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Background

Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken an assessment of the responses from Dounreay Site Restoration Limited (DSRL) to the three outstanding Conceptual stage Action Points relating to the packaging of wastes from the Shaft and Silo at Dounreay.  The proposed waste packages are based on the packaging of shredded solid wastes in 6m3 concrete boxes, with a contingency option based on lead-shielded TRU-Shield drums, and the packaging of in-drum mixed sludge wastes in TRU-Shield drums.

The packaging of Shaft and Silo wastes has been the subject of a number of previous assessments.  Packaging proposals for the Shaft and Silo wastes were originally presented in 2008, based on the packaging of shredded and super-compacted solid wastes, and in-drum mixed sludge wastes, into 500 litre stainless steel drums.  Subsequently, DSRL presented revised packaging proposals for assessment at the Interim stage.  That assessment identified a number of outstanding issues and, furthermore, concluded that three of the Conceptual stage Action Points from the 2008 assessment remained applicable and could not be closed at that time.

The objective of this assessment is to provide advice on the suitability of the responses that DSRL has provided to the three outstanding Conceptual stage Action Points relating to the proposed packaging process.  The assessment has not considered the outstanding Interim stage Action Points relating to these same proposals.  The assessment has been undertaken using the Disposability Assessment process and the reader is directed to published guidance for a more complete description of this process
.
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 general requirements placed on waste packages for disposal in a GDF are embodied in the specification for packaging of Low Heat Generating Wastes.  In the case of the Dounreay Shaft and Silo waste packages, the relevant specific requirements are those developed in the Waste Package Specification (WPS) for packages based on 500 litre drums and on 6m3 concrete boxes (hereafter concrete boxes) (WPS/300 and WPS/360 respectively).  The Disposability Assessment reference case for Low Heat Generating Wastes is based on the higher-strength rock illustrative concept example.  Compatibility with illustrative concept examples for other geological environments is considered qualitatively.

The RWM Disposability Assessment process provides advice on the suitability of proposals for conditioning higher activity waste in anticipation of geological disposal.  The regulators’ view is that packages conditioned in anticipation of geological disposal, and assessed under the Letter of Compliance process, will also be suitable for long-term storage in accordance with Government policy in Scotland.

Scope of the Assessment

The Dounreay Shaft and Silo were used for on-site storage of the wide variety of solid wastes arising from the operation of reactors and their support facilities at the Dounreay site.  The Shaft is approximately 65 m deep and has a nominal diameter of 4.6 m.  Wastes were disposed of in the Shaft during the period 1959 to 1977.  The ‘wet’ Silo is 9.1 m deep, 8.5 m wide and 10.4 m long.  It was constructed as a replacement waste storage facility for the Shaft and accepted wastes in the period 1971 to 1998.

Since the closure of each facility, wastes have been stored under water.  Many of these wastes will have undergone significant degradation in the extended period between original consignment and eventual retrieval for packaging.  The exact condition of the waste is not known although it is expected to comprise a mixture of intact or partly degraded solid items and a sludge phase comprising the products of that degradation.

The assessment has been based on waste volumes of 739m3 and 480m3 for the Shaft and Silo respectively.  Shaft wastes are represented in the UK Radioactive Waste Inventory by waste stream 5B25 (ILW Shaft contents); Silo wastes are represented by waste stream 5B02 (low alpha Remote Handled Intermediate Level Waste (RHILW)).

Packaging Process
Nature of the Waste

Both the Shaft and the Silo contain a broad range of waste types, including: general waste and scrap from laboratory and plant operation, wastes from decommissioning and refurbishment activities, fuel element cladding, miscellaneous activated reactor components, sealed radioactive sources and effluent treatment sludge.  ‘Fuel element wastes’ were disposed of in the Shaft only and refer to components removed in disassembly such as ‘tops and tails’.  Specific fuel and breeder material was also disposed to the Shaft.  No fuel elements of any type were consigned intact to the Silo, although other reactor components of similar dimensions may be present.

Waste Processing and Packaging

The wastes would be retrieved using grabs, cutting equipment and buckets lowered by a crane.  The retrieved waste would be placed on an irrigated screen (grid size 5 mm) to allow separation of particulate material (sludge).  Solid wastes would be inspected to identify and remove intact fuel or high dose items.  After inspection, solid waste items would be shredded into assay containers then tipped into baskets for grouting.

DSRL has proposed that the solid waste should be packaged using 6m3 concrete boxes.  The design of the box has not been finalised but will be developed from that used for decommissioning wastes from the Windscale Advanced Gas-cooled Reactor (WAGR).  The solid wastes contain fissile materials and as the WAGR box was developed as a non-fissile transport package, the requirement to obtain additional approvals for this usage remains a significant risk to the project.  To mitigate this risk, DSRL requested assessment of an alternative packaging option whereby the solid wastes would be packaged in TRU-Shield drums, in a similar arrangement to that proposed for packaging sludge wastes.

Wastes would be grouted in the 6m3 concrete boxes using a high density cementitious encapsulant.  The high density encapsulant contains magnetite (iron oxide) aggregate, to provide greater shielding than standard density, cementitious encapsulant.  

If the TRU-Shield drum option is pursued, solid waste would be encapsulated in a mild steel liner with a low density grout formulation of 3:1 Pulverised Fly Ash (PFA) to Ordinary Portland Cement (OPC), and following wasteform set, each liner would be loaded into a separate TRU-Shield drum.  

Particulate and sludge, separated using the irrigated screen, would be collected in bulk tanks and concentrated to target levels.  After assay and characterisation, sludge wastes would be transferred to a mild steel liner and in-drum mixed with a 1:1 PFA/OPC grout formulation.  Following wasteform set, each liner would be loaded into a separate TRU-Shield drum.  

Assessment Inventory and Number of Packages

An assessment inventory was derived in previous assessments based on historic records of waste consignments to the Shaft and Silo.  This assessment inventory has been retained as the basis for the current assessment and no further modification has been undertaken.

It is anticipated that 114 and 79 off 6m3 concrete boxes would be required to package solid wastes from the Shaft and Silo, respectively.  Based on early trials with a high conditioning factor, if the solid wastes were to be packaged in TRU-Shield drums, it is anticipated that more than 7500 and 6000 would be required for the Shaft and Silo wastes, respectively.

Regardless of the solid waste packaging option, it is anticipated that 2060 and 934 off TRU-Shield drums would be required to package sludge wastes from the Shaft and Silo, respectively.

Outcome of the Assessment

DSRL provided responses to the following Conceptual stage Action Points:

· F08/030 – Demonstrate that the expected rate of radon release would be consistent with transport and operational requirements;

· F08/032 – Produce package-specific criticality safety assessments for the solids and sludge packages produced from Shaft and Silo wastes, establishing the safe fissile masses;

· F08/033 – Develop the proposed fissile material assay and establish the accuracy and precision that may be expected from the results.

Action Point F08/030 – Radon Release

This Action Point sought a demonstration that the expected rate of radon release due to the presence of radium in the waste packages would be consistent with transport and operational requirements.  DSRL reported that little further information could be obtained from historical records.  Consequently, the assessment considered the maximum plausible radium inventory based on radium needles, as included in the assessment inventory.

The assessment concluded that if radium needles are present, radon emanation from concrete box packages are likely to exceed transport limits and operational limits at a GDF.  Some mitigation would be provided if the radium wastes were to be packaged in TRU-Shield drums, but the maximum possible releases remain challenging.  RWM examined the possibility of claiming additional radon retention within the wasteform, but the arguments put forward were not considered to be sufficiently robust at this time. 

In the absence of convincing arguments as to the absence of significant radium or the containment of radon, it is recommended that the process should include monitoring equipment to segregate radon sources.  Further development of the process is necessary before the issue of radon release can be resolved and the Action Point remains open.

Action Point F08/032 – Criticality Safety

This Action Point required DSRL to produce package-specific criticality safety assessments (CSA) for the solids and sludge packages, and thereby establish the safe fissile masses (SFM).  Of particular note is the requirement to establish viability of packaging fissile wastes in the proposed concrete box.  RWM notes that some progress has been made by in engaging the transport regulators regarding this latter matter, but formal responses to the proposed fissile exception case is awaited.

For the operational and post-closure phases, DSRL has not produced package-specific criticality safety assessments (CSA) for either packaging option but have instead proposed to use the generic CSA for Highly Enriched Uranium (HEU).  RWM has reviewed the arguments put forward and has concluded that further development is required to justify an appropriate SFM for the proposed packages.  On this basis, the Action Point remains open.

Action Point F08/033 – Fissile Material Assay

RWM has previously concluded that the ability to characterise the fissile loading of the wastes is an important element of a criticality safety case for the proposed packages.  It was further recognised that the viability of such an assay would be fundamental to the feasibility of the proposals and further evidence to this effect was sought.

RWM acknowledges that progress has been made towards specifying the requirements of the assay system and the responses by the manufacturer give confidence that such specifications can be realised.  However, not all of the uncertainties associated with the fissile content measurement have yet been quantified.  Furthermore, development of the relevant CSA, and the establishment of the Safe Fissile Masses, is required to establish the significance of all uncertainties.  Without this information, the necessary accuracy and precision of the measurements cannot be determined or the viability of the required control of fissile loading demonstrated.  Consequently, this Action Point remains open.

Requirements for Further Work

RWM has considered the position with respect to the Conceptual stage endorsement of the packaging proposals.  The conclusion that the three Action Points remain open means that endorsement cannot be offered until the outstanding issues, as outlined above, are resolved.

Further to this position, it is implicit in the previous disposability assessment that Low Specific Activity (LSA) waste compatible with packaging in the concrete box can be separated from higher activity waste, in order to meet the Transport Regulations for packaging and transporting waste in such ‘Industrial Packages’.  Considering this matter again, RWM has concluded that this requirement is basic to the viability of the proposals and should be captured as a Conceptual stage Action Point.  In recognition of this position, Action Point F13/028 has been re-classified as a Conceptual stage Action Point.

Conclusions
The responses by DSRL to the three outstanding Conceptual stage Action Points for the proposed packaged containing Dounreay Shaft and Silo wastes have been assessed.  RWM acknowledges the significant work that has been carried out towards addressing these Action Points.  However, further work is required to address the remaining uncertainties.  All three Action Points therefore remain open.  In addition, a further Conceptual stage Action Point has been identified.

�	NDA, Guide to the Letter of Compliance Process, NDA document WPS/650, March 2008.
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