlighted in a subsequent section. Management of wastes at the
former Radiation Hill (Thabana) at Pelindaba have also been criticised by the
media, the public and the regulator.

5 Mudanalo Tshishibedi, informant, 25 September 2015.
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Imports of enriched uranium and the transport of wastes place a very high burden
on South Africa’s already dangerous road system. Not enough information, skills
and budgets are available to adjacent municipalities to perform emergency
services when required. The state should review its radioactive waste manage-
ment policy, particularly in the light of its promotion of a fivefold increase in
nuclear electricity in the near future.

3 The legal and institutional framework
3.1 The legal framework

The Atomic Energy Act of 1949 established an Atomic Energy Board, which
became the main state body to control the production of and trade in uranium. In
1959 the Act was extended to allow the Board to undertake research, development
and use of nuclear technology. The AEB began with offices in downtown Pre-
toria, but by the mid-1960s had moved into a dedicated precinct on a farm outside
the capital. The farm was known as Pelindaba, Zulu for “the talking has ceased”,
which was an injunction for researchers to respect the secrecy associated with the
nuclear industry.

In 1970, Prime Minister B.J. Vorster announced in parliament that the Board
was being replaced by an Atomic Energy Corporation (AEC) and a separate
entity, the Uranium Enrichment Corporation (Ucor), which would establish
facilities for the conversion and enrichment of uranium on land at Valindaba (“the
matter is closed” in Zulu), adjacent and linked to Pelindaba. In 1985, the two
corporations merged under the AEC. The siting and the management of the
Nuclear Waste Disposal Facility for low and intermediate level waste was put
under the charge of the AEC.

The Nuclear Energy Act No. 131 of 1993 created the Council for Nuclear
Safety (CNS), a new statutory body which took over the regulatory function from
the former AEC Licencing Branch. The Council drew its staff almost exclusively
from former AEC employees. Theoretically the CNS had more independence, but
its small budget and staff establishment limited its effectiveness. There was no
provision for public participation in its work. The same Act governed nuclear
operations and nuclear regulation.

To correct this, the state created two new laws in 1999, separating out the
research and development establishment from the regulatory functions. The
Nuclear Energy Act 46 of 1999 transformed the old Atomic Energy Corporation
into the South African Nuclear Energy Corporation (NECSA). Under section 45
of the Act, the Minister of Minerals and Energy was given responsibility for the
management of radioactive waste and the storage of irradiated fuel:
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(1). The authority over the management and discarding of radioactive waste and the
storage of irradiated nuclear fuel vests in the Minister. (2) The Minister in consulta-
tion with the Minister of Environmental Affairs and Tourism and the Minister of Wa-
ter Affairs and Forestry may make regulations prescribing the manner of manage-
ment, storage and discarding of radioactive waste and irradiated nuclear fuel. (3) The
Minister must perform that function with due regard to the provisions of the National
Nuclear Regulator Act 47 of 1999 (South Africa, 1999).

It was envisaged in section 45(2) that something would be done in an undefined
future to establish regulations for the disposal of radioactive waste. Glazewski
(2000: 585) suggests that “this is irresponsible and that until a clear and
satisfactory policy is established for dealing with nuclear waste and regulations
are in place in this regard, nuclear processing should not continue.”

The companion act, the National Nuclear Regulator Act 47 of 1999 separated
out the functions of the regulator from the research and development function.
The Act created the National Nuclear Regulator (NNR), a successor to the CNS,
and gave it full licencing authority over nuclear facilities. In addition, the NNR
was made responsible for managing the safe transport of radioactive materials in
line with TAEA regulations.

In 2008, new legislation was passed to create the National Radioactive Waste
Disposal Institute, aimed at taking over the management of nuclear waste from
the AEC. It took another six years before the Cabinet approved the first Board of
the NRWDI, whose term of office began on 1 January 2014.

3.2 The institutional framework

From the beginning of uranium mining in the 1940s, no government has seriously
considered a policy on radioactive waste, despite this being envisaged in the
legislation of 1999.

It should be mandatory for every country with nuclear facilities to install a
nuclear regulatory authority. In South Africa’s case, no such body existed prior
to 1988. This is at least 40 years after the creation of a uranium mining industry
and the AEB, whose brief included the conduct of nuclear research and develop-
ment.

Until 1988, the operation of nuclear installations was inspected by the
licencing branch of the AEC. While licencing is an important part of the
regulatory process, a full-scale regulator has to monitor a much wider range of
contingencies.

Because this internal licencing process ran against global practice, the
government of the day decided to carve the licencing branch out of the AEC and
declare it to be the new regulator. Between 1988 and 1999 it was known as the
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Council for Nuclear Safety (CNS). During this phase the same piece of legislation
covered the regulation as well as the promotion of the industry.

Even the management of the CNS found this situation untenable and began
to lobby for a discrete law to provide for regulation. The outcome was successful
and in 1999 a new law created the National Nuclear Regulator, successor to the
CNS.

Part of the governance problem has not been resolved. Although the
regulatory functions have been placed in a separate Act, the energy minister now
has political responsibility for both the promotion and the regulation of the
industry. This may present a conflict of interest for the minister when she is in a
position to decide between promotional and regulatory priorities and has created
a problem for democratic governance in the sector. The NNR should have been
granted more independence, falling under a different department of government,
or even becoming a “chapter nine” institution (an autonomous body) under the
provisions of the South African Constitution. This would have removed the
potential for any conflict of interest.

The NNR operates under both budgetary and human resource constraints
(NNR 2008: 4). Together with its limited political leverage, this has made it
extremely difficult for it to take on the well-entrenched and powerful mining
industry with its huge legacy of indiscriminately depositing radioactive waste in
the form of mine tailings and slurries in the Witwatersrand and other uranium
mining areas. Under enormous public pressure, it has only since 2007 teamed up
with the Department of Water Affairs in addressing the massive contamination of
the Wonderfonteinspruit, a tributary of the Vaal River on the West Rand, by
establishing a steering committee to implement a remediation action plan.®

The scientific reporting of the NNR has turned out to be inadequate and
unreliable. This was demonstrated when its reporting on the levels of contami-
nation of the Tudor Shaft area in the Wonderfonteinspruit catchment, outside
Johannesburg, where communities had built informal housing on radioactive land
close to mine tailings. The NNR reported in a publication (NNR 2010) that it
could find no evidence of a threat to the public. Diligent NGOs encouraged the
intervention of an independent scientist who verified that the contamination was
a serious threat to health (Busby 2011). Worrying mistakes were identified in the
NNR report, for example, on the calculation of dose impacts. Licking its wounds,
the NNR claimed that it was “not a research body” and it sheepishly undertook to
revise its findings. Clearly its level of scientific and radiological expertise is poor
(Fig 2010a: 23-25).

6 Interview with Mariette Liefferink, chief executive officer of the Federation for a Sustainable
Environment, 16 June 2011.
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As such it is generally a weak protector of the public interest, and often fails to
understand its mandate. For example, instead of taking the lead on questions of
radioactive contamination, it waits for other government agencies to become
active. It fails to recognise its broad responsibility and argues that it is only
accountable for overseeing licenced nuclear facilities. Therefore it cannot func-
tion effectively to reduce radioactive contamination outside these facilities,
which, in the case of South Africa, is quite extensive. Thus the NNR has played
a very ineffectual role with respect to the seepage of waste water from abandoned
mines (known as acid mine drainage) into the environment. This waste water is
highly contaminated due to the presence of radioactive and toxic radionuclides.

The NNR’s record with respect to transparency and openness has been
somewhat contradictory. Despite its mandate to include representatives from
labour and affected communities on its Board, it acted very slowly in doing so.
Until late 2003, it had appointed a former Eskom (utility operating Koeberg)
employee as its community representative, despite many approaches from civil
society organisations denouncing this person as an illegitimate spokesperson for
community interests. Only after this did the NNR advertise the position more
broadly so as to attract a representative of affected communities and labour.
However the voices of these representatives have not carried huge weight in the
Board, and in some cases, have experienced being silenced by confidentiality
provisions. In recent times, community representative Mariette Lieferrink has
resigned from the board after being blocked from playing a representative role
and pressing for the body to become more effective. Instead the NNR chose a
community representative from a government-aligned body, who has had no
interest in making the body more accountable.

One compromise of the Board’s position was the appointment as chief
executive officer of the NNR in April 2005 of Maurice Magugumela, a former
safety and licencing manager of the PBMR company. The appointment was made
by the minister over the heads of Board members, a practice in clear violation of
the NNR Act. Later this was given full Cabinet approval. This showed the
impunity with which the Minister acted to create a “revolving door” between the
industry and the regulator, at a time when the regulator needed to be seen as
scrupulously impartial and to reject special interests. During Magugumela’s three
years in office, there was a notable downturn in the release of information to the
public. The NNR refused numerous applications by civil society organisations
for documents to which they were entitled under the Promotion of Access to
Information Act (PAIA) (Fig 2009b).

As government policy foresees an immense expansion of the nuclear
industry, so the question of the competence of the regulator can no longer be seen
as a side issue. The NNR needs a major revision of its core competencies in order
to be able to safeguard the population from radiation risks and regain public
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confidence. It needs to ensure that its mandate to regulate is broadly implemented,
and conduct appropriate scientific investigations. It needs to become more inde-
pendent of the strongly promotional Department of Energy and more accountable
directly to the public and to parliament. It needs to function free of licencing fees,
on which it relies for the bulk of its income. This gives it a built in stake in the
expansion of the industry. There needs to be a complete review of the effective-
ness, transparency, objectivity and neutrality of the NNR and a complete overhaul
of its skills and its understanding of its legal mandate.

Former NNR board member Liefferink, who developed a strong critique of
the institution, stated the following: “You judge the future from the current. I
judge the NNR on what they are doing now. And I judge it from physical or real
evidence. And I despair. Because if we cannot even manage or monitor our low
dose radioactive waste from the mining industry, let alone the radioactivity from
nuclear facilities, then I really despair.””

However, the NNR played a role in exposing the wholesale breach of
licencing conditions by the AEC at its disposal site for low and intermediate level
radioactive waste in Namaqualand.

In 2002, environmental watchdog organisation Earthlife Africa challenged
the government’s acceptance of a flawed Environmental Impact Assessment
(ETA) of the now defunct Pebble Bed Modular Reactor (PBMR) (Andrews and
Pole 2002; Wynberg and Fig 2014: 332ff). Earthlife listed its objections to the
facts that the state had not demonstrated the need for the reactor, grossly
underestimated the safety of its design, had not taken full costs into account, did
not have a policy on radioactive waste nor an integrated energy plan. The EIA
process had also violated Earthlife’s right to be heard, as its submission had never
been considered before the Record of Decision was issued. Judge Dennis Davis
of the Cape High Court reversed the state’s positive Record of Decision, on the
grounds that the decision maker should be “fully informed of the submissions
made on behalf of interested parties and ... should properly consider them”
(Earthlife Africa Cape Town 2005: para. 76).

Eskom set about instituting another EIA. To pre-empt some of the potential
Earthlife objections, it announced that the next design would include a contain-
ment building (to redress safety concerns) and that the government would be
requested to put in place a policy on the disposal of radioactive waste.

At the behest of these pressures, the Department of Minerals and Energy set
about putting together a policy document on radioactive waste. Not having its
own expertise on the matter, it based the policy on the advice of a French
consultant close to his country’s nuclear industry.

7 Personal interview, 16 June 2011.
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The national policy and strategy document is a minimal intervention in setting the
way forward for the management of radioactive waste. It sets out a list of
principles within which the policy is established, notably drawn from the JAEA
and obligations under national legislation, such as the existing nuclear energy and
nuclear regulatory acts, and the national environmental management act (op. cit.:
8-11). It foresees NECSA handing over responsibility for radioactive manage-
ment to a new body that would continue to rely on NECSA’s infrastructure (op.
cit.. 15-6) and creates an interdepartmental executive committee to discuss waste
management (op. cit.: 15). It reviews existing practice, but does not comment on
its efficacy. The Vaalputs site will continue to be used for storage of low- and
intermediate-level wastes. It notes that spent fuel is currently stored on site in
ponds at Koeberg and Safari 1, also in canisters at the latter site. It states that this
could continue for the lifetime of Koeberg, and that this should continue in the
interim, but that “storage of spent fuel at a reactor site is not sustainable over long
periods of time. Government shall ... investigate the options for safe management
of these wastes in South Africa” (op. cit.: 26).

However the policy made no choice of disposal technology, whether above
ground, reprocessing, deep geological disposal or transmutation of the wastes.
The document leaves the choice of options to future decision makers. Therefore
it is questionable whether the document provides any fresh policy recommen-
dations at all with respect to the management of radioactive waste.

In one of the forewords to the document, the deputy minister of minerals and
energy said that “the radioactive waste management policy was founded on the
belief that nuclear resources are a national asset and the heritage of the entire
people and should be managed and developed for the benefit of present and future
generations in the country as a whole” (op. cit.: 6).

To remove the onus on NECSA for managing the country’s radioactive
waste, the government legislated the creation of a National Radioactive Waste
Disposal Institute with Act 53 of 2008. In 2009, the Act was promulgated by
parliament.

It took a further five years before the state-owned institute was launched. In
January 2014 the minister of energy appointed its first board members. The
NRWDI was given the function of managing all the country’s radioactive wastes.
These include wastes from the use of ionizing radioactivity emanating from
medical, mining and energy-related facilities. Despite claims to the contrary, there
was scarcely any public consultation on the establishment of the institute. The
NRWDI took over the management of Vaalputs, the current repository for low-
and intermediate-level radioactive wastes, and will have to construct, manage and
monitor any future radioactive waste disposal facilities (Tancott 2014).
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No country has yet developed and licenced a high-level radioactive waste deep
disposal facility. One of the roles of the NRWDI will be to research and develop
such a facility.

Thirteen months after the launch of the NRWDI, the minister of energy
announced that she was setting up a task team to investigate “serious
mismanagement in relation to corporate governance and management issues” at
NRWDI and NECSA. The task team consists of representatives of the depart-
ments of Energy, Mineral Resources, International Relations and Cooperation, as
well as the National Energy Regulator of South Africa (NERSA).

Concerns of the task team were said to include that NECSA was in the red
to the extent of R147.8 million (9.5 million Euro). Although it was supposed to
report back by 31 March 2015, no report had entered the public domain as of
April 2017.

Conflicts within the Board continue to dog NECSA (Mail & Guardian 2015;
Business Day 2015). “If left unattended,” the minister stated, “they (the concerns)
may adversely impact on the effectiveness of the board in overseeing and guiding
NECSA and NRWDI operations” (Engineering News 2015).

In view of the forthcoming procurement of six to eight new nuclear reactors,
the minister cannot afford to have such a serious governance crisis in its key
nuclear institutions.

4 Siting procedures
4.1 Procedures and criteria for site selection and compensation mechanisms

In South Africa it is mandatory to obtain authorisation for the siting of nuclear
installations. The applicant for a licence must provide an up-to-date safety
assessment, including a risk assessment, and this must take into account feedback
from local and international experiences. The regulator receives a site safety
report which characterizes the site and shows how plant design will meet safety
standards. The site safety report must take into account the ecology of the
surroundings, population distribution and growth, land and sea use, the location
of transport and infrastructure facilities, meteorology, oceanography, hydrology,
geology, seismology and cooling water supply. It would also outline impacts of
natural and human-generated hazards, and the steps taken to ensure site control
and emergency services. If the regulator concludes that the site is unviable or
unsuitable, no authorisation will be granted.

As pointed out earlier, siting of the Vaalputs disposal site in the 1980s, only
took into account the presence of “white” settlement, ensuring a 50 km buffer
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zone. However, settlements of indigenous Nama people were not given this
consideration, and some found themselves living within 24 km of the site.

There is as of yet no plan for the implementation of deep-level disposal of
nuclear waste. Storage of various types of waste has expanded at the Pelindaba
site. In addition, spent fuel at the existing Koeberg power station has had to be
“re-racked” in cooling ponds with the installation of high-density storage racks.
Pressure to extend the life of the reactors, and the storage configuration itself,
have led to consideration of storage of some spent fuel on site on an interim basis
in above ground dry storage casks of the Castor X/28 type (NNR 2014b: 66).

No mechanism for granting compensation to affected parties has been
envisaged, for example, in a case involving forced population removal. The state
usually provides for occupational compensation, but some hundreds of Pelindaba
workers who claim to have been irradiated while working in the complex in the
1980s, are today still struggling to obtain compensation (PMG 2007; Gilbert
2008). Their case is currently with the Office of the Public Protector, whose report
is said to be imminent.

During the resolution of this case, it transpired that NECSA had not been
keeping reliable, retrievable medical records for its personnel. This clearly
undermined the possibility of the workers being able to satisfy strict conditions
proving occupational exposure. A committee appointed by NECSA to resolve this
matter ended up spending its budget on its own meetings and failing to report
back.

Planning should take into account the full life of the nuclear facility in order
to assure that emergency planning arrangements for the site are viable throughout
this period. Technology has enabled the extension of the lifetime of reactors, and
the Koeberg nuclear power station is installing technology that will extend its life
from 40 to 60 years.

Most household insurance clauses exclude liability for very serious nuclear
accidents. In the secret agreement with Russia, it was revealed that South Africa
would give Rosatom considerable control over the local nuclear energy industry
without holding Rosatom liable in any way for any accidental damage.

4.2 Socio-economic impact

The social and economic impacts of nuclear waste cannot be entirely
distinguished from those arising from the nuclear industry in general.
Nevertheless, there are a few specific elements that pertain to the impact of waste.

The radioactive residues arising from the gold and uranium mining
industries, left in the environment, have a profound impact on the health of 1.7
million people living adjacent or in contact with these wastes. The toxic and



FOR REFERENCE PURPOSES ONLY

318 David Fig

radioactive nature of the wastes creates epidemic levels of cancer, elevates levels
of genetic disturbance, and also contributes to weakening resistance to other
diseases such as tuberculosis and the HIV. These impacts range across the
Witwatersrand basin, into the North-West and Free State provinces.

Nuclear installations that produce waste are not big employers, and
contribute less than other sources of energy generation to combatting the scourge
of unemployment. Investment in nuclear also crowds out potential investment in
cleaner energy technologies. A study conducted by the Energy Research Centre
at the University of Cape Town predicts a loss of 75,000 jobs should the nuclear
build programme go ahead and should costs be high (ERC 2015: 14-15).

The waste has to be kept on site or transported long distances on South
Africa’s notoriously accident-prone highway system. The waste passes through a
number of impoverished local authorities whose scarce resources impede them
from developing accident prevention and management strategies. This imposes a
significant risk burden on those who benefit little from the industry, and increases
their poverty.

Nuclear procurement of another 9.6 GW - because of the enormous cost -
creates opportunities for corruption in a society whose anti-corruption measures
are either absent, poorly implemented or deliberately overlooked. There is wide-
spread mistrust in the incumbent president, who has sidestepped corruption
charges, and continues to favour members of his family and his wider entourage.
Electricity, in order to reach the masses, has to be affordable, and nuclear is
proving to be one of the most expensive sources. Despite a considerable expan-
sion of electrification, levels of poverty mean that the poor and disadvantaged
struggle to afford it. In turn, this places a burden on women and the environment,
learners’ chances to do homework at night, and the option of running small
businesses. Affordability is also a consideration for large electricity users. This is
why nuclear technology has been rejected by the Electricity Intensive User Group,
which includes the three dozen corporate users of bulk electricity, including
mines, cement producers, smelters and other firms.

In the fiscal year 2017/2018, budgetary allocations for the National
Radioactive Waste Disposal Institute (NRDWTI), the state-owned company legally
charged with managing the country’s nuclear waste, amount to R20 million (1.4
million Euro). It is unclear whether the substantial wastes stored at Pelindaba fall
under the budget for the NRDWI or that of NECSA, which totals R64.8 million
(4.5 million Euro). If the latter, only a portion of the total would cover the waste
management at Pelindaba (Kubayi 2017).

Radioactive wastes have to be managed for long periods of history, so the
burden of risk has to be shared across numerous generations, most of which will
have no say in the process. Ongoing costs of management have to be assumed by
the state. Hence falling on all citizens, not just the users of nuclear electricity.
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Even were there to be a moratorium on future development of the nuclear
industry, there is already a significant legacy which will have to be addressed for
a number of centuries to come.

As a country which still has to overcome massive levels of inequality,
poverty and unemployment, South Africans should acknowledge more clearly
that this burden is unaffordable financially and environmentally.

5 Information and participation

Prior to the advent of democracy (1994) and the formalization of an inclusive
Constitution (1996), the previous apartheid regime paid little attention for most
of its history to environmental questions, and was dedicated only to the parti-
cipation of white citizens. The whites were accorded the vote but the regime did
not make allowances for much day-to-day participation. Key political decisions
were conducted behind closed doors, and often in consultation with elitist
Afrikaner nationalist secret societies such as the Broederbond.

Given the already secretive nature of the nuclear industry, and its clear
linkages with a weapons programme, very little consultation even occurred with
elected representatives of whites. For example, the municipality of the city of
Cape Town was never consulted with regard to the siting of the Koeberg Nuclear
Power Station, located 23 km to its north-west. Very little political space existed
for objections to the state’s nuclear energy plans. When the reactors were
switched on, the city provided its ratepayers with supplies of iodine tablets, which
were thought to be helpful in building the thyroid’s resistance to radio-activity in
case of any leaks. The city’s Medical Officer of Health, Dr Reg Coogan, made a
public show of his decision to retire to an area outside the municipal boundary in
the opposite direction to Koeberg.

The most glaring violation of people’s rights came with the siting of the
Vaalputs nuclear waste disposal facility, 700 km north of Cape Town, in the
district of Namaqualand. In choosing the location, researchers had also drawn no-
go areas in a radius of 50 km around what were then white-run municipalities in
the district. The indigenous Nama people, who occupied remaining land, were
neither consulted nor included as part of any buffer zone. The settlements of
Paulshoek, Nourivier and Leliefontein were each less than 50 km from Vaalputs.

“Must we prepare our own gallows?” community leader Oom Oulak asked
when subsequently informed of the decision. Another revered community elder,
Oom Japie Bekeur, went on to question the justice of locating Vaalputs so close
to Nama settlements: “Why should we accept that radioactive waste be buried
close to our homes when we are not even supplied with electricity?” In a local
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community newspaper, Namaquanuus, journalist Elizabeth Beukes confirmed
that there was no consultation whatsoever with the people of the area. “For the
AEC,” she claimed, “our people do not seem to exist.” Apartheid planning refused
to take the voices of indigenous communities into account (Fig 1991: 122-123).

Communities had to rely on the voices of activists to keep them informed. In
Kommaggas, the Rev Peter Grove and his wife Terry made sure that their
congregants were aware of developments. The Namaqualand branch of the
National Union of Mineworkers, advice centres, the Namaquanuus, and
environmental organisations based in Springbok and Cape Town all contributed
to greater public understanding of what was at stake (ibid.).

The secrecy around Vaalputs has also alarmed the local population. “We
regard it as dangerous because they are keeping it secret and because they don’t
want to consult with us,” according to local resident Petrus Rosseuw. He goes on
to say, “What I still don’t understand is that after all these years most people in
those small communities still don’t know what is going on there. The people they
employ there — and I am not scared to say this — must shut their mouths in order
to keep their jobs. And even when meetings are open to the public, the information
policy of the AEC has upset the locals.”®

Oom Wolfie Waldeck of Rooifontein village agrees: “I have attended their
meetings, where they only tell the people about the positive aspects of nuclear
waste, but the dangers are never explained to you. If the government thinks it isn’t
dangerous, then why can’t Koeberg bury the waste in its own back yard?”9

In Cape Town, attention was focused on the siting of the reactors. There was
enough public interest to establish a credible anti-nuclear campaign, Koeberg
Alert, which originally formed a number of locally based committees, including
one which was based in a dormitory industrial working class area close to the
Koeberg site, called Atlantis. The campaign raised funds, held public debates,
engaged with the media, the universities, and the growing wave of anti-apartheid
civic and trade union movements. A number of its activists were detained in state
clampdowns, particularly around the 1986 State of Emergency. The climate of
repression was such that activists had to exercise great caution. For example, the
offices of Koeberg Alert in Community House, Salt River, which also housed
faith-based organisations, labour groups, community arts projects and the United
Democratic Front, was bombed by security police agents in August 1987.

By the end of the 1980s, it was clear that the apartheid regime was morally
and financially exhausted. As the popular anti-apartheid movement gained

8 Interviewed by Helena Kingwill for the film Buried in Earthskin, 2010.
9 Interviewed by Jenny Hunter for the film Uranium Road, 2008.
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traction, the new wave of environmentalism also took the question of human
rights extremely seriously. Its focus was no longer simply on the protection of
species or landscapes, but had a stronger accent on reversing environmental
injustices which had disproportionately affected the poor. As power passed to the
liberatory African National Congress, so the activists were drawn into projects to
democratize environmental governance. A strong national organisation, the
Environmental Justice Networking Forum, with 500 affiliated groups at its height,
participated in multi-stakeholder processes to craft new democratic environ-
mental laws, containing ample provisions for public participation. EIA regu-
lations, informal during apartheid, were codified, honouring the right of public
participation.

This window lasted to the end of the 1990s, when the ANC assumed its
governance role more exclusively, downplaying an independent role for activists,
while incorporating some of them into structures of government. Bureaucratic
alliances were made, not with progressive elements, but mostly with the residue
of former public servants, who had survived under a compromise agreement
called the “sunset clause”. Activists found that they were excluded from access to
the state, and began to play a role as a progressive opposition, without having
political party representation. Whether campaigning on issues of human rights,
land, health, education, jobs, social provision, environment or information, the
activists were faced with a conservatizing state and ruling party which had
embraced a neo-liberal ideology.

In relation to the nuclear industry, the ANC government was at first
suspicious, applying more stringent spending constraints to the research function,
and commissioning studies to address the future of Koeberg and Pelindaba.
However, by the time of the 1996 Energy Summit, which involved the parti-
cipation of various social sectors and affected communities, the state no longer
pursued an agenda of closing the industry down. Gradually Pelindaba was
allowed to propose and receive funding for research into a high temperature
Pebble Bed Modular Reactor.

Public participation took the form of opening up of anodyne public fora at
both Koeberg and Pelindaba. Often the industry used its insiders to block effective
proposals from the activists. Similarly the 1999 law establishing the National
Nuclear Regulator allowed for both a community and a labour movement
representative on its board. In practice, these representatives have to abide by
confidentiality clauses that prevent them from speaking out in public. A key
activist who became a community representative on the NNR board found that
she could not uphold her community commitments by continuing to remain silent.
This provoked her representation, and she was replaced by a government loyalist
from a moribund civic federation.
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Activist movements have been more effective intervening by means of litigation
or making legal challenges to EIA decisions. This strategy was helpful in finally
getting government to develop a policy on nuclear waste, and contributed to
government reconsidering its commitment to the PBMR. It has not prevented
NECSA from building smelters, as we have seen. The judgment is still awaited
on the case challenging government’s secret agreement with Russia to favour
Rosatom’s bid to develop more nuclear power reactors for South Africa.

The latter case, although launched by environmental NGOs, has attracted
universal interest across all social sectors, who recognise the centrality of the
nuclear procurement in the plans of President Zuma. Because this would be the
most expensive infrastructural project in the country’s history, and because the
President is implicated in favouring corruption of the procurement process, the
nuclear industry is no longer considered marginal but a central issue in
contemporary South African politics.

The issue has united not only the environmental movement, and its faith-
based allies, but anti-corruption and human rights groups, progressive trade
unions, most of the business sector and financial press, in a loose cross-class
alignment which is gathering support. This may in the future help to defeat the
president, his loyalist beneficiaries and the nuclear lobby, while ushering in a new
phase of energy democracy for the country.

The regulator makes little provision for stakeholder involvement in the
licencing process for nuclear installations. However, the law states that Envi-
ronmental Impact Assessments (EIAs) have to be conducted for nuclear
installations. EIAs allow for the registration of interested and affected parties
(I&APs) who must be invited to public meetings and allowed a reasonable time
to submit written comments on proposed developments. The applicant usually
employs a consultant firm to manage public participation. Nuclear installations
are deemed to be the purview of national-level authorities, so the municipal
authority is only listed as an I&AP and the EIA is not held under its auspices.

Additionally, there was no broad stakeholder public consultation when the
Department of Minerals and Energy set about putting together a policy document
on radioactive waste. The period allotted for public comment on the national
Radioactive Waste Management Policy and Strategy was so short that the
minister of minerals and energy was forced by public opinion to extend it for an
extra ninety days (DME 2003). Very few of the concerns expressed by the public
found their way into the final policy document (DME 2005).

In practice, I&APs have complained that documentation is not provided in
accessible language, that the zero (non-development) option is seldom addressed,
that deadlines are often set at inconvenient times (e.g., during summer holidays).
On occasion, I&APs have been obliged to turn to litigation to ensure that there is
fair application of administrative justice.
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6 Conclusions

As has been demonstrated, South Africa has a weak legacy of radioactive waste
management. Yet despite that, President Zuma strongly favours a fivefold expan-
sion of its nuclear power generation capacity. This would necessarily mean a
multiplication of the amount of nuclear reactor waste that has to be managed.

Estimates for the overnight cost of the additional procurement of six to eight
reactors, generating 9600 MW of electricity, have ranged between R450 and
R1200 billion (29 - 77.3 billion Euro). This would make it by far the largest
infrastructural investment ever undertaken by the South African state.

The state envisaged a procurement process to get vendors to bid for the new
build programme. Potential vendors included Areva (France), China Guangdong,
KEPCO (South Korea), Rosatom (Russia), and Toshiba/Westinghouse
(US/Japan). Of these, both Areva and Westinghouse are experiencing serious
financial setbacks (Prof. S. Thomas, quoted in BBC 2014; Cardwell and Soble
2017), while Rosatom will lose its state subsidies and bailouts by 2020, according
to its chief executive officer (Alimov et al. 2017: 4; World Nuclear News 2016).
As a result of a pre-bidding request for information (RFI) in 2017, 27 nuclear-
related companies expressed interest, but these are probably not all reactor
vendors. Due to offers by Rosatom to fund the construction of the reactors, and
strong links between Presidents Zuma and Putin many felt that Russia might have
the edge in the bidding process. South Africa has sought to sign nuclear co-
operation agreements with all the vendor countries. Most of these did not contain
contractual commitments. However, the agreement with Russia did contain an
agreement that Rosatom would build the new nuclear fleet, get control of South
Africa’s nuclear establishment and would be exempt from any liability for nuclear
accidents or damage. The agreement was not released to the South African public,
and only discovered later on the website of the Russian Ministry of Foreign
Affairs (Earthlife vs Minister of Energy 2017).

Two NGOs, Earthlife Africa and Southern African Faith Communities’
Environmental Initiative, sought relief from the courts to contest the legality of
the nuclear build, the procurement process, and especially the content of the
secretive agreement with Russia. On 26 April 2017, the Western Cape High Court
pronounced judgement. The procurement process and its allocation to Eskom was
declared illegal, as were the nuclear agreements with Russia, the USA and South
Korea. The national electricity regulator was berated for rubber stamping the
government’s procurement decision without ensuring a process of public inquiry.

This judgement has come as a huge blow to the state’s nuclear plans, forcing
the procurement process back to the drawing board. It is unlikely that anything
can materialize within the final two years of Zuma’s presidential mandate. His
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aspiration to see the nuclear procurement as part of his legacy to the nation has
thus been thwarted by the courts.

There has been substantial public disquiet expressed over the procurement
programme, with key misgivings being the enormous cost (renewables are now
cheaper than coal and nuclear), the potential for corruption, the overinvestment in
a rigid centralized form of power, the dangers posed by the technology, the lack
of a solution to the safe disposal of the waste, security over the nuclear material,
and the potential for future proliferation of nuclear weapons. Power cuts have
played a role in softening the public up for acceptance of the deal, however,
despite this, serious opposition has been expressed by the private sector, the
business press, the intensive users of electricity (constituting 44 percent of
consumption), faith-based groups, and environmental and climate campaigns.
Some parts of government, including the National Planning Commission, and
research groups like the Energy Research Centre (University of Cape Town) and
the CSIR have raised concerns. Only the Presidency, the utility Eskom, tender
beneficiaries and the small but well resourced nuclear lobby seem to be in favour.

The nuclear procurement process has also been cited as a reason for the
dismissal of Minister of Finance Pravin Gordhan on 31 March 2017, as well as
one of his predecessors. Minister Gordhan had been a well-known opponent of
the nuclear-build programme on financial grounds, and this had antagonized
President Zuma, who has been a strong proponent. The cabinet reshuffle has been
extremely controversial, and provoked the investment ratings companies to
declare that South Africa had been downgraded to junk status.

Because of these consequences, Zuma’s ambitions have placed the question
of South Africa’s nuclearized future at the centre of politics. For the present, it is
difficult to see the procurement succeeding in the short term. Zuma’s political
successors are unlikely to champion this procurement so strongly.

However, while vested interests still exist, it is too early to write the pro-
gramme off entirely. The abiding question is whether South Africa possesses
sufficient technical skills, finances and commitment to manage the resulting
waste effectively and carefully regulate an expanded nuclear industry.
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