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	Proposal for Packaging Enriched Uranium and Increasing the Safe Fissile Mass at Sellafield’s Waste Treatment Complex 
(Extension to Final stage)

Summary of Assessment Report

Issue date of Assessment Report: 11 August 2015


Background 

Sellafield Ltd (SL) has operated the Waste Treatment Complex (WTC) under a Letter of Compliance (originally a Letter of Comfort) (LoC) since 1996 for the conditioning and packaging of Plutonium Contaminated Material (PCM). PCM is generated from plutonium handling operations undertaken as a consequence of plutonium separation, purification and finishing. The wastes are heterogeneous, comprising any components that have entered plutonium handling facilities and are likely to be contaminated with plutonium. Uranium may also be present with an isotopic composition generally typical of depleted or natural uranium. Historic PCM may also contain enriched uranium. The raw wastes are normally contained within 200 litre drums (hereafter referred to as ‘drums’) and are stored until potential processing in WTC.

The drums assessed to be suitable for processing through WTC (Feed Drums) are positioned in the supercompactor within the glovebox. The Feed Drums are subject to high force compaction to reduce the volume of the waste material, creating pucks.  Any liquor squeezed from the drum is collected pending further treatment. These pucks are placed into 500 litre drums (Product Drums) and grouted in place to form waste packages.  The waste packages are being stored at Sellafield in the Engineered Drum Store(s) (EDS) awaiting final disposal in a Geological Disposal Facility (GDF). 

All Final stage endorsements issued by Radioactive Waste Management Limited (RWM) are subject to Periodic Reviews to maintain the currency of the endorsement. In 2013, a Periodic Review was combined with a Disposability Assessment of numerous proposals from SL to extend the existing endorsement. The assessment identified a number of issues, expressed as Action Points, which needed to be resolved in order to re-endorse the existing Final stage Letter of Compliance (LoC) and to extend the waste envelope. 

Fissile Limit History

The original Final stage endorsement was supported by British Nuclear Fuels Ltd work which verified a safe subcritical mass of plutonium within the WTC Product Drums to be 260g (Pu). SL currently operates to a Product Drum fissile limit of 260g (Pu + U-235).
The 2013 Periodic Review and Disposability Assessment Report evaluated a number of proposals from SL to extend the endorsement including inclusion of unlimited U-235 present as uranium at up to 1.6wt% enrichment and increasing the safe fissile mass (SFM) in a Product Drum to 400g (Pu+ U-235). At this time, RWM accepted that U-235 of <1.6% enrichment can be exempted from accountancy against the Drum fissile limit. Furthermore, a high-level consideration was given to the proposal to increase the SFM to 400g.  This concluded that some increase in the SFM could be justified, and that it was expected that the criticality safety case for transport would be limiting.  SL was advised to produce a special criticality safety case for WTC packages, which would identify and justify any increase in SFM.
Scope of Assessment
The objective of the assessment is to evaluate the following proposals from SL, which modify the acceptable fissile content of the waste:

· Packaging of drums containing enriched uranium, supported by:

· the proposal to install a new EDS assay suite for radionuclide measurement (using LLWR assay data as a contingency measure if this system is delayed) and 

· characterisation of PCM waste in which there is limited knowledge of drum origin/content; and

· Increasing the Product Drum fissile mass to 400g.

Description of Proposals 

Packaging Drums Containing Enriched Uranium 

Many of the PCM drums in the EDS store are excluded from current processing due to:

· the drum origin not being known or unclear and 

· the drum originating from processes where enriched uranium has been handled. 

Although the WTC assay suite detects uranium isotopes, there is insufficient confidence in the U-235 measurement by the existing WTC assay suite for criticality control. A new EDS assay suite is due to become operational in 2016. A key function of the assay suite is to make active and passive measurement of U-235 mass and account for it in the overall SFM of the drum. SL would review and update the required documents including the WTC Criticality Compliance Assurance Document (CCAD), Conditions for Acceptance (CFA), and Waste Product Specification (WPrS). As a contingency measure, SL has proposed the use of assay results from the Low Level Waste Repository (LLWR) drum monitors for LLWR waste. A full document review would also be performed to ensure appropriate quality control.

Increase in SFM

As proposed in the 2013 Periodic Review and Disposability Assessment, SL has requested RWM advice on increasing the SFM of Product Drums to 400g (Pu + U-235). SL has now claimed that further developments have been made. SL has proposed an equivalence factor of 0.65 between U-235 and fissile plutonium for the purposes of managing criticality safety for the packages.

For Transport criticality safety, SL describes how the transport screening levels specify a limit of 200g plutonium per 500 litre drum, which would equate to 800g plutonium per Standard Waste Transport Container (SWTC) on the assumption that it would carry four waste packages. SL has proposed selective transport management in which the transport container would be used to carry a range of package numbers, down to a single package if necessary, to comply with transport criticality safety. 

For operational criticality safety, SL has referenced the generic Criticality Safety Assessment (CSA) for the GDF operational phase, where screening levels for 500 litre drums that contain separated plutonium have been derived. SL concluded that an increase in the Product Drum SFM to 400g (Pu + U-235) would retain the existing standard operational limits on the fissile material content and retain a safety margin for a GDF operational phase. 

For post-closure criticality safety, SL has referenced the generic CSA in a GDF post-closure phase, which uses the revised RWM methodology. From this work, minimum critical masses at different enrichments are defined. RWM notes that SL’s proposal is a description of existing work, but an argument whether or not the proposed 400g limit would comply with this case has not been provided.
Assessment of Packaging Drums Containing Enriched Uranium

The arguments submitted by SL to support an equivalence factor of 0.65 are both sound and consistent with how RWM assess U-235 in existing RWM generic CSAs.  As a result, RWM is able to support the adoption of the proposed equivalence as the basis for including U-235 in the demonstration of criticality safety.

As concluded in the 2013 Periodic Review and Disposability Assessment, RWM supports the adoption of the new EDS assay suite. SL has now provided more detailed proposals for the capability of the new EDS assay suite. RWM recognises that the new equipment would improve assay capability for uranium by accurately measuring plutonium and U-235 for criticality and accountancy purposes using the High Efficiency Neutron Counter and a High Resolution Gamma Spectrometer. This provides a sound basis for extending the endorsement of WTC waste packages to include wastes containing enriched uranium, with criticality safety being ensured through direct assay and control of the loading of plutonium and U-235. It is further noted that the new assay suite would also provide detailed radiographic images of the entire drum to establish the presence of prohibited items. These new EDS assay capabilities would also enhance the knowledge of drum characteristics to support processing of those drum stocks where limited knowledge is available on origin/content.

The benefits offered by the proposed new assay suite are recognised.  Prior to endorsement, RWM will need to be satisfied that the new operating arrangements are fully recognised in the CCAD and any associated Management System documents. These include the documents that may have undergone change as part of the adoption of the new process. RWM would be happy to continue engagement with SL to refine and agree the most efficient way forward on this specific desktop audit.

Furthermore, SL has described proposals to use assay results from the LLWR drum monitors as contingency, should there be a delay in delivering the new EDS assay suite project. RWM accepts that this is a reasonable contingency approach. The source of the LLWR drum SFM appears robust as long as procedures are in place to adequately manage the transfer of this data. If this contingency approach were to be used, RWM may conduct a desktop Management System audit to understand how SL has established the capabilities of the LLWR assay suite system as claimed in the proposal.
Assessment of Increased Safe Fissile Mass

In the 2013 Periodic Review and Disposability Assessment it was reported that the SFM is bounded by the CSA for the Transport stage at 260g (Pu + U-235).  Consequently, a package-specific criticality safety case for WTC waste packages would need to be developed in order to increase the SFM to 400g. 

Transport Criticality Safety

SL has proposed selective transport management of drums with an 800g Pu limit managed across up to four drums in a transport package. RWM has judged that this proposal would be inappropriate as it would permit the contents of a single drum to far exceed a safe mass of plutonium. Furthermore, this would raise concerns in respect of the increased reliance on management systems and the potential for human error. Overall, RWM’s current understanding is that selective transport management is not permitted by the Office for Nuclear Regulation (ONR), so advice on this approach will need to be sought from ONR. Therefore, RWM is currently not able to support proposals based on selective management for transport. 

The transport case is likely to be the most restrictive and RWM recognises that the generic case is based on a package that is not specific to WTC packages. RWM judges that the SFM of 260g written in 1996 which forms the basis of the existing endorsement is outdated and does not adequately cover transport. It is acknowledged that the work being undertaken on the SWTC is likely to be consistent with the packaging of PCM and could underpin a SFM that is higher than 260g, although it is not yet clear what this limit would be. RWM concludes that modelling of the WTC case should support at least 260g or support the extension to 400 (Pu + U-235). SL could assess the SWTC package of work once completed and confirm whether it is applicable for WTC, and/or determine whether a new package-specific WTC case is required. RWM would be happy to engage with SL on either option to progress a current package-specific Transport criticality safety case.

Operational Criticality Safety
The 2013 Periodic Review and Disposability Assessment Report concluded that the SFM of 400g would represent a large safety margin. It is assumed from the proposals that SL would seek to apply a SFM between these limits, but justification has not been provided. Although these preliminary assessments of operational criticality safety appear adequate, SL should develop a package-specific operational criticality safety case for PCM Product Drums with a SFM of 400g. RWM would be happy to engage with SL to progress this work when required.
Post-Closure Criticality Safety

RWM has recently defined a generic low-likelihood package envelope using new likelihood post-closure criticality knowledge which has resulted in derivation of increased post closure SFMs. Therefore, for low heat generating waste packages that adhere to the package envelope criteria, the post-closure limits are no longer the most restrictive. This work is intended to be generic to make feasibility arguments and RWM currently intends to adopt the approach, but it has not completed the disposal system change management process. This work does not specifically represent WTC and an argument whether or not the proposed 400g limit would comply with this case has not been provided. 

Once a package-specific post-closure criticality safety case is made for PCM Product Drums with a SFM of 400g, compliance could be ensured against these evolving methodologies for post closure criticality safety. RWM would be happy to engage with SL to progress this work.
Conclusions
SL has proposed to extend the existing WTC endorsement to encompass the packaging of waste containing enriched uranium and PCM waste stocks for which there is limited knowledge of origin/content. SL has also reiterated and further supported a previous proposal to increase the Product Drum SFM to 400g (Pu +U-235). 

RWM has concluded that the proposal to package wastes containing enriched uranium and packaging PCM waste in which there is limited knowledge of drum origin/content can be supported, based on improved assay of the fissile loading of waste packages using a proposed new assay suite at WTC and/or an assay suite at LLWR.  Formal endorsement of this proposal will be subject to confirmation that the necessary Management System arrangements have been put in place.  Such an endorsement would be provided through an extension of the existing endorsement of WTC waste packages.

RWM has concluded that the case put forward to support an increase in the SFM to 400g (Pu + U-235) does not support endorsement of the proposals at this stage.  There is a need to develop a better-substantiated case for the SFM for the transport phase of GDF operations.  RWM will seek further engagement with SL to progress this matter.
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