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Abstract

The Magnox Winfrith site, located in Dorset UK, is a former nuclear research facility that hosted 9 experimental research reactors, including the Steam Generating Heavy Water Reactor, and numerous laboratories supporting nuclear research. The current decommissioning plan is to remove the two remaining reactor cores and deliver the optimised approach to decommissioning and waste management to a next land use as suitable for heathland with public access. Magnox has incorporated UN Sustainable Development Goals into strategic decision making on waste management and decommissioning. The optimisation process seeks to balance the benefits and detriments of short-term impacts against long term risks to define the preferred approach to decommissioning and includes input from the local community. Optimisation assessments have identified examples that support on-site disposal of low level radioactive waste (concrete structures) and removal (discharge pipeline) as preferred strategies. The impacts and risks from the proposed on-site disposals are assessed in accordance with the UK Regulatory framework, including the Environment Agencies’ guidance on radioactive substances disposal. The on-site disposals sit in wider context of restoration of the Winfrith site which will support biodiversity net gain and local water quality improvement. Key lessons learnt in the process include involving stakeholders in decision-making on technical issues and the engineering justification of legacy structures. 

INTRODUCTION
The United Kingdom has been developing its approach to incorporating sustainability into nuclear decommissioning and waste management over the past 15 years. This has resulted in updates to national strategy, government policy and regulatory regimes that allows nuclear site operators to take a sustainable approach to decommissioning. 
The revised approach allows for proportionate management of radiological risk relative to other environmental and socio-economic objectives. This led to guidance from the Environment Agencies introducing alternative options for decommissioning and waste management that allow for on-site disposal of radioactive waste where demonstrated as optimised and meeting dose and risk criteria. Although radiological risk assessment remains a key part of the decision-making process, the revised regulatory approach requires operators to balance short- and long-term benefits and detriments from strategies that meet “…the needs of the present without compromising the ability of future generations to meet their own needs.” [1]. 
As part of the Nuclear Decommissioning Authority estate, the Magnox Winfrith site has been at the forefront of developing and implementing sustainable strategies and approaches to nuclear decommissioning. 
This paper seeks to set out the framework used for incorporating UN Sustainable Development Goals, alongside nuclear regulatory requirements, into decision-making process to define the end states for major nuclear structures. This paper also provides examples of how this process has been used and how community input has been incorporated to provide sustainable solutions for decommissioning and waste management. 
Context 
The Winfrith site is in Dorset, in the south west of the UK. Nine experimental reactors and numerous research facilities were operated from 1957 to 1990. The largest reactor, the Steam Generating Heavy Water Reactor (SGHWR), provided power to the national grid. Decommissioning commenced in the 1990s and seven reactors and all the laboratory facilities have been successfully decommissioned and remediated to meet the ‘no danger’ criterion [2]. This has allowed nearly 40% of the original land holding to be released for beneficial reuse to date. This process generated significant quantities of waste were excavated and transported off-site to the national low level waste repository. 
The remaining Winfrith site encompasses 87 hectares. The two remaining reactors, SGHWR and Dragon, along with associated support facilities are in the final stages of decommissioning. The site also operates a Sea Discharge Pipeline that extends 14km from the site to the English Channel, as illustrated in Fig. 1. The Pipeline passes through agricultural land, industrial areas, the Jurassic Coast UNESCO World Heritage Site and a marine conservation zone. 
[image: ]
FIG 1. Map of the Winfrith site and the Sea Discharge Pipeline
The majority of the remaining land area is occupied by environmentally sensitive heathland that provides valuable habitats for numerous protected reptile and bird species. 
Next land use 
The identified next land use for the Winfrith site was defined through Nuclear Decommissioning Authority (NDA) consultation with the community in 2006.  The local community identified a preferred next land use of: 

‘Heathland with public access of amenity value for the community, with the potential for further economic development associated with the northern part of site’ [3]. 

Much of the site already provides protected habitats for a range of reptiles and birds. The decommissioning mission will further develop the amenity value and biodiversity potential in the local area, supporting delivery of local and strategic sustainability objectives. The identified next land use for the Pipeline is identified as being consistent with the current range of land uses, although it was noted some land is marked for property development in the medium term. 
Optimisation of End States 
The revised regulatory and policy approach in the UK has prompted a review of decommissioning and waste management strategies, to include assessment of potential opportunities for embedding sustainability through on-site disposal of radioactive wastes. Remaining facilities and infrastructure at Winfrith have been systematically reviewed to define the preferred option that supports delivering the next land use, whilst incorporating a range of sustainability factors. A key part of determining the preferred end state is defining local community views in relation to potential end states. The level and type of community input sought has been dependent on the level of technical complexity in decision-making process. 
0. Process 
The options assessment prioritises balancing short- and long-term benefits and detriments for different options. UN Sustainability Development Goals (SDGs) are incorporated into the options assessment process for UK nuclear operators.  Options assessment is applied at all levels of decision making as an iterative process that seeks to refine levels of detail. 
Attributes in decision making 
Attributes define and categorise the potential short- and long-term impacts and benefits resulting from proposed options to allow for robust decision making.  The Nuclear Decommissioning Authority provides a Value Framework [4] to support identification of the preferred options in decommissioning. These requirements are incorporated by Magnox to ensure decision-making is based on sustainability principles, alongside core requirements for the safety and security of nuclear operations and compliance with regulatory requirements. The alignment of attributes with sustainability goals is highlighted in Table 1. There is no definitive list of attributes to be used as each options appraisal may require different considerations. 
TABLE 1. Alignment of attributes used in decision making with UN Sustainable Development Goals (SDGs) 
	Top tier attribute
	Example sub-attributes 
	UN SDG Numbers 

	Safety
	Worker dose
	3 – Good health and wellbeing 

	
	Public dose 
	3 – Good health and wellbeing

	
	Human intrusion dose
	3 – Good health and wellbeing

	
	Worker conventional safety 
	3 – Good health and wellbeing

	Environment 
	Resource / material use 
	12 – Responsible consumption and production 

	
	Loss of amenity value 
	11 – Sustainable cities and communities 

	
	Radiological impacts on the environment
	15 – Life on land 

	
	Non—radiological impacts on the environment 
	15 – Life on land 

	
	Carbon footprint 
	13 – Climate action 

	Technical 
	Deployment difficulty 
	N/A

	Socio-economic 
	Cost 
	N/A 

	
	Local and national infrastructure 
	9 – Industry, innovation and infrastructure 

	
	Future burden 
	All SDG’s – associated with impact on future generations


The weighting of attributes, i.e. their relative importance in decision making, is a key tool in assessing underlying assumptions and differentiating the priorities of operators and stakeholders. 
Acceptability of options 
Options are only considered where they are legally compliant across all relevant regulatory regimes, therefore options that would not meet dose and risk criteria or pose an unacceptable risk to the environment would not be assessed. Options assessed also need to be consistent with the next planned land use, to ensure the decommissioning mission can be successfully delivered. 
Identification of preferred option for end states 
The preferred and optimised end state for structures on the Winfrith site has been defined through scoring of the available options against selected attributes to define the strategy that best balances benefits and detriments across the short-and long-term objectives. Stakeholders, including the local community, were able to input into the options assessment by attending workshops with technical experts and defining the attribute priorities. 
Examples of optimised end states 
0. Reactor structures 
1. Structure description 
The SGHWR and Dragon reactors are in the final stages of decommissioning. The reactors include large sub-surface concrete structures that are radioactively contaminated and activated to varying degrees. The sub-surface structures are comprised of approximately 12,000m3 of concrete and a void space of approximately 40,000m3. Contamination and activation levels for the structures are generally low, and rarely exceed 200Bq/g. The scale of the construction is illustrated in Fig. 3. 
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FIG 3. Photographs of the construction of SGHWR, highlighting the scale of concrete structures 
4.1.2 Options appraisal 
The options assessed for the reactors were: 
· Complete removal of the concrete structures, ex-situ waste disposal and backfilling of the holes remaining from excavation, to leave a land finish suitable for a future use as heathland with public access; 
· In-situ disposal of the concrete, backfilling with a combination of radioactive and non-radioactive wastes to leave a land finish suitable for a future use as heathland with public access. 
Opportunities for large scale decontamination were reviewed however, due to the nature of contamination distribution and the low levels of contamination, this could not be achieved without undermining the structure and creating excessive risk to workers. 
4.1.3 Community input 
Representatives from the community were asked to input into decision making at a strategic level by reviewing options, identifying key attributes and scoring of options alongside a team of technical experts. The key attributes identified by the community representatives were carbon footprint, transport impact on the local community and risk to decommissioning workers. 
4.1.4 Integrated safety and sustainability assessment 
Options for waste management ex-situ and in-situ were identified as legally compliant, achievable, and capable of meeting the next land use requirements. The options appraisal sought to balance the differing risks and impacts using seventeen attributes linked to UN SDGs and regulatory requirements.  Table 2 illustrates alignment of attributes used in options assessment in relation to UN SDGs, alongside the expressed priority placed on attributes by the local community. Removing the structures and disposing of the waste ex-situ results in significant short-term impacts to the local community, protected habitats and carbon footprint associated with waste transport. In the longer term, the option moves the generation of waste leachate from the site to an alternative disposal facility. Leaving the structures in-situ and backfilling with site derived wastes minimises the short-term impact on the community and the environment to the lowest level achievable. The risks to future generations from on-site waste disposals is very low and significantly below risk and dose guidance levels set by the regulator. These risks can be assessed and managed to ensure safety is maintained over 100s of years, including through climate change scenarios. 
Table 2. Key attributes identified by community representatives used in assessment of options for managing the SGHWR and Dragon reactor structures  
	Attributes 
	UN SDG
	Community priority 

	Short term attributes

	Worker dose
	3 – Good health and wellbeing 
	High

	Intrinsic safety risk 
	3 - Good health and wellbeing
	

	Proximity – transport miles and lorry loads 
	13 – Climate action 
15 – Life on land 
	High

	Greenhouse gases / carbon footprint 
	13 - Climate action
	High

	Visual impact – before end state
	3 - Good health and wellbeing
	

	Cost pre-end state
	N/A
	

	Taking the broader view
	9 – Industry, innovation and infrastructure 
12 – Responsible consumption and production 
	

	Long term attributes

	Cost post end state 
	N/A
	

	Duration of administrative control 
	N/A
	

	Timescale for unrestricted use 
	11 – Sustainable cities and communities 
	


4.1.5 Preferred approach rationale 
The preferred option for the SGHWR and Dragon reactor structures was defined as in-situ disposal of radioactive wastes and backfilling of voids to provide a surface finish suitable for potential restoration to heathland with public access. The primary sustainability benefits of this approach are: 
· Consistent with delivering next land use and the decommissioning mission; 
· Minimised short-term impacts on the community and environment, such as carbon footprint, road transport (approximately 2,000 lorry movements) and impact on sensitive local habitats (through minimising excavation) – UN SDG’s 9, 13 and 15; 
· Minimises risk to workers through minimising physical operations – UN SDG 3; 
· Minimises use of materials and water from decommissioning, waste management and restoration activities – UN SDG 15; 
· Preserves capacity at national disposal facilities - UN SDG 9; 
· Cost savings to government. 
Risks associated with the disposals are very low and can be further reduced through appropriate engineering. 
0. Sea Discharge Pipeline 
Description 
The Sea Discharge Pipeline extends from the Winfrith site to the coast and approximately 4km into the English Channel. The Pipeline was constructed in 1959/60 to provide an effluent discharge route. The majority of the terrestrial Pipeline was installed at 1.2 meters below ground level, with some sections running under roads and other infrastructure being deeper as required. The marine section of the Pipeline is surface laid and weighted.  The Pipeline is radioactively contaminated from 60 years of operations. Contamination levels vary significantly depending on the flow rates in different areas. Figure 3 illustrates the local conditions associated with Pipeline at time of installation and in current conditions. 
The current land use for the Pipeline is primarily associated with agriculture, with some localised non-invasive uses, such as light industrial park and gardens. Future land uses are assumed to be consistent with current land use, however this cannot be assured as the land is privately owned. 
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Fig 3. Photographs illustrating the pipeline installation depth and current configuration in the terrestrial and marine environments 
4.2.2	Options appraisal 
To ensure robust assessment of options, the pipeline was subdivided by land use and associated landowner to ensure the preferred option correctly reflected the local requirements. Options considered for the Pipeline decommissioning strategy included: 
· Managing the waste in-situ without any further treatment;
· Internally grouting the Pipeline and managing in-situ; 
· Internal decontamination of the Pipeline and managing in-situ;
· Removing the pipeline for ex-situ management. 
The options assessment was conducted in two phases. A technical assessment was completed by industry experts and a stakeholder assessment was completed entirely independently by regulators, landowners and community representatives. 
4.2.3	Community input 
The local community, landowners and key stakeholders were engaged through a series of discussions to ensure they had the correct information and background to allow decision making. Landowners in proximity to the Pipeline were invited to individual discussions to define the possible next land uses.  A workshop was held with key stakeholders and landowners to assess the options for each distinct land area. The community were asked to assess options against attributes and state what their key concerns were in decommissioning. 
4.2.4 Integrated safety and sustainability 
At a preliminary stage, it was identified that options for managing the Pipeline in-situ were likely to be compliant with radiological dose and risk criteria, subject to gaining sufficient characterisation data. However, there are also non-radiological pollutants present that may pose long term human health and environmental risks that required appropriate assessment. 
Key discussions on the options focused on the management of liability across the long distance of the Pipeline. Additionally, the relatively shallow depth of the Pipeline increases the potential for inadvertent human intrusion. Key attributes for the technical panel were: 

· Potential exposures to non-radiological hazardous substance due to inadvertent intrusion; 
· The liability, cost and managerial implications of managing a disposal over a significant distance; 
· Potential for collapse of the pipeline due to corrosion, resulting in damage to property or additional difficulties in later remediation. 
The community representatives identified the following priorities: 
· Future development opportunities; 
· Public safety (short and long term); 
· Carbon footprint;
· Reputation and publicity (associated with waste disposal activities). 
4.2.5 Preferred approach rationale 
Both the technical experts and community representatives identified a preferred approach for the Pipeline as removal and management ex-situ. The benefits of this approach are: 
· Allows unrestricted future development, including home building - UN SDG 11 Sustainable cities and communities;
· Risks to workers are low due to the shallow depth of the Pipeline - UN SDG 3 Good health and wellbeing;
· Ensures non-radiological liabilities as hazards are removed, therefore removing the long-term liability and risk of inadvertent human intrusion - UN SDG 3 Good health and wellbeing, 11 Sustainable cities and communities and 15 Life on land;
· Removes long term cost and management requirements for such a geographically dispersed liability. 
There are significant short-term impacts from removal including: 
· Carbon footprint and road transport - UN SDG 13 Climate action;
· Use of waste disposal capacity - UN SDG 9 industry, innovation and infrastructure; 
· Costs. 
On balance the preferred option of pipeline removal represents the most sustainable approach. The short-term impacts (carbon footprint, cost, road transport) from removal and ex-situ management are less important to stakeholders than the risks from non-radiological contaminants and on-going land use restrictions and liability management.
The Pipeline assessment output differs from the main site end state preferred option due to the potential for future development of the land and the requirement to management liability over significant distances, whereas for the main site, the liability is physically deeper and confined to two specific locations that can be more easily managed. 
Conclusion 
The Magnox Winfrith site has reviewed the decommissioning and waste management strategy for the remaining nuclear structures based on a revised regulation, policy and guidance framework that provides opportunities to incorporate sustainability goals into decommissioning decision making. Sustainability goals are incorporated into the decision making process through the attributes used in options appraisal. The UK’s revised approach to radioactive substances regulation places proportionate and appropriate levels of emphasis on the radiological and non-radiological impacts and benefits from decommissioning. Community input has been sought through the options assessment process to ensure preferred options are robust and consistent with future land use options. 
This process has identified in-situ disposal as the preferred and sustainable approach to managing the remaining reactor sub-surface structures, as it allows future use of the site, whilst minimising near term impacts on the environment and local community. The preferred approach for the Winfrith Pipeline is removal and ex-sit waste management as the approach will minimise risk and future burden, although it does result in short-term impacts the environment. 
Although the preferred options identified for the structures differ, they can both be demonstrated as sustainable as they are based on a robust and inclusive process that balances short and long-term benefits and detriments across a range of UN SDG linked attributes. 
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