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FOREWORD

The objective of this study is to provide an overview of the current management of radioactive and hazardous wastes. Its intended audience is policy makers and interested stakeholders.




This work has two themes that compare:



	radioactive and hazardous wastes and their management strategies in general; and

	the management of wastes arising from coal and from nuclear power generation in particular.


These two themes provide two distinct perspectives. The first illustrates that the disposal of radioactive waste is not a uniquely difficult issue, as is sometimes perceived. The second compares the wastes arising from two of the probable low-carbon baseload electricity generating technologies to be used in the future: nuclear power and coal-fired generation with carbon capture and storage. Neither technology is without its waste challenges, although they are very different, and both will rely to varying degrees on geological storage.




The goal of these comparisons is to illustrate similarities and differences in these wastes and their management. Aspects of the wastes and their management that are examined include the inherent hazards of the waste, risks posed, regulatory requirements applied, treatment and disposal methods, risk communication, and social acceptance of disposal facilities and practices.




The study has been carried out by an ad hoc group of experts under the guidance of the NEA Committee on Technical and Economic Studies on Nuclear Energy Development and the Fuel Cycle (NDC) with participation by the OECD Environment Directorate, the International Atomic Energy Agency (IAEA) and the Secretariat to the NEA Radioactive Waste Management Committee (RWMC). The study was also reviewed by the RWMC before publication.
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KEY POINTS FOR POLICY MAKERS

In OECD countries, both radioactive and hazardous wastes (a term used in this report for potentially dangerous non-radioactive wastes) are strongly regulated and safely managed. The principles applied to the management of both waste types are essentially the same.




The safe disposal of radioactive waste is not the uniquely difficult issue that is perceived by the media, much of the public and by many politicians:



	Radioactive waste is produced in much lower quantities than hazardous waste.

	Low-level and short lived intermediate-level wastes (LILW-SL) are already being disposed to repositories in many countries. On a volumetric basis, some three quarters of all the radioactive waste created since the start of the nuclear industry has already been sent for disposal.

	Whilst concern is expressed that some radioisotopes in waste decay so slowly that they remain potentially dangerous for very long periods of time, some hazardous wastes (e.g. mercury, arsenic) have infinite lives.


Radioactive wastes arise from the nuclear industry, from other industrial sources and from medical applications. The eventual safe disposal of all categories is a necessity with or without any further construction of nuclear power plants.




There is a worldwide consensus amongst technical experts in the field that properly established deep geological disposal is an entirely appropriate management approach for high-level waste and spent nuclear fuel (HLW/SF). While facilities exist in many countries for LILW-SL there is, as yet, no facility for HLW/SF.




Opinion polls clearly show that the issue of radioactive waste disposal features strongly in the public’s often negative opinion of nuclear energy. Neither governments nor the nuclear industry have been able to effectively communicate the risks and benefits of nuclear power and waste disposal in a manner that could secure public acceptance of disposal facilities.




Even though hazardous wastes are produced in much larger quantities and arise from a much larger number of sources than do radioactive wastes, arrangements for their safe management and disposal have not attracted the same degree of public and political attention.




The hazardous waste management industry has been more successful in implementing final disposal arrangements than its radioactive waste counterpart. Indeed, over recent time the hazardous waste industry has concluded that deep geological disposal of some infinitely lived wastes is an appropriate disposal methodology, following the approach that the radioactive waste community have been endeavouring to pursue for many years. In contrast to radioactive waste, deep geological disposal for some especially hazardous long lived wastes has already been successfully achieved in some countries.




The facts that hazardous wastes are produced in much larger quantities and come from a much more numerous and diverse set of sources have provided strong driving forces for the resolution of hazardous waste disposal issues. In contrast, the much smaller quantities of radioactive waste, mainly arising from a very limited number of producers, has meant that storage has been a safe and economically viable option to date. This has reduced the necessity to establish final disposal arrangements and resulted in the deferral of potentially contentious decisions.




With the growing concerns on CO2 emissions and climate change, it is probable that there will be a growth in nuclear energy generation and also in carbon capture and storage (CCS) technology applied to coal and gas fired power stations. CCS is still under development and is not yet commercially available, but it is believed to hold considerable promise. Both nuclear energy and those fossil fired technologies equipped with CCS will rely on deep geological disposal for their important waste streams, albeit that CO2 is not considered to be a hazardous waste. In the case of radiological waste, the containment is based on a combination of a solidified waste form, engineered and geological barriers. In the case of CCS, the waste form is a supercritical fluid and containment relies only on geological barriers.




The reliance of both technologies on geological disposal provides both an interesting parallel and a contrast, particularly in view of the significant difference in quantities and engineered barriers. However, the consequences of repository failure differ significantly between the two technologies. Given the solidified nature of the radioactive waste form a catastrophic major release is virtually impossible and the concern relates to health consequences of very slow releases via groundwater transmission in the very long term. In contrast, a catastrophic release of CO2, whilst unlikely, is possible for CCS if, for example, there were to be a pipeline transportation or injection well capping failure. Such a release could result in deaths in any local community. However, slow long term CO2 release is more probable, but would have negligible health consequences beyond that of contributing to global warming.




EXECUTIVE SUMMARY

Each year society produces 8 000-10 000 Mt of waste worldwide (excluding overburden from mining and mineral extraction wastes, which are not usually counted as a waste). Of this about 400 Mt is hazardous waste and about 0.4 Mt is radioactive waste, which is mainly currently being generated by the world’s nuclear power plants and their fuel cycle support facilities.




The objective of this NEA study is to put the management of radioactive waste into perspective, firstly by contrasting features of radioactive and hazardous wastes, together with their management policies and strategies and secondly by exploring the wastes resulting from the most important future alternative technology for generating low carbon release electricity. Hence the study has two themes that aim to offer policy makers a broad perspective on the similarities and differences between:



	Radioactive and hazardous wastes and their management strategies

	Management of wastes from coal and from nuclear power generation


Direct comparisons between radioactive and hazardous waste management must be done very cautiously because the very different hazard characteristics of the two waste types require different processing techniques to assure safety. However, there is a fundamental and essential similarity: both radioactive and hazardous wastes have the potential, if not managed appropriately, to cause environmental harm and to damage human health.




Similarly, there are significant differences between the wastes produced by different power generation sources and again any comparisons must be undertaken cautiously.

Theme 1 – Radioactive and hazardous wastes and their management strategies

In volume terms, the global generation rate of hazardous waste is up to three order of magnitude higher than that of radioactive waste from the nuclear power industry; almost all industries and households generate hazardous waste, but most radioactive waste comes from a very few sources – primarily electricity generation.1 Taking the United States as an example, there are in the order of 100 times more large hazardous waste generators than radioactive waste generators.




Radioactive wastes, particularly those generated by nuclear power plants, also have well-known constant characteristics, which is a considerable advantage in being able to predict their behaviour when disposed to a repository. Waste characteristics, and therefore management strategies, are fundamentally different between hazardous waste (which can have a range of hazardous characteristics making it flammable, oxidising, corrosive, reactive, explosive, toxic (including carcinogenicity) or ecotoxic) and radioactive waste which, in broad terms, has only radioactivity (which can cause serious tissue damage or fatalities at high doses and which may cause cancer in the long term at lower doses) as a hazard. Radioactivity decays predictably over time (albeit that for some isotopes this is over a very long timescale), so the hazard associated with radioactive waste continuously reduces. Whilst much hazardous waste can be fully treated to pose virtually no hazard before it is disposed, the intrinsic hazards in some hazardous wastes remain for all time. In this sense there is a parallel between the most difficult wastes arising from the two categories; longevity is not unique to radioactivity.




The unit costs of managing hazardous waste are considerably lower than for managing radioactive waste. Hazardous waste management is generally carried out on a commercial basis with immediate payment for services received; for radioactive waste, funds are generally built up from electricity generation revenues to pay for future disposal in facilities that may not yet exist. In most cases, market forces drive early implementation of hazardous waste management facilities in a way that is not seen for radioactive waste.




The implementation time for hazardous waste management facilities is generally much shorter than for radioactive waste facilities; gaining socio-political acceptance for hazardous waste disposal appears easier than achieving acceptance for geological disposal of radioactive waste. This may be due to differing public perceptions regarding the risks posed by radioactive and hazardous waste disposal facilities.


Theme 2 – Management of wastes from coal and from nuclear power generation

In 2007, about 40% of the world’s electricity came from coal and 14% from nuclear generation. Globally, coal generation produces about 11 000 Mt/a (1 700kt/TWh) of wastes (including 10 500Mt/a of CO2; 1 600kt/TWh) and additionally some 20 000 Mt/a (3 000kt/TWh) of mining wastes. Nuclear generation, taking into account the wastes from plants that will eventually be decommissioned, produces <0.5 Mt/a of wastes (<0.2kt/TWh) and 45Mt/a (<8kt/TWh) of mining and uranium milling wastes. Unlike nuclear power, most of the waste products from coal generation are disposed directly into the environment. There is global concern about the climate change effects of CO2 emissions from fossil fired electricity generation, and air pollution from coal-fired electricity production includes a mixture of species potentially damaging to health and the environment.




In the vast majority of countries, all solid waste from coal-fired generation is allowed to be disposed to landfill. A considerable proportion of nuclear power solid wastes (very-low level, VLLW) can be considered for disposal at simple landfill facilities; only about 2% of nuclear power waste is high-level waste (HLW) or spent fuel (SF), which contain most of the radioactivity, and for which no disposal facilities are currently available.2




Carbon capture and storage (CCS) are technologies under development to extract carbon dioxide from the exhaust stream of large stationary centres of fossil fuel combustion and prevent it from dispersing into the atmosphere. Both coal with CCS and nuclear power rely on deep geological repositories as their waste management solution. Waste from CCS would be disposed as a supercritical fluid3 contained only by natural barriers whilst waste from nuclear power would be disposed as a solidified and encapsulated product contained by both engineered and natural barriers.




CO2 is not considered to be a hazardous waste. A large prompt release (for example from a CCS well cap failure or a transmission pipeline break) could, however, constitute a major risk including potential fatalities. Putting aside these potential accidental releases, the main issue is the long term retention of the CO2 if the technology is to be effective in combating climate change. CO2 has been injected into oil reservoirs for almost 40 years to enhance oil recovery without detectable losses of CO2 over these timescales. However, measurement accuracy is insufficient to provide confidence for CO2 retention in the longer term. If there were to be long-term leakage, the impact on climate change would simply be deferred rather than eliminated. A key issue for investors will be the extent of their liability for long-term monitoring and potential remediation.




Geological disposal of CO2 may prove to become more contentious in the future; NGOs such as Friends of the Earth International and Greenpeace International support neither CCS nor nuclear power as a means to combat climate change. It is possible that CCS may, in future, suffer from the same public acceptance difficulties that have slowed progress in radioactive disposal.


Lessons learned

Both hazardous and radioactive wastes are generally well managed in OECD countries, although the public commonly perceives that both radioactive and some hazardous waste management are high-risk activities. However, there are many examples of hazardous wastes (including toxic and biohazard wastes) and radioactive wastes being safely disposed. Although large numbers of hazardous waste landfills exist worldwide, most countries with radioactive waste disposal capabilities have only a few near-surface facilities for low- and intermediate-level radioactive waste (LILW), although the disposal approaches and technological solutions are similar. The lower number of radioactive waste facilities is due partly to the fact that the volumes of waste requiring disposal are much smaller. Currently, there is no disposal facility in operation in the world for high-level waste (HLW) or spent fuel (SF), which are very small in volume but contain a very high proportion (~ 97%) of the radioactivity produced in the nuclear fuel cycle. As such it is the waste stream which attracts the most attention and it is regarded as the most problematic. There are also disposal issues associated with long lived intermediate level waste that need to be addressed since much of this may also need deep geological disposal.




In view of the larger number of hazardous waste facilities as well as the lack of disposal facilities for HLW, it would appear that the economic and other driving forces in place for implementation of strategies for hazardous waste management have been more effective in overcoming implementation obstacles, but the driving forces to implement radioactive waste management strategies have been much less effective.




The huge amount of hazardous waste generated by society means that timely decision-making on the implementation of management facilities was essential if countries’ industrial capabilities were not to come to a halt. There was therefore a clear national economic, and hence political, imperative to implement hazardous waste management processes, including disposal. The volumes of radioactive waste are relatively small, allowing the nuclear industry historically to manage them safely and economically using surface storage. Hence the national industrial capabilities were not broadly understood to be threatened by inaction and the same imperatives have not applied.




Because of the widespread generation of hazardous wastes there are market opportunities for the development of hazardous waste treatment and disposal. The same is currently not true for radioactive wastes, where the generators usually treat their waste in-house and, in many cases, temporarily store it on their own sites for eventual disposal without further treatment.




Although the technology is clearly still in its infancy, economic driving forces appear to have arisen for CCS plant proposed for coal-fired power stations. A methodology is available to assess the effect of CCS on greenhouse gas emissions, enabling countries to report emissions reductions due to CCS and providing the basis for its inclusion in emissions trading schemes.




One important factor, which appears to make timely decision-making less difficult for hazardous, compared with radioactive, waste disposal is that the public perceives a lower level of risk for hazardous waste management. A significant reason may be the difference in familiarity between radioactive and non-radioactive waste types. Many common household items such as constituents of refrigerators, fluorescent tubes and batteries are generally classified as hazardous wastes when they are disposed, and potentially toxic chemicals like wood preservatives and pesticides are in common household use. Thus, the public is broadly familiar with many types of hazardous materials that generate or may become wastes and can see a direct correlation with its lifestyle and personal convenience. Such familiarity does not generally exist for radioactive waste, as it is generated and managed by small numbers of people on relatively few sites. While people recognise that they rely on electricity, the source of power generation is remote from their everyday lives. Context and evolving views of public participation in decision making are also important; a new hazardous waste disposal facility is now likely to face considerably more opposition than in the past.




Another factor may be that the public recognises that management of large volumes of hazardous waste is a by-product of the economic activities that are necessary to maintain a modern industrial society. Many members of the public work at facilities or in industries generating these wastes. In general, the public wants to maintain the lifestyle that an industrial society provides and is therefore inclined to accept the risks associated with hazardous waste.




In contrast, for many people nuclear power represents complex technology that is difficult to understand and has not been seen as necessary by many for maintaining their desired standard of living (there are alternative sources for electricity generation). A 2005 Eurobarometer poll showed that disposal of radioactive waste was seen by many Europeans as a significant reason to oppose nuclear power. A majority of citizens in 16 of the (then) 25 EU countries said they would support nuclear power if the waste problem was solved, whilst a majority in only 8 countries would support nuclear with the waste issue unresolved. In addition, 92% of Europeans agreed that a solution for highly radioactive waste should be developed now and not left for future generations and 79% thought that the delay in making decisions in most countries means there is no safe way of disposing of highly radioactive waste.




These data clearly show the importance of the perceived risks of radioactive waste management and the impact of this perception on both the progress of implementing HLW/SF disposal facilities and on the acceptability of continuing or further expanding nuclear power generation. Support for nuclear energy will therefore be expected to increase when radioactive waste disposal facilities become available for HLW/SF.





Chapter 1

INTRODUCTION

Radioactive waste disposal, and in particular the inability of the nuclear energy community to establish any repository for high-level waste and spent fuel (HLW/SF) is one of the factors that significantly influence public and political acceptability of this energy technology. In many quarters the safe handling and disposal of radioactive waste is regarded as somehow uniquely difficult. The objective of this study is to consider radioactive waste in the wider context of the conventional hazardous waste disposal issues of a modern industrial society and in this way to allow a more balanced perspective of the issues involved. A second theme then also explores the waste issues associated with the probable future major low carbon release alternative electricity generating technology, coal fired generation equipped with carbon capture and storage.




Whilst the vast majority of civil (i.e. non-military) radioactive waste comes from nuclear power production, there are many other sources from medical, industrial and agricultural uses. Whether or not a particular country chooses to develop or continue with nuclear electricity generation, radioactive waste currently exists and needs to be appropriately managed and eventually disposed. The perspective presented here should help to put that need in context.




It is recognised that both radioactive and chemically toxic wastes are hazardous. However, throughout this document the term hazardous is used to describe wastes that are chemically toxic or carcinogenic but that are not radioactive. The term radioactive is used to describe wastes that are hazardous primarily because they emit ionising radiation. Some radioactive wastes contain chemically toxic substances (making them mixed waste in some countries). This additional complexity has not been directly addressed in this study, since the emphasis is on disposal, at which point the radioactive waste will be encapsulated in solid form.

1.1 Background

The current global waste production rate is 8 000-10 000 Mt/a (excluding overburden from mining and mineral extraction wastes), of which about 400 Mt/a is hazardous waste and about 0.4Mt/a is radioactive waste from nuclear power plants and their fuel cycle support facilities (excluding mining and extraction wastes). Protection of human health and the environment and consideration for future generations are key components of the principles for managing both radioactive and hazardous waste – it is clear that both waste types are generally well managed in OECD countries.




Nonetheless, there is ongoing debate globally about disposal of both hazardous and radioactive wastes (see appendices). Those countries having radioactive waste disposal capability have only a few near-surface facilities, whilst large numbers of hazardous waste landfills exist worldwide. Currently, there is no geological disposal facility in operation in the world for HLW/SF.4




Public acceptance plays an increasing role in the decision-making procedure for siting new waste disposal facilities and this depends heavily on risk perception, which is therefore an important consideration for decision makers. Societal acceptance of risk depends on perceptions of risk and benefit, and these perceptions are only partially based on scientific evaluations. The public generally perceives that both radioactive and some hazardous waste management are high-risk activities, recognising that the materials pose high inherent hazards and must be handled carefully to avoid injuries.




Direct comparisons between radioactive and hazardous waste management must be done very cautiously because the very different hazard characteristics of the two waste types require different processing techniques to assure safety. However, there are fundamental and essential similarities: both radioactive and hazardous wastes have the potential, if not managed appropriately, to cause environmental harm and to damage human health; for wastes disposed to a repository, the primary concern for both types is the risk presented by transfer to the biosphere through water transport.




However, there are many examples of hazardous wastes (including toxic and biohazard wastes) being treated and safely disposed (indeed, this is also true of radioactive wastes with the exception of HLW/SF). This demonstrates, at least in principle, that secure disposal of inherently dangerous substances can be achieved in properly designed facilities and that the public will accept their construction In the past, the nuclear energy industry has successfully capitalised on experience and lessons learned from other industries, for example in reducing nuclear power plant capital costs. It is to be expected that experience from the hazardous waste management sector might also be applicable to radioactive waste management, even though the two waste types are significantly different.


1.2 Objectives and scope

Against this background, the objective of this study is to provide a perspective on the current management of radioactive waste. The intended audience for this work is policy makers.




The study has two themes that draw comparisons between:



	Radioactive and hazardous wastes and their management strategies.

	Wastes coming from coal and from nuclear power generation, both of which technologies are likely to be major components of the global energy mix for the foreseeable future and which, with the potential advent of carbon capture and storage (CCS), have similar needs in terms of deep geological disposal of some of the arising wastes.


1.2.1 Theme 1 – Radioactive and hazardous wastes and their management strategies

The comparison between radioactive and hazardous wastes and their management strategies is intended to provide policy makers with a broad perspective on the similarities and differences between the waste types in the following areas:



	waste types: definitions, quantities and sources;

	risks and hazards;

	ethics and management principles;

	legislation and organisation;

	waste management approaches before disposal;

	management and disposal options;

	licensing and safety assessment for disposal;

	costs and financing.


The scope of this theme is:



	the wide spectrum of solid hazardous wastes that arise in a modern industrial society;

	solid radioactive waste generated from civilian sources, primarily nuclear power production;5

	developments in the management of mercury containing wastes, used as an example of a particular hazardous waste stream.


This theme neither includes gaseous or liquid effluents nor waste from military uses of nuclear power.


1.2.2 Theme 2 – Wastes arising from coal and from nuclear power generation

This theme is intended to provide policy makers with a broad perspective on the similarities and differences between management of wastes from nuclear and from coal generation in the following areas:



	waste quantities;

	waste properties and disposal;

	recycling waste to extract economic value;

	impact on climate change;

	economic issues;

	development status;

	safety;

	regulation;

	stakeholder issues.


Nuclear power and coal generation with CCS are both seen in many countries as elements in a portfolio of technologies to reduce the impact of climate change. Comparison between wastes arising from coal and from nuclear power generation should not therefore imply that nuclear power and coal generation with CCS are necessarily in competition or mutually exclusive; it is likely that both will be needed in considerable quantities to achieve the necessary reduction in emissions of climate change gases. It should be noted that both nuclear power and CCS depend for success on the implementation of geological disposal for their waste products albeit that carbon dioxide is not considered to be a hazardous waste.



1.3 Exclusion: numerical comparisons of risk

In OECD countries, there has been a convergence of approaches to managing radioactive and hazardous waste over the past two decades with the hazardous waste industry now employing practices for final disposal developed for radioactive waste. However, no detailed numerical comparison between the risks associated with radioactive and hazardous waste has been made, primarily because the two waste types have very different hazard characteristics.




Both radioactive and hazardous waste facilities place strict requirements on construction standards of their engineered barriers and, depending on the nature of the facility, on the surrounding geology. Both also impose strict acceptance criteria for the disposed wastes. For radioactive waste it is then normal practice for the safety assessment to be extended to include a probabilistic analysis of the risk to the most exposed group at some varying time in the future, on the assumption that the engineered barriers will not provide perfect retention forever. Such analyses are enabled by the simpler range of wastes disposed and the assumption of a linear relationship between radiation dose and risk. For hazardous wastes the more complex positions with respect to the wastes disposed and the exposure/risk relationships means that reliance is placed on construction, acceptance and treatment standards and geology, and probabilistic risk analysis is not generally conducted. To date, very little international research has been conducted in this area and detailed evaluation of this matter is hence outside the scope of this study.


1.4 Report structure

The report consists of five chapters and six appendices.




Chapter 1, this chapter, introduces the report, providing background information on its objectives and scope.




Chapter 2 compares radioactive and hazardous waste management, under the headings shown in Section 1.2.1. A summary is provided in tabular form (Table 2.1) of the similarities and differences between both hazardous and radioactive wastes. A case study on the management of mercury as an example of a highly toxic hazardous waste is summarised in this chapter, which also discusses opportunities and challenges for both waste types.




Chapter 3 offers a broad perspective on the similarities and differences between management of wastes from nuclear and from coal generation, comparing the issues set out in Section 1.2.2.




Chapter 4 summarises the differences between “expert” and public perceptions of risk and the public’s attitude to radioactive waste management.




Chapter 5 presents a concluding discussion for each of the two main themes and suggests some lessons that may be drawn from the study.




Appendices 1 and 2 describe the strategic issues for the management of radioactive waste and hazardous waste respectively in detail, providing an overview of the current management of these waste types. Although the two Appendices have the same general structure, the contents are treated differently. Appendix 1 provides information on radioactive waste management from an international perspective, augmented by a few national examples. Hazardous waste is described in Appendix 2 mainly using representative examples taken from Germany and the United States.




Appendix 3 presents case studies. These show how coal ash and carbon dioxide (as primary wastes from coal-fired electricity production) are managed, including a discussion on CCS. This Appendix also includes the detail or the case study of mercury waste, as an example of a highly toxic hazardous chemical waste.




Appendix 4 discusses risk, risk perception and the public’s attitude to radioactive waste management, matters that are crucial for an understanding of how society sees and manages its waste.




These four Appendices contain comprehensive sets of references to which the reader is directed for further information. To make the report easier to read, these extensive references have not been reproduced in Chapters 1 to 5.




Appendix 5 presents a list of participants involved in the study from Belgium, the Czech Republic, Germany, Hungary, Italy, Japan, Korea, Russian Federation, Spain, Sweden, Switzerland and the United States, together with a representative from International Atomic Energy Agency (IAEA) and a hazardous waste expert from the OECD Environment Directorate. Appendix 6 provides a glossary of the acronyms used in the study.
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