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Executive Summary 
 
The Low Level Waste Repository (LLWR) is the United Kingdom’s (UK’s) national Low Level Waste 
(LLW) disposal facility.  It is located on the West Cumbrian coast near the Village of Drigg.  LLWR is 
designed for the management of solid LLW and has operated safely as the principal national disposal 
facility for LLW since 1959.  LLWR is managed and operated on behalf of the Nuclear Decommissioning 
Authority (NDA) by UK Nuclear Waste Management Ltd (UKNWM), parent body of  LLW Repository Ltd. 
The site has been operated by LLW Repository Ltd. since April 2008.  At time of contract award, the 
LLWR was faced with significant challenges to providing continued disposal for UK LLW.  
 
The strategic intent to address these challenges was first set out in the Initial Operational Strategy and 
subsequently updated in the Preliminary Operational Strategy. This Developed Operational Strategy has 
been updated through January 2010 and demonstrates that sufficient underpinning is now embedded to 
enable delivery of the strategy.  
 
The Developed Operational Strategy is divided into three components: 

 
·  Waste Management Innovations and Services 
·  Site Operations and Assured Disposal 
·  Remediation and Site Closure 

 
Waste Management Innovations and Services includes development and delivery of the UK Nuclear 
Industry LLW Strategy. As a strategic partner to NDA, LLW Repository Ltd. has delivered a number of 
key tasks to support strategic innovation in LLW management, enhance communications and 
consultation, and inform decision-making by the NDA.  Key activities included: a Strategic Review of the 
current status or “baseline” of LLW management programmes at NDA sites; developing LLW Topical 
Strategies that identify potential high-level strategic approaches to improve LLW management across the 
UK; identifying potential opportunities for improving LLW management, LLW Strategy; developing ways 
to significantly reduce LLW costs across all NDA sites. 
 
In order to support consignors in the implementation of the waste hierarchy, effective waste 
management and to reduce the LLW liability to the NDA, LLW Repository Ltd. set out an intent to offer a 
full portfolio of waste management services to all consignors throughout the UK.  An enhanced 
Consignor Support Organisation has been established with the specialist skills to deliver this strategy.  A 
new service is now embedded for metal recycling and treatment and the implementation of new services 
for combustible waste incineration and Very Low Level Waste (VLLW) management are underway.  New 
services and projects for waste transport, waste characterisation and segregation and packaging 
solutions are established to deliver improvements to the existing arrangements and enable substantial 
waste volume reduction and cost-effectiveness, ultimately assisting in prolonging the life of the 
Repository.  
 
The disposal of waste into trenches, current and future vaults is dependent on the completion and 
agreement of the Environmental Safety Case (ESC) for the site with the Environment Agency (EA).  The 
project has established regulatory confidence as it progresses through a peer review programme as well 
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as demonstrating credibility by successfully delivering regulatory requirements.  Through a wide range of 
contracts, specialist resource has been secured to deliver the technical programme.  
 
Operations are key to continuing to deliver an effective service during implementation of the strategy. A 
plan has been put in place to deliver the operational elements required for the success of the strategy. 
Segregated waste operations have been successfully implemented on the LLWR site. To enable this, 
site procedures and arrangements have been modified for both receipt and despatch of metallic and 
combustible and VLLW segregated wastes. Detailed plans are now in place to maximise usage of the 
remaining disposal space in Vault 8, as well as the available storage space in Vault 9.  Decommissioning 
plans for the Plutonium Contaminated Material (PCM) buildings are in place and the work activity is 
progressing to cost effectively remove the liability associated with these facilities.  
 
Vault 9, the major current construction project, has met the major milestone of delivering additional 
storage space to Site Operations, successfully demonstrating LLW Repository Ltd.‘s ability to address 
the challenge of increasing and securing sufficient capacity to allow the NDA to achieve their baseline 
plan for UK LLW.  
 
An optimisation programme of work is being carried out as part of the technical work on the ESC and the 
detailed outcome of this optioneering will inform the implementation of any remediation. The closure 
strategy is to carry out a progressive campaign to effectively cap the trenches and vaults, isolating the 
waste, as far as practicable, from the environment.   
 
A series of recommendations are set out in this document to support NDA in delivering an optimised use 
of the LLWR. Many of the projects and innovations described in this Developed Operational Strategy for 
LLWR support the development of a plan for optimised use of the LLWR.    
 
In summary, the Initial and Preliminary Operational Strategies produced a documented baseline and 
progress update of the overall strategy for LLWR. This Developed Operational Strategy completes the 
strands set out in the earlier strategies, demonstrating how the intent has now been embedded in the 
organisation with detailed underpinning information. The commitment of LLW Repository Ltd. to address 
the challenges facing the Repository is supported by this strategy and the evidence of implementation of 
the key underpinning projects.  
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1 Background 
 
The Low Level Waste Repository (LLWR) is the United Kingdom’s (UK’s) national Low Level Waste 
(LLW) disposal facility.  It is located on the West Cumbrian coast near the Village of Drigg.  LLWR is 
designed for the management of solid LLW and has operated safely as the principal national disposal 
facility for LLW since 1959. LWR is managed and operated on behalf of the Nuclear Decommissioning 
Authority (NDA) by UK Nuclear Waste Management Ltd. (UKNWM), parent body of LLW Repository Ltd. 
The site has been operated by LLW Repository Ltd. since April 2008.  
 
At the time of contract award, LLWR was faced with significant challenges to providing continued 
disposal for UK LLW: 
·  Based on currently forecasted LLW arisings, the remaining authorised capacity of the LLWR (Vault 

8) was predicted to be exhausted in 2009 and the total forecast volume of LLW significantly 
exceeding the remaining capacity of the LLWR 

·  The Environment Agency’s (EA) assessment of the 2002 LLWR Environmental Safety Case (ESC) 
identified a number of issues and uncertainties regarding the short-term and long-term viability of the 
LLWR site for disposal beyond Vault 8 

 
The Government’s policy for the long term management of Solid Low Level Radioactive Waste in the UK 
was published in March 2007[1].  This policy introduced a more flexible and fit-for-purpose approach for 
LLW Management centred on the application of the waste hierarchy.  The policy required the NDA to 
publish its strategy and plans for integrated LLW management throughout the UK. 
 
To support the development of its strategy and plans and to address the challenges facing LLWR, NDA 
issued an Invitation to Tender (ITT) in October 2006 for a new Parent Body Organisation (PBO) to 
manage LLWR with the following expanded scope: 
 
Element 1 – LLWR Management and Operations 
 
·  Optimise the current Site LLW operations at the LLWR and the management arrangements for 

delivery 
·  Manage the predicted near-term shortfall in the UK’s LLW disposal capacity 
·  Ensure that further disposal capacity is made available as soon as practicable 
·  Develop an agreed and defined end state for the LLWR  
·  Ensure that an appropriate ESC is developed and agreed for existing and future LLW disposals at 

the LLWR, aligned to the agreed end state 
 
Element 2 – Provision of Low Level Waste Management  to the NDA 
 
·  Undertake strategic review, options and opportunity studies and implement UK LLW Management 

plan as the ‘NDA LLW Contractor’ 
·  Provide strategic proposals and plans for managing LLW across UK producer Sites to ensure 

effective waste management, including effective implementation of the waste hierarchy in a co-
ordinated way across the UK 

·  Implement effective LLW management solutions, as appropriate 
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The NDA selected UKNWM as the new PBO on 1 April 2008.  The UKNWM proposal included an 
integrated approach for: 
 

·  Solving the LLW Repository Ltd. significant disposal challenges 
·  Integrating Element 1 and 2 scope 
·  Accelerating the delivery of the UK LLW Management Plan and Strategy 

 
A Preliminary Strategic Review of UK LLW management was provided with the UKNWM proposal which 
included reviews of NDA site Integrated Waste Strategy (IWS), liabilities, inventories, assets, 
infrastructure and policy and regulatory frameworks.  A number of potential opportunities were identified 
to improve LLW management across the UK resulting in extension of the lifetime of the LLWR and 
reductions in overall liability cost to NDA.  From these opportunities, a number of preliminary LLW 
Topical Strategies have been developed to initiate the consultation process between consignor sites, 
regulators, and numerous stakeholders involved with or affected by LLW management.  
 
The UKNWM proposal has been incorporated into the LLW Repository Ltd. Lifetime Plan (LTP) 2008. 
The LLWR is now managed as a strategic national asset within an emerging national strategy for solid 
LLW management.  Step changes in capability, innovation and performance underpin the approach to 
meet the following LLWR objectives: 
 

·  Work as a strategic partner of the NDA to accelerate development of a UK-wide Low Level Waste 
Strategy for nuclear sites 

·  Provide innovative solutions aimed at delivering a 20% reduction in the UK’s LLW Liability that 
could result in substantial cost savings 

·  Deliver a substantiated ESC (incorporating the Post Closure Safety Case) enabling EA to 
authorise continued disposal operations 

·  Eliminate the near-term capacity gap and extend the repository operational life beyond 2050 
·  Establish a strategy to eliminate the long-term capacity gap and significantly defer or eliminate the 

need for a second repository 
·  Remediate and close the site, ensuring long term isolation of nuclear waste from the environment 

 
2 Purpose 
 
The purpose of this document is to outline the LLWR Developed Operational Strategy for the provision of 
the required LLW storage capacity at LLWR to meet the needs of the UK LLW producers, based on 
current LLW arisings.   
 
This Developed Operational Strategy will provide the final strategic position which was first outlined in 
the Initial Operational Strategy [2] and further refined in the Preliminary Operational Strategy [3]. It will also 
set out a series of recommendations to the NDA in order to support the optimal use of the LLWR.  
 
This Developed Operational Strategy is consistent with key National Strategy deliverables, including the 
results of the LLW Strategic Review, UK Nuclear Industry LLW Management Plan, and the emerging UK 
Nuclear Industry LLW Strategy by NDA.  These strategies and plans have and will continue to be fully 
consulted throughout the process.  Consistent with Government’s Policy for the Long Term Management 
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of Solid Low Level Radioactive Waste in the United Kingdom, all of these documents will inform the NDA 
for developing and publishing a plan for optimal use of the LLWR. 
 
The LLWR will execute the Developed Operational Strategy via the LLWR LTP 2008 (and subsequent 
updates) to provide the required disposal capacity for waste arisings generated up to 2050 and beyond.  
 
 
3 Components of the LLWR Developed Operational Stra tegy 
 
This Developed Operational Strategy details how LLW Repository Ltd. intends to manage the facility 
through to closure and how its operations fit within the overall national strategic framework. 
 
The objectives of the LLWR Developed Operational Strategy are to transform the LLWR from a storage 
and waste handling site to a fully integrated waste management operation, providing full services across 
the broad spectrum of waste management activities in support of LLWR and consignor initiatives.  This 
Strategy has been developed using the following principles: 
 

·  Disciplined and integrated implementation of the waste hierarchy 
·  Minimising the burden on the environment from disposal of radioactive wastes by minimising 

volumes of waste destined for disposal through consignor support applying disciplined waste 
characterisation, segregation and treatment.  

·  Emplacing into LLWR vaults only those wastes that require multi-barrier containment for human 
health and environmental protection, promoting the best use of the engineered disposal offered at 
the LLWR. 

 
 

As per the strategic objectives, the Developed Operational Strategy is divided into components: 
 
·  Waste Management Innovations and Services 
·  Site Operations and Assured Disposal 
·  Remediation and Site Closure 
 
 
 
Figure 1 illustrates the LLWR strategic objectives and the plan to achieve them 
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FIGURE 1- LLWR STRATEGIC OBJECTIVES AND PLAN  
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4 Developing and Implementing UK LLW Strategy 
 
4.1 Developing UK LLW Strategy  
 
In March 2007, the UK Government published a new Policy for the Long Term Management of Solid 
Radioactive Low Level Waste introducing a more flexible and fit-for-purpose framework for LLW 
management centred on the application of the waste hierarchy. 
 
The purpose of the Government LLW Policy statement was to provide a high-level framework setting out 
principles for the long term management of LLW in the UK.  The manner in which the policy will be taken 
forward is via UK-wide strategies and site-based initiatives.  The policy requires that NDA develop a UK-
wide strategy for LLW generated by the nuclear-industry. 
 
As a strategic partner to NDA, LLW Repository Ltd. undertook a number of key tasks beginning in 
October 2007 to support strategic innovation in LLW management, enhance communications and 
consultation, and inform decision-making by the NDA.  Key activities included: 
 

·  Performing a Strategic Review of the current status or “baseline” of LLW management 
programmes at NDA sites[4] 

·  Developing LLW Topical Strategies[5] that identify potential high-level strategic approaches to 
improve the application of the waste management hierarchy, waste packaging, transportation, 
and inventory management across the UK 

·  Identifying potential opportunities for improving LLW management, LLW Strategy and ways to 
significantly reduce LLW costs across all NDA sites. 
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The National LLW Strategy Team developed numerous strategic technical documents, option studies 
and reviews, and plans to inform the emerging LLW Strategy and underpin the potential benefits of 
waste management options to the NDA for strategy development and implementation.  Some of 
these important documents are shown below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 2 - COLLABORATIVE MEMBERSHIP OF LLW STRATEGY GROUP 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

National LLW Strategy Documents  
 

·  Strategic Review Document 
·  Topical Strategies for LLW Management 
·  National LLW Management Plan 
·  Strategic Best Practicable Environmental Options 
·  Strategic Business Cases 
·  LLWR Operational Strategy 
·  Strategic Technical Briefs 
·  Risk Assessment of UK LLW Strategy 
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The results of these endeavours have been discussed and consulted at the NDA UK LLW Strategy 
Group, established in April 2008 as a collaborative and consultative forum to integrate the UK LLW 
programme on a regional and national basis. 
 
A LLW Strategy Group module on the LLWR website (www.llwrsite.com) was enacted in May 2008 to 
improve communications and make technical information and consultative documents more readily 
available. 
 
The NDA issued the UK Nuclear Industry LLW Strategy Consultation Document [6] on 5th June 2009.  
This important deliverable represented nearly two years of significant efforts toward the development of 
an integrated LLW management programme in the UK.  The consultation document sets out the 
proposed strategy for the management of solid LLW wastes arising from the nuclear industry in the UK, 
in response to government policy published in March 2007.  Following a formal consultation period 
through 30 November 2009, comments were incorporated into the strategy based upon the consultation 
responses, and formally submitted to Government in January 2010 for approval.    
 
The proposed UK Strategy for the Management of Solid Low Level Radioactive Waste from the Nuclear 
Industry[7] will provide continued capability and capacity for the safe, secure, and environmentally-
responsible management and disposal of LLW in the UK for both the nuclear and non-nuclear industries 
through: 
 

·  Application of the Waste Hierarchy, with emphasis on waste avoidance, re-use/recycle, and 
minimisation 

·  Best use of existing facilities, working more efficiently and potentially extending the life of the 
LLW Repository as a national asset 

·  Development and use of new fit-for-purpose management and disposal routes for greater 
flexibility and options in LLW management for waste producers 

 
In addition, the collective implementation of the LLW Strategy at all NDA sites can produce a step-
change improvement in LLW management practices across the NDA estate and contribute significant 
savings to the overall LLW baseline.  
 
4.2 Implementing UK LLW Strategy 
 
4.2.1 Management Plan 
Implementation of the UK Nuclear Industry LLW Strategy is being aggressively progressed utilising a 
number of methods and processes, including disseminating good practice in applying the waste 
management hierarchy, developing alternative, fit-for-purpose waste management routes, and 
examining best use of existing NDA assets.  One of the primary vehicles for implementing the LLW 
Strategy was development of the UK Nuclear Industry LLW Management Plan. 
  
The UK Nuclear Industry LLW Management Plan[8] established the overall plan for developing and 
implementing an integrated LLW programme throughout the UK.  The Plan identifies the scope, 
schedule, and resources (how, when, and who) needed to conduct the tasks for improving LLW 
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management through the entire waste lifecycle from waste generation to final disposal, integrating the 
results of previous strategic studies. The plan is revised annually. 
 
The revised Management Plan[9] issued in December 2009 modifies and updates the initial plan for 
developing and implementing an integrated LLW programme throughout the UK.  The Management Plan 
updates the status of the original 54 initiatives through November 2009 and includes 6 new proposed 
initiatives to further progress LLW programme integration.  In addition, a number of improvements have 
been incorporated into the Management Plan to consolidate the initiatives by strategic category and 
status completed actions or activities in progress under each initiative. 
 
Each of the sixty initiatives identified in the plan has been assigned a lead or organisational owner 
responsible for the successful implementation of the initiative scope.  The initiatives are scheduled to be 
completed over a 3-year period.  Approximately two-thirds of the initiatives have already been started 
with work in progress for integrating LLW management in the UK. 
 
Implementation of the longer-term initiatives has the potential to significantly reduce the LLW baseline 
costs, extend the life of LLWR, and have environmental and sustainability benefits over the entire waste 
lifecycle.  The detailed initiatives will also help realise the significant opportunities presented in the UK 
Nuclear Industry LLW Strategy. 
 
The status of this plan will be kept under regular review as the changing funding, regulatory, and 
strategic environment may impact on priorities going forward.  LLW Repository Ltd. will undertake an 
annual review and update of the UK Nuclear Industry LLW Management Plan in partnership with NDA in 
order to evaluate progress and reflect on developments within the wider industry decommissioning 
programmes and changes in the waste management policy and regulatory framework. 
 
4.2.2 Acceleration of Element 2 Strategy (ACCELS) 
 
In October 2009, NDA requested that the LLW Repository Ltd. enhance its role as the “UK integrator” for 
LLW management within the NDA estate.  In response to this challenge, LLWR has recently developed a 
new programme called the Acceleration of Element 2 Strategy (ACCELS), representing a programmatic 
approach to reduction in the overall Nuclear Liability Estimate (NLE) in LLW management. 
 
The following key areas will be emphasised with the ACCELS programme: 
 

·  Provide enhanced integration across Site Licence Companies (SLCs) with increased 
alignment with the UK Nuclear Industry LLW Strategy 

·  Develop a step-change improvement in LLW inventory and forecast quality 
·  Deliver effective management of the nuclear LLW liability within the NDA estate 

 
Beginning in January 2010, SLCs were requested to evaluate identified opportunities within their 
respective baselines and determine more cost-effective alternative approaches in LLW management.  
Integrated Project Teams (IPT), comprised of LLWR, NDA, and SLC managers, were formed to review 
cost reduction opportunities and develop a forward plan for implementation by March 2010. Phase 1 of 
the ACCELS programme, through March 2010, involves the identification of targeted opportunities to 
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reduce the overall NLE and development of a plan to realise these opportunities.  Phase 2 of ACCELS 
involves the implementation of these opportunities throughout the NDA estate.   
 
A second related task is the Cost Visibility Improvement Project.  This project intends to improve cost 
visibility for LLW management to assist NDA and SLC decision-making.  The objectives are to:  1) 
improve consistency in the Work Breakdown Structure (WBS) that better aligns with actual LLW work 
activities; 2) provide a level of WBS detail (Level 10) to categorise  LLW management functions, such as 
waste characterisation, sorting and segregation, plant enhancements, etc. and 3) re-assess the 
projected costs in LLW management for the NDA estate.  The cost visibility project was successfully 
piloted and demonstrated at Chapelcross and will continue with other SLCs to consistently align LLW 
management functions at NDA sites. 
 
An additional ACCELS initiative involves providing better tools for identifying, forecasting, and estimating 
LLW volumes at each NDA site.  Requirements have been developed for a Lower Activity Waste 
Management Plan for developing a consistent approach to reviewing site inventories using common 
reporting templates and ‘dictionary’ of waste disposition routes. A specification has also been developed 
that builds in recent experience at Sellafield and Magnox facilities in inventory improvement.  LLW 
Repository Ltd. is working closely with each NDA site to develop a consistent approach for improving site 
inventories and forecasts. 
 
4.3 Waste Management Services 
 
LLW Repository Ltd. currently provides limited waste management services to its customers across the 
UK which covers more than 50 consignor sites.  The customer base consists of nuclear industry and 
non-nuclear industry waste producers including: 
 

·  Nuclear sites owned by the NDA 
·  Public sector bodies, such as the Ministry of Defence (MoD) 
·  Private sector businesses, such as medical, research or nuclear services 

 
To support consignors in the implementation of the waste hierarchy, effective waste management, and to 
reduce the LLW liability to the NDA, LLW Repository Ltd. has extended its portfolio of waste 
management services to all consignors throughout the UK. 

 

In April 2010, LLW Repository introduced a new form of contract for UK consignors.  The new Waste 
Services Contract replaces all previous agreements.  Key changes include: 

 

·  Full integration of waste management options and services (metallic and combustible waste 
treatment, VLLW disposal, and container supply) into a single contract 

·  Same contract model for all customers (public, private and defence sectors) 
·  A single pricing model – same disposal price for all consignors, with treatment services priced on 

a transparent ‘pass through’ approach 
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·  Contract duration of five years – offering stability and allowing both parties to focus on waste 
management issues rather than commercial negotiations  

·  New processes and management systems to bring clarity to the consignment process and 
support treatment options 

 

This portfolio of waste management services is being delivered by an LLWR Consignor Support Team.  
This dedicated team provides a central focus for all customer related activities, including technical advice 
and services, as well as the commercial elements required to support LLW Repository Ltd.’s activities. 
The organisation is now fully resourced.   

 
LLWR Consignor Support also develops and delivers new services for customers. The delivery of 
services is primarily sub-contracted to a range of qualified organisations within the supply chain, selected 
through a competitive procurement process.  An independent assurance and oversight team monitors 
the consignors and service suppliers to ensure compliance with Conditions for Acceptance (CFA) and 
that duty of care obligations are met.   
 
The key activities within the scope of Consignor Support are: 

 
·  New Service Development 
·  New Business Development 
·  Service Optimisation 
·  Customer Support 
·  Customer Relationship Management 
·  Customer Contract Management 
·  Forecasting and Inventory Management 
·  Conditions for Acceptance Management 
·  Waste Tracking 
·  Technical Services 

 

·  Characterisation Services 
·  Container Supply Services 
·  Transport and Logistics Services 
·  Compactable Waste Treatment Services 
·  Metallic Waste Treatment Services 
·  Combustible Waste Treatment Services 
·  VLLW Waste Service  
·  Waste Disposal Services 
·  Assurance and Oversight 
·  Compliance and re-assurance verification 

management 
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FIGURE 3 - CONSIGNOR SUPPORT ORGANISATION 
 
 

 
 
4.3.1 Waste Characterisation 
 
The majority of the benefits associated with managing the waste hierarchy are realised before waste is 
generated and packaged.  Correct and accurate waste characterisation coupled with rigorous monitoring 
and sentencing facilitates optimal application of the waste hierarchy.  Waste planning is a vital step in all 
radioactive operations, particularly during decontamination and decommissioning activities that have the 
potential to generate vast quantities of radioactive waste.  
 
Robust waste characterisation is a key enabler for the utilisation of more fit-for-purpose management 
and disposal routes.  Poor characterisation typically results in waste estimates and assumptions 
regarding activity being more conservative.   
 
Historically, this has led to some waste being consigned to LLWR that may not have required the full 
level of environmental protection offered by engineered vaults.  Waste characterisation practices and 
intensity differ significantly across the nuclear industry on NDA and non-NDA sites and there may be 
significant opportunities to move towards a system of standardised practices across the industry.  
 
Characterisation approaches currently used both within the UK industry and other countries have been 
identified and evaluated with the aim of sharing good practices with all consignors.  Standardised 
methods, techniques and procedures for waste stream segregation and characterisation, and waste 
package characterisation were developed through consultation with the consignors and these will also 
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be discussed through the UK LLW Strategy Group.  The aim of this strategy is the development of 
standardised characterisation procedures for waste streams and packaged wastes. These may 
eventually replace those existing practices that conservatively assign container inventories based on 
broad characterisation data collected during waste planning.   
 
Whilst there will still be variation in the quality of characterisation across all consignors, this standardised 
approach will offer many benefits: 

·  Reduction in pessimistic declarations for low level waste disposal 
·  Improved opportunities to identify and segregate VLLW and Exempt Waste (EW) 
·  Reduced transport and packaging requirements 
·  Opportunity to reduce current volumes of waste identified as Intermediate Level Waste (ILW) 

 
Robust characterisation will allow for a more accurate classification of waste streams and packages and, 
when the conservative uncertainties are removed, will result in a larger fraction of waste consigned as 
EW or VLLW.  Experience with similar waste package characterisation programmes in the United States 
(U.S.) has demonstrated that more accurate characterisation practices produce results well below the 
conservative methods typically employed by many consignors.  Defining requirements for waste 
characterisation improvement in terms of radioactivity and nature of waste will result in better confidence 
and assurance of the national LLW inventory dataset and waste inventories modelled in the LLWR ESC. 
 
Consultation with consignors is an essential part of this strategy, as each site is best placed to 
understand its own waste.  LLW Repository Ltd.’s role is to facilitate the sharing of good practices and 
the development of a standardised guidance for characterisation.  This will ultimately form part of the 
acceptance criteria for the LLWR.  Where there are barriers that prevent the implementation of this 
approach at consignor sites, due to capital expenditure costs for example, LLW Repository Ltd. will look 
to develop new services that support improved characterisation by utilising relevant resources in the 
supply chain.  LLW Repository Ltd., through the Consignor Support Team, will continue to provide 
guidance and support to consignors in their waste characterisation activities. 
 
If required, Consignor Support representatives will be able to provide training to consignor waste 
management personnel, support consignor implementation of standardised waste management 
procedures, and facilitate sharing of waste management lessons learned and best practice.  This will be 
achieved by support visits to consignor sites where the Consignor Support Team can provide direct help 
and assistance to consignors.  A characterisation specialist has been engaged in order to provide 
support to the consignors in implementation of this strategy.  
 
A strategic review has been carried out to re-consider the most appropriate options for verification 
monitoring of uncompactable waste at LLWR. The existing strategy was to use a LLW Activity Monitor, 
which was intended to improve monitoring of uncompactable waste. The review concluded that this 
would not provide the required flexibility in approach to meet a range of waste management options and 
various waste forms and packaging. An assessment of alternative options identified that a more 
appropriate approach for the verification monitoring of uncompactable waste, could be provided by an In-
Situ Object Counting System (ISOCS) High Resolution Gamma Spectrometer. This has been selected 
due to it’s technical capability, flexibility in deployment, the ease and safety of operations and the 
minimum capital costs required for implementation.  This technique for the monitoring of uncompactable 
waste at LLWR was implemented during 2009. The service is provided by the supply chain via an initial 
contract to monitor 20 consignments. Consignments for monitoring are identified on a risk based 
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approach which takes into consideration a number of criteria for each consignor. These include the 
volume of waste consigned, the activity, radionuclides of interest to the Environmental Safety Case, 
experiences from issues encountered with previous consignments etc.  
 
The first consignment was monitored on 27th August 2009 and the photographs below show the  
equipment being assembled and then the container undergoing monitoring. 

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

By the end of March 2010, a total of 20 containers had undergone monitoring, thus completing the 
programme as identified by the risk based approach.  A forward programme for a further 20 containers 
has been highlighted for 2010/11 and implementation will commence April 2010.   An extension option 
in the existing supply chain contract has been exercised to continue to supply the service.  The ISOCS 
monitoring undertaken to date is providing information to enable further improvement of verification 
monitoring.  In particular, the assessment of monitoring results and the results assessment employed for 
compactable waste (Waste Receipt Assessment Process – WRAP) have been updated for use with 
uncompactable waste.  The updated WRAP was received in early March 2010 and it is the intention that 
results obtained prior to this will be reappraised using the process. 
 
The Environment Agency has been kept informed of progress, and in November 2009, a presentation    
was given on the ISOCS monitoring programme.  Their feedback remains supportive thus far and LLW 
Repository Ltd. will continue to liaise with the Agency in implementation of this new verification system. 
 

 
4.3.2 Waste Segregation 
 
Historically, LLW arising in the UK has only been segregated to a limited extent, for example, into 
compactable/non-compactable waste-streams.  The more that waste can be segregated by its material 
type, (e.g. metals, combustibles, concrete, compactable, non-compactable) or by activity, (e.g EW, 
VLLW and LLW), then the more management options are potentially available.  Conversely, if waste is 
not appropriately segregated, characterised, categorised and packaged at source, then opportunities for 
implementing fit-for-purpose waste management solutions after packaging are significantly more 
complicated. Segregation also facilitates presumption for early solutions. 
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Thorough segregation/categorisation is essential to accomplishing the following objectives:  
 

·  Preventing and minimising waste generation by controlling radioactive materials and maintaining 
controls necessary to prevent cross contamination of clean wastes 

·  Optimising the use of waste treatment technologies including decontamination, metal treatment, 
compaction, and incineration 

·  Driving waste categorisation to the most cost effective disposal path commensurate with the 
required levels of safety, security and environmental protection.  Emphasis will be placed on 
driving waste volumes in priority order to exempt wastes, very low level wastes and low level 
wastes 

 
The LLWR provides packaging solutions to facilitate segregation of wastes.  Consignor support 
representatives also provide training to consignor waste management personnel, support consignor 
implementation of standardised waste management procedures, and facilitate sharing of waste 
management lessons learned.  Changes have been implemented to the LLWR CFA and pricing system 
to appropriately incentivise consignor behaviour following wide ranging and appropriate consultation. 
 
4.3.3 Waste Treatment 
 
Waste treatment includes a wide range of processes to reduce the volume of waste requiring disposal by 
changing the physical form of the waste or by removing surface contamination.  Analysis of the UK LLW 
inventory indicates that over 60% of LLW and 32% of VLLW could potentially be treated using a variety 
of techniques to reduce volumes. 
 
For metallic wastes, treatment processes such as surface decontamination (e.g. grit-blasting) and 
melting can recycle over 95% of the incoming metal.  Recycling of radioactive metal aligns strongly with 
the principles of the waste hierarchy and resource conservation and also helps preserve the capacity of 
the LLWR by reducing final waste disposed as LLW to less than 5% of the original waste.  
 
Government LLW Policy states that there is scope for greater use of thermal treatment processes such 
as incineration for combustible solid LLW and liquid LLW streams such as contaminated oils.  Following 
treatment, waste volumes are typically reduced by over 98% and the resulting residues are stable, inert 
and suitable for disposal. 
 
The benefits achieved by compaction have been demonstrated by compactors operating in the UK, U.S. 
and Europe.  Compaction reduction efficiencies achieved at facilities such as the Waste Monitoring and 
Compaction Facility (WAMAC) at Sellafield and mobile compaction units average around 5:1, depending 
on the material. 
 
The Government LLW Policy permits the treatment of waste in overseas facilities, in light of an 
assessment of all near-term practicable options, for the recovery of re-useable materials or treatment 
that will make its subsequent storage and disposal more manageable. 
 
There is a significant amount of spare capacity worldwide in existing licensed commercial facilities and 
hence these routes could potentially play a significant part in helping to preserve the strategic resource 
of existing capacity at the LLWR in the short and medium term.  As the need for and use of treatment 
routes increase in the long term, there will be a strategic need for UK facilities. 
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LLW Repository Ltd. will continue to expand the utilisation of waste volume reduction and treatment 
techniques.  The LLWR Consignor Support Organisation works with consignors to promote segregation 
of waste for incineration, compaction, and metal melting to facilitate greater choice in LLW management 
routings for waste producers. 
 
LLW Repository Ltd. will continue to work with the supply chain to evaluate all available commercial 
treatment capacity and capability, open avenues to existing capacity and review how best to utilise (and 
potentially expand) the current UK capacity at UK commercial facilities, NDA sites, and overseas 
facilities to ensure optimal integration of treatment activities to reduce cost/volume. The use of overseas 
routes in the short-term will be continued in order to mitigate the LLWR capacity pressures whilst 
developing the business case for the construction or use of existing similar facilities in the UK. This 
approach will benefit the UK taxpayer while the strategy is assessing the optimal local, regional, and 
national needs for these types of facilities. 
 
LLW Repository Ltd. will build on existing experience in the market and continue to develop a 
comprehensive centralised treatment service offering for consignors.  This centralised service has 
simplified the authorisations and regulatory approvals required whilst reducing overall costs as a result of 
economies of scale. The LLWR Consignor Support Organisation will advise and assist consignors to fully 
exploit treatment opportunities. The current model for waste treatment is shown in Figure 4. 
 
This approach is consistent with the principles outlined in the UK Nuclear Industry LLW Strategy and 
Government’s LLW Policy, including for example, the application of the waste hierarchy, appropriate 
application of the proximity principle, the consideration of all practicable options, and the presumption 
towards early solutions 
 
The LLWR, working with the Environment Agency (EA) and with the Scottish Environment Protection 
Agency (SEPA) has revised its authorisation to permit follow-on treatment of these segregated wastes.  
The safety case has been reviewed and modified to evaluate the change in storing segregated wastes in 
approved storage areas. 
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FIGURE 4 - EXAMPLE WASTE TREATMENT MODEL 

 
In order to deliver the waste treatment strategy, the Consignor Support Organisation has initiated a 
portfolio of waste management services to allow consignors to implement the waste hierarchy, and 
reduce the overall NDA LLW liability and provide diversified LLW management options for waste 
producers in the UK.  The first stage is the introduction of three new segregated waste services: 
 

·  Metallic Waste 
·  Combustible Waste 
·  Very Low Level Waste  

 

4.3.3.1 Metallic Waste Service 
 
LLW Repository Ltd. has led the development of strategic Best Practicable Environmental Option 
(BPEO) assessments to determine the approach to be taken to each of these three services.  The 
findings from the Metallic Waste assessment were then be used to undertake a UK procurement for 
metal recycling and treatment services.  This new service opened up treatment routes in the UK, Europe 
and the U.S. to support volume reduction of metal to be disposed of at the LLWR.  The photo below 
shows an example of metal undergoing treatment.  
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Changes have been made to LLW Repository Ltd. contracts with consignors, in order to enable the 
commencement of the metallic waste service. The Consignor Support team have been and will continue 
to work with consignors to identify opportunities to segregate metallic waste to allow it to be treated prior 
to disposal.  The photos depict a consignment of metal waste arriving at a UK Metal Recycling Facility 
(MRF) for treatment and also a photo showing the volume of waste of a consignment before and after 
treatment, demonstrating the significant size reduction (12 Half Height ISO (HHISO) containers of waste 
reduced to 5 (five) 100l drums of secondary waste).  As of March 2010, over 450 te of metallic LLW has 
been processed through facilities in the UK, Germany, and Sweden.  The resulting savings in space at 
the LLWR site are equivalent to twenty four Half Height ISO containers. 
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Table 1 below reflects the current schedule for delivery of the service. The shaded areas in the table 
indicate that work is completed. 
 
TABLE 1 - DEVELOPMENT PROGRAMME FOR METALLIC WASTE TREATMENT SERVICE 
 

Key activities Dates 

Issue Modified CFA Complete October 2008 

Work with regulators to implement any required changes to 
authorisations 

Complete July 2009 

Award Contracts for  Metal Waste Treatment Complete August 2009 

LLWR Preparation for Segregated Waste Storage Complete August 2009 

Storage of segregated LLW at LLWR Complete September 2009 

Transport segregated LLW from LLWR to Waste Treatment 
Plant 

Complete September 2009 

4.3.3.2 Combustible Waste Service 
The BPEO assessment for this service is complete and has been published via the LLWR website to 
enable consignors to develop options for the treatment of combustible wastes   
 
The Official Journal of the European Union (OJEU) expression of interest for the combustible waste 
service has been completed and four companies have progressed through to the Invitation to Tender 
stage. The framework contracts for the combustible waste service are to be placed in April 2010. 
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The LLWR Radioactive Substances Act 1993 (RSA 93) authorisation has been received for the 
segregated waste services for waste to be consigned to the repository. However, the Compilation of EA 
Requirements (CEAR) value for combustible waste to be received is currently set at zero. Due to this 
zero value, an additional application will need to be made to the EA to amend the CEAR limit to unlimited 
which will enable LLWR to consign waste to the treatment facilities once they have been identified. 
 
Table 2 below reflects the current schedule for delivery of the service. The shaded areas in the table 
indicate that work is completed. 
 
 
TABLE 2 - DEVELOPMENT PROGRAMME FOR COMBUSTIBLE WASTE TREATMENT SERVICE 
 

Key activities Dates 

Issue Modified CFA Complete October 2008 

Work with regulators to implement any required changes to 
authorisations 

Complete July 2009 

Award Contracts for Combustible Waste Treatment Q1 2010 

LLWR Preparation for Segregated Waste Storage Complete September 2009 

Storage of segregated Combustible LLW at LLWR Q2 2010 

Transport segregated Combustible LLW to Waste 
Treatment Plant 

Q2 2010 

 
 

4.3.3.3 Very Low Level Waste Service 
 
The 2007 Waste Inventory Disposition Route Assessment Model (WIDRAM) [10]  projects that over 50% of 
waste arisings can be classified as VLLW waste and that a further 6% is EW.  Much of this waste is 
currently destined for vault disposal at the LLWR (i.e. included in NDA site plans for disposal to LLWR) 
and their characterisation indicates that they are not likely to require the levels of safety and 
environmental protection provided by vault disposal.  This represents a significant opportunity to divert 
these wastes to more fit-for-purpose disposal routes.  This is consistent with the Government policy for 
the long-term management of solid low-level radioactive waste in the UK, which states that whilst the use 
of centralised facilities, such as the LLWR, may be the appropriate point of disposal for much LLW, other 
potential solutions will be considered that are more consistent with the proximity principle.   
 
It should be noted that the VLLW categorisation is based on the volume and specific activity of the 
waste, not its physical or chemical properties. The actual waste consigned as VLLW can therefore 
include metal, wood, plastic, and paper – as well as the rubble and soil which are often considered to be 
the only material in this category. 
 
During 2009, LLW Repository Ltd completed a Strategic BPEO study on the topic of VLLW. This study 
concludes that disposal of VLLW at fit-for-purpose facilities on or adjacent to the facility originating the 
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waste, (potentially including such a facility on the LLWR site) is preferable to the disposal of VLLW at a 
regional and/or national facility.  
 
The BPEO study has been published via the LLWR website to enable suppliers to consider the options 
and the commercial proposals they can provide to meet this service need.  
 
The OJEU expression of interest for the VLLW service is currently being carried out with the submissions 
returned in Jan 2010.  
 
In February 2010, LLW Repository Ltd. was informed of a requirement placed on the operators of 
proposed VLLW facilities to make a submission to the EU under Article 37 of the Euratom Treaty.  This 
submission must include sufficient detail to enable EU experts to determine whether or not the proposed 
development is likely to lead to radioactive contamination of the water, soil, or airspace of another 
Member State.  These submissions are made by the Department of Energy and Climate Change 
(DECC), with advice and support from EA.  This requirement is likely to delay authorisation of VLLW 
facilities until early 2011.  LLW Repository Ltd. will continue to progress these supply chain routes. 
Further engagement with EA and the Nuclear Installation Inspectorate (NII) will be required, since interim 
storage of VLLW at the LLWR site, (pending availability of supply chain routes), is now likely. 
 
The LLWR RSA 93 authorisation has been received for the segregated waste services for waste to be 
consigned to the repository.  However, the CEAR value for VLLW to be received is currently set at zero. 
Similarly to the combustible service, an additional application will need to be made to the EA to amend 
the CEAR limit to unlimited and enable LLWR to consign waste to the disposal facilities once they have 
been authorised. 
 
Table 3 below reflects the current schedule for delivery of the service. The shaded areas in the table 
indicate that work is completed 
 
TABLE 3 - DEVELOPMENT PROGRAMME FOR VLLW TREATMENT SERVICE 
 

Key activities Dates 

Issue Modified CFA Complete October 2008 

Work with regulators to implement any required changes to 
authorisations 

Complete July 2009 

Award Contracts for VLLW Waste Disposal Q1 2011  

LLWR Preparation for Segregated VLLW Storage Complete September 2009 

Storage of segregated VLLW at LLWR Q2 2010 

Transport segregated VLLW to Waste Disposal facility Q2 2011 

 
4.3.4  Waste Packaging 
 
Disposal of LLW in Vault 8 has primarily been accomplished in HHISO containers.  These HHISO 
containers introduce internal void space when loaded with certain waste streams, (e.g. compacted pucks 
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from the WAMAC Facility at Sellafield).  These voids lead to inefficient use of disposal volume available 
in LLWR vaults and require relatively large volumes of void filling material (e.g. grout) to ensure long 
term performance of the repository. External voids are also created between containers which uses 
valuable disposal space.  
 
LLW Repository Ltd. will introduce a range of new, innovative and flexible packaging solutions for the 
transport, treatment and long term storage/disposal of wastes through the LLWR Consignor Support 
Organisation.  This approach will reduce the inefficiencies of the current containers and reduce the 
amount of clean material being disposed. They can be summarised as follows: 
 

·  Use of re-usable containers; 0075 Skips, HHISOs and/or Full-Height (FHISOs) as the approved 
transport container for moving materials between consignor sites, treatment and disposal sites  

·  Development of modular, inner-packaging solutions (Figure 5) for the storage of segregated 
wastes (e.g. metals, combustibles, compactables, etc) and transport to treatment facilities 

·  Use of inner disposal liners for non-compactable waste (Figure 5) and WAMAC compacted puck 
over-packs  

 
FIGURE 5 - ILLUSTRATION OF MODULAR PACKAGING SOLUTIONS 
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FIGURE 6 - ILLUSTRATION OF HHSIO LINER 
 

 

 

  
 
The containers and packages will be designed to ensure that the flexibility of use is maximised and that 
the packages can be used in combination to suit consignor requirements and the physical nature of the 
waste.  The disposal liner and over-pack will be designed to minimise void space, both internal and 
external.  The current void space is approximately 50% (10m3 of LLW for 20m3 of vault space).  It is 
anticipated that this approach will have the following benefits: 
 

·  Significantly increase disposal efficiencies at LLWR 
·  Reduce amount of grouting required 
·  Reduce packaging costs significantly 
·  Facilitate the segregation of waste and application of the waste hierarchy 

 
The LLWR has completed an initiative to re-use 30 HHISOs for transport of LLW and/or segregated 
wastes. These containers were surveyed and re-certified for transport. Twelve (12) of these containers 
were used to transport the first consignment of segregated metallic LLW to the Studsvik UK Ltd. MRF. 
Eleven of these HHISOs have been returned to LLWR to be reused or utilised for LLWR generated 
waste. Two further HHSIOs and another container (1/3 height) have been sent to a Swedish MRF and 
these will be also be reused when returned to the LLWR.  
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LLWR continues to use the 0075 skip for compactable LLW and transports to WAMAC for volume 
reduction.  
 
LLWR 0075 skip                                                                      30 empty HHSIOs ready for re use 
 
�
�
LLWR 0075 Skip30 empty HHISOs ready for re use 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All new packaging innovations will be consulted and thoroughly evaluated through a period of 
optioneering and consultation with customers, regulators and stakeholders to ensure the continued safe 
operation of the repository and maintain compliance with regulatory requirements.  The supply chain will 
be engaged to assist in the development and implementation of the innovations.  Any changes that 
impact on the LLWR ESC will be fully assessed as part of that ongoing programme of work. The 
regulators will be engaged in any changes which could impact the ESC.  
 
Work on the reusable containers is progressing as planned. Initial optioneering is complete and the 
design work is under final review.  As per the strategy, the design is undergoing consultation with the 
customers, regulators and stakeholders. The final design was completed by the end of March 2010. 
Figure 7 provides an illustration of a reusable container.  A prototype is under manufacture for testing 
which enables the target of introducing the container later in 2010.  During routine operations, LLWR will 
survey and inspect the empty multi-use transport container and store it pending dispatch for another waste 
shipment.  The maintenance programme for the container fleet will be comprehensive to enable the fleet to 
be utilised for many years and maximise the value obtained from the fleet.  
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             FIGURE 7-  REUSABLE CONTAINER 
 

 
 
 
Initial optioneering will commence in later 2010 on the disposable liners using the supply chain; however 
work on the liners must be progressed inline with the final design of the reusable container. The optimal 
solution of using a common liner to meet the needs of both compactable and non-compactable wastes is 
being progressed by the project delivery team. The new disposal liners for LLW will fit tightly together and 
use less repository space per cubic metre of waste.  The design of the disposal liner will allow efficient 
stacking in disposal or storage  
 
Table 4 reflects current LLWR LTP scope, schedule and provision. The shaded area indicates work has 
commenced as per schedule. 
 
TABLE 4 - PACKING INNOVATIONS TIMETABLE 

 

Key activities Start Dates  

Container Optioneering and design development 2008 

Introduce Reusable Transport Containers 2010 

Introduce Disposable Liners for Non-Compactable Wastes 2010 

Introduce Disposable Liners for Compactable Wastes 2011 
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4.3.5 Reuse / Recycle 
 
The Government LLW Policy recognises that there are opportunities for industry-wide initiatives for 
increased re-use and recycling of some forms of LLW, for example, metals, equipment and waste.  In 
many cases, re-use and recycling is a financially and environmentally attractive means to reduce 
volumes of waste requiring disposal.  Reuse and recycle also offers secondary uses and applications.  
Furthermore, where practicable, the NDA and other appropriate bodies will be expected to support and 
encourage new developments in the field of increased re-use and recycling, and the opening of markets 
for recycled wastes, where the benefits are clearly shown. 
  
Within the current inventory, over 6% of the waste volume identified for disposal at LLWR is potentially 
EW and hence could be re-used or recycled inside or outside of the nuclear industry with minimal 
restrictions in accordance with current regulations.  It is noted that the UK system of Exemption Orders 
(EO) under RSA93, which is currently under Government review, is different from some other parts of 
the European Union (EU) where a radionuclide specific approach is favoured. The radionuclide specific 
approach favoured by some parts of the EU provides levels of safety and environmental protection which 
are broadly equivalent to (and sometimes better than) the UK. 
 
Significant opportunities exist for re-use of decommissioning rubble as aggregate for new construction 
projects in the nuclear or non-nuclear industries.  Optimising the decommissioning process to recover 
and recycle resources for new construction not only reduces the disposal requirements but offsets the 
cost and environmental impact of new materials. 
 
Re-use and recycling of metals within the nuclear and non-nuclear industries is another clear opportunity 
to minimise waste requiring disposal whilst conserving raw materials and resources.  Decontamination, 
metal melting, and other metal recycling technologies and routes are readily available and could be 
further utilised by UK nuclear operators.  Recycled metals have a number of re-use opportunities, but 
one notable use is in the construction or lining of radioactive waste containers. 
 
Initiatives will be introduced to take advantage of EW volumes as supply fill materials required for vault 
closure both at the LLWR and at other sites undergoing closure.  
 
As mentioned above, there is a large opportunity for segregated EW material from decommissioning to 
be recycled and aggregated for reuse.  The integration and execution of WRAP (Waste and Resources 
Action Programme sponsored by Department of Environment, Food, and Rural Affairs (DEFRA) 
initiatives will be encouraged, including the implementation of Site Waste Management Plans (SWMPs) 
for all decommissioning and demolition projects at sites. This will include identification of any materials 
that can be reused or recycled in a sustainable manner within the industry on the existing site, for 
example, reclaimed aggregate to be used in new concrete construction.  LLW Repository Ltd will 
document the opportunities and act as a central resource for good LLW management guidance. For 
example, one proactive study performed at Wylfa examined potential decommissioning materials 
suitable for recycling and reuse.  A bill of quantities was produced and a preliminary market analysis was 
performed to determine a potential value of the materials to the recycling market.   
 
Decommissioning of the PCM retrieval facilities and legacy magazines at the LLWR (see Section 7.2) 
itself offers numerous recycling opportunities.  A programme of demolition will be undertaken including 
demolition and land remediation associated with Magazines 3, 4, 5, 9 and 10 and the associated 
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Magazine Retrieval Facilities (MRF) and Support Buildings.  The plan includes decontamination of the 
concrete surfaces and survey and release for demolition.  The final decommissioning (demolition) 
schedule will be sequenced with future construction and capping of Vault 8. As part of demolition the 
concrete rubble will be segregated and processed for beneficial reuse as fill material for the LLW cap.  
Where possible, all crushed concrete will be re-used either in support of construction or for LLWR 
operations.  There are no current plans to transport recycled concrete materials off-site, thereby avoiding 
transport and energy costs.  
 
Rubble from the Windscale piles has been re-used by the Vault 9 contractor in preparation of laydown 
areas. This not only effectively reused the material, but also released the land for construction of Vault 9.  
 
As part of the PCM Decommissioning programme (see Section 7.2), the equipment within the waste 
handling building will be offered up for re-use.  The assets will be categorised radiologically and posted 
on the NDA asset transfer database as available pending initial and interim decommissioning work.  This 
equipment will range from breathing air systems, assay systems, radiological instruments, Close Circuit 
TV (CCTV) cameras, pallet trucks, forklifts, lifting equipment, fire detection systems, and many other 
items. 
 
Two of the PCM support buildings (B726/ B746) are planned to be reused for other purposes. Following 
PCM decommissioning work and planning permissions, building B726 is planned to be retrofit to support 
a container maintenance facility.  B746 and other facilities will be evaluated for beneficial re-use. A 
planning permission application was submitted in late 2009 to enable this re use.    
 
As stated earlier, metals have been identified in the Government LLW Policy as a material that could 
potentially be recycled and the Government believes that there may be opportunities for industry-wide 
initiatives to increase re-use and recycling.  The LLW Repository Ltd. proposes an integrated approach 
to management of metal wastes that optimises the application of technologies for reuse, 
decontamination and recycling. 
 
Over 90% of the current metal forecasted as waste is ferrous metal.  Characterisation and segregation of 
metal from other LLW streams at source is key to full diversion from the direct LLWR disposal route.  A 
flexible management programme will be applied to metal waste that follows the principles of the waste 
hierarchy (i.e. re-use, decontamination, and then metal melt for recycling).  In this model, where it is not 
practicable to re-use or sufficiently decontaminate to exemption levels, metals could potentially be 
treated/melted (and subsequently recycled) in available facilities within Europe or the U.S.  LLWR is 
therefore considering using these overseas routes in the short-term to mitigate the LLWR capacity 
pressure whilst developing the business case for the construction of similar facilities in the UK. 
 
 
4.3.6 Waste Tracking / Inventory Management   
 
The management process to consign waste to LLWR is currently a largely paper-based system and 
could be significantly improved to support the various initiatives contained in this strategy.  Furthermore, 
LLW inventory information is currently collected and managed across a number of industry datasets, 
causing difficulties in forecasting disposal capacity demand. 
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LLW Repository Ltd. will develop and deploy a secure web-based waste tracking and inventory system 
to simplify waste scheduling, transportation, processing, and disposal that will be compatible and flexible 
to work with existing systems at site and national levels. 
 
The web-based system will be capable of providing: 
 

·  Waste forecasting  
·  Transportation Scheduling 
·  Transport Tracking 
·  Inventory Management 
·  CFA Compliance  
·  Best Practice  

 
The systems will automate preparation of waste characterisation and transportation documentation and 
significantly simplify waste transportation approval.  This automation will facilitate scheduling of waste 
transports and disposal authorisations between consignors and SLC, between consignors and treatment 
facilities and follow-on transportation to LLWR.  
 
Both the consignors and LLW Repository Ltd. will be able to monitor actual waste receipts against 
forecasts to optimise the waste hierarchy functions as well as the LLWR facility performance. The waste 
inventory and forecast functions will provide the waste source term and define what is expected to be 
received for disposal and how it will affect the performance of the disposal repository.  This system will 
eventually replace the current paper system and release valuable personnel within the LLWR and 
consignors to support other initiatives. The system will automate preparation of waste characterisation 
and transportation documentation and significantly simplify waste transport approval. This system 
intends to support wider assurance, improve record keeping, and reduce reporting burdens.  
 
5 Site Operations and Assured Disposal 
 
5.1 Environmental Safety Case 
 
Future disposal of waste into vaults is dependent on the completion and agreement of the ESC for the 
site with the EA.  A revised ESC Project plan has been developed and incorporated into LTP 2008 (and 
subsequent revisions), calling for delivery of an acceptable ESC by 1 May 2011.  The major work is to 
revise and develop the safety case for final submission to EA.  The key milestones are shown in Table 5.  
The shaded areas have been completed as per the scheduled date. 
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TABLE 5 - PROJECT PLAN FOR ESC 
 

Key ESC Tasks Delivery Date  

Revised Safety Approach  November 2008 

Safety Case ready for Option/Optimisation Studies February 2009 

Safety Case Review No. 1 March 2009 

Safety Case Review No. 2 February 2010 

Main Data Freeze April 2010 

Complete Final Safety Case Assessment October 2010 

2011 ESC submittal to EA (Requirement 6) April 2011 

 
 
Delivery of this key project has continued in accordance with the schedule. All EA deliverables continue 
to be provided by the deadlines developed earlier with EA (Requirement 4 - 1st Aug 2009).  Successfully 
meeting these objectives/regulatory requirements is fundamental to ongoing regulator/stakeholder 
confidence. Feedback from the regulators continues to confirm that the project is meeting regulatory 
expectations.  
 
Final revised guidance on near-surface disposal of solid radioactive waste was published by the 
Environment Agencies.  This was reviewed during the ESC Project’s Status Review in March 2009 to 
ensure that the forward programme addresses all necessary aspects. The individual work-streams 
targeted at the Schedule 9 deliverables have already been defined. 
 
NDA reviewed the technical scope of the ESC Project, and in their conclusion, supported the scope and 
deliverables to execute the project.  External peer review of the project, both international and national, 
has continued in 2009 and this review adds to the stakeholder and regulator confidence in the delivery 
technical scope.  
 
The new Framework Contracts which were let for specialist subcontract resource have been utilised and 
the contractors are now delivering key work scopes to enable meeting the deliverable by the ‘Data 
Freeze’ date (30th April 2010).  This contract will continue to support the project in delivering the Safety 
Case.  
 
A significant consideration for delivery of the ESC and ongoing monitoring and safety case revisions has 
been appropriate skilled resources.  The ESC has now successfully recruited against the projects needs, 
filling positions with two new LLWR staff.  



 

LLWR Developed Operational Strategy 

10009/LLWR/LTP 
 

Date: March 2010 

 
 

  
Page 35 of 62 

  

 
 

 
The ESC Project includes the following work streams leading to the ESC submission: 
 

·  Safety Case Development and Management 
·  Optimisation 
·  Near Field and Inventory 
·  Site Understanding 
·  Assessments 

 
The ESC Project is also integrated with the following LLWR projects, organisations and activities: 

 
·  Consignor Support – coordination of waste inventory Information 
·  Waste Treatment – ESC will evaluate the effect of treatment 
·  Waste Packaging – the Safety Case will evaluate the impact of the new disposal container on the 

ESC  
·  CFA – Consignor Support will coordinate the acceptance of any problematic waste streams with 

the ESC Project prior to receipt for disposal.  Consignor Support will make changes to the CFA, 
based on impacts to the ESC.  ESC signs off on all CFA changes 

·  Site Closure – the ESC Project will coordinate with the Site Closure Project on the closure design 
including the final cap, cut off wall, if required, and vertical drains 

·  Vaults – the ESC Project will coordinate with the Vault Project on any ESC impacts on the final 
designs 

·  National LLW Strategy – the ESC Project will coordinate with National LLW Strategy on 
development and implementation of the strategy related to the use of LLWR. The NDA’s plan for 
the optimum use of LLWR will be coordinated with the submission of the ESC to EA. This will 
define the future disposal inventory. 

·  VLLW – the ESC Project will evaluate the impact of the proposed VLLW cells at LLWR 
·  Pre-closure- the ESC project will coordinate with the Pre-closure project on interim and final 

capping and leachate management 
·  Site Operations- the ESC project will co-ordinate with Site Operations to evaluate the benefits and 

limitations of a waste emplacement strategy to reduce post closure risks and doses 
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5.2 LLW Assured Storage and Disposal 
 
Segregated waste operations have been successfully implemented on the LLWR site in 2009. To 
support these operations, on-site procedures and arrangements have been modified for both receipt 
and despatch of metallic, combustible and Very Low Level segregated waste.  In addition to on-site 
arrangements, EA authorisation has been given to permit follow-on treatment of segregated wastes. 
 
The first metallic shipment (via rail) of 316 drums generated from the LLWR site to the MRF based in 
Lillyhall, Cumbria was successfully achieved on 03 September 2009.  Twelve HHISO freight containers 
were loaded on-site by the LLW operations team at B746, appropriately labelled, and stored within 
B726 compound prior to loading onto the train at the rail sidings. The containers were handled in 
accordance with the packaging and handling instructions.  
 
Segregated waste in HHISO containers will be separated in the storage area based on treatment routes. 
The HHISO containers will be stacked and handled in accordance with packaging guidance in order that 
packages can be re-transported from the LLWR to the treatment destination.  The containers will be 
inspected in accordance with new arrangements authorised by the packaging authority.  LLW 
Repository Ltd. will not open the HHISO container for inspection or repackaging prior to shipment for 
treatment.  LLW Repository  Ltd. will load waste containers on lorries on-site and deliver HHISOs to the 
rail siding for rail transport shipments to treatment services.   
 
Following the introduction of the new containers, operations will receive and inspect the multi-use 
transport container filled with LLW disposal liners.  The transport container will be opened and the 
disposal liner will be removed with fit-for-purpose waste handling equipment.  The disposal liner will be 
surveyed and inspected and placed in storage.  The new disposal liners for LLW will fit tightly together 
and use less repository space per cubic metre of waste.  The design of the disposal liner will allow 
efficient stacking in disposal or storage.  
 
LLWR will survey and inspect the empty multi-use transport container and store it pending dispatch for 
another waste shipment.  The maintenance programme for the container fleet will be comprehensive to 
enable the fleet to be utilised for many years.  Some of the maintenance is planned at existing facilities 
on-site and other maintenance will be performed off-site through the supply chain.  
 
Following treatment of the segregated wastes, the secondary wastes will be shipped back to the LLWR.  
LLW Repository Ltd. will unload the secondary waste container, and after following inspections, 
transport the container for storage, pending final disposal at LLWR.  
 
5.2.1 Vault 8 
 
Disposal of LLW into the existing engineered Vault 8 is permitted under the LLWR’s RSA 93 
Authorisation issued by the EA.  Space in Vault 8 to carry out routine container handling operations and 
dispose of LLW is no longer available. It is therefore necessary to understand the current situation and 
consider a strategy to maximise and optimise the remaining disposal space for uncontainerised bulk 
waste in conjunction with Vault 9 operations.  
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Current remaining capacity for Vault 8 is estimated to be approximately 300 containers (200 of these 
accessible through normal tug, trailer and fork lift truck operations and 100 accessible through use of 
crane) with corresponding fill dates of mid 2010 for the normal accessible containers and late 2010 for 
those requiring crane operations. These dates assume that normal operations continue with all 
containers generated being transferred to Vault 8.  However Vault 9 partial handover has now taken 
place with additional storage capacity generated. In conjunction with the implementation of other 
initiatives described below, additional opportunity to extend Vault 8 availability is realised. 
 
5.2.2 Stacking / De-stacking arrangements 
 
The current planning consent for higher stacking is temporary and limits the total number of higher 
stacked containers to a maximum of 950. The consent also states that 6-high stacking operations shall 
not take place after 31 August 2010 and that all 6-high stacked containers must be removed by 30 June 
2012.   
 
A planning application for extending the duration for the temporary higher stacking in line with the Site 
ESC timescales was submitted for approval and planning permission was approved on 24 February 
2010 to extend the period for higher stacking in Vault 8 until 31 December 2015.  
 
Planning conditions for Vault 9 specify that containers cannot exceed 35te so that waste containers can 
be transported to alternate permitted disposal locations.  However, this is not a constraint for Vault 8 
operations.  In order to maximise Vault 8 capacity for containers heavier than 35te, a review is being 
carried out into the feasibility of de-stacking suitable containers from Vault 8 and relocating them to Vault 
9. It is estimated that there is a potential to de-stack approximately 100 containers and relocate these to 
Vault 9.  This could extend Vault 8 fill date by approximately 6 months into 2011. 
  
5.2.3 Un-containerised items 
 
Current predictions for un-containerised items for in vault grouting are items associated with PCM 
decommissioning activities on the LLWR site (bricks and concrete cube).  Areas within Vault 8 current 
disposal capacity have been identified.  No other un-containerised items have been identified for direct 
disposal into Vault 8. In the meantime, other un-containerised consignments will be evaluated on a case 
by case basis.  
 
 
5.2.4 Final filling 
 
As final filling of Vault 8 continues, space for equipment manoeuvring diminishes. There will be 
insufficient space remaining to turn the tug and trailer and operate a fork lift truck.  At this stage it will be 
necessary to reverse the tug and trailer down the access ramp. To support this condition, improvement 
to the infrastructure to the North of Vault 8 has been carried out by provision of a turning head to enable 
safe turning and subsequent reversing into the vault. 
 
With the tug and trailer reversed down the access ramp, there will be insufficient space for the fork lift 
truck to unload the trailer and place containers in the stack.  At this stage it will be necessary to place 
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containers in Vault 8 by crane.  No suitable area currently exists in the required location to site and rig a 
mobile crane to the north of Vault 8. This will need to be constructed to enable this to take place.   
 
5.2.5 Vault 9 
 
Construction of Vault 9 commenced in July 2008.  A first “island slab” was handed over to LLW 
Operations on 21st July 2009.  This area has now been commissioned and routine operations have 
commenced.  This initial operational area of Vault 9 provides capacity for 2009/2010 which eliminates 
the short term capacity gap for the storage of LLW.  Additional portions have been subsequently handed 
over to LLW Operations, with completion of construction of Vault 9 expected in early 2010.  The picture 
below shows operational use of the initial slab following handover to Site Operations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LLW Operations Team continues to work closely with the Vault 9 Project Team to allow LLW operations 
and construction activities to continue side-by-side. Detailed planning has been required and a 
temporary operations area has been formed on the slab that includes a leachate collection system. The 
following photographs detail construction activities at Vault 9: 
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The Vault 9 planning permissions allow storage until 31st December 2018, but do not allow permanent 
disposal.  Approval of the ESC is fundamental to Vault 9 and permanent LLW disposal. The current 
strategy assumes that the EA will approve the ESC in 2013 to allow for continued use of the LLWR as a 
national asset, once safety and long-term performance assessments have been satisfactorily 
demonstrated. 
 
Six high stacking has also been evaluated in the Vault 9 safety case. This is not permitted in the 
planning permission for storage, but LLWR will consult with stakeholders to evaluate this alternative for 
storage.  Similar to Vault 8, this has the ability to complement the cap design and reduce the quantity of 
profiling construction material while still providing a robust cap long term. 
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The transition from storage operations to disposal of LLW is dependent upon: 
 

·  The submission and acceptance of a revised Environmental Safety Case in 2011 
·  The subsequent amendment to the LLWR RSA93 Authorisation by the EA, anticipated in 2013 
·  Receipt of planning permission from Cumbria County Council allowing Vault 9 to be used for 

disposal 
 
It is assumed until advised that any waste stored in Vault 9 at that point will be reclassified as disposed, 
with all future additions in Vault 9 classified for permanent disposal. 
 
This strategy is dependent upon the EA being satisfied that the design of Vault 9 is suitable for disposal 
and that the overall radiological risk from LLWR is acceptable.  The EA has confirmed at this stage, that 
the design of Vault 9 is acceptable and does not preclude any future options prior to closure. 
 
The shaded areas in Table 6 indicate that the work has been completed.  
 
TABLE 6 - VAULT 9 CONSTRUCTION PROGRAMME 
 

Key activities Dates 

Award Construction Contract July 2008 

Start Construction Works September 2008 

Partial Slab Handover to Site Operations July 2009  

Complete Construction 2010 

 
5.2.6 Strategy for Future Vault Development 
 
Vault 9 has obtained planning approval from Cumbria County Council for the storage of LLW.  There is 
still uncertainty concerning its suitability for disposal, however, the EA has indicated they believe the 
design to be inherently flexible and capable of modification to satisfy the requirements, of disposal.  The 
design of Vault 9 reflects good practice, modern standards and international benchmarking related to the 
provision of a waste disposal facility based on the principles of containment.   The design of future vaults 
and the closure of the whole facility is the subject to optimisation in relation to the development of the 
ESC.  The impact of this optimisation upon the design of future vaults and subsequent closure of the 
facility as a whole is further discussed in section 6.  

 
Future Vaults will be developed as required.  The exact development timescales are to be based on 
waste consignments to LLWR.  The forecast development is based on the WIDRAM database[10].  
 
Figure 8 shows the sequence described above and also the subsequent development of the LLWR that 
will provide assured storage and disposal.  
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FIGURE 8 - FUTURE PROVISION OF DISPOSAL CAPACITY 
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5.2.7 Very Low Level Waste 
 
The Lifetime Plan submission clearly identifies separate projects which will progress both options below: 
 

·  The option to dispose of VLLW at sites other than the LLWR site through commercial 
arrangements with the supply chain.  This option was discussed in section 4.3.3.3 

 
·  The option to dispose of VLLW at the LLWR site in a purpose-built VLLW disposal facility. The 

option for constructing a VLLW facility at the LLWR site would not commence until submission 
and acceptance of a revised Environmental Safety Case in 2013.  

 
Implementation of VLLW disposal on the site has been deferred until such time that the UK Nuclear 
Industry LLW Strategy and LLWR waste treatment services using the supply chain have matured and 
been confirmed. 
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5.3 Transportation 
 
In late 2009, LLW Repository Ltd began to coordinate waste transport and logistics between waste 
consignors, treatment facilities, and LLWR disposal facilities.  This is consistent with the overall objective 
of providing a full waste service offering via the Consignor Support Organisation where Transport & 
Logistics will be integrated with a new secure web-based waste tracking and inventory management 
system.  This will enable LLW Repository Ltd. to co-ordinate and schedule waste movements from 
consignors via road, rail or sea, providing community assurance and more efficient, assured waste 
services. 
 
Progress in this area has been rapid - key achievements so far include; 
 

·  Establishing a Transport & Logistics Section within the Consignor Support Organisation with the 
capability to undertake all statutory duties associated with dispatch of waste to and from the 
Repository Site 

·  Gained membership of two key transport related organisations; RADSAFE (national provider of 
first response in the event of a transport incident) and the World Nuclear Transport Institute – 
WNTI, (in order to ensure that the interests of LLWR and NDA are represented in discussions 
with transport regulators and key stakeholders).  

·  Obtaining necessary approvals for LLW Repository Ltd to become the Licensing Authority for the 
current fleet of LLW Transport & Disposal Containers 

·  Setting up new container management services, including; 
– Container Lifting Assessment 
– Container Contents Restraint Assessment 
– Container Repair 
– Container Technical Inspections and Containment System Leak testing 
– Container (various designs) Overpack Service 

·  Defining the requirements for new reusable LLW Transport packages to support new waste 
treatment options. 

 
Segregated LLW is transported to the LLWR primarily by rail.  Rail transport is desired to reduce lorry 
traffic through the adjacent Drigg Village and it is the preferred mode of material movement to LLWR.  
LLWR is now working with consignors to facilitate rail transport or road-to-rail drop-offs (e.g. Port of 
Workington or Sellafield site). Facilitation of road and rail services is coordinated centrally by LLW 
Repository Ltd. At the end of 2009 a total of seventeen containers of segregated waste had been 
transported to the Studsvik MRF at Lillyhall in West Cumbria. The transport to MRF (and subsequent 
return of empty containers for re-use) was by rail via Port of Workington. The following pictures show 
loading and unloading of the containers.  
 



 

LLWR Developed Operational Strategy 

10009/LLWR/LTP 
 

Date: March 2010 

 
 

  
Page 43 of 62 

  

 
 

 
 
The planning conditions for the construction of Vault 9 stipulated that the delivery of construction 
materials maximise the use of rail.  This has required the construction contractor to introduce off-site 
storage of bulk construction materials (e.g. at Port of Workington and Ghyll Scaur rail loading facility) 
allowing materials to be stockpiled for just in time delivery to the LLWR.  
 
LLWR will continue to work closely with consignors, treatment service providers, and construction 
projects to efficiently coordinate the shipping schedules.  A rolling 4-week shipping schedule has 
enhanced our ability to plan work and realise efficiencies for several organisations.  This integrated 
approach also allows multiple uses of the rail sidings for both construction material receipts, waste 
receipts, dispatch of empty transport containers back to consignors and segregated waste to treatment 
services.  This schedule is communicated through electronic means and updated weekly.  
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LLWR has modified contracts and onsite arrangements to allow multiple uses of the on-site rail siding.  
These uses include transportation of the following:  
 

·  Empty containers 
·  PCM Wastes 
·  LLW Wastes 
·  Construction materials for Vault 9 

 
The second rail siding that was detailed in previous LTPs has now been removed from the baseline plan.  
The requirement for an additional siding is linked to the form of the permanent cap for the vaults and 
trenches and the construction programme for the remaining vaults.  The validation of this planning 
decision will be verified once the ESC has been approved and the form of cap has final agreement. 
 
LLW Repository Ltd. has shown an integrated transport plan can effectively utilise the rail siding for LLW 
consignor receipts, PCM, and consignor dispatches in conjunction with receipts of Vault 9 construction 
materials.  This has been achieved through meticulous control and management, demonstrating that 
LLWR is capable of fulfilling its commitments to optimise the LLW operations and management 
arrangements for delivery of those operations.  
 
Our ongoing Operational Strategy in relation to Transport will  be to continue to minimise the social and 
environmental impacts of waste and bulk material movements as far as practicable.  To further this 
approach and demonstrate value for money to the NDA, LLW Repository Ltd. has initiated an Integrated 
Transport Study. 
 
In collaboration with a recognised industry-leading supplier, we have developed a logistics modelling 
capability that is unique in the nuclear sector and is ideally suited to all types of radioactive waste  
transfer and facilities planning.  
 
This will enable us to determine the optimum national model for movement of LLW and materials to and 
from the LLWR site, treatment facilities and consignor sites. The use of international facilities for waste 
treatment will be included in the scope of the final model. The Integrated Transport Study is on target for 
completion by April 2010.  
 
The main aims and objectives of the study are to:- 
 

·  Manage all consignments of LLW in the UK by rail, identifying transit hubs for LLW at authorised 
facilities ( Workington, Sellafield and other potential sites) before transfer to the LLWR site or 
other disposal / treatment facilities 

·  Make use of various identified existing rail terminals 
·  Complement the NDA Transport & Logistics policy to assist in keeping open reliable rail 

infrastructure to support the existing and future nuclear industry 
·  Integrate road haulage delivering to hubs, eliminating road haulage through Drigg Village 
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6 Remediation and Site Closure 
 
6.1 Delivery of Engineering System for Disposal 
 
The current waste arisings and implementation of treatment services require Vault 12 to be constructed. 
Although the ESC examines the intended design, the engineering construction, and subsequent disposal 
within vaults beyond Vault 12, the implementation plan currently includes up to Vault 12 only,  
 
6.2 Capping and Closure 
 
Future Vaults will be developed in line with the demand created by waste consignors.  As vaults are 
developed for future arisings, previous vaults will be progressively closed.  Once closed, they will be 
passively managed and monitored to demonstrate that the system is satisfying the requirements and 
intent assumed and assessed within the ESC.   
 
This phased closure of the LLW disposal facility has the potential to reduce the monitoring period 
required after the facility is full, (currently assumed to be 2070). 
 
The stages of site management broadly consists the following three phases: 

·  Operations Phase:  now until circa 2070 (or until full):  During this phase waste is being placed in 
the vaults. All site monitoring systems are operational and operators are present on site.  Initial 
vault closure occurs during this phase. 

·  Management Phase:  now until circa 2150: Once interim closure occurs and/or final capping is 
installed that closed part of the site transfers into the management phase.  The operator will 
continue to have a presence on site and any defects or issues can be addressed. 

·  Post Closure Phase:  circa 2150 and beyond:  There will be no operators present on site albeit 
initially some institutional controls may be in place.  After the initial period only those passive 
features installed during development of the facility are in place to protect the site.   

 
The LLWR complies with International Atomic Energy Agency (IAEA) recommendations for the use of 
multi-barrier systems, where the physical aspects of the waste form and site engineering interact with 
and complement the chemical conditions created by the materials used.   
 
Current proposals for closure of the LLWR involve three key components:  

·  Final cap; 
·  Cut off wall; and,  
·  Vertical drains 

 
These components will prevent as far as practicable water entering the waste mass and control the 
release of any water which does enter the waste.  The detail design of the engineering components will 
be carried out prior to installation and any changes will be assessed against the ESC and confirmed to 
be suitable prior to installation work commencing. 
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6.2.1 Closure Engineering 
 
The capping of the disposal facilities is vital to ensure the long-term environmental protection required.  
The principle functions of the cap are to: 

·  minimise the infiltration of water into the waste mass; 
·  prevent/discourage bio-intrusion; and, 
·  control gas release. 

 
Prior to the installation of the cap it is proposed to install a bentonite cut-off wall around the waste 
disposal area.  The principle functions of this wall are to: 

·  minimise the ingress of groundwater into the waste mass; and, 
·  minimise the outflow of leachate into the near surface and surface water systems. 

 
In addition to the cap and the cut-off wall it is also the intention to install a vertical drain.  This drain is 
intended to act in the event of cap failure to ensure that that any water entering the waste mass is not 
discharged to near surface, (easily accessible),  water bodies, but is instead,  directed towards deeper 
systems (less accessible), systems. 
 
All of these features and the vault structure are the subject of engineering optimisation to ensure that 
they are effective and satisfying their principle functions in addition to demonstrating value within the 
system.  This optimisation process will examine innovative strategies for site remediation, trench capping 
and closure will be initiated to enhance final, long-term confinement of disposed waste and passive 
environmental monitoring systems and will be fully documented within the ESC to be submitted to the EA 
in May 2011. 
 
6.2.2 Summary of the Current Design 
 
The lining system for the new vaults (9-15), described below, is a component in the management of 
LLW, the design for which will include a major cut-off wall to depth around all the vaults and trenches 
and a final capping system over trenches and vaults.  Leachate generated during the operational and 
management phases will be actively managed by pumping out of the vaults.  Ultimately, in the post 
closure phase,  leachate from the vaults will preferentially overflow the eastern sidewall and be carried 
by a series of vertical drains to the regional groundwater unit, subject to future regulatory approval, refer 
to Figure 9.  The current design will be assessed in the ESC. 
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FIGURE 9 - MODULAR VAULTS SCHEMATIC OF LEACHATE MANAGEMENT  (AFTER CIRCA 2150) ASSESSED IN ESC 
 
 

 
The new vault basal lining system comprises the following elements, viewed from bottom up: 

·  500mm thickness of Bentonite Enhanced Soil (BES)  secondary mineral liner, overlain by; 
·  2mm High Density Polyethylene (HDPE) geomembrane, overlain by; 
·  Needle-punched, non-woven geotextile protector, overlain by;  
·  500mm thickness of free draining non-calcareous aggregate Leak Detection and Collection Layer 

(LDCL), overlain by; 
·  Separator geotextile, overlain by; 
·  500mm thickness of BES primary mineral liner, overlain by; 
·  Fixed electrical leak location system, overlain by; 
·  2mm HDPE geomembrane, overlain by; 
·  Needle-punched, non-woven geotextile protector, overlain by; 
·  2000 gauge Polyvinyl Chloride(PVC) membrane (shear break and separator layer to prevent 

leaching of concrete into the underlying geotextile during construction) , overlain by; 
·  350mm thickness of reinforced concrete running surface. 

 
The sidewalls to Vaults 9-15 comprise a ‘single composite’ lining system of 1000mm horizontal thickness 
of BES sandwiched between two concrete retaining walls, see Figure 9 below. The ‘outer’ (relative to 
waste body) retaining wall is of standard construction to the western and southern side of Vaults 9-15; it 
comprises the southern wall of Vault 8 to the north; and it is a secant pile wall to the eastern side of 
Vaults 9-15, adjacent to the trenches where geometrical constraints dictated against standard retaining 
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wall options. The inner face to the inner concrete wall is lined with HDPE deployed vertically. The inner 
concrete wall is cantilevered from the basal slab and structurally independent from the outer wall.  
 
FIGURE 10 - SIMPLIFIED SECTION THROUGH BASAL LINING SYSTEM, RUNNING SURFACE AND WESTERN SIDEWALL 
 

 
The sidewall BES is hydraulically continuous with the upper and lower BES basal layers, and the 
sidewall HDPE layer is welded to the upper (primary) HDPE layer of the basal liner.  Figure 10 above 
shows this sidewall detail at one of the sumps, also the sequence of materials in the basal lining system.  
In practice, there will be two sumps on the western side of Vault 9 for collection of leachate generated 
within the vault.  Leachate is anticipated primarily to comprise incident precipitation during the 
operational phase and this will be actively removed from the vault, minimising volume and concentration 
build-up.  Below each primary leachate sump there will be a LDCL sump, which will act as the monitoring 
point and, if required, collection point for any leachate which makes its way through the primary 
composite liner.  The basal and sidewall lining system, including the LDCL and its 400mm diameter 
monitoring pipe are conceived to provide a continuous barrier to leachate without perforations.   

 
Consideration has been given to maintaining continuity of barrier system at interfaces, including those 
between subsequent vaults.  Each vault will have its own LDCL which will occupy most of the plan 
footprint of that vault.  There will not be continuity of LDCL between subsequent vaults: this approach 
allows any leaks to be identified to the particular vault and simplifies the construction detail at vault-to-
vault interfaces.   
 
The engineered layers in the cap are 3.1m, this is made up from the following viewed from bottom up: 

·  Gas Collection Layer: 500mm of coarse clean gravel 
·  Hydraulic and Gas Barrier Layer:  

o minimum 600mm BES Layer 
o 2mm HDPE geomembrane, 

·  Drainage Layer:  500mm Coarse clean Gravel 
·  Bio-intrusion layer; 600mm of densely compacted cobbles (300mmin size) 
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·  Filter Layer: filter layer of sand over a layer of coarse gravel 
·  Moisture Retention Layer 300mm of subsoil 
·  Topsoil: 300mm thick to support plant growth 

 
To achieve the correct gradient on the cap to optimise the run-off and control erosion a profiling layer is 
required.  It is intended that this layer is made from selected material either imported or from excavation 
on the site.  The possibility of using LLW or VLLW within this profiling layer will be investigated to ensure 
the maximum value is obtained from the site.  This initiative does however have to be evaluated in 
relation to operational practices and regulatory restrictions. 
 
Through the period of operation and management control, the level of leachate in the system will be 
monitored, and if required, reduced.  Through this period the amount of leachate generated and its 
chemical composition will be key in demonstrating that the facility is working within its design envelope.   
Once the declared/consulted end state has been achieved, the site will then be released from the 
Nuclear Site Licence and restored to institutional control. 
The final cap as stated previously will be installed progressively. The schedule is detailed below:- 
 
TABLE 7 - PERMANENT CAP CONSTRUCTION SCHEDULE 
 

Activity 
Start Finish 

Vault 8 (and cut-off wall) 2018 2022 

Vault 9 2024 2026 

Vault 10 2042 2044 

Vault 11 2062 2064 

Vault 12 2073 2075 

 
 
 
6.2.3  Site Remediation  
 
In addition to the provision and subsequent closure of the LLW facilities on the site parts of the site will 
have assessed in relation to the legacy of contamination present as a result of Royal Ordnance Facility, 
(ROF) operations.  The extent of this remediation will be determined through assessment in line with EA 
guidance and regulation related to contaminated land.  This will involve consultation with the relevant 
parties and designation of future land use restrictions. 
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6.3 PCM Decommissioning 
 
A decommissioning and removal plan has been established to remove all PCM facilities on site.  This 
involves systematic decommissioning, demolition, and restoration of all those facilities. 
 
LLW Repository Ltd. will first complete residual operations and initial decommissioning activities to 
remove waste materials, redundant operational materials, and equipment, and begin clean-up activities 
in order that the facilities can then be further characterised for continued decommissioning.  Next will 
follow interim decommissioning which will decontaminate building surfaces and will include isolation, 
disassembly, and where possible decontamination of equipment, including exploring options for 
equipment re-use at other NDA sites.  Once decontamination is complete, ventilation systems will be 
decommissioned.  The end state of interim decommissioning will be a ‘cold and dark’ facility ready for 
final decommissioning. 
 
 
FIGURE 11 – PCM FACILITY DECOMMISSIONING STRATEGY 
 

 
 
Throughout the residual operations, initial, and interim decommissioning stages, the project will 
assess/evaluate, package, and transport the resulting wastes to the appropriate storage and disposal 
destination.  Every effort will be undertaken to characterise decommissioning wastes to segregate PCM, 
LLW, and lower category material.  Early examples include characterisation and removal of 
approximately 1400 loose bricks from the magazines as LLW rather than PCM and characterisation of a 
4.5 tonne steel/concrete cube as LLW.  Work methods will be chosen to balance worker safety while 
minimising generation of additional wastes. This will also review segregation techniques early for the 
interim and final decommissioning to ensure that the waste can be characterised to minimise disposal 
costs.   For example, sampling efforts have started in an effort to characterise, through statistical 
analysis methods, nearly 570 square metres of 25 mm thick bitumen floor topping material present 
throughout 4 of the 5 magazines.  Monitoring results indicate this material is contaminated and requires 
removal as part of the interim decommissioning decontamination efforts.  Characterisation of this 
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material as LLW instead of PCM will greatly reduce the number of 200 litre drums requiring management 
as PCM waste. 
 
 

 
 
 
 
 
 
 
 
 
Photos depicting Removal of loose bricks from Magazine 10 as LLW 
 
 
 
 
 
 
 
 
 
 
 
 
                                     Photo depicting bitumen floor sampling 

 
 
 
Final decommissioning will consist of a programme of demolition to be undertaken including structure 
demolition and land restoration associated with Magazines 3, 4, 5, 9 and 10 and the associated 
Magazine Retrieval Facilities and services/ support buildings.     
 
The majority of the metal waste from demolition of the PCM facilities is expected to be EW, including the 
MRF structural steel.  This steel will be removed by demolition techniques (e.g. equipment shearing) and 
will be segregated in containers for rail transport to metal recycling.  Contaminated metal wastes will be 
characterised and evaluated for LLW metal treatment, if possible.  A residual waste stream of 
approximately 334 low level contaminated empty overpack drums remaining from the PCM Retrieval 
project has been sentenced through the LLW metallic waste treatment route.   Any metal identified as 
PCM waste will be size reduced for storage in 200 litre drums.  The photos below show ‘before and after’ 
decontamination of an empty LLW contaminated drum. 
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Photos of decontamination of empty drum 

 
 
It is considered that the option of reusing the concrete and brick material on site is BPEO.   Interim 
decommissioning and decontamination activities will remove any contaminated coatings and surface 
contamination from the concrete.  The final decommissioning of the concrete is scheduled to occur last 
in the programme, as scope for follow-on projects.  This is planned due to the ability to access the 
concrete after demolition of the superstructure and coupling it to the Vault 8 closure and capping activity.  
There are benefits to the contractor who re-uses this material integral to the breaking of the concrete, 
processing (size reduction and rebar separation), stockpiling, and hauling.  This waste stream can be 
loaded at point of demolition into off-road trucks and hauled directly for processing.  The design of the 
vault cap will evaluate re-use of this concrete and rubble material as in-fill or general fill material. 
Depending on the outcome of the VLLW strategy (See Section 4), a new project to construct a VLLW 
facility may also have potential needs to re-use the concrete. This could be for construction materials or 
in-filling layers for operation of the facility.  
 
The soil stripped from the cover of the magazines will be stockpiled and stay on site for re-use. This soil 
may be used for recontouring and restoration of the PCM areas to establish drainage following the 
removal of concrete and bituminous pavements.  The rock material used in the gabian baskets and wing 
wall construction is also planned for re-use.  The aggregate materials from beneath the concrete slab 
and bituminous pavement, as well as the processed paving materials themselves, are anticipated to be 
suitable for re-use.  
 
There are 3 facilities that have been assessed and are proposed as suitable for reuse and will therefore 
not be removed. These facilities are the Crate Handling Facility B726, the Drum Re-packing facility 
B746, and the Office Accommodation B728. 
 

1. The Crate Handling Facility, B726, is not a contaminated facility; historically, it has been used for 
crate handling. The facility posed no radiological hazard and has a building crane which could 
support future maintenance and operations on the site.  It is located centrally on the LLWR site 
and is unobtrusive in appearance.  

 
2. The Drum Re-packing facility, B746, is not a contaminated facility; historically, it has been used 

for removal and re-packing drums from B720 and Magazine Retrieval facilities, loading drums 
into containers ready for transportation to Drum Stores.  The facility poses no radiological hazard 



 

LLWR Developed Operational Strategy 

10009/LLWR/LTP 
 

Date: March 2010 

 
 

  
Page 53 of 62 

  

 
 

and has a building crane, which could support future maintenance and operations on the site. It is 
located south of the vaults on the LLWR site and is unobtrusive in appearance.  

 
3. The Office Accommodation, B728, is proposed to be continually used and maintained as site 

office accommodation to support the ongoing LLW operations and projects during the 
construction of future LLW vaults.  

 
 

The PCM project will continue to evaluate other facilities for beneficial re-use.  
 
The LLWR asset management team will advertise PCM equipment for beneficial re-use. The primary 
method to communicate these assets will be via the NDA asset database. This equipment is varied 
and in good condition. It includes: 
 

·  Forklift trucks 
·  Fire detection systems 
·  Breathing air systems 
·  Assay systems 
·  Uninterruptible Power Supply (UPS) systems 
·  Radiological monitoring equipment 
·  Ventilation systems 
·  CCTV systems 
·  Lifting equipment 

 
 
TABLE 8 - PCM DECOMMISSIONING KEY ACTIVITIES 
 

Key activities Start Dates  

Complete Interim Decommissioning (Cold & Dark) 2012 

Award Demolition Contract Linked to Vault 8 
Capping 
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7 Key Assumptions, Risks and Opportunities  
 
Key assumptions, risks, and opportunities relevant to the Developed Operational Strategy are outlined in 
this section.  
 
7.1 Key assumptions: 
 

·  Waste arising forecast is based on NDA agreement, dated May 2008.   
 

- Dounreay LLW is assumed to be disposed of on the Dounreay site 
- EW and VLLW from Springfields and Capenhurst will continue to be disposed of at Clifton 

Marsh for the foreseeable future 
- Other VLLW streams will be disposed of either on or near their site of origin, or to another 

suitable purpose built facility. 
- Most contaminated land from Sellafield is disposed of on the Sellafield site as stated in their 

current LTP 
- Contaminated soil from the Atomic Weapons Establishment (AWE) will not be disposed of 

at LLWR 
 

·  The ESC for LLWR will be acceptable to the Regulators 
·  Authorisation for disposal is granted in 2013 with sufficient radiological capacity to develop the 

whole of the area previously known as the consented area 
·  Planning permission can be obtained for Vaults 10 to 12 
·  No retrieval of historic material disposed in the trenches at LLWR will be required 
·  The regulatory regime will remain unchanged 
·  Last receipt of waste will be in 2070 
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7.2        Risks and Opportunities 
 
Risks and opportunities that are currently being actively managed and are relevant to the strategy are 
detailed in Table 9.  These risks and associated management strategy were reviewed in preparation of 
the Developed Operational Strategy 
 
TABLE 9 - SIGNIFICANT RISK ISSUES AND MANAGEMENT STRATEGY 
 

KEY ISSUE 
 

DESCRIPTION AND 
CONSEQUENCES 

MANAGEMENT STRATEGY 

Failure of ESC  to 
achieve an 
Authorisation that 
supports the 
strategy 

This is the key short to medium term 
threat. The failure to generate an ESC 
acceptable to the regulators would 
prevent ongoing disposals at LLWR, 
and LLW would have to be stored, 
probably for an extended period, 
pending the availability of a 
replacement facility. This will have 
significant impacts on programme, 
cost and reputation. 

Ensure that the ESC is robustly 
constructed and subjected to 
extensive peer review before 
submission to the Regulator. Close 
liaison is maintained with the 
Regulator to ensure preparation 
and assessment of the ESC meets 
their requirements and is as 
expected.  

Inconsistent 
implementation of 
the National 
Strategy across the 
NDA estate 

This would result in the loss of 
significant opportunities to improve 
and lower the LLW liability estimate.  

LLWR is acting as a “UK integrator” 
for LLW management within the 
NDA estate.  In order to manage 
this risk, LLWR has recently 
developed a new programme 
called the Acceleration of Element 
2 Strategy (ACCELS), representing 
a programmatic approach to 
reduction in the overall national 
liability estimate (NLE) in LLW 
management. This work 
programme is being actively 
managed.  

 
Sufficient Waste to 
feed to enable 
Waste Treatment 
Providers to remain 
viable 

If there are insufficient quantities of 
waste available for the new service 
providers, this will affect the viability of 
delivering the new services 

Plan with the consignors and early 
identification of suitable waste for 
treatment. Working with the new 
service providers to understand 
their production constraints.   

Resource availability 
 

Implementation of the strategy 
continues to require significant 
resource. A shortfall in resources may 

This threat is being managed by 
ensuring that the consequences of 
a funding shortfall are transparent 
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KEY ISSUE 
 

DESCRIPTION AND 
CONSEQUENCES 

MANAGEMENT STRATEGY 

result in failure to implement some or 
all of the strategy fully: this will 
compromise the ability to reduce the 
volume of wastes disposed of at 
LLWR and thus represents a threat to 
the overall strategy. 

to all stakeholders, and by 
prioritising elements of the strategy 
to minimise the extent to which the 
strategy is compromised. 

Poor waste 
segregation 

 

The strategy assumes that wastes will 
be effectively segregated at source, to 
allow subsequent processing. It is 
possible that waste consigners will 
implement waste segregation less 
effectively than the plan assumes, 
late, or not at all. Depending on the 
quantity of waste which is received 
requiring segregation (and therefore 
unsuitable for processing), poor waste 
segregation could represent greater 
volumes for disposal at LLWR and 
hence a significant threat.  

The strategy for managing this risk 
has two main strands, one of which 
recognises that waste segregation 
will require effort on the part of the 
waste producer, and the other 
addresses potential technical 
issues with achieving adequate 
segregation. Segregation of wastes 
will require effort on the part of 
waste producers. Ongoing 
stakeholder management is being 
carried out to obtain buy-in to the 
waste strategy, both by liaising with 
producers to ensure that the overall 
benefits of a segregation strategy 
are accepted and also by the use 
of appropriate incentives to 
segregate wastes. These 
incentives are going through 
appropriate approval routes and 
will be in place in time to enable 
delivery of the strategy.  Waste 
segregation may also, in some 
circumstances, be difficult to 
implement: it is proposed that, 
where appropriate, technical advice 
will continue to be made available 
to waste producers to establish 
arrangements and protocols for 
waste segregation. 
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The management strategies identified here form the basis of a plan for the management of issues 
associated with implementation of the NDA LLW Management Plan and LLWR Operational Strategy.  
These risks and management strategies will continue to be subject to regular review, informing 
contingency planning and ensuring the assessment remains relevant as circumstances change. 
 
 
8 Recommendations for Optimum Use of the LLWR 
 
In March 2007, the UK Government and devolved administrations (for Scotland, Wales and Northern 
Ireland) published the policy for the long term management of solid low level radioactive waste in the UK. 
The UK Nuclear Industry LLW Strategy was developed and issued to Government for approval within the 
framework of the following principles set out in the Policy: 
 
• Use of a risk-informed approach to ensure safety and protection of the environment 
 
• Minimisation of waste arisings (both activity and volume) 
 
• Forecasting of future waste arisings, based upon fit-for-purpose  characterisation of wastes and              
materials that may become wastes 
 
• Consideration of all practicable options for the management of LLW 
 
• A presumption towards early solutions to waste management 
 
• Appropriate consideration of the proximity principle and waste transport issues 
 
• In the case of long term storage or disposal facilities, consideration of the potential effects of future 

climate change shall be evaluated. 
 
The overall aim of the Policy was to set out the need for greater flexibility in managing LLW, recognising 
that previous Government policy was not developed to take account of large scale decommissioning and 
environmental restoration. The Policy also sets out a number of requirements for the NDA, including 
development of a UK nuclear industry LLW strategy, developing a plan for the optimum use of LLWR 
and make NDA LLW management facilities available to other nuclear and non-nuclear managers of 
radioactive waste. 
 
In developing a plan for the optimal use of the LLWR, the following recommendations are provided to 
support NDA in this endeavour: 
 
1.  LLW Repository Ltd. will establish protocols and utilise Waste Acceptance Criteria (WAC) to help 
ensure that only those wastes that need enhanced safety, security, and environmental protection 
through engineered vault disposal are consigned to the repository. 
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2.  LLW Repository Ltd. will evaluate the opportunities and limitations for the long-term disposal of 
specific waste streams in the Environmental Safety Case for LLWR to help optimise the repository’s 
authorisation basis. 
 
3.  LLW Repository Ltd. will work with waste producers via its Consignor Support organisation to 
facilitate and coordinate alternative waste routes in its role as the UK Integrator for LLW management to 
preserve LLWR as a key asset in the UK. 
 
4.  LLW Repository Ltd. will continue to develop and enhance the waste segregated service contracts for 
the optimum and cost-effective management of metallic, combustible, and VLLW waste streams. 
 
5.  LLW Repository Ltd. will introduce improved packaging solutions for the transport, treatment, and 
long-term storage and disposal of radioactive wastes. 
 
6.  LLW Repository Ltd. will develop and deploy a secure web-based waste tracking and inventory 
system to improve and simplify data management for LLW. 
 
7.  LLW Repository Ltd. will provide transport and logistical services to support optimisation of waste 
transportation throughout the UK. 
 
LLW Repository Ltd. requests that we support the NDA in development of a plan for the optimum use of 
the LLWR beginning in 2010.  Much of LLWR’s current work scope, including tasks and projects in 
National LLW Strategy, Consignor Support, Environmental Safety Case, and LLWR Site Operations and 
Site Project Delivery is intent on improving operations and implementing innovations in LLW 
management.  
 
 
9 Summary 
 
The Initial Operational Strategy set out the first strategy for LLWR Operations up until site closure. This 
Preliminary Operational Strategy demonstrated that the implementation of the strategy had commenced 
in key areas. This Developed Operational Strategy embeds the strategy into the routine activities of the 
LLWR, ensuring that it continues to be delivered to the strategic intent.  
 
Segregated Waste Services are now fully resourced with a skilled Consignor Support Team, which has 
significantly progressed the implementation of the waste metal recycling strategy. Metal recycling service 
is now fully in place and contracts with the supply chain and customers are being exercised to utilise the 
service. The work on Combustible and VLLW continues with the strategic intent to embed these services 
using similar methodology to that used to successfully embed the metal recycling.  
 
National LLW Strategy has undertaken a number of key tasks to support and underpin the emerging UK 
Nuclear Industry LLW Strategy.  Many of the initiatives to implement the strategy are now in progress for 
integrating LLW management across the NDA estate.  
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Vault 9, one of the site’s major projects, has successfully completed handover of several slab areas to 
Site Operations, meeting the crucial requirement for ensuring short-term waste capacity and hence life 
extension for the Repository.  
 
The ESC, a site major project, remains on target to deliver the ESC to the regulator, by 1 May 2011. 
Regulator confidence remains in place with the project continuing to meet regulatory requirements as 
well as enhancing technical credibility via the peer review process.  
 
Many of the projects and innovations described in this Developed Operational Strategy for LLWR 
support the development of a plan for optimised use of the LLWR.    
 
The Initial Operational Strategy produced a documented baseline of the strategy for LLWR. This final 
Developed Operational Strategy completes the strands set out in the earlier strategies, demonstrating 
how the underpinned, strategic intent has now been embedded within the LLWR organisation.  
 
This Developed Operational Strategy demonstrates that the LLWR is continuing to effectively manage 
the UK’s LLW disposal capacity and ensuring that future disposal capacity is made available, as 
necessary.  
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11 Acronyms 
 
ACCELS Acceleration of Element 2 Strategy 
AWE Atomic Weapons Establishment 
BES Bentonite Enhanced Soil 
BPEO Best Practicable Environmental Option 
CCTV Close Circuit Television 
CEAR 
CFA 

Compilation of Environment Agency Requirements 
Conditions for Acceptance 

DECC Department of Energy and Climate Change 
DEFRA Department of Environment, Food and Rural Affairs 
EA Environment Agency 
EO Exemption Orders 
ESC Environmental Safety Case 
EU European Union 
EW Exempt Waste 
FHISO Full-Height ISO Container 
HDPE High Density Polyethylene 
HHISO Half-Height ISO Container 
IAEA International Atomic Energy Agency 
ILW Intermediate Level Waste 
IPT Integrated Project Team 
ISOCS In-situ Object Counting System 
ITT Invitation to Tender 
IWS  Integrated Waste Strategy 
LDCL Leak Detection and Collection Layer 
LLW Low Level Waste  
LLWR  Low Level Waste Repository 
LTP 
MRF 

Lifetime Plan 
Magazine Retrieval Facility or Metal Recycling Facility 

MoD Ministry of Defence 
NDA Nuclear Decommissioning Authority 
NII Nuclear Installations Inspectorate 
NLE Nuclear Liability Estimate 
OJEU Official Journal of the European Union  
PBO Parent Body Organisation 
PCM Plutonium Contaminated Material 
PVC Polyvinyl Chloride 
ROF Royal Ordnance Facility 
RSA93 Radioactive Substances Act 1993 
SEPA Scottish Environment Protection Agency 
SLC Site License Company 
SWMP Site Waste Management Plans 
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UPS Uninterruptible Power Supply 
UK United Kingdom 
UKNWM UK Nuclear Waste Management Ltd. 
U.S. United States 
VLLW Very Low Level Waste 
WAC Waste Acceptance Criteria  
WAMAC Waste Monitoring and Compaction 
WIDRAM 
WRAP 

Waste Inventory Disposition Route Assessment Model 
Waste and Resources Action Programme 

WBS Work Breakdown Structure 
WNTI World Nuclear Transport Institute 
 


