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Background

Highly Active Liquor (HAL) from Magnox and oxide fuel reprocessing is converted into stable glass wasteform known as vitrified High Level Waste (HLW) at the Sellafield Wastes Vitrification Plant (WVP). Since WVP began operating in 1990, HLW has been manufactured in accordance with the Vitrified Residues Specification (VRS). The VRS forms part of the contractual agreements with overseas customers of reprocessing services. The VRS defines the guaranteed product quality parameters for those vitrified HLW products that will be returned to overseas customers under waste substitution arrangements.

A sufficient stock of ~2,000 containers of vitrified HLW has now been made at WVP to fulfil the contractual agreements with overseas customers. All remaining HLW product stocks and all future products will be destined for disposal in a UK Geological Disposal Facility (GDF) rather than return overseas.

The guaranteed product quality parameters defined in the VRS were developed to satisfy the needs of overseas customers, rather than to meet acceptance criteria for disposal in a UK GDF. Furthermore, since 1990, Sellafield Ltd has undertaken extensive research and development on HLW glass wasteform formulations and has demonstrated that good product quality can be achieved for a much broader product envelope than is currently defined by the VRS. Adoption of a wider product envelope would offer a number of benefits, including accelerated reduction of liquid HAL stock at Sellafield, and a net reduction in the volume of HLW generated for disposal in a UK GDF. 

In 2009, Radioactive Waste Management Limited (RWM) completed a detailed disposability assessment of vitrified HLW products manufactured against the existing VRS. This showed that such products should be suitable for disposal in a UK GDF as it is currently envisaged. Sellafield Ltd has subsequently submitted proposals to RWM for a new Waste Product Specification (WPrS) that defines the HLW products that could arise for disposal in a UK GDF. The new UK WPrS includes a broader waste compositional envelope, includes new products and relaxes certain process parameters. This UK WPrS is underpinned by extensive research and development to demonstrate that product quality would remain within acceptable limits. 

Sellafield Ltd has requested advice from RWM on the UK WPrS through the disposability assessment process. Sellafield Ltd is seeking RWM approval of the WPrS before it is implemented at WVP as a replacement for the existing VRS. In response to this request, RWM has completed a detailed assessment of the disposability of products manufactured against the new WPrS.

Scope of the Assessment

The RWM assessment has sought to establish whether HLW products which could be manufactured against the proposed new UK WPrS would be disposable when judged against the disposability case that was developed for vitrified HLW products in 2009. Effectively, the assessment is seeking confirmation that the new products would not challenge any of the conclusions of the existing disposability case.

In order to meet this objective, RWM has undertaken a detailed assessment of the impact of the revised product envelope on the properties and quality of the proposed new HLW products compared with those already manufactured and defined in the extant disposability case. This benchmarking exercise is intended to identify any key differences or uncertainties that would make the new products non-compliant with the extant disposability case. 

The following activities were also completed as a component of the RWM assessment:

· A review of the new UK WPrS for consistency with RWM requirements for Waste Product Specifications, as set out in the guidance document WPS/620
;

· An evaluation of quality management system issues relating to the implementation of the new UK WPrS, along with an update on findings from previous RWM-led audits of WVP; and

· An update on data recording issues including progress with specific Action Points raised through previous RWM disposability assessments for HLW.

Overview of the Vitrification Process

At WVP, liquid HAL is dried (calcined) before being melted with a base glass in a heated crucible. The molten glass is then poured into 170 litre stainless steel containers where it is allowed to cool to form the solid glass product. The proportion of HAL to base glass is carefully controlled to meet product quality targets. The quantity of HAL in each vitrified product is referred to as the incorporation rate.

Currently, two broad types of vitrified HLW product are generated at WVP under the extant VRS. These are:

· ‘Magnox-only’ products generated from the vitrification of HAL arising from reprocessing Magnox fuel; and

· ‘Blended’ products generated from the vitrification of a blend of HAL arising from both reprocessing of both Magnox and oxide fuels.

Basis of the Proposed Changes

The key product quality parameter changes between the extant VRS and the proposed UK WPrS are summarised as follows:

· Increase in HAL incorporation rate for Magnox-only products from the current limit of 28wt% (25±3wt%) up to 38wt% (35±3wt%);

· Increase in HAL incorporation rate for blended (Magnox/oxide) products from 28wt% (25±3wt%) to 38wt% (35±3wt%);

· Manufacture of oxide-only HLW products (currently all oxide HAL is blended with Magnox HAL) with an oxide HAL incorporation rate of between 20 to 30wt%;

· Relaxation of the formulation envelope for base glass frit, and a new base glass formulation for oxide-only glass to account for the absence of aluminium in oxide HAL;

· Changes to the formulation envelope for blended products in terms of the ratio of Magnox to oxide HAL; and

· Processing of historic stocks of Butex HAL, which is a new feed to WVP, by blending with Magnox HAL;

Butex HAL was generated from reprocessing of fuel from the Windscale Piles and contains a much higher proportion of uranium and aluminium than existing HAL feeds. Butex HAL would be diluted with Magnox HAL to meet product quality requirements.

Assessment of the Implications of the Proposed Changes on HLW Product Disposability

The RWM assessment has identified that HLW products fabricated in line with the proposed new UK WPrS would remain within the scope of the existing disposability case developed in 2009 for vitrified HLW. 

The existing disposability case assumes that vitrified HLW products would be packaged for disposal in high integrity disposal canisters, with each disposal canister holding three vitrified product containers. These disposal canisters would then be emplaced underground in a disposal gallery, separated using engineered barriers to minimise the build-up of heat. The engineered barriers include buffer materials such as swelling clays that surround the disposal canisters to provide protection and isolation. The combination of the engineered barriers and a good quality glass wasteform are expected to provide long-term containment of the radionuclides in the HLW in a passively safe system over timescales extending to thousands of years while the radioactivity decays to very low levels. Disposal of HLW in a GDF is assumed to be from the year 2075, although opportunities have been identified to bring this disposal date forward.

The most significant change that would be brought about as a result of the adoption of the new UK WPrS relates to the increase in HAL incorporation rate in new products. The greater quantity of HAL in each vitrified product would lead to a proportionate increase in thermal output and surface dose rates. Nevertheless, the RWM assessment has shown that these changes would not necessitate additional cooling or shielding requirements beyond those required for existing products. For example, calculations demonstrate that it would still be feasible to dispose of future products by 2075 on the basis of package heat output, and package surface dose rates would still comply with transport requirements based on the currently envisaged transport system. Increasing the incorporation rate also should not foreclose opportunities to bring forward the date of disposal prior to 2075. This is because future products would represent around one third of the overall inventory of HLW products destined for UK disposal. The total inventory of vitrified HLW products would therefore include a broad distribution of incorporation rates, which could be drawn upon to achieve an overall compliant waste package for disposal, based on three vitrified products in each disposal canister.

The proposed changes to the formulation envelope for blended products have been demonstrated to result in glass products whose product quality is as good as existing blended products.

The manufacture of oxide-only HLW products would necessitate some minor modifications to the base glass that is added to the calcined HAL to achieve a waste product whose properties would be consistent with existing HLW products. 

The processing of Butex HAL has raised one issue that will need to be addressed prior to implementation of the new WPrS. This relates to the product quality envelope for Butex-Magnox glasses, which is not currently well defined in the WPrS. Similarly, the product quality case for Butex-containing glass is not sufficiently underpinned by the supporting research and development. Sellafield Ltd will be required to clarify the product quality case for Butex-containing products in a future update to the WPrS in advance of any vitrification campaigns involving Butex HAL.

It is concluded that HLW products manufactured against the new UK WPrS should be consistent with the existing disposability safety case that was developed for vitrified HLW products in 2009. The detailed technical evaluation shows that products manufactured in line with the new WPrS would not challenge the conclusions of this disposability case. This conclusion does not yet fully extend to Butex-containing products due to insufficient research and development to fully justify the product quality case. Sellafield Ltd is requested to supply further evidence to demonstrate that Butex products would also be acceptable prior to processing Butex HAL.

Requirements for Further Work

Detailed comments are provided on the submitted draft of the UK WPrS in this Assessment Report. that are intended to ensure that the WPrS fulfils its intended function of defining the characteristics of HLW products that will ultimately be generated for geological disposal. Sellafield Ltd is encouraged to address these comments in discussion with RWM before formally adopting the WPrS into the quality management system at WVP.

The RWM assessment carried out in support of the new UK WPrS included a review of progress made in respect of Action Points and audit findings raised through previous RWM disposability assessments for HLW and plant quality management system audits of WVP. This has culminated in a number of issues being resolved. Additional guidance has also been provided where necessary to support resolution of remaining issues. Key ongoing matters that Sellafield Ltd is encouraged to address, in addition to the point raised above regarding Butex feeds relate to:

· The development of a data recording methodology for HLW products that describes how an inventory would be assigned, including an improved estimate of the associated uncertainty. 

· The preservation of records for the HLW containers. To date, only the records associated with blended products have been duplicated, due to the need to meet the requirements of the overseas returns programme. Sellafield Ltd is encouraged to provide similar back-up for all existing and future container records to mitigate any potential loss of this important information. 

One new Action Point has also been raised to ensure that the points raised in respect of Butex feeds are addressed in a timely fashion.

Conclusion

RWM recognises the benefits that could be afforded by implementation of the new UK WPrS, namely in accelerating the reduction of HAL stocks at Sellafield and reducing the overall number of waste packages destined for disposal in a GDF. Therefore, RWM has no objection to the new UK WPrS being carried forward for adoption at WVP. However, RWM would expect to see further evidence to underpin the product quality case for Butex products before Butex HAL is brought forward for processing in WVP. 

This response acknowledges that RWM is not yet in a position to offer endorsement of the proposals by way of a Letter of Compliance for vitrified HLW. This is because the disposal concept(s) and underpinning waste package specifications for high-heat generating wastes are not yet sufficiently developed to provide a proper context for such formal endorsement.

� NDA, Waste Package Specification and Guidance Documentation, WPS/620: Guidance on the Structure and Format of Waste Product Specifications, March 2008, RWM document reference LL/8765882
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