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(4)The following welcoming words set the scene for this report of a workshop hosted by the NRPA in 
 Lillehammer, 21 - 23 November 2017, on the subject of Regulatory Supervision of Legacy Sites: The 
 Process from Recognition to Resolution: 


“Dear colleagues,  


I am delighted to welcome you all to Lillehammer for this workshop on “Regulatory Supervision of 
 Legacy Sites: The Process from Recognition to Resolution”. 


It is very gratifying to see many familiar faces and participation from organizations that attended 
 the previous workshop hosted by NRPA in Oslo in 2015.  


The workshop concluded that strategically, there is a need to link national strategies for legacy 
 management and site remediation with radioactive waste management.  


This time, the broad focus is much the same, but I would like to highlight that we can now more 
 clearly recognize the links between decommissioning of major nuclear installations, especially old 
 ones, management of contaminated areas and management of radioactive waste that comes from 
 these activities. All of them present many common challenges that are best addressed in a 


coordinated manner, and this in turn reflects that we now focus on design of an effective process 
 that leads to successful resolution. 


Norwegian efforts on legacy problems started for more than 20 years ago, and this year was a 
 special one in relation the results of our bilateral cooperation with Russia – 15 years of preparatory 
 work start to give practical results with the first shipment of spent fuel from the Andreeva site of 
 temporary storage in the Kola peninsula to Mayak. 


In NRPA’s view, an important contribution to development of such a process will be provided by 
 involvement of international organizations. We noted in the conclusions from the previous 
 workshop that there is a substantial gap between theory and practice, and that international 
 guidance on practical application would be valuable. It is therefore a particular pleasure to say that 
 this workshop is organized with the official support of the International Atomic Energy Agency, the 
 Nuclear Energy Agency and the International Commission on Radiological Protection. Their direct 
 involvement contributes not only to coordination of improved international guidance, but has also 
 promoted wider participation and networking.  


A related important international development connected with legacy management is the setting 
 up of a new European – Central Asian network (EuCAS) as part of the IAEA’s Global Nuclear Safety 
 and Security Network. I am happy to say that Norway provides the first chair of EuCAS. 


So welcome also to the new faces; we hope to share all our wider inputs and experience to mutual 
 benefit. At the workshop in 2015 we had about 45 participants from 11 countries and this time we 
 have 63 from 20. 


Some key points from the previous workshop included the following: 


  Every legacy is different 


  The results of optimization may lead to different solutions at different sites, according to the 
prevailing circumstances 



(5)Effective risk communication is a very important part of the stakeholder engagement process 


  The concept of emergency, existing and planned exposure situations needs further 
 international guidance on its practical application  


  Need to apply the protection objectives and standards with a holistic approach to 
 proportionate management of different risks in different contexts 


  Need to improve prognostic assessment methods and support the consistent application of the 
 principle of optimization 


With these reminders in front of us, I am confident that our workshop will lead to closer cooperation 
 at the international level, and support the continuing development of practical guidance on 


application of nuclear safety and radiation protection at legacy sites based on very practical 
 experience”. 


Malgorzata Karpow Sneve, Director for Regulatory Cooperation Program, NRPA 


Presentations given at the workshop, conclusions and recommendations are summarized in the 
 current report. The NRPA is very grateful for the support of the participants and the NEA, IAEA, 
 ICRP and IUR at the workshop, and for their review of the draft of this report.   


The opinions and other material presented in the report may not be taken to represent the views 
of the organizations involved. However, it is hoped that the results will support the further 
development and application of international recommendations and standards in the regulatory 
supervision of legacy sites. 
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Executive Summary 


International events in recent years that focused on regulatory supervision of legacy sites have 


highlighted the need for improved collaboration and mutual support in order to develop, implement and 
 maintain efficient and effective measures for supervision and management of different sites worldwide. 


Concluding remarks from a previous workshop on processes from recognition to resolution of legacy sites, 
 hosted by the Norwegian Radiation Protection Authority (NRPA) in Oslo, 2015, emphasized the gap 
 between theory and good practice and the need for international guidance for various situations. The 
 current workshop, as a continuation, follows up the ideas developed during this previous workshop, with 
 the main objective being to promote sharing of experience on practical issues in regulation of a wide 
 range of radiation legacies in an international arena. 


A workshop was therefore organized by the NRPA, with the official support of the International Atomic 
 Energy Agency (IAEA), the Nuclear Energy Agency (NEA), the International Commission on Radiological 
 Protection (ICRP) and International Union of Radioecology (IUR). The workshop was attended by 63 
 representatives of 32 organizations from 18 countries, as well as representatives from international 
 organizations, including the IAEA, NEA and ICRP. 


The objective was to promote the sharing of experience on practical regulation of a wide range of nuclear 
 and radiation legacies, from initial recognition through to full resolution. 


The scope of the workshop included the full range of issues linked to regulatory supervision, from the 
 processes of raising the awareness of the legacies, recognizing the linked hazards and risks, 


communication to the public and between authorities, to the complete resolution of radiological 
 protection and other hazards issues associated with management of the legacy, including the plans for 
 future environmental monitoring and land use issues. Five sessions were organized: 


  International perspectives and current activities in regulatory supervision of legacies; 


  Methodologies for legacy regulation and management including long-term site management and 
 on-site disposal; 


  Scientific, technical and regulatory aspects for remediation (including safety and environmental 
 assessments, remediation and environmental monitoring); 


  Social and ethical issues: uncertainties, risk communication and engagement of stakeholders: 


and, 


  Recommendations for future coordination of international activities and cooperation. 


Altogether, there were 35 presentations across the five sessions.  The number of participants at the 
 workshop from many different organizations worldwide clearly illustrates the importance and interest 
 around the topic of legacy site management.  


A number of recurring themes were identified from presentations and discussions, such as the need for 
 holistic and proportionate approaches for legacy management, flexibility in regulations to allow legacy 
 issues to be addressed and stakeholder engagement. There was much discussion around these and other 
 topics.  


From presentations and discussions, the following recommendations and conclusions are drawn: 


  To address legacies sites, pragmatic and flexible regulations are needed that allow prevailing 
circumstances to be taken into account when deciding on management options, applying a risk-
based approach. Decisions on practical component can benefit from the experience acquired 
from managing different kinds of legacy sites. 



(7)Residual risks and related radiation exposures are site-dependent considerations; what may be 
 acceptable for one site may not be in another. Thus, remediation actions should be case specific 
 and dependent on relevant considerations and flexible reference levels established by 


regulations.  


  Holistic approaches, that consider remediation in it whole life-cycle, are needed to address the 
 various hazards at legacy sites, from initial recognition through resolution. This includes means by 
 which options for addressing hazards may be prioritized. Cooperation between those responsible 
 for regulating different aspects of these sites is important. Finally, remediation options should be 
 aligned with management strategies for materials generated during remediation, including waste. 


There are many uncertainties and challenges associated with holistic management of legacy sites. 


Further targeted discussion around these uncertainties and challenges would be very useful in 
 supporting the development of holistic management approaches.  


  Countries should establish a proper system for an active society engagement that would 


encompasses communications as well consultations between relevant institutions and parties in 
 society. In such a way, mechanisms for providing a necessary information flow and constructive 
 and complementary collaboration would be in place prior to being needed. The development of 
 such ‘routine’ communication systems in order to make a framework which allows constructive 
 decision making should therefore be encouraged.  


  Dialogue between operators, implementers, regulators and researchers should be further 
 encouraged to ensure a common (‘both-direction’) understanding of legacy issues and regulatory 
 requirements and scientific results of importance for this topic. Research activities should focus 
 on key issues that affect decisions, rather than the full range of knowledge gaps, which would be 
 endless. The purpose is reduce uncertainties sufficiently to allow robust and reliable decisions.  


  In the scope of environmental aspects, decommissioning and remediation are operations with 
 same objectives although practically they involve somewhat different, usually closely linked 
 activities. The development of recommendations at an international level, based on practical 
 experience, that supports a more holistic approach that encompasses decommissioning and 
 remediation activities, as needed, would be beneficial. This should include guidance on the 
 application of the framework for radiological protection, in terms of planned, existing and 
 emergency exposure situations, on remediation activities on decommissioning sites, including the 
 setting of reference levels and other relevant criteria, and consultation and communication 
 around reference levels and dose limits and constraints for workers and the public. 


The following future work activities have also been identified: 


  Develop an understanding of the different chemical and physical hazards and radiation risks to 
 help make decisions in a holistic way and help in preventing sites from being managed solely with 
 respect to radiation risks, ignoring other types of hazards or vice versa; 


  Consider the harmonized application of the concepts of remediation and decommissioning at 
 legacy sites? This is particularly important at sites where decommissioning plans need to 
 incorporate remediation or clean-up of unplanned contamination from spills and leaks, but also 
 where facilities were designed and operated without any consideration of future 


decommissioning; 


  Explore stakeholder engagement practical experience to determine what has worked well 
according to some identified criteria for ‘working well’ and what has not, and why; and, from this, 
discuss how engagement with affected people can be approached to support the effective 



(8)engagement and it could be beneficial to involve social scientists in discussions on this topic. 


  Developments in communication and consultation strategies and lessons learned from 
 experience in this area could be an interesting discussion topic for a future workshop. 


Communication of protection objectives and criteria to meet them (e.g. the difference between 
 dose limits and reference levels) could also be a useful topic for further discussion.  


  There could also be value in working together to find a common understanding of the meaning of 
 some commonly key terms, such as environment, contamination, exposure, hazard, risk, impact, 
 consequences, harm and end-state. Since many of these terms already have legal and /or 
 technical definitions, the discussion should avoid prescription, but nevertheless help in the wider 
 communication of the issues. 


WORKSHOP PARTICIPANTS. 
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1  Introduction 



1.1  Background 


International events with a focus on regulatory supervision of legacy sites highlighted, in recent 
 years, the need for intensive collaboration and mutual support in order to develop, implement and 
 maintain efficient and effective measures for supervision and management of different sites 
 worldwide. Concluding remarks from a previous workshop on processes from recognition to 
 resolution of legacy sites, hosted by the Norwegian Radiation Protection Authority (NRPA) in Oslo, 
 2015, emphasized the gap between theory and good practice and the need for international 
 guidance for various situations. The current workshop, as a continuation, follows up the ideas 
 developed during this previous workshop, with the main objective being to promote sharing of 
 experience on practical issues in regulation of a wide range of radiation legacies in an international 
 arena. 


The workshop was organized by the NRPA, with the official support of the International Atomic 
 Energy Agency (IAEA), the Nuclear Energy Agency (NEA), the International Commission on 
 Radiological Protection (ICRP) and International Union of Radioecology (IUR). 



1.2  Objective and topics of interest 


The objective of the workshop was to promote and extend the sharing of experience on practical 
 regulation of a wide range of nuclear and radiation legacy sites, from initial recognition through to 
 full resolution, including following topics: 


  Support for development of a common methodology describing a comprehensive process 
 for legacy management and regulation;  


  Practical experience and lessons learned in hazard characterization, risk identification and 
 management. Encouragement of proportionate management of different risks and overall 
 optimization; 


  Harmonization of protection objectives, and assessment methodologies and practice, while 
 creating locally optimized procedures and solutions; 


  Harmonization of requirements for efficient inspections and monitoring of sources and 
 environment after clean-up or remediation activities; 


  Coordination among regulatory authorities and executive organizations, including those 
 responsible for other hazardous substances;  


  Sharing underpinning scientific information, which supports sites characterization and 
 decision making on the introduction and ending of countermeasures, remediation 
 techniques and waste management; 


  Identification of further research needs for appropriate regulatory supervision; and  


  Engagement of stakeholders and effective communication measures at each stage of 
legacy management as part of an overall transparent and traceable legacy management 
process.  



(13)The scope of the workshop includes the full range of issues linked to regulatory supervision, from 
 the processes of raising the awareness of the legacies, recognizing the linked hazards and risks, 
 communication to the public and between authorities, to the complete resolution of radiological 
 protection and other hazards issues associated with management of the legacy, including the plans 
 for future environmental monitoring and land use issues. 


The topics of potential interest included: 


  Legacy management experience from past events; 


  Basis for development and application of regulatory criteria for legacy site management; 


  Effective communication processes at each stage of legacy management; 


  Decision making in transition from emergency to existing exposure situation and later 
 stages; 


  Coordination among regulatory authorities and executive organizations, including those 
 responsible for other hazardous substances; and 


  Sharing underpinning scientific information, which supports decision making on 
 introduction and ending of countermeasures, remediation techniques and waste 
 management. 


The workshop was conducted in an informal manner with a view to promoting free exchange of 
 ideas, and development of innovative approaches to meeting regulatory challenges. To the same 
 end, simultaneous translation between Russian and English was provided. The opinions and other 
 material presented in the report may not be taken to represent the views of the organizations 
 involved. However, it is hoped that the results will support the further development and 


application of international recommendations and standards in the regulatory supervision of legacy 
 sites. 



1.3  Participation and program of the workshop 


Participation included relevant regulatory authorities, organizations responsible for management 
 of legacy sites, site operators, technical support organizations and academic institutions. The full 
 list of participants and their affiliations is provided as Appendix A. They included 63 representatives 
 of 32 organizations from 18 countries as well as the IAEA, the NEA-OECD and members of the ICRP 
 Task Group 98 (TG98). 


Based on the proffered inputs, the workshop was organized into the following topical areas: 


  International perspectives and current activities in regulatory supervision of legacies. 


   Methodologies for legacy regulation and management including long term site 
 management and on-site disposal. 


  Scientific, technical and regulatory aspects for remediation (including safety and 
 environmental assessments, remediation and environmental monitoring) – experiences 
 and lessons learned. 


  Social and ethical issues: uncertainties, risk communication and engagement of 
 stakeholders. 


  Recommendations for future coordination of international activities and cooperation. 


The full workshop program is provided as Appendix B. 
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1.4  Preparation and purpose of this report 


This report was drafted by NRPA and reviewed by participants for correctness prior to publication. 


The following Sections summarize the presentations made in each of the topical areas listed above 
 and the discussion in each area. Section 7 provides a summary of overall discussions and Section 8 
 sets out conclusions and recommendations on meeting regulatory challenges rated to legacies. 


References are provided in Section 9. 



2  International perspectives and current activities in  regulatory supervision of legacies  


Session 1 focused on international perspectives and current activities in the regulatory supervision 
 of legacies. This section provides a summary of each presentation and the associated.  



2.1  International Cooperation on Regulatory Supervision of Legacies: Overview  of Norwegian activities   


Malgorzata Sneve (NRPA) presented.  


Legacy sites, or existing exposure situations, are a global issue and yet there is no current 
 international definition of ‘what is a legacy site’. There are locations worldwide where existing 
 exposure situations are present, resulting from nuclear explosions, uranium mining activities, 
 nuclear reprocessing and nuclear power plants (NPP). Whether or not nuclear reprocessing plants 
 and NPPs are legacies may be questioned, but many older sites have characteristics associated with 
 legacy sites: e.g. they were operated to standards that are not consistent with the level of 


protection that would be required in the present day, including record keeping, and existing 
 exposure situations are often present alongside planned.  Newer NPPs are operated to modern 
 standards, including having currently adequate decommissioning arrangements established in 
 many instances, and yet they could become legacies in the future if lessons are not learned from 
 older NPPs and their management and/or if requirements for protection change.  


Every legacy is different, presenting a complex variety of relevant prevailing circumstances, 
 including:  


  Sites and facilities affected by major accidents and incidents; 


  Storage and disposal sites and facilities for radioactive waste; 


  Nuclear technology and development centers and laboratories; 


  Former uranium mining and milling facilities, and NORM; and, 


  Former peaceful nuclear explosion and weapons testing sites. 


Standards for protection evolve as well as the regulation of those standards, hence, even where 
 facilities have been operated and regulated appropriately they may be newly recognized as legacies 
 as standards are revised. 


It is difficult to define a legacy, although the following IAEA working group on the Regulatory 
Supervision of Legacy Sites (RSLS) working definition is helpful: 



(15)“A facility or area that has not completed remediation and is radioactively contaminated 
 at a level which is of concern to regulatory bodies” 


The NEA Expert Group on Legacy Management (EGLM – see section 2.4) takes effectively the same 
 view, provisionally describing a legacy from a regulatory perspective as: 


“a site that has not completed remediation, and that has radioactivity that is of concern to the 
 regulator” 


The first step in the resolution of a legacy issue is to recognize an existing exposure situation. Once 
 identified, there is no one universal answer to addressing the legacy issues; each site will vary in 
 both the volume and activity of wastes present and in the presence of other hazards, including 
 chemicals and physical hazards. The prevailing circumstances must, therefore, be taken into 
 account with a proportionate approach taken to the management of the different risks. Thought 
 should also be given to the intended end use of the site.  


A graded, iterative strategy should be followed in managing legacies, recognizing that it is not 
 possible to predict or plan everything in advance. The strategy should be appropriate to the site of 
 interest, meet protection and safety objectives, address relevant stakeholder interests, and be 
 practically achievable. A holistic approach should be taken, ensuring that new legacies are not 
 created as a result of actions taken.  


A wide range of topics need to be addressed when considering site decommissioning and 
 management, including:  


  Emergency preparedness and response during decommissioning and remediation 
 activities; 


  Operational safety;  


  Site characterization and environmental monitoring; 


  Control of discharges and public exposure during remediation; 


  Radiological Environmental Impact Assessment for planned releases, accidents, transport, 
 treatment and storage of waste on site, and disposal on site; 


  Contaminated land management and support for long-term site restoration and waste 
 management strategies; 


  Security, including control of materials and post-remediation stewardship; and, 


  Overall optimization. 


A number of challenges may also be faced, such as identifying ownership, both in terms of physical 
 ownership of the legacy and the financial ownership. The management of sites often involves 
 different authorities and so it is not always clear as to who is responsible for what and what 
 resources are available. The technical and scientific knowledge of authorities may also vary, and 
 terminologies may differ. There may also be conflicting objectives and requirements. There is also a 
 strategic need to link national strategies for nuclear installation decommissioning and site 


management with waste management, including radioactive waste management. How to maintain 
the interfaces between the different authorities and between regulators, operators and other 
organizations needs careful consideration to ensure that responsibilities are clear and to encourage 
dialogues.  



(16)A further challenge is how to distinguish between planned and existing exposure situations, with 
 different exposure situations potentially co-existing within a site, and the issue has been 


recognized by the IAEA: 


“The descriptions of the three types of exposure situation are not always sufficient to 
 determine unequivocally which type of exposure situation applies for particular 


circumstances. For instance, the transitions from an emergency exposure situation to an 
 existing exposure situation may occur progressively over time; and some exposures due to 
 natural sources may have some characteristics of both planned exposure situations and 
 existing exposure situations.” [Para 1.21 IAEA Basic Safety Standards, 2014] 


Clear boundaries are needed between these exposure situation concepts to support the 
 appropriate use of reference levels and dose limits and constraints.  


Decisions about the management of sites should be supported by science, and address 


environmental and human health issues, not just those associated with radiation. Addressing all 
 the different risks can, however, be challenging, and requiring both short and long-term risks to 
 different populations to be addressed proportionately. Issues also arise concerning the practical 
 application of protection principles. For example, the principle of optimization requires a common 
 framework of protection objectives across different hazards for people and the environment, but 
 such a framework is not currently available; a holistic, multi-dimensional approach to human health 
 and environmental protection from multiple hazards is needed.  


Effective risk communication is an important part of the management process for sites, but it can 
 be difficult to convey risks across different hazards. There is a need to build trust across relevant 
 stakeholders and to gain their support within a transparent decision-making process, helping to 
 give a feeling of owning the situation to those people affected by a situation. How confidence and 
 trust can be improved among stakeholders is therefore an important consideration in legacy site 
 management. 


The NRPA has a long history of working to address decommissioning and contaminated site 
 management issues through a bilateral cooperation project with the Russian Federal Medical 
 Biological Agency (FMBA) on radiation and environmental protection. The project has focused 
 mainly on legacy issues in northwest Russia with the NRPA supporting the development of a long-
 term safety culture through practical projects at real sites. This has involved undertaking threat 
 assessments at the sites to identify gaps and regulatory priorities, developing norms and standards 
 and regulatory guides and procedures, undertaking independent monitoring, establishing 


emergency preparedness, and developing tools for dose control and remediation planning, to 
 support the optimization of activities. The cooperation program was expanded in 2008 to address 
 the many nuclear legacy issues in Central Asia and Ukraine. Overall, the experience gained through 
 these cooperation programs could be very useful in developing improved international 


recommendations and guidance.  


In addition to these cooperation activities, the NRPA has also organized a series of international 
 workshops on a range of relevant topics to promote regulatory exchange and cooperation on the 
 supervision of legacies.  


In particular, a workshop was held in Oslo in 2015 on the ‘Regulatory Supervision of Legacy Sites: 


from Recognition to Resolution’. The main conclusions from that workshop were as follows: 


  Many countries have limited resources or capacity to address the range of scientific and 
technical aspects of legacy site remediation; 



(17)  There is a lack of guidelines and advanced tools to support the processes from site 
 characterization, impact and risk assessments through to remediation; 


  Legacies are complex and unique and the sharing experience and knowledge is valuable; 


  A holistic approach in regulatory supervision of legacies is needed; 


  Effective risk communication and engagement of a wide range of stakeholders within a 
 transparent and traceable process is very important; 


  There is a common need to identify further research and development areas; 


  Harmonization of internationally recommended methodologies and practices would be 
 useful. 


The current workshop aimed to provide an opportunity to share and document what progress has 
 been made in addressing these issues, and to promote further sharing of experience on practical 
 regulation of a wide range of nuclear and radiation legacies from initial recognition through to 
 complete resolution of protection issues, with a particular focus on process. As noted from the Oslo 
 workshop conclusions, many countries have very limited resources or capacity to address the 
 scientific and technical aspects of legacy site remediation and the sharing of experience, both good 
 and bad, with countries that continue to face these challenges can be very useful. The experience 
 gained internationally on addressing legacy issues could also, potentially, be used to develop 
 international guidance. This could, for example, involve the development of a decision framework, 
 based on practical experience for a range of different legacy types. It may also be possible to 
 identify other countries or legacies for which joint cooperation could be beneficial.  


It is difficult to illustrate the overall process for legacy management due to the multi-dimensional 
 nature of issues faced. Nonetheless, a diagram has been developed to highlight the important steps 
 (Figure 2-1) and feedback is encouraged.  


FIGURE 2-1. THE PROCESS FROM RECOGNITION TO RESOLUTION FOR LEGACIES (ILLUSTRATION FOR DISCUSSION). 


The diagram aims to illustrate the various challenges and the interaction between regulators, 
stakeholders, operators and government from the time that a legacy issue is recognized, through to 
the complete resolution of the issue, noting that actions should be planned, holistic, integrated and 
innovative.  



(18)Discussion 


Decommissioning tends to be considered within a planned exposure situation, and is considered as 
 such within the IAEA Safety Standards, whereas the remediation of areas that have been 


contaminated with radioactivity as a result of other activities (e.g. mining or accidents) being 
 considered as existing exposure situations. For the former, the intention is to release a site from 
 regulatory control, whereas for the latter the intention is to bring the site or area (back) under 
 regulatory control. For newer nuclear facilities, decommissioning plans are commonly considered 
 during the planning stage and subsequently refined throughout the operational life of the facility. 


However, for older facilities, plans may not be available and past practices may mean that exposure 
 situations may be intermingled, with decommissioning being considered alongside further 


remediation of the site. Experience from bilateral cooperation programs has shown that it is 
 difficult to differentiate between planned and existing exposure activities when addressing the 
 decommissioning of old facilities. Whilst decommissioning is a planned activity, there is often 
 existing exposure situations present as a result of land contamination.  


It is not, therefore, easy in practice to separate planned and existing exposure situations at such 
 sites.  Activities need to be planned, taking a holistic view of the hazards present and overall 
 prevailing circumstances and guidance is needed on the appropriate approach to selecting safety 
 criteria. 



2.2  Status of ICRP TG98  


Michael Boyd (ICRP and US Environmental Protection Agency (EPA)) presented. 


Task group 98 (TG98) of the ICRP on contaminated sites consists of six full members from the USA, 
 Russia, Argentina, Norway and France plus five corresponding members from the NEA, Japan, 
 Canada, Australia and the UK. Gerhard Proehl had been a corresponding member from the IAEA, 
 but has recently retired and a new member is therefore being sought. Three critical reviewers from 
 ICRP Committee 4 have also been assigned.  


The terms of reference for TG98 were to describe and clarify the application of the Commission’s 
 Recommendations on radiological protection of workers, the public and environment for sites 
 contaminated from past industrial, military and nuclear activities, excluding sites contaminated as a 
 result of nuclear and radiological accidents. The report will consider characterization of sources, 
 exposure pathways, dose distribution, categories of exposure, protection of the environment, and 
 the setting of reference levels for sustainable protection strategies. Stakeholder involvement will 
 be considered in all steps.  


In developing the report, consideration is being given to a range of ICRP publications to ensure 
 consistency. These include: 


  Publication 111 (ICRP, 2009): Protection of people living in long-term contaminated areas, 
 which is currently being revised by TG93 and consistency between TG98 and TG93 is 
 therefore required due to similarities in addressing prevailing circumstances at 
 contaminated sites. 


  Publication 126 (ICRP, 2014a): Radiological protection against radon exposure. 


  Publication 124 (ICRP, 2014b): Protection of environment in different exposure situations. 


  Publication 122 (ICRP, 2013) on geological disposal and TG97 on near surface waste 
disposal. 



(19)  TG76 (NORM) and TG83 (Cosmic radiation), which, like TG98, are working to apply the 
 current ICRP system of radiological protection to specific conditions of existing exposure 
 situations.  


There is a lot of overlap between TG93 and TG98, with the former being concerned with the 
 protection of people in emergency exposure situations, and people living in long term 
 contaminated areas after a nuclear accident or a radiation emergency. As such, a common 
 framework is to be developed with reports having a similar structure. 


In terms of TG98 activities, a sixth conference call was held in October 2016 at which comments 
 from critical reviewers were discussed. A further steer was given to the TG in that the remit should 
 be the production of guidance on how to promote the principles of ICRP103, and not produce a 


‘how to’ manual. The group was also informed that non-nuclear power plant (NPP) accidents could 
 be considered within the scope of the TG, with TG93 being focused solely on NPP accidents. The 
 first face-to-face meeting of the TG took place in Oslo in 2015, with the second being held in Paris 
 in the spring of 2017 where refinements were made to the table of contents and assignments for 
 writing of sections were made and there was agreement reached on case studies that would be 
 included. A draft table of how to manage a variety of exposure situations was also provided by 
 Gerhard Proehl (IAEA) which promoted discussion. The table sets out the applicable exposure 
 situation and radiological criteria, along with relevant exposure groups (e.g. public, workers) for 
 different legacy types. Based on this table, workers undertaking activities within an existing 
 exposure situation would be regulated as if it were a planned exposure situation, illustrating the 
 overlap between existing and planned exposure situations.  


The seventh conference call took place in August 2017 during which there was further discussion 
 and refinement of Gerhards table. There was also general agreement that the IAEA Draft Safety 
 Guide DS468 (see Section 2.3) does not significantly overlap with the TG98 report, the former 
 providing more ‘how to’ guidance.  


Since August, there has been substantial new text submitted by TG members which was reviewed  
 in October by  ICRP Committee 4. It was emphasized that the report should not focus on how to 
 manage or clean up a contaminated site, and that special emphasis should be given to the ethical 
 basis of radiological protection, involvement of stakeholders, sustainability, and protection of the 
 environment. A planned spring 2018 meeting of TG98will provide an opportunity to address these 
 comments, building on discussion at an informal meeting held in Lillehammer prior to this 


workshop. This meeting was attended by four TG98 members plus some observers from the 
 workshop, as interested stakeholders. A revised table of contents was developed, as follows, based 
 on the form of other TG reports addressing existing exposure situations: 


  Section 1 – Introduction (including a description/definition of what is meant by legacy 
 sites) 


o  Section 1.1 Background (mentioning current set of publications on existing 
 exposure situation and why this publication is needed) 


o  Section 1.2 Scope (mentioning wide range of legacy sites and radionuclides (short 
 and long-lived that affect how a site needs be managed) 


  Section 2 – Characteristics of exposure from legacy sites 
 o  Section 2.1 Exposure pathways 


  Section 3 – Application of the Commission’s System of Protection to Legacy Sites 
o 



(20)o  Section 3.2 Categories of exposure (public, occupational, environmental) 
 o  Section 3.3 Protection of people and the environment 


o  Section 3.4 Justification of protection strategies 


o  Section 3.5 Optimization of protection (including selection of dose criteria: 


reference levels and dose limits where appropriate). Consideration of the 
 environment. Involvement of stakeholders 


  Section 4 – Implementation of the Commission’s System of Protection to Legacy Sites 
 o  Section 4.1 Protection of Public and the Environment (discussing the process: 


identification, characterization, dose assessment, radiological and other goals, 
 option selection and combining (examples), deciding on the strategy, 


implementation, monitoring and evaluation with the involvement of stakeholders 
 at all steps and with special consideration of waste from remediation). 


o  Section 4.2 Protection of Workers (discussing graded approach, selection of 
 reference levels, protective actions, regulatory aspects) 


Annexes will present case studies that illustrate and support the guidance and a common structure 
 for these is to be agreed that will help ensure key messages are highlighted. The choice of case 
 studies will aim to provide examples that exemplify the system of protection whilst being broad 
 enough to provide experience around the practical application of the guidance to sites.  


Discussion 


For sites contaminated by NORM there can be difficulty in understanding how dose should be 
 evaluated in terms of whether the dose from background radiation and from radon should be 
 included. For the sites being considered by TG98 it is dose above background that is evaluated. 


However, for NORM sites, the contamination is the background. Clarification around this issue 
 would be beneficial. 



2.3  Draft IAEA Safety Guide: Remediation process for areas affected by past  activities and accidents (DS468) 


Tamara Yankovich (IAEA) presented. 


The fundamental safety objective, as set out in IAEA Safety Fundamentals (SF-1) is to protect 
 people and the environment from harmful effects of ionizing radiation. The safety fundamentals 
 set out ten safety principles. Those relevant to existing exposure situations are:  


o  Justification of facilities and activities 
 o  Optimization of protection 


o  Limitation of risks to individuals 


o  Protection of present and future generations 


o  Protective actions to reduce existing or unregulated radiation risks 


To address the fundamental principles, General Safety Requirements Part 3 (GSR Part 3) provides a 
 system of radiation protection that identifies the different exposure situations (planned, 


emergency and existing), exposed groups that need to be protected (public, workers, and patients), 



(21)and the principles of radiation protection (justification, optimization and limitation). For existing 
 exposure situations, the relevant exposed groups are workers and the general public. Draft Safety 
 Guide DS468 then provides more detailed guidance on the protection of exposure groups from 
 existing situations, from the basis of the radiation protection principles. 


Existing exposure situations are those where a problem already exists and when a decision on the 
 need for control needs to be taken. This could include areas with high natural background, areas 
 affected by residual material from past practices that were not subject to regulatory control or not 
 subject to regulation in accordance with current standards, or areas affected by nuclear or 


radiological emergencies, after the emergency has been declared to be ended.  A new IAEA General 
 Safety Guide (GSG-11) is in the process of being published on ‘Arrangements for the Termination of 
 a Nuclear or Radiological Emergency’ that will provide guidance around the transition from 


emergency to either a planned or existing exposure situation (depending on the magnitude of the 
 impact). 


Since existing exposure situations often have a history that is not in accordance with current 
 standards, a more flexible approach is required to addressing issues, taking the prevailing 
 circumstances into account and applying the graded approach, such that the level of regulatory 
 oversight and level of effort required in planning and implementing remediation is commensurate 
 with risk. Therefore, whereas for planned situations where an inflexible dose limit is applied, more 
 flexible reference levels are used for existing situations that are set within a range taking account of 
 the circumstances. A reference level is not a limit, but rather a target that is situation dependent, 
 falling within the range of 1-20 mSv/y. In setting the reference level, the radiation protection 
 principles of justification (to ensure net benefit) and optimization (to balance radiation risks in the 
 context of other relevant factors in consultation with interested parties) are applied to identify the 
 appropriate level at which to set the reference level.  All reasonable steps should be taken to 
 prevent doses from remaining above the reference level. Regulations need to be adequately 
 flexible to accommodate the range of prevailing circumstances (e.g., site-specific or situation-
 specific factors) within a situation and to determine what is ‘reasonable’ in addressing the issue.   


Three key questions then arise and have been subject to much discussion: 


  What is considered as “reasonable” (noting that what is ‘reasonable’ in one situation may 
 not be in another)? 


  What is considered as “adequate”? 


  What is considered as “appropriate”? 


The GSR Part 3 radiation protection principles help address how situations can be practically 
 addressed: 


  Justification – actions should be commensurate with risk, and there should be adequate 
 net benefit (judgement being required). 


  Optimization – key impacts should be weighed out and balanced with consideration of 
 relevant factors and in consultation with interested parties. 


  Limitation – establish criteria in terms of dose targets, that take account of the situation. 


These principles should be applied in the context of a graded approach where the stringency of 
control measures is commensurate, to the extent practicable, with the likelihood and possible 
consequences of, and the level of risk associated with, a loss of control.  



(22)The need for practical guidance on the implementation of international recommendations (e.g., 
 ICRP) and safety standards (e.g., GSR Part 3) that can be applied on the ground to address existing 
 exposure situations has been discussed internationally. For example, with respect to remediation 
 planning and implementation, concepts, such as how the radiological protection principles of 
 justification and optimization can be applied in the selection of remedial options and the 
 establishment of reference levels, is a topic of broad interest. In addition, during remediation, 
 residual materials are generated, which include materials that may be recycled or reused, 


conventional waste and radioactive waste.  In general, waste generated during remediation needs 
 to be minimized, characterized and classified and sustainable practices, such as recycling and reuse, 
 implemented where possible. Integral to the planning and implementation of remediation is 
 ensuring adequate communication and consultation with interested parties (including members of 
 the public) throughout the process. To address this need, the IAEA has initiated an update of the 
 2007 Safety Guide WS-G-3.1 on Remediation Process for Areas affected by Past Activities and 
 Accidents (currently in draft as DS468), in support of the safety requirements on existing exposure 
 situations. The intention is to provide guidance on planning for remediation, where remediation is 
 defined as: 


“Any measures that may be carried out to reduce the radiation exposure due to existing 
 contamination of land areas through actions applied to the contamination itself (the 
 source) or to the exposure pathways to people. [IAEA Safety Glossary, 2016 Revision 
 (IAEA, 2016)]” 


Complete removal of the contamination is not implied; remediation targets should be practicable.  


No two situations are the same so the guidance will need to set out a clear process that can be 
 used by Member States in support of judgements around what is relevant to a site or area that is 
 being considered for remediation. Annexes will be included that provide examples of how the 
 guidance can be practically applied, including an example of how to establish reference levels.  


The guidance will set out a step-wise process-based approach to address diverse prevailing 


circumstances, with clear decision points at each stage of the process. Criteria will, therefore, need 
 to be developed at key decision points throughout the remediation process. 


The first step is to carry out a preliminary screening-level evaluation whereby the situation is 
 characterized to identify exposure pathways and doses, and decisions made on criteria to 
 determine whether or not there is an issue that would merit remediation and/or restrictions. The 
 criteria should help rapidly identify those sites for which more knowledge is needed, while 
 screening out sites for which no further detailed information is needed to determine how to 
 proceed (e.g., no remediation needed).  


If the preliminary screening indicates that impacts may occur, more detailed investigation of the 
 system would be required in terms of characterization, monitoring and modelling to identify the 
 key radionuclides present, their distribution and key exposure pathways. Other aspects that may 
 be addressed at this stage are the current exposures, how radioactivity is predicted to change over 
 time and space, and the projected exposures which should inform on the criteria or targets, such as 
 reference levels, developed for this stage. If criteria are met, remediation may not be deemed 
 necessary, but a decision should be made as to whether restrictions are required to meet reference 
 levels. If screening criteria are not met, the next step would involve the planning of remediation.  


The detailed characterization work from stage two is an important input to remediation planning 
 and ‘realistic’ reference levels should also be established, taking account of the prevailing 


circumstances, along with feasibility to determine whether or not remediation is justified and, if so, 



(23)to identify a set of optimized remedial options. The remedial options should be evaluated in terms 
 of the reference levels, technical feasibility and experience, and be captured in a remediation plan 
 that will require authorization by the appropriate regulatory body. Sustainable remedial options 
 are needed and, as such, waste minimization planning should form a part of the overall 


remediation plan.  


In implementing the remediation plan, the remediation itself will be carried out, and the 
 effectiveness of the actions determined to evaluate whether additional measures would be 
 beneficial and justifiable. There is, therefore, iteration required between the planning and 
 implementation stages. Once implementation has been completed and the reference level and 
 other criteria have been met, as applicable, post-remediation management is initiated. This may 
 involve the establishment of institutional controls, long term surveillance and monitoring programs 
 and the periodic review of these programs with adjustment, as needed. 


In developing DS468, there is a need to engage with a range of international organizations to 
 ensure that the guidance developed is consistent with other recommendations that are being 
 developed internationally. This will help to ensure cohesiveness and harmonization between 
 recommendations and guidance provided to Member States by international organizations.   


The current status of DS468 is that text is being finalized, incorporating comments received from 
 IAEA Safety Standards Committees. Once complete, there will be a consultation process with 
 international organizations. 


Discussion 


There are examples of where risks from radiation in existing exposure situations have been 


evaluated and the conclusion made that the risks did not present a danger and, hence, remediation 
 would not be justified. However, there have been significant disadvantages to society resulting 
 from loss of economic activity arising from knowledge that radiation is present, even if at very low 
 levels. How the presence of radioactivity, as opposed to radiation doses, should be taken into 
 account in decision-making requires more consideration.  


Within the DS468 framework, such aspects would fit within the process of optimization, being a 
 factor taken into account in the selection of remedial options. A work program is ongoing within 
 the IAEA MODARIA II program to look at decision making for legacy sites, which is considering, in 
 more detail, the different tools that can aid in the decision-making process. It is clear from this 
 example that engagement with stakeholders is very important when considering remedial options.  


Environment is often mentioned in terms of protection endpoints, but the focus tends to be on 
 non-human biota. Material assets, such as soil and water, are also part of the environment, 
 however, and a broader view on ‘environment’ would, therefore, be useful. The IAEA Safety 
 Standards recognize the need to consider resources, and this, therefore, should be captured within 
 DS468 in an appropriate way.  


Clearance levels are commonly applied to remove materials from regulatory control, for example, 
 in determining the possibility for reuse and recycling. There may need to be a more flexible 
 approach taken for specific remedial activities, however, that would allow for prevailing 
 circumstances to be taken into account. An example could be in the selection of the mass over 
 which concentrations are averaged for comparison with clearance criteria. This concept will be 
 covered in a revised report from the IAEA on clearance levels (DS500). 


DS468 will be a key source for guidance on remediation, but it will not provide detailed information 
on specific remediation technologies that could be used during implementation. Additional 



(24)technical reports will, therefore, be developed to support the guidance provided in DS468, subject 
 to its finalization.  



2.4  Ongoing NEA legacy management activities: EGLM and links to  radioecology 


Edward Lazo (OECD NEA) presented. 


The IAEA, ICRP and NEA are all working on the topic of legacy management.  This reflects the fact 
 that there are many countries facing problems in the management of legacies, with different 
 approaches and standards being applied. The need for practical international guidance on the 
 regulation of radiation protection at legacy sites and how to regulate existing exposure situations 
 has therefore been recognized and the NEA Expert Group on Legacy Management (EGLM) was 
 created in 2016. The objective of the group is to promote practical regulatory guidance for legacy 
 sites. The mandate of the EGLM is to: 


  Assist in deriving practical interpretation and application of generic radiation protection 
 guidance to nuclear legacy site management; 


  Enhance safety and security culture as it applies to legacy sites; 


  Address specific situations at real sites within NEA member countries; 


  Support a holistic approach to all the risks; and 


  Develop better regulatory understanding of diverse radiation risk to diverse groups on 
 diverse temporal and spatial scales. 


The EGLM description of a legacy, from a regulatory perspective, is a site that has not completed 
 remediation and that has radioactivity that is of concern to the regulator. There are similarities, 
 therefore, between legacies and sites subject to decommissioning.  


Legacies are diverse. They can be NORM processing sites, post-accident sites, nuclear testing sites 
 or national laboratories with hot cells that have remained unused for some time and for which 
 knowledge has been lost, amongst others.   


The EGLM report includes a chapter on challenges and uncertainties with legacy sites that covers 
 aspects such as regulatory framework, characterization of circumstances, end-states and long-term 
 protection values, and societal aspects. Decisions made within a regulatory framework require 
 judgement. Science can support, but ultimately judgement is needed as to what can/should be 
 done and whether actions are appropriate and justified. Prevailing circumstances must be taken 
 into account and judgments made in the context of the site and its conditions and the defined end 
 state. Ensuring that societal expectations are taken into account within a transparent decision-
 making process is important. Radiation risks may be very low in many instances, but ensuring that 
 stakeholder trust has been gained is important and this can be a long-term process. The objective 
 should be to achieve a reasonable balance between potentially competing objectives.  


There are many different aspects to legacy management for which a balance needs to be achieved 
(Figure 2-2). Management of legacies should be planned, holistic, integrated and innovative.  



(25)FIGURE 2-2.BALANCING ASPECTS IN THE MANAGEMENT OF LEGACIES. 


Some of the key outputs from the report will be lessons learned in the management of legacies and 
 recommendations for the future in aspects such as the regulatory framework, characterization of 
 the circumstances, societal aspects, end-states, optimization and long-term protection values. One 
 particular recommendation will be to be flexible in adopting ICRP recommendations with regard to 
 existing situations. For example, most authorities consider workers to be within planned exposure 
 situations, but for existing exposure situations there will be a need to consider how best tools and 
 approaches for protecting workers can best be applied in light of the prevailing circumstances.  


The report will be based around case studies that illustrate the challenges, actions and lessons 
 learned. A provisional list of 11 case studies from Japan, Czech Republic, Italy, Australia, Sweden, 
 Norway, UK, Russia and USA has so far been developed and a site visit took place in May 2017 to 
 Sellafield in the UK to develop an understanding of the challenges of management and regulation 
 of legacy facilities at this site. It is intended that the learning from this visit will be captured within a 
 case study. Further site visits are envisaged, including a trip to the US DoE Hanford site early in 
 2018.  


Judgement is a link between science and values and there is a societal responsibility to allow 
thinking rather than applying a strict yes/no approach. Protection should therefore be informed by 
science, but driven by societal values. Science and radioecology can help support the process of 
legacy management at all stages, supporting the process of defining and achieving an effective 
solution that is both practical and addresses the often-contradictory stakeholder needs and policy 
objectives. There remain a number of challenges however, such as defining sources, pathways and 
receptors. For example, groundwater can be a source, and a pathway, and a receptor according the 
EU Groundwater Daughter Directive. There are some helpful factors though. For example, there 
tends to be only a few radionuclides that matter in the source term however, and only a few 
migration and accumulation mechanisms and a few modes of exposure for those radionuclides and 



(26)ensure a holistic and balanced approach to the management of legacies can be achieved. Work is 
 ongoing to address this need (see, for example, NRPA, 2015).  


A draft of the EGLM report is due to be completed for review in April 2018 with a possible 
 workshop being held in late 2018/early 2019 in Australia on ‘national approaches to legacy 


management’. It is anticipated that a new NEA Standing Technical Committee on ‘decommissioning 
 and legacy management’ could be created in April 2018. 


Discussion 


The need for stakeholder engagement is often raised with regard to legacy site management and it 
 may therefore be beneficial in future workshops to invite social scientists to participate. Whilst it is 
 recognized that judgement is an important factor in legacy management, perception is equally 
 important. Engaging with social scientist could help support strategies for stakeholder engagement 
 and in achieving an appropriate balance between potentially competing interests. There is work 
 ongoing within the NEA with in-house social scientist to develop understanding around stakeholder 
 perceptions and communication. There will always be judgement involved to take account of 
 specific circumstances that need to be addressed, but it should be remembered that, whilst the 
 public can provide input to decisions, they are not responsible for making decisions.  The decision-
 making process should therefore ensure that all concerns have been considered; there will be a 
 range of perceptions and opinions that will be based around different levels of information and 
 understanding and these perceptions and opinions must be recognized and communication 
 appropriately targeted to address concerns.  


It is unlikely that decisions will be able to please everyone and this has to be recognized.  Some 
 decisions may be politically driven and, since politics can be swayed by the views of people, some 
 compromise may be necessary that may not be seen as the most justifiable or optimized solution. 


For example, a costlier solution may be selected than is justifiable on the basis of risk. The 
 prevailing circumstances that must be taken into account when addressing legacies include the 
 political position that must be worked to. 



2.5  Do legacy sites deserve special treatment? 


Anna Clark (NDA) presented.  


There are a number of legacy sites throughout the UK, where the state bears the cost for 
 addressing the site, but for which there are often no dedicated funds available. Many sites have 
 arisen due to facilities not being designed or operated with decommissioning in mind.  


Whether the term ‘legacy’ is a useful label is questionable. A legacy is something that is not 
 wanted, but for which something needs to be done to address the situation. Such sites often 
 attract extra scrutiny from the public, particularly since it is often public money used to address the 
 issues. Ultimately, sustainable solutions that are cost-effective are needed and people that can 
 make decisions on what is right for a site should be brought together.  


Regulations should be flexible, proportionate and enabling, recognizing that there are different 
 ways to protect people and the environment regardless of the situation. The source of the issue is 
 not what matters; the focus should be on the prevailing circumstances irrespective of how they 
 arose.  


The Sellafield site in the UK is a substantial example. The site has over 200 active facilities over a 
very small area and has a lifetime plan out to 2100. Unlike new facilities being built today, funds 



(27)were not put aside for decommissioning of the site and the state now bears the cost. Furthermore, 
 not all facilities were operated with decommissioning in mind, which adds to the challenges faced.  


The Nuclear Decommissioning Authority (NDA) was established in 2004 by an Act of Government. 


The overall aim of the NDA is to secure active decommissioning. It is not a regulator or operator. It 
 does, however, stipulate strategy and what is required by decommissioning sites. A key remit is to 
 deliver value for money such that the greatest benefit to the public is achieved.  


Benefits change throughout the lifetime of a nuclear site (Figure 2-3), with both benefits and 
 disbenefits occurring at different stages. The greatest benefit occurs during operation, whilst, 
 during construction, there are both costs and risks to workers, but benefits are on the horizon. 


However, when it comes to decommissioning, it is harder to identify the benefits, other than 
 reducing hazards and risks to people and the environment and delivering these outputs safely. 


There is the potential for more harm than good to be done during final decommissioning stages, 
 particularly for those sites that were not designed with decommissioning in mind.  


Decommissioning of a site requires the site end-state to be defined. This sets out what will remain 
 on the site versus that which will be removed. The end state can vary considerably from site to site 
 and experience suggests that describing the end state in terms of inventory is not enough; the 
 controls that will remain in place and intended land use should also be defined. In the UK, many 
 nuclear sites are like icebergs in that the below ground structures and voids are as large as those 
 above ground. There can also be land contamination. To address voids during decommissioning, 
 decisions will be required as to whether clean material is imported or whether lightly contaminated 
 material from the site can be reused. The more contamination that is left in place will require 
 greater restrictions on the end use of the site.  


FIGURE 2-3.COSTS AND BENEFITS ASSOCIATED WITH NUCLEAR FACILITIES FROM CONSTRUCTION THROUGH 
 TO DECOMMISSIONING. 


There is a range of remediation and waste management options involved in end state decisions and 
 no options are without some impact to workers, members of the public and/or the environment. 


The impact of options on the site itself, on disposal facilities and on transport routes all need to be 
 considered. The NDA strategy is therefore to ‘’employ pragmatic, risk-informed remediation 
 objectives that balance the benefits and detriments of decommissioning and remediation’’. 
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