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Abstract

A participative system map is a multi-layered map of a process that is developed by qualified and experienced stakeholders. Its purpose is to understand the process and its interactions. The development of a participative system map or system map detailing the processes, interactions, and risk of sustainability as it pertains to nuclear decommissioning and waste management has been developed by a team of stakeholders across industry, Government, and regulators in the UK. It is recognised that the timeframes and complexity of nuclear decommissioning decisions made now need a detailed understanding of their impacts now and into the future, on communities around us and communities to come.  The aim of the map is to assist long term complex decision making on activities that need to be undertaken to carry out decommissioning that is safe for the environment and people. The map comprises a layered system of topics that identify the key processes that are considered in managing decommissioning and waste. Their interactions with further processes and enablers are included and assessed to provide an understanding of the requirements of decisions that are being made about each part of the process or topic. 
1. INTRODUCTION
 The UK Government when forming the Environment Agency in 1995 prescribed via the Environment Act that the Environment Agency, in discharging its functions to protect or enhance the environment taken as a whole, should make a contribution towards attaining the objective of achieving sustainable development. Sustainability is therefore embedded in our current 5-year strategic plan EA 2025 and our eMission2030 sustainability plan for how we operate. 
The United Nations (UN) developed 17 global and interconnected sustainable development goals designed to be a “Blueprint to achieve a better and more sustainable future for all”. This has been ratified by the UN 2030 agenda for Sustainable Development. We need to work towards delivering this within the timescales we said we would. But how do we know, with over a 120-year timescale for nuclear decommissioning, that the decisions we make now are the right decisions? 
The UK does this by considering the United Nation’s Sustainable Development Goals in its decision making. We recognise that nuclear decommissioning and waste management has complex interconnecting aspects, and that it brings new challenges to decision-makers as they seek to identify long term solutions that reconcile competing interests. We seek to consider how strategies, plans, site-based waste management and decommissioning projects take account of all the sustainable development goals in a world where costs are finite, tomorrow seems far away, we have to think about our grandchildren, climate change and resource consumption locally and internationally. We need to understand what is affecting and is affected by our decisions and how much influence different aspects, such as culture, affect our ability to deliver sustainable development. 

2.	PURPOSE

	The initial test version of the system map was developed to try and understand nuclear decommissioning and waste management. We are aware that there are many social, environmental, and economic aspects that need to be considered alongside conventional safety when the industry starts to de-plant and demolish a site, both at a local and national level. We need to understand what these aspects are and how they interact with each other and the impacts from decisions.
One of the important parts of setting up the system map was to ensure that the industry agreed what topics were essential to be able to effectively decommission the site safely, and whether we understood and agreed on the definition of the individual topics. These topics became our sub systems on the map, of which there are currently 14. It was also fundamental that we agreed which topics are the most important, how these topics interact with each other and whether we understand the interactions.
The aim of the system map was to support decision making where the decisions are very difficult and complex. It is important to recognise that like any other decision aiding technique a system map will not provide a decision but should facilitate a greater understanding of the impacts of decisions and the factors that influence them. The system map will broaden your thinking when you come to answer the question that you have asked by directing you to think about the sustainable aspects of the question as well as the technical one through links in the system map. This will also result in a decision that industry, regulators and the community can better understand. 
Those taking part in the workshops acknowledged several high-level key risk themes (interventions) within the UK that would impact key decisions. The key risks were public health, regulatory, external systemic, skills and knowledge, strategy and planning, and asset management. 

3	METHODOLOGY  

There has been significant and growing interest from the UK Government in the use of participative system mapping as a means of addressing complex challenges such as the nuclear decommissioning process. System mapping has already been used in the areas of net zero, land use policy design and catchment management. The UK Government Department of Environment, Food and Rural Affairs has developed a Community of Practice to support learning and development in this area jointly with the universities of Surrey and Oxford. 
To help the industry to make informed long-term decisions and achieve the objective of sustainable development we developed an initial test version project that sought to build a participative system map. The objective of the project was to develop a participative system map to manage the UK’s nuclear legacy by combining those topics that influence sustainable growth with topics that need to be managed to reduced impact to the environment and humans, maximising benefits to all. The development of the map was a collaborative process including the UK Department of Energy Security and Net Zero, the Nuclear Decommissioning Authority, Nuclear Waste Services, NuLeaf and the other UK regulators. 
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Fig. 1: The Decommissioning and Clean Up Participatory System Map
This initial test version project aimed to demonstrate the value of system mapping to stakeholders across and beyond the Environment Agency’s Decommissioning and Clean Up programme (DCU), by providing improved information as an input to decision-making and to help avoid transferring undue burden to future generations. The main output, an integrated system map shown in Figure 1 above, will support the regulatory process and help ensure that any planned interventions take full account of the wide range of topics that the industry and regulators need to consider and will provide information and evidence to support the Environment Agency’s annual planning and review process. Sharing and continued development of the map with the Nuclear Decommissioning Authority, community stakeholders and Government will allow enhancement of the evidence that underpins the map (meta data) and further development of the detail within the map on the sustainable development goals, making decisions more robust and justified as the industry moves forward with research and innovation, decommissioning and waste management.  During this initial test version phase of the system map development we: 
(a) used a Participatory System Mapping approach to build a high-level system map with broad support and validation from stakeholders. 
(b) produced a system map placing the management of the processes involved in nuclear decommissioning and waste management in the wider political, social, and economic context and enable greater understanding of the interdependencies between these processes.
(c) provide a basis for further discussions regarding the long-term sustainability of the programme and how system interventions can be captured. 

In addition to producing the system map itself the project objectives emphasised that the process of developing the map was of equal importance to generate a shared view and common understanding of decommissioning at industry level.  Without this shared common understanding of the map and its development the system map cannot support the joint decision making and future collaborative working needed between the regulator and industry to bring about sustainable growth locally and where possible within the supply chain. 
The system map is formed of a series of subsystem or topics. The topics have been defined throughout the project with the stakeholder group to ensure clear presentation and agreement of the key interactions and processes within decommissioning and waste management. Whilst the topics within our core system map emphasise interactions within the physical decommissioning system and have provided a foundation for stakeholder discussion and analysis, additional topics have been added to include aspects that affect the interactions within the decommissioning process. Both are described below.
The core topics (layer A on the map) reflect nuclear decommissioning key processes, these are:
(d) Site decommissioning and remediation
(e) Integrated waste management
(f) Spent fuels
(g) Nuclear materials
(h) Short term storage
(i) Long term interim storage
(j) Nuclear waste disposal
Each of the topics comprises a series of second layers (B layer) which influence the map and start to consider sustainability, these are:
(a) Enabling Factors
(b) Personnel
(c) Environmental Impacts
(d) Policy and Finance
(e) Nuclear strategy and planning
(f) Local communities
(g) Decommissioned site re-use
Each topic comprises nodes and connections shown on the system map. A node is a particular aspect of the topic identified during the workshop that describes a feature that might affect delivery of the decommissioning mission. The connections are the links between each node. The nodes aim to capture the sustainable development aspects, combined with the nuclear decommissioning system, so that one might explore what might happen with changes over time, including improvements and risks.
The individual nodes are colour coded. The colours represent the feature of the node and are identified below in Figure 2. The nodes include social and economic nodes ranging from government policy position, to changes in technology and local communities. Colour coding the node aids discussion and decision making as it focuses the emphasis on the outcome of the discussion in a particular area. Whilst the nodes are represented by a particular colour identified by the stakeholder group, each node can be considered under a different category. The colours of the categories (identified in the next list) are shown in Figures 1 and 2:
(a) Environment: Environmental elements (primary impacts) of decommissioning
(b) Infrastructure: Significant new or existing infrastructure within the system
(c) Policy: Policies or factors which may directly impact on policy and finance drivers
(d) Social and economic: Social or economic factors which may affect decommissioning.
(e) Nuclear decommissioning activity: Activity associated primarily with decommissioning processes.
(f) Nuclear waste management: Activity associated primarily with waste management processes.
(g) Nuclear operational activity: Activity associated with day-to-day operation of the nuclear system.

Each node is connected to other nodes by lined connections where a change to that node might be influenced or affected by another node. The interconnecting lines represent activities that can occur, for example a change in waste inventory forecast or development of a new waste management technology. These activities and processes can have positive or negative influences on other nodes and some of the connections are too complex at this stage to know what the influence might be. The connections can also change with new information and over time. On the map a positive influence is shown in green, a negative influence is shown in red, and a complex link is shown in blue. an example of which is shown is Figure2
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Fig.2 Nodes used to build system map

4. REPRESENTATION OF RISKS / INTERVENTIONS

Reviewing the system map with stakeholders has emphasised the value of developing the system map in a way that can inform future discussions on risk (using best practice from across the industry and EA) as a way of capturing the main risks (threats), and mitigations, and prioritising them for further discussion and action. We acknowledge that the inclusion of opportunities will also be required in future.
Key findings on the representation of risk within the system map
(a) There is a need to distinguish between risks and constraints and clearly define their impact on the system e.g. a lack of finance is a constraint rather than a risk as it slows down the decommissioning processes, but it may be a driver of other risks on the map.
(b) There needs to be an approach to dealing with the proximity (ownership/exposure) of risks and how they are managed in the short, medium, and long term. The nuclear strategy and planning topic area is an important location for these.
(c) There is a need to consider how to deal with the nature and categorisation of different risks and their representation and impact on the system map. Some risks, e.g. due to their nature, location, likelihood, consequence, mitigation, may not be easy to incorporate to the map. Others if they occurred could result in system transformation.
(d) There is a need to differentiate between internal risks that can be managed within the industry in the UK/England and external risks that affect the industry but there is little control over, e.g. international nuclear considerations. Different approaches can be explored, such as the entry points to the map for these external risks.

To develop the map in a way that supports a greater understanding of risk, there must first be a clearer understanding of the types of risks that are affecting the system. For example, within the decommissioning system there are some risks that are internal to the system which can be managed and mitigated and some which originate from outside the decommissioning system. Discussion is needed on how each risk is owned and responded to. Further questions need exploration when making decisions about the risks for example: 

(a) How should the system deal with infrequent but high impact risks?
(b) Do any risks have the potential to link, reinforce and/or cascade through the system?
(c) To what degree are risk management processes and mitigation resilient? 
(d) Some risks, should they occur, may result in system transformation, e.g. addition/removal of nodes. How should these risks be defined, categorised and shown within the map?

During the workshops we discussed and identified a number of risks to the system maps and to sustainable decommissioning. 
(a) Green connections (incoming arrows) show the nodes that drive that particular risk.
(b) Output connections show the impacts that result from the risk, and
(c) Red incoming connections represent factors that reduce risk –i.e. risk mitigations.

Our intention is to integrate the system map with our risk register for the decommissioning programme. It is anticipated that this will be carried out with each of the stakeholder organisations and will form a basis for future planning of the mission. Although a risk register process alone is valuable and identifies and characterises all potential risks, there remains a danger however that it is a reductionist approach which considers risks in isolation. Therefore, translation of the content within the risk register to the map allows risks to be seen in the system context and would enable:
(a) The risk registers and map to mutually inform one another and be updated together as part of an iterative process.
(b) Greater clarity on risk definition, categorisation, prioritisation and ownership. Risks could be prioritised based on a standard likelihood x consequence scoring system informed by the impacts of the risk as identified within the system map. 
(c) A participatory approach to risk management and ensuring a common understanding of risk across the stakeholder group. 

5. ENBEDDING FURTHER SUSTAINABILITY

As well as identifying risks as ‘threats’ to the system, opportunities have also been considered through identifying nodes which increase the sustainability of decommissioning and align with the United Nations Sustainable Development Goals. Interaction between nuclear decommissioning and Sustainable Development Goals falls broadly into two temporal timeframes: 
(a) The Sustainable Development Goals opportunities from day-to-day and short-term operational activity in nuclear decommissioning and,
(b) The Sustainable Development Goals opportunities of long-term nuclear decommissioning pathways.

Day-to-day opportunities are relatively easy to identify and are already covered in the main by the existing frameworks, processes, legislation and regulation. The map will help to further embed these into day-to-day decision making. Nuclear decommissioning stakeholders are well placed to identify how to add and address any impacts on Sustainable Development Goals and how to include those Sustainable Development Goals not yet included. Long-term Sustainable Development Goal opportunities and impacts are harder to identify with confidence, as they depend upon future decisions around nuclear industries and nuclear decommissioning. 
Improving consideration of the Sustainable Development Goals for multi-generational thinking requires the identification of second order impacts when making decisions throughout the nuclear decommissioning system. This system map can be used to facilitate that discussion, assessing the impacts of different decisions to the Sustainable Development Goals throughout the system, and enabling identification of decisions and pathways with the greatest balance of benefits. This could also be further developed through:
(a) Aligning the map with the work already undertaken in this space as part of the Nuclear Decommissioning Authority value framework, to develop the mapping of the Sustainable Development Goals within the decommissioning process.
(b) Developing indicators for sustainability which could be used in future decision-making processes. This would ensure that intergenerational equity is included as a consideration when system outcomes are assessed. This could draw on examples from the work within the Sustainable Remediation Forum UK and their indicator set for Sustainable Remediation Assessment. 

6. CASE STUDIES 

We have incorporated two case studies within the map. We have chosen these case studies to cover a broad range of the Decommissioning and Clean Up programme stakeholders, activities and to cut across the many topics within nuclear decommissioning.
The two case studies we have chosen are: 
(d) Case study 1: Long-term management options
(e) Case study 2: Long-term nuclear decommissioning strategy

Although there are other case studies relevant to the sector, these case studies received the most interest during stakeholder discussions in both focus groups and the workshops. Between them, the case studies cover the temporal elements of nuclear decommissioning and representative intervention nodes (key risks) within the map. The nodes and connections in the case studies are ones that stakeholders have indicated are relevant to long term management of nuclear decommissioning. It is very important that when developing case studies or decisions within the map that this is done by suitable qualified and experienced people from a range of stakeholders. Our approach to developing these case studies within the system map has been as follows:

(f) Taking the identified topic and identify key nodes from discussions with stakeholders that are central to the issue.
(g) Using the system mapping focus tool to highlight these key nodes and then include all nodes which are two connections away.
(h) Tagging any additional nodes which are key to understanding the topic, as well as background overlays.
3.1	Case study 1: Long-term management options
This case study includes the nodes and connections that go beyond the day-to-day operational and short-term decisions and instead looks at long-term management options across nuclear decommissioning.
Long-term management focuses on the long-term storage and eventual disposal of intermediate and higher level radioactive waste. Policy and technology developments could drive system change in long term management, with the potential for re-use of spent fuels and nuclear materials with the right conditions, technology and policy direction. These possible futures add uncertainty and complexity into long-term management of nuclear decommissioning, represented by the blue connections in policy and geological disposal.   The system map is shown in Figure 3 below. 
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Fig. 3 Map view: Topic 1 – Long-term management options
This case study interacts with most areas of the system map. The nuclear waste disposal topic is strongly represented, as are areas such as nuclear materials, policy and finance, personnel and integrated waste management. Other key areas of note include local communities who will need to be engaged, for example during the siting of disposal facilities. 
There is a lot of uncertainty apparent within the topic area, as evidenced through the presence of many complex connections between nodes. Many nodes involved in long-term timeframes are influenced by nodes in different topics and are subsequently influenced by nodes where the interaction over time is uncertain. Quantification to provide more certainty is difficult, as is developing an accurate understanding of risk. 
To determine better understanding of some of the issues highlighted by this system map, users would need to explore those specific map areas in more detail (Phase 2 of this project). For example, developing a more detailed understanding and certainty around long-term issues such as long-term policy direction, likely technological development pathways, and long-term energy policy and delivery. 
Long-term impacts on sustainability are hard to assess due the levels of uncertainty over these time frames. Consideration of sustainable development goals would be more applicable when assessing topic areas in greater detail, such as the impact on sustainable development goals from different policy directions. 
One of the impacts of climate change on management options is flooding (as sites are located in coastal regions) and how different processes contribute to reductions in greenhouse gas emissions. However, there are likely to be other connections beyond this which are not yet captured within the system map (Phase 2).  
3.2	Case Study 2 – Long-term decommissioning strategy
This case study again includes the nodes and connections that go beyond the day-to-day operational and short-term decisions and instead looks at long-term decommissioning strategy. The nodes and connections in this topic map are ones that stakeholders have indicated are relevant to long-term decommissioning strategy. The topic map shown in Figure 4 below represents the decommissioning and clean-up programme as it stands now. The industry, technologies, storage and disposal options will develop over time. These developments and decisions are already, and will continue to be, affected by decisions made within and beyond the industry.
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Fig.4 Long-term decommissioning strategy

3.2.1	Key sub-systems involved
Upon reviewing the topic map for this case study, the importance of the policy and finance and nuclear strategy and planning domains to long-term decommissioning strategy is clear from the number and density of nodes and connections on the map. Other key areas include personnel, nuclear materials, and nuclear waste disposal. 
There is a range of Government policy that needs to be considered when making decisions. For example, energy policy, nuclear waste policy, nuclear new build, infrastructure investment, environment, and sustainability policy - all of which may affect decommissioning in different ways. There are interactions with the potentially large nuclear new build market, advanced technologies and construction industry which could reuse some of these waste materials and these are influenced heavily by policy and finance. Uncertainties regarding waste management exist in both England and Scotland, leading to risks for operators, who must continue to invest in waste storage whilst waiting for decisions.
Challenges are created by the annualised funding model, which results in a high level of uncertainty, as such the UK government has moved towards committed capital provision over a longer period of time to allow long-term planning and investment.

7. FUTURE
On completion of the pilot there is recognition that further development is needed in collaboration with our industry partners, regulators, and the wider community. The system map needs sharing widely within the UK industry (and internationally) and people need to understand how to use the map. Given that this map is going to be shared widely, the governance of the map needs to be agreed. Primarily however there is need for a further phase of development to gather evidence to underpin the individual nodes and connections.
Continuation of the project will focus on development of evidence for waste, working jointly with Nuclear Waste Services and will look to see how other Sustainable Development Goals can be further included in the system map.

CONCLUSION
Coming together as a team we identified the need to understand the consequences of the decisions we were making on the wider industry and on future generations. As such we developed a system map of all of the activities and their interrelationships to guide us in our decision making. Further work is needed to gather more evidence on each of the sub systems generated to ensure that evidence based decisions are robust. This will be combined on further work on the sustainable development goals. 
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