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Background
Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken a Pre-conceptual stage Disposability Assessment on behalf of Sellafield Ltd (SL) of the proposed options for the packaging of Advanced Gas-cooled Reactor (AGR) Dismantler wastes at a future plant yet to be constructed.

The assessment has been undertaken in response to the request from Sellafield Ltd dated 28th January 2013, Sellafield Ltd purchase order number 9030/4510356227.  The assessment has been performed in accordance with the terms and conditions of the Transport and Packaging Contract between NDA and Sellafield Ltd, dated April 2005.

This waste arises from the disassembly of irradiated fuel elements from the UK’s fleet of commercial AGRs within the Fuel Handling Plant (FHP) at Sellafield.  The waste consists of crushed graphite from sleeves surrounding reactor fuel and stainless steel components (grids, tubes and braces) from the fuel assembly.  These wastes are currently stored separately in ungrouted form, within waste drums of nominal 500 litre capacity, constructed either of mild steel coated with zinc, or of stainless steel.  Both types of drum are fitted with an inner liner.  Including future arisings expected to end in 2030, the estimated total volume of stored graphite waste is 6,584 m3 and of stored stainless steel waste is 761 m3.  This equates to around 13,168 drums and 1,522 drums respectively.

The waste addressed by this assessment is included in the 2010 UK Radioactive Waste Inventory (UKRWI).  The relevant ILW waste streams are:

· 2F07 – AGR Graphite Fuel Assembly Components 

· 2F08 – AGR Stainless Steel Fuel Assembly Components

RWM Reference Basis for Assessment and Endorsement
The Disposability Assessment process considers the compatibility of the proposed packages with the requirements for safe long-term management, including interim storage at the site of arising, transport, emplacement and potentially extended storage underground, and disposal.  The current reference basis for such an assessment is the documented disposal system concept and safety case for a Geological Disposal Facility (GDF) derived from the generic Disposal System Safety Case (DSSC).

The general requirements placed on waste packages for disposal in a GDF are embodied in the Generic Waste Package Specification (GWPS).  Further requirements for particular types of waste package are embodied in the relevant Waste Package Specification (WPS).  

Scope of the Assessment

A Pre-conceptual stage assessment of several packaging options has been carried out, during which key factors discriminating between the options have been identified.  The identified factors have been used to assess the potential viability of each of the options, both in relation to each other and to the current understanding of the requirements of the current reference basis for assessment.  This has been used to develop a preliminary judgement on preferential package design features.  This assessment will assist SL in their optioneering studies to identify a potentially viable packaging option (or options) and help to focus the direction and scope of future research and development activities.

Recognising the Pre-conceptual stage of this assessment, a full Assessment of Disposability has not been undertaken at this time.  SL has proposed five main options for the packaging of these wastes, which are the subject of this Pre-conceptual stage assessment.  The options have not been described in detail, but may be summarised as:

A. Direct disposal of the existing packages following transport to a GDF in an RWM Standard Waste Transport Container (SWTC), utilising a suitable disposal stillage;

B. Encapsulate the waste in the existing containers, using cement grout, followed by direct disposal as per Option A;

C. Entomb the existing packages using cement in a 6m3 concrete box for transport and disposal;

D. Entomb the existing packages using cement in a 3m3 Box and transport in a SWTC for disposal (D1 utilising SWTC-70 and D2 utilising SWTC-285);

E. Entomb the existing packages using cement in a self-shielded 4m box for transport and disposal (E1 using 100mm of shielding and E2 using 300mm of shielding).

Review of Packaging Options

For simplicity, the outcome of the assessment is summarised below in the form of a commentary on each of the options.

Option A: Direct disposal of the existing drums

The direct disposal of wastes in the stainless steel drums, utilising a bespoke transport stillage and SWTC and transporting to a GDF as a Type B package, was considered a plausible option by RWM.  Although the dimensions of the stainless steel drums are non-compliant with the relevant Waste Package Specification (WPS/300/03), from an integrity perspective they would be expected to have similar lifetimes to those of the standard 500 litre drums.  In order to progress this option, RWM would need to adopt a suitable change to the current GDF design assumptions to encompass the drum design and any bespoke stillage and lifting grab.  Key issues to resolve relate to the introduction of additional voidage into a GDF and consistency with transport regulations.  

It was determined that the carbon steel drums are unlikely to be directly disposable as they are both non-compliant with WPS/300/03 and potentially would challenge the requirements for integrity, due to their significantly higher corrosion rate when compared to stainless steel in the storage and GDF environment.  Consequently, disposal of the wastes contained within the carbon steel drums is likely to require one of the remaining options based on overpacking (Options C to E).  

Option B: Encapsulation of the waste in the existing drums

A number of benefits of encapsulation of the wastes within the existing drums may be recognised, including potentially improving the integrity of the wasteforms, containment of any graphite dust and eliminating the voidage within the drums.  Notwithstanding these potential benefits, full encapsulation is not necessarily essential for disposal, particularly for the stainless steel wastes.  Furthermore, the potential for increased gas generation rate from encapsulation of the stainless steel waste is also noted, although the magnitude of the change might be small.  

Overall, this option primarily presents a means of minimising the voidage in the waste packages, should RWM ultimately determine this volume of voidage to be unacceptable.   It is also noted that it does not present a solution to the challenges presented by the disposal of the carbon steel drums, which would still require overpacking.

Option C: Entomb existing packages in a 6m3 concrete box 

Neither the graphite nor stainless steel waste can be classed as low specific activity (LSA) material at 2040.  This is a necessary condition for transport in an IP-2 transport package, such as the 6m3 concrete box.  Nevertheless, a suitable additional period of storage potentially would allow sufficient radioactive decay to meet the LSA activity limits.  It is further noted that, based on currently available information, the expected dose-rates also would be significantly greater than would be acceptable for transport under IP-2 arrangements.  Finally, the expected heat output from the stainless steel waste exceeds the 60W limit applicable to these packages at the assumed time of packaging.  On this basis, the option of overpacking in a 6m3 concrete box is not considered to be a viable packaging option based on current assumptions. 

Notwithstanding the initial conclusions noted above, it is recognised that these wastes are similar in nature and origin to other wastes for which the 6m3 concrete box waste package has been adopted previously.  Furthermore, these prior uses suggest that the general robustness of the package would provide suitable protection for loose materials such as any graphite dust.  Consequently, further clarification of the proposals and recognition of the necessary additional storage requirements for transport at a later date ultimately could make this option viable.

Option D: Entomb existing packages in a 3m3 box

The transport of the over-packed graphite wastes as Type B packages using a SWTC-285 was found to be a feasible option at 2040.  It was also concluded that the stainless steel waste would meet the transport requirements for a Type B package, provided that an appropriate additional period of decay storage was applied.  

Entombment of the waste drums within a version of the 3m3 box would result in an improved waste package compared to the bare drums, with potentially enhanced impact performance and reduced dose-rates.  However, it is noted that overpacking in a 3m3 box gives rise to a low packaging efficiency that would require careful justification.  Furthermore, the option would not resolve the identified uncertainty with respect to acceptability of the voidage within the drums. 

Option E: Entomb existing packages in a 4m box

As noted under Option C, neither the graphite nor stainless steel waste can be classed as LSA material at 2040, therefore transport in an IP-2 container such as the 4m box could not take place at that date.  Nonetheless, the wastes could be classified as LSA-II by 2076 for the graphite waste and by 2098 for the stainless steel waste.  

In contrast to Option C, the 300mm of shielding provided under Option E2 may be sufficient to meet dose-rate limits and therefore this option was judged to be potentially viable.  The 100mm of shielding under Option E1 was not considered sufficient in this regard.

It was noted that this option might offer a solution for the carbon steel drums, which will not meet the integrity requirements for the direct disposal option.  It was also noted that entombment of the waste drums within a 4m box would provide additional protection to the waste and extra shielding from dose to workers.  

Conclusions

In conclusion, it was judged that none of the proposed options presents a single, complete and immediately viable solution to the packaging of the AGR Dismantler wastes.  Key issues remaining to be resolved include the acceptability of significant voidage in the waste packages and the compatibility of the wastes with transport under IP-2 arrangements at the dates assumed by RWM.  Notwithstanding these conclusions, RWM has judged that the following would present the most feasible options for development of waste management plans for conditioning and future disposal of AGR Dismantler wastes:

i. Direct disposal of the wastes in the stainless steel drums (Option A).  This would necessitate a change to the RWM concept and requirements relating to the acceptability of the voidage in the packages will need to be confirmed. 

ii. Overpacking and entombment of the carbon steel drums in a 4m box (with 300mm shielding) for transport to the GDF as an IP-2 package (Option E2), noting that an appropriate period of storage decay would be necessary.  Confirmation of the acceptability of the voidage would also be required in this case.  
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