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Background

Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken a Final stage Disposability Assessment for the proposals by Magnox Ltd for the packaging of bulk Fuel Element Debris (FED) from the Trawsfynydd decommissioning site.

The waste would be retrieved and packaged using the proposed FED Enhanced Recovery (FEDER) process.  The proposed waste packages are based on the immobilisation of the wastes within a cemented wasteform in 3 m³ stainless steel boxes.

The objectives of this Final stage assessment of proposals for packages of bulk FED are to provide Magnox with:

· An Assessment of Disposability in accordance with the Regulators’ Joint Guidance to Industry;

· Supporting advice on the disposability of the proposed bulk FED waste packages in the form of an Assessment Report;

· Where appropriate, endorsement of the proposals through the issue of a Letter of Compliance (LoC).

Further information on the Disposability Assessment process is available elsewhere
.

The packaging of the bulk FED wastes has been the subject of various interactions.  Most notably, Final stage LoC endorsement was provided in 2006 for up to 15 waste packages manufactured during active commissioning of the previous vault-stored (VFED) retrieval and packaging plant.  Conceptual stage LoC endorsement was provided in 2004 for MDHSF FED, polymer-encapsulated in 500 litre drums.

The outcome of this assessment supersedes all previous LoC endorsements.

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 storage, transport, emplacement and potentially extended storage underground, and disposal.  The current reference basis for this assessment of disposability is the conceptual designs for a Geological Disposal Facility (GDF) derived from the generic Disposal System Safety Case (DSSC).

The assessment has considered the consistency of the proposed packages with RWM requirements for safe long-term management, including transport, emplacement and extended storage underground, and disposal, as currently expressed for the Illustrative Geological Disposal Concepts for Intermediate Level Waste and Low Level Waste (ILW/LLW).  This also addresses compatibility with the WPS for the side lifting variant of 3 m³ box waste package
, an essential component of which includes consideration of the effects of interim on-site storage of the conditioned waste at Trawsfynydd.
Scope of the assessment

The Magnox reactor situated at the Trawsfynydd site operated from 1965 until reactor shutdown in 1991.  Spent Magnox fuel from the reactor was discharged into cooling ponds on site where it was de-splittered prior to being sent to Sellafield for reprocessing.

Bulk FED waste comprises solid wastes from the vaults (VFED), Magnox Debris Handling and Storage Facility (MDHSF) and Ponds North Void (PNV) together with existing conditioned VFED waste packages.

The wastes comprise the following 2013 UK Radioactive Waste Inventory streams: 9G015, 9G017 (part), 9G034, 9G034/C, 9G035, 9G040 and 9G041.

Packaging process

Nature of the waste

The FED wastes are dominated by Magnox metal, but also contain corroded Magnox metal, zirconium alloy, nimonic, uranium fuel fragments and small amounts of nickel-chromium and nickel-aluminium thermocouple material.

There are also a number of miscellaneous items in the vaults including: concrete, activated fuel channel components (steels, copper, Zircaloy), contaminated items (nuts and bolts, wood, plastics etc.), vacuum bags, loose particulate waste and sludge, and oil.  Some of the miscellaneous items are wrapped.  MDHSF drums also contain graphex fire suppressant bags.

RWM notes that vacuum bags, wrappings, loose particulate waste and sludge, bulk concrete from the vaults and significant quantities of oil are excluded from the packaging proposals.  Empty MDHSF drums, their lids and the graphex bags are also excluded.

The bulk FED radionuclide source term is principally derived from activated fuel cladding material together with irradiated natural uranium-derived contamination potentially dominated by the skin-effect fraction of fuel due to partial dissolution in the pond.  Fragments of irradiated natural uranium fuel are also present.

The total volume of packaged waste is estimated to be approximately 381 m3.

Waste processing and packaging

Waste package production is based upon common practice for the immobilisation of solid wastes, that is packaging in 3 m³ box waste containers and infiltration using a fluid ground granulated blast furnace slag/Portland cement (BFS/OPC)-based cementitious grout.  This approach is designed to make them passively safe whilst avoiding the need for future repackaging.  The feasibility of the VFED packaging process has been demonstrated by the preparation of 13 waste packages during active commissioning.

Characterisation of retrieved wastes is designed to identify and isolate high dose items, particularly nimonic springs from the fuel elements, and fragments of broken fuel elements. Nimonic springs and fuel pieces >200 g would be placed into the centre of the wasteform to afford shielding, provide adequate encapsulation and reduce the effects of expansive corrosion of uranium metal.

The side-lifting variant 3 m³ box waste container is based on the generic 3 m³ box design developed by Nirex in the mid-1990s, modified to aid fabrication.  The Trawsfynydd bulk FED box is considered by RWM to represent ‘sound engineering’ practice and was designed to meet the requirements of the transport and GDF systems as expressed in the relevant WPS.

As the rate of retrieval is likely to exceed the capacity to grout and cure the waste packages, Magnox has proposed buffer storage for ungrouted waste in 3 m³ boxes, up to a maximum of 2 years from waste retrieval.

The completed waste packages would be stored in concrete overpacks within the ILW Store at Trawsfynydd.  The design intent of the naturally ventilated ILW Store is for interim storage of both self-shielded and unshielded waste packages until a disposal facility is available.  The interim storage conditions are considered by RWM to be conducive to maintenance of waste container integrity.

Assessment inventory and number of packages

Records for the 13 waste packages manufactured during active commissioning of the VFED process provide the total mass of FED and added fuel pieces per package, together with total waste package mass.

Following review of the submission and supporting information, the total waste stream assessment inventory has been based on the average waste package produced during active commissioning, scaled to the estimated total number of waste packages.

The assessment radionuclide inventory has been derived by mass-based application of three fingerprints: FED, nimonic springs and fuel.  The FED fingerprint is based upon appropriate characterisation data augmented by results of fission/activation calculations using appropriate materials specification, neutron flux history and cooling times.  The nimonic and fuel fingerprints are based upon activation and fission calculations respectively.

Based on these data, the total inventory for the waste to be packaged has been derived and an average assessment inventory obtained as a simple average across all packages.  A maximum inventory has been obtained by considering packages loaded with the greatest FED and nimonic content from package records, and the Magnox-specified maximum fuel content of 3 kg.

The total number of 3 m³ box waste packages is anticipated to be 147.

Assessment of Disposability

Waste package properties and performance

RWM considers that the ‘as manufactured’ Trawsfynydd bulk FED wasteforms are likely to perform adequately in the context of mechanical and physical properties.  The corrosion of metals, such as Magnox or uranium, can lead to the formation of expansive corrosion products.  The formation of expansive corrosion products is unlikely to result in significant deterioration of the wasteform properties and performance during controlled storage of the waste packages, but such corrosion products may lead to wasteform cracking if formed in sufficient quantity.  RWM considers that evolution of the wasteform is unlikely to have any significant detrimental effect on mechanical and physical properties of the wasteform during timescales of interest.  Residual uncertainty regarding potential deformation of waste packages remains, particularly under poorly controlled conditions.

Corrosion of Magnox metal is the main source of bulk gas generation.  The calculated rates of bulk gas generation are broadly in line with measurements taken for wastes packages produced during active commissioning of the VFED process.  They represent the upper range of gas generation rates considered in the generic DSSC, noting that the reference GDF inventory contains similar waste packages.

The accident performance of the proposed waste packages has been derived by appropriate extrapolation of existing generic data for a range of package types held by RWM.

For impact accident performance, RWM considers the proposed Trawsfynydd bulk FED waste packages to be analogous to the generic 3 m³ box (box 2) on which the ‘generic RF’ for sub-100 µm particulate listed in the RWM waste package accident status report is based.  RWM considers it unlikely that waste package evolution would have any significant effect on the calculated impact RF.  In particular, a significantly corroded wasteform would not be expected to expose the centrally-located high dose rate items to potential release upon impact.

For fire accident performance, RWM considers the proposed Trawsfynydd bulk FED waste packages to be broadly analogous to a 3 m³ box containing steel waste encapsulated in a cementitious grout, for which thermal modelling has previously been performed.  RWM also considers the proposed waste packages to be sufficiently similar to the ‘encapsulated hulls and similar wasteforms’ previously studied for application of experimentally-determined fire RFs.  RWM considers it unlikely that waste package evolution would have any significant effect on the calculated fire RFs.

The fissile material contents of Trawsfynydd bulk FED waste packages is significantly below the relevant Lower Screening Limit of 150 g Pu‑239 and 44 kg uranium for 3 m³ box packages as defined by the generic Criticality Safety Assessment for packages containing irradiated natural  uranium.  The proposed waste packages are therefore of no significance in the context of criticality safety.

Compliance with the transport system design and safety case

The proposed waste packages have been assessed against the transport safety aspects of the WPS for 3 m³ boxes, and directly against the requirements of the IAEA Transport Regulations as established in the generic DSSC.

RWM has sufficient confidence that the Trawsfynydd bulk FED in 3 m³ box waste packages would be compliant with the transport system design and safety case as currently foreseen provided that:

· Pre-transport waste package inspection confirms the required waste package dimensions

· SWTC-285 transport packages are deployed

· The SWTC cavity atmosphere is inerted.
Compliance with engineering design and the Operational Safety Case

The proposed waste packages have been assessed against the operational safety aspects of the WPS for 3 m³ boxes and directly against the requirements of the deterministic operational safety case established in the generic DSSC.

RWM considers that the Trawsfynydd bulk FED in 3 m³ box waste packages would be compliant with the disposal system engineering design as currently foreseen, provided that pre-transport waste package inspection confirms the required waste package dimensions.

Overall, RWM considers that the waste packages would be compliant with the disposal system Operational Safety Case as it is to be developed, including:

· Appropriate GDF design to accommodate bounding waste streams.

· Appropriate isolation and working practices.

Compliance with the Environmental Safety Case

The proposed waste packages have been assessed against the environmental safety aspects of the WPS for 3 m³ boxes, and directly against the requirements of the environmental safety case established in the generic DSSC.

RWM considers that the Trawsfynydd bulk FED in 3 m³ box waste packages are compliant with the disposal system environmental safety requirements as currently foreseen, based on their compliance with the generic Operational Environmental Safety Assessment and the generic Post-Closure Safety Assessment.
Status of Management System and data recording

Magnox has provided evidence of the Management System that would control the retrieval and packaging of the Trawsfynydd bulk FED wastes and storage of waste packages in the ILW Store.  RWM has concluded that subject to specific identified updates, the Management System, including the Waste Product Specification and Criticality Compliance Assurance Documentation, would provide the necessary assurance that all products would be manufactured to the required quality.

The Management System arrangements include the production of waste package records.  RWM considers that systematic and appropriate waste-specific application of the relevant Magnox Company Standard would meet the requirements for production of waste package records.  In particular, RWM anticipates that the proposed waste package radionuclide inventory and wasteform components data acquisition systems are likely to meet RWM requirements.  RWM acknowledges that the Package Record Specification provided for assessment is to be verified during active commissioning and has identified inconsistencies and shortcomings to be addressed.

RWM also considers that systematic and appropriate site-specific application of the relevant Magnox Company Standards would meet the requirements for management of information.  Provision of a Trawsfynydd-specific strategy or implementation plan for managing waste package information remains an outstanding issue, generic to the Trawsfynydd site.

Conclusions of Assessment of Disposability

The proposed bulk FED waste packages have been found to be consistent with RWM requirements and therefore may be considered to be disposable.

The proposal for pre-grouted buffer storage is satisfactory, but subject to a condition limiting such storage to a maximum of 2 years.

The arrangements for controlling the production of waste packages and the associated waste package records are satisfactory, but are subject to conditions to be updated following active commissioning, and to resolve an ongoing generic issue for the Trawsfynydd site before entry into care and maintenance.

Requirements for further work

The Assessment of Disposability has concluded that the proposed bulk FED waste packages are disposable and all outstanding Action Points have been closed.  No further Action Points have been identified in the assessment.

A number of continuing requirements associated with endorsement have been identified in the form of Qualifications.  These requirements have been captured as four time-limited Conditions, a Caveat and an Exclusion.

Conclusions

The Final stage Disposability Assessment undertaken for the proposed waste packages containing bulk FED wastes from Trawsfynydd has considered the consistency of the proposed packages with RWM requirements for safe long-term management, including interim storage at the site of arising, transport, emplacement and extended storage underground, and disposal.  It is concluded that the proposed waste packages are consistent with RWM requirements and therefore the packages may be endorsed at the Final stage through the issue of a Final stage Letter of Compliance.
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