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	Packaging of Miscellaneous Beta/Gamma Waste Store (MBGWS) Waste (Pre-conceptual Stage) 

Summary of Assessment Report
Issue date of Assessment Report: 24 September 2014


Background

Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken a Pre-conceptual stage Assessment for Sellafield Ltd of a range of packaging proposals for Miscellaneous Beta/Gamma Waste (MBGW) currently stored at the Miscellaneous Beta/Gamma Waste Store (MBGWS). 

The assessment has been undertaken in response to the request from Sellafield Ltd dated 19 February 2014 (purchase order 9030/4510355941).  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.  The packaging of the MBGWS wastes and the use of the MBGWS box have been the subject of previous assessments, although the current assessment considers a wider range of packaging options.

The MBGWS started operations in 1989, providing important supporting infrastructure to Sellafield operational plants including the Waste Vitrification Plant, THORP and the Sellafield Laboratories and for a range of other nuclear sites.  A wide variety of MBGW is consigned to the MBGWS, stored in MBGWS boxes with a payload of ~3.5m3.  Early MBGWS boxes were manufactured from mild steel with later boxes being of stainless steel construction.

To date about 800 MBGWS boxes, representing 2800m3 of waste, have been consigned to MBGWS, with the total arisings expected to be about 1500 boxes, or 5400m3, of waste.  Both the (older) mild steel and stainless steel versions of the MBGWS box were included in the assessment.  The waste constitutes the whole of UK Radioactive Waste Inventory (RWI) waste stream 2D39.

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 RWM Packaging Specifications.  Further requirements for particular types of waste package are embodied in the relevant Waste Package Specification.  

Scope of 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 several 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 in the following figure:
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The MBGWS waste is contained in ‘liners’ (cylindrical or cuboid containers, either mild steel or stainless steel, in a variety of dimensions) and packed into MBGWS boxes.  The liners contain wastes having a wide range of properties, from activated items and high level waste glass contaminated items, where the radiological material may be assumed to be fixed, to wastes such as free liquids, combustible material, halogenated polymers, cellulosics and filters where the source term may be much more mobile.  By weight the waste is dominated by metallic items (80%, mainly steel) however by volume about 30% is non-metallic (such as cellulosic material and plastics). 

Sellafield Ltd does not propose to (re-)package the MBGWS wastes for disposal until shortly before consignment to a GDF, consequently storage arrangements for the packaged wastes are not specified or assessed.

Review of Packaging Options

The assessment has been carried out using the disposability process to assess the individual packaging options and to identify issues and discriminate between packaging options.  The outcomes of these assessments are summarised individually below.  
Some packaging options may require the identification and recovery of specific liners followed by further treatment of these wastes (wastes requiring additional treatment or WRATs) or their segregation from packaging.  The number and variety of WRATs will vary with the packaging option. 

MBGWS box: Non-encapsulated liners 

The non-encapsulated liner option reflects the current MBGWS storage situation; liners of MBGW packed within the MBGWS box with no filler or encapsulant added.

The assessment concluded that container corrosion resistance of the mild steel MBGWS box was insufficient to meet the minimum integrity requirement for disposal in a GDF of 150 years.  RWM concluded that direct disposal of the mild steel MBGWS boxes was not endorsable.  The stainless steel MBGWS boxes would meet the integrity requirement.  This conclusion was extended to other options that would be based on re-use of the boxes. 

Although this option would provide a straightforward option to Sellafield Ltd, RWM concluded that the resulting packages would not be suitable for disposal.  Package accident performance was not expected to be sufficient to meet GDF operational safety requirements.  The variety and number of WRATs was anticipated to be high and it is not yet clear whether identification of WRATs or retrieval of liners is practicable.  Package voidage, which could affect post-closure performance, was comparatively high (an acceptable level of waste package voidage has yet to be defined and in the interim RWM retains the option to require voidage to be filled).   

MBGWS box: entombed liners 

The entombment option assumes the introduction of a fluid cementitious grout, through the grout port in the MBGWS box lid, to surround the liners; the wasteform formed would be characterised as liners of wastes entombed in a cementitious wasteform.  At this stage no grout formulation information was available from Sellafield Ltd. 

RWM concluded that there would be significant improvement to accident performance of the entombed liners (compared to non-encapsulated liners) with a possibility, yet to be demonstrated, that this arrangement might be sufficient.  Voidage would be significantly reduced, which might be acceptable.  The variety and number of WRATs would be reduced.  However, the practicability of introducing grout through the MBGWS box grout port would need to be proven, as would the properties of the actual wasteform produced. 

MBGWS box: encapsulated liners 

The full encapsulation option required the removal and opening or disruption of waste liners prior to grouting with a fluid cementitious grout.  It is assumed that the wastes would be replaced in the same box before grouting through the lid grout port. 

This is the reference packaging option for MBGWS boxes in the DSSC.  The packages would be expected to meet operational safety requirements.  Package voidage would be minimised.  Most if not all WRATs are treated as part of the packaging process.  However this option requires pre-treatment by removal of MBGWS liners and their opening or disruption to allow intimate grout infiltration of the wastes.  This operation has not yet been proven to be practicable.  

MBGWS box: overpacks

A number of overpacking options are considered: a bespoke overpack; a Standard Waste Transport Container (SWTC-150) for disposal; and an IP-2 transport option using the 2m box, the 4m box or the 6m3 reinforced concrete box (RCB) for LSA wastes.  There is an option to introduce a fluid grout to fill the interspace between the overpack and the MBGWS box (providing a thermally insulating layer if required); grouting and casting of the concrete lid are obligatory for the 6m3 RCB.  This assessment has assumed dimensions for the bespoke overpack concept 100mm greater than those of the current MBGWS box.

Overpacking could be used for both mild steel and stainless steel MBGWS boxes, providing a potential advantage for Sellafield Ltd.

Three overpacks were assessed for wastes which could be shown to meet LSA and non-fissile requirements for IP-2 transport: the 2m box, 4m box and the 6m3 RCB.  Of these only the 4m box had suitable payload dimensions for the MBGWS box without substantial design modification (it could accept two MBGWS boxes).  The presence of combustible wastes further restricts the activity of wastes which could be packaged in this way.  RWM concluded that current data quality is probably not sufficient to demonstrate compliance with regulatory requirements (regarding LSA and non-fissile status).  

A bespoke overpack for the MBGWS box is an undeveloped concept.  Assuming dimensions 100mm greater than the MBGWS box leads to concept compliance issues with the overpack requiring: a new, larger, SWTC design and transport restricted to road or sea; and changes to the handling and emplacement arrangements for waste packages at a GDF.

Significant further development work would be required to ensure that the properties and performance of an overpack design would meet RWM requirements.

Use of an SWTC-150 itself as the disposal package was also discussed but was concluded to be disproportionate to the necessary robustness of a disposal package and the use of resources.

Repacking to a Ductile Cast Iron Container (DCIC)

The Ductile Cast Iron Container (DCIC) option requires liners to be recovered from the MBGWS boxes and repacked to the DCIC, with no encapsulant.

Although a DCIC design was not specified the selected design would have to provide the accident performance and would also have to be qualified as the transport container.  WRATs would be minimised due to the DCIC containment function.  There would be high package voidage.  To be viable this option requires the retrieval of MBGWS liners from MBGWS boxes to be practicable, which is not yet proven.

Repacking to 3m3 box

The 3m3 box option is based on the generic Sellafield 3m³ box design, incorporating a liner, which results in the formation of an annulus surrounding the wasteform when the package is completed.  MBGWS liners would be recovered from the MBGWS boxes and repacked to 3m3 box liners before grouting.  The resulting wasteform would be characterised as entombed liners within an annular wasteform.

The wasteform produced would be expected to provide similar accident performance compared to entombed MBGWS liners in the MBGWS box.  There would be some residual voidage although this might be acceptable.  For its viability this option requires the retrieval of MBGWS liners from MBGWS boxes to be practicable, which is not yet proven.

GeoMelt (3m3 box)

GeoMelt proposals could include melting the whole box or just the liners.  This assessment assumed that only the liners would be thermally treated; using a refractory lined 3m3 box as the container for treatment and disposal.  MBGWS liners and glass formers would be loaded to the box and thermally treated at a temperature of approximately 1500⁰C.  

A two phase product would result from thermal treatment of the waste but with properties yet to be characterised.  Due to the thermal process the waste volume would be reduced and package voidage maximised, potentially affecting post-closure performance.  The viability of this option is dependent on practicability of retrieval of MBGWS liners from MBGWS boxes.

General issues

In addition to issues that discriminate between the proposed options, RWM has also identified a number of general issues that apply to the waste irrespective of the packaging process.  The satisfactory resolution of such issues would be a requirement for the proposals to be progressed towards endorsement.  The most significant general issues are as follows.

Although the proposed inventory was concluded to be acceptable for assessment at optioneering stage, RWM recognises that the MBGWS is an active facility and future new waste streams may increase the maximum package inventory.  This uncertainty does not discriminate between the proposed options but further information would be needed in future.

Notwithstanding the differing requirements for dealing with WRATs, the identification and retrieval of those liners containing WRATs is a general requirement.  Identification of WRAT liners and recovery of liners from MBGWS boxes may represent a significant operational challenge and would need to be proven as part of the further development of such packaging options.  Conversely, the proposed means of treating the WRATs, as proposed by Sellafield Ltd, represent current industry practice and were concluded to be feasible.

In the absence of detailed development work for most of the options, the potential accident performance of the various options has not been demonstrated.  The necessary performance has been estimated by determining impact and fire release fraction (RF) target values that would be consistent with satisfactory operational performance.  In the case of fully-encapsulated waste in an MBGWS box, these RF values may be compared to generic RF data available to RWM.  As a result, it is concluded that fully-encapsulated waste in an MBGWS box would provide the necessary performance.  Insufficient information is available to confirm the performance of the other proposed options.

Improvement in confidence in the inventory and compositional data for the wastes would be required prior to any further submission.  In particular, uncertainties in the quality of the recorded data and the completeness of radionuclide fingerprints with respect to the full range of radionuclides of interest to RWM have been identified as general issues. 
Conclusions
In conclusion, it was judged that none of the proposed options presents a single, complete and immediately viable solution to the packaging of MBGWS wastes; each of the options have some residual issues requiring resolution associated with them.

In terms of the direct disposal of MBGWS boxes either the encapsulation option or the entombment options could be viable but only for stainless steel MBGWS boxes.  Another solution would be required for the mild steel boxes.  The option for non-encapsulated liners in MBGWS boxes would not be likely to succeed.

Overpacking options would be challenging and may require significant change control, and the IP-2 option would only be a partial solution at best.

A DCIC could be viable but would be conditional on liner recovery and repacking.

The 3m3 box could be viable but might provide little advantage over the entombment option for the MBGWS box.

Development of the GeoMelt product would be challenging and may not provide significant advantage compared to a more conventional packaging option.
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