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Abstract: This paper focuses on emerging regulatory challenges associated with regulatory supervision of remediation of nuclear legacy sites, notably facilities linked to research, development and application of nuclear electricity generation and military applications, including uranium mining and milling. The nature and remediation status of such sites is summarised as well as the stages of site remediation, in order to illustrate the complexity of safety management and the challenges for regulatory authorities. The experience gained in regulatory cooperation projects in Russia is then presented, noting the role of international organisations and interactions with authorities and experts from other countries, to highlight how those challenges are being met in the Russian Federation. In the light of that experience suggestions, are made for wider cooperation among relevant regulatory authorities within an international forum.
1. Introduction

Major legacy sites exist in those countries in which nuclear technologies were extensively developed, such as the USA, the Russian Federation, France, the United Kingdom and China. Typical of such sites are in the USA, weapons testing areas now in Kazakhstan, and the Sites of Temporary Storage (STS) for spent fuel and radioactive waste in Northwest Russia. STS supervision is described in reference [1]. In addition, uranium extraction and processing has resulted in legacies in some of the above countries but also in other countries, including some not otherwise involved in nuclear technology development, such as Kyrgyzstan and Tajikistan, see reference [2].
Radioactive contaminants include fission and activation products, but also isotopes of the uranium and thorium natural decay chains, in technologically modified concentration levels and states of disequilibria. The sites are, in general, also contaminated with chemo-toxic residues and, in some cases, they present physical hazards, such as collapse of tailings piles.
Interest in remediation of legacy sites arises because of a natural intention to improve environmental and human health protection at and around these sites, to allow further use of the territories involved and eventually to return the areas to unrestricted use. In addition, elimination of existing nuclear legacies is seen as a significant issue in the acceptance of further exploitation of nuclear technologies, including the further extraction of uranium. Clearly, regulatory supervision and confidence in that process is very important.
2. Types of Legacy Sites
Legacy sites demonstrate a very wide range of characteristics in terms of:
· Areal extent, from maybe a few tens of square metres up to tens of square kilometres,
· Geographic conditions of climate, geology, hydrology, etc.,
· Physical nature and condition of facilities, ranging from the completely derelict to sites which are still operational and generally well-managed but within which areas require to be remediated,

· Nearness of public communities, some being quite remote, while others are close to major cities,
· Nature and level of radioactive materials, from spent fuel in poorly maintained stores, to disperse uncontained low-level and heterogeneous contamination,
· Other chemo-toxic and dangerous materials,
· Former military facilities,
· Former energy research and production facilities,

· Uranium mines and ore processing facilities, and

· Other mines and processing facilities which incorporate modified levels of naturally occurring radioactive materials (NORM).

It is a reasonable question to ask if a single regulatory process can address all these different circumstances. In addition, any remediation program is likely to involve release of materials or land from regulatory control. We note here that, while generic figures have been of use in decision making under some circumstances, their widespread application for the release of radioactive materials (solid, liquid or gaseous) from regulatory control has not been universally accepted. Rather, for the release of sites after cleanup; the release of materials for disposal, recycling or reuse; or the setting of discharge limits; local site specific discussions to identify the optimum protection solution, perhaps using standardised values as a guideline or starting point, are increasingly adopted [3].
3. Stages in Site Remediation

The natural first step is to recognise that a legacy site exists and that, at the very least, some consideration of remediation activities is required. This may occur when a particular controlled facility reaches the end of its lifetime and the site is due to be de-licensed. Guidance on this issue from the UK Health and Safety Executive is given in [4]. This describes itself as an “attempt to achieve broad consistency with current scientific thinking, relevant guidance and other published material including the Radioactive Substances Act 1993 (and the exemption orders made under it), article 5 of the {European} Basic Safety Standards Directive, and the International Atomic Energy Agency (IAEA) Safety Guide “Application of the Concepts of Exclusion, Exemption and Clearance”. These words illustrate the difficulty in balancing all the legitimate health, safety and environmental issues in de-licensing. The situation may be even more complex if a radiation hazardous facility or site is discovered that has already been abandoned without any consideration of these issues.
Once a legacy situation has been identified, the process can begin of deciding what to do about it, the first step being and initial investigation to identify serious hazards which require immediate mitigation action. Thereafter, the strategy for remediation will involve consideration of the long term intentions for the site and future land use, and the corresponding end-points for remediation activities. These issues are discussed and reviewed in the context of international guidance and other national experience in [5]. The role of stakeholders in this process is emphasized.
Having in mind up-to-date approaches to radiation protection, the identification of remediation strategies for Sites of Temporary Storage in Northwest Russia by the regulatory authority has focused on justification of reduction of the occupational and public exposure arising from of residual contamination. The following options have been defined [6].

· Conservation (storage under surveillance) – excludes the potential threat of contamination of the STS territory, water area and air media. A guarded area is arranged and continuous radiation monitoring is carried out.

· Conversion (renovation) – refers to subsequent use of the STS territories and facilities in compliance with the existing regulatory documents regulating the radiation impact on personnel and public under normal conditions of operation with radioactive sources. Limited use of the territory in combination with rehabilitation measures and radiation monitoring (“brown field” concept) is envisaged.

· Liquidation – includes stage-by-stage dismantling and removal of equipment, removal of RW, including contaminated environmental objects, and guarantees of limited exposure dose for critical group of public at the level 1 mSv/y (“green field” or unlimited use concept).

At each stage there is a need for regulatory supervision.
4. Integrated Safety Supervision Experience at Sites of Temporary Storage in Northwest Russia

Management at SevRAO sites involves: operations to make existing hazardous situations safe; planned routine releases of liquid and gaseous effluents during remediation; treatment, transport and storage of radioactive waste; final disposal of radioactive waste, and consideration of potential accidents during operations. Major activities include facility decommissioning, contaminated land management and development of waste storage and disposal facilities. In other words there are many health safety and environment issues, each with its own apparent priorities to address. Accordingly, regulatory supervision by the Federal Medical Biological Agency began with a threat assessment to determine overall priorities from a regulatory perspective [7]. Thereafter, in a continuing programme supported by the Norwegian government, regulatory development has continued [8], which addresses:
· protection of workers, the public and the environment during normal operations; 
· protection of workers, the public and the environment during accident situations;
· setting constraints and applying optimisation to all activities;
· addressing emergency preparedness and response;
· site characterisation activities;
· criteria for application at each stage of site remediation plan, and clearance of land;
· very low-level waste disposal on site;
· waste treatment and packaging for transport and storage of other wastes off-site.
Regulatory support within the Norwegian programme continues as industrial project implementation proceeds, and is coordinated with other supervision authorities which have responsibilities over aspects of the remediation programme, notably Rostechnadzor and the Directorate of State Supervision over Nuclear and Radiation Safety of the Russian Federation Ministry of Defense.
5. Coordinating Safety Supervision Activities
It is noted that radiation and nuclear safety is one among many safety and pollution issues, which have to be addressed in legacy site management. A balanced and proportionate approach to risk management is required which addresses all pollution and safety issues, and which also recognises that social, cultural and economic factors may influence management decisions. Increasingly, the engagement of stakeholders is seen as an important part of the overall process of legacy site management.

Remediation activities need to be carried out at nuclear legacy sites so as to meet policy objectives on safety and protection of human health and the environment.  Responsibility for delivering those policy objectives belongs to the site operators. Regulatory authorities provide independent supervision of remediation activities through a process of development of necessary standards and norms, and the licensing and authorisation of activities, supported by inspection and compliance monitoring. This process is called regulatory supervision. Strong and independent regulatory supervision is a critical factor in provision of radiation and nuclear safety during all these activities. 

Much has been done through international cooperation, to enhance regulatory supervision of nuclear power plants (NPP) operation and other aspects of nuclear fuel cycle operations. Guidance already exists in these areas, effective internationally and applied at national and regional levels. Such international guidance does not exist in relation to regulatory supervision of the types of legacy sites referred to above. Furthermore, shared experience in addressing multi-facetted aspects of radiation and nuclear safety at legacy sites has been limited.

Recognition of a hierarchy is especially important, with principles at the top which can be internationally signed up to, supported by national and regional application and derived standards. However, more needs to be done to identify the circumstances in which it is appropriate to derogate responsibility to regional and local levels.

The Federal Medical Biological Agency and the Norwegian Radiation Protection Authority is therefore pleased to support the initiative proposed at the IAEA Conference in Astana, May 2009, to set up an International Forum on Regulatory Supervision of Legacy Sites to address these issues.
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