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Background
Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken an Interim stage Disposability Assessment for the proposed waste packages containing decommissioning wastes from the Prototype Fast Reactor (PFR) at Dounreay.  The proposed waste packages are based on the over-packing of higher activity ILW (as defined in the submission) into stainless steel 500 litre drums and the immobilisation of the lower activity ILW and tritiated wastes (as defined in the submission) within a cemented wasteform in 6m3 concrete boxes.

The objectives of this Interim stage assessment of the proposed PFR decommissioning waste packages are to provide Dounreay Site Restoration Limited (DSRL) with:

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

· supporting advice on the disposability of the proposed waste packages in the form of an Assessment Report;

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

The reader is directed to published guidance for a more complete description of the Disposability Assessment process
.
The packaging of PFR decommissioning wastes has been the subject of a number of previous assessments.  An initial Conceptual stage assessment culminated in the endorsement of packages based on 3m3 boxes.  An option to use either 2m or 4m boxes was not supported at that time or in a subsequent further assessment.  The current proposals represent a further change in the previously-endorsed packaging process.  Consequently, the current assessment has examined the full range of technical issues in order to place on record a revised and current Assessment of Disposability.

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 recently-published 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 PFR decommissioning 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 PFR was a 600MW(Th)/250MW(e), liquid sodium cooled fast reactor fuelled using uranium and plutonium mixed oxide and depleted uranium, which was operational for 20 years from 1974.  The operation of the Dounreay PFR resulted in activation of the components surrounding the core and generated a substantial volume of Intermediate Level Waste (ILW).  The waste considered consists of items from within the PFR reactor vessel that have become activated during operations to levels whereby they will not be suitable for low level waste disposal.  Wastes specifically excluded from consideration in this assessment are those that arise from the treatment of the reactor coolant and items already removed from the reactor, except those stored locally in the mortuary holes and caves.

DSRL has stated that it considers the wastes to be divided into higher activity ILW, lower activity ILW and tritiated wastes.  The higher and lower activity ILW are distinguished by the specific activity and dose-rates of the activated items, based on the lower activity ILW being consistent with packaging in concrete boxes and subsequent transport under IP-2 arrangements.  The tritiated wastes are lower activity wastes, potentially LLW, that may be sufficiently contaminated with tritium as to potentially preclude disposal in an LLW repository.  The consideration of these wastes is therefore a precautionary measure.

The assessments has considered 17m3 of higher activity ILW, 70m3 of lower activity ILW and 150m3 of tritiated wastes.  The ILW arising from PFR decommissioning wastes is included in waste stream 5B302 as reported in the 2013 Radioactive Waste Inventory.  It is understood that at least part of the tritiated wastes may be included in waste stream 5B301 (LLW arising from PFR decommissioning wastes).

Packaging Process

Nature of the Waste

The waste comprises a range of stainless and carbon steel items, together with the steel-clad graphite components known as neutron shield rods (NSR).  The waste comprises about 10% graphite by mass, but in excess of 60% graphite by volume.  It is anticipated that decommissioning activities, in particular the size reduction of larger items, also would generate cutting swarf and fines.  The quantity of such swarf and fines cannot be estimated in advance of operation, but has been considered qualitatively.

The activity present in the waste is due to the activation of the components during reactor operations and contamination by mobile fission products (tritium, caesium and strontium) released through ‘pin-holes’ in the fuel cladding.  On the basis of reactor operational records, it is argued that, other that the noted releases of mobile fission products, fuel contamination is not present on the decommissioning wastes.

It is expected that a small amount of residual reactor coolant (metallic sodium) would be present on some components.  A decontamination process will be operated to ensure that the quantities of residual sodium on the waste for disposal would not be significant.

Waste Processing and Packaging

DSRL has proposed two separate packaging routes for the wastes expected to arise for the decommissioning of the PFR; 500 litre drums for higher activity ILW and concrete boxes for the lower activity ILW and tritiated wastes.  

The higher activity items that are defined as those items of waste that would not conform to the requirements for transport under IP-2 arrangements (namely the specific activity limits for Low Specific Activity (LSA) and/or limitations on the dose-rate from the bare waste).  Consequently, it is proposed that the waste packages would be based on 500 litre drums that can be transported to the GDF in a RWM Standard Waste Transport Container (SWTC) under Type B arrangements.

The higher activity ILW would be size reduced to fit into the Z6033 stainless steel storage drum, which would be loaded into an overpack for interim storage at Dounreay.  Prior to consigning waste to a GDF, the overpack would be loaded into a ‘D3900’ 500 litre stainless steel drum for disposal.  Under these proposals the waste would not be encapsulated.  Instead containment is provided through the use of multiple layers of container.

Lower activity ILW and tritiated wastes that would conform to the criteria for transport under IP-2 arrangements at 2040 would be size reduced and packed into concrete boxes.  The waste will subsequently be grouted into place and a concrete lid cast.  The box and grout potentially would be available in both standard and high density variants (SD and HD respectively), although it is initially anticipated that the latter would be used.

The design of concrete box, and the grout formulation for encapsulation, is currently under development, although the design is to be based on prior experience of the Windscale AGR (WAGR) box.  The formal specification of the container and grout is a prerequisite for endorsement at the Interim stage. 

DSRL has indicated that swarf and fines will be containerised for storage in Z6033 drums, with final disposal being based on the 500 litre drums also used for higher activity ILW.  These proposals remain to be fully developed and justified.

The Z6033 drums are to be stored in the Dounreay Cementation Plant (DCP) store under the existing arrangements for that store.  Since it is expected that the 500 litre drum waste packages would be finalised only immediately prior to despatch, these packages would be not be stored.  The concrete boxes will be stored in a new store of a design based on that for WAGR boxes currently operating at Sellafield.

Assessment Inventory and Number of Packages

The radionuclide inventories of many of the components of the PFR reactor have been determined by activation modelling, supported by limited sampling and analysis to confirm the level of contamination.  It is noted that this sampling supports the assertion that the wastes would not contain any fuel contamination.

Based on these data, the total inventory for each of the three categories of waste to be packaged has been derived and an average assessment inventory obtained as the simple average across all relevant packages.  Where specific components have not been modelled, a suitable analogy has been selected from the available modelling results.  A maximum inventory has been obtained by selecting the highest specific activity for each radionuclide across the various modelled components included in each category.

Based on the assumed disposition of the reactor components into the three categories, it is estimated that the process would result in 305 waste packages based on 500 litre drums and 135 concrete boxes, of which 36 would contain lower activity ILW and the remainder tritiated wastes.  These estimates may vary in practice, but represent the basis for assessment.

Assessment of Disposability

Waste Package Properties and Performance

The higher activity ILW waste packages are based on non-encapsulated wastes contained within multiple layers of containment.  The various components of the waste package are well-engineered and, for the purposes of assessment, it has been assumed that the combination represents a suitable means of containing the activity under impact and fire accident conditions.  Further substantiation of this assumed performance would be required to support endorsement at the Interim stage.

The performance of waste packages based on the concrete box has been extrapolated from the assessment of the WAGR waste packages.  This provides confidence in the expected performance, subject to the confirmation of the container design and the grout formulation.

The wastes are relatively inert materials (steel and graphite) that do not react with cement, other than through the slow corrosion of steel items.  The absence of water from higher activity ILW waste packages precludes significant corrosion until the eventual re‑saturation of a GDF in the post-closure period.  Consequently, the rates of generation of both bulk gases and radioactive gases from these packages are assessed to be low.

Compliance with the Transport System Design and Safety Case

The proposed waste packages have been checked against the transport safety aspects of the WPS for waste packages based on 500 litre drums and for concrete boxes, as relevant, and directly against the requirements of the IAEA Transport Regulations.  The waste packages are found to be compliant with the relevant limits.  It is noted that this conclusion is subject to the implementation of suitable means of sentencing waste items as either higher or lower activity ILW, based on a judgement of compliance of the latter with the requirements for transport under IP-2 arrangements.

The higher activity ILW waste packages would be consistent with transport using a RWM Standard Waste Transport Container with 285mm of shielding.
The significance of potential releases during transport accidents are determined by the use of the SWTC or the conformance of the packages with IP-2 requirements, and in both cases would be acceptable.  The lower activity ILW waste packages potentially give rise to a moderate dose during normal operations, due to the external dose-rates.

The fissile inventory of the waste packages is small and arises solely from the activation of natural contaminants of the materials.  Potentially such material would be considered non-fissile for transport purposes but nonetheless the packages would be consistent with the RWM General Criticality Safety Assessment (CSA).

Compliance with Engineering Design and the Operational Safety Case

A deterministic assessment of the doses for design basis accidents shows that the higher activity ILW waste packages are compliant with the regulatory requirements.  The assessed doses due to accidents are found to be close to or less than the Basic Safety Objectives for worker and public doses.  This conclusion is subject to substantiating the assumed minimal releases from the higher activity ILW waste packages under impact accident conditions.  The highest assessed doses due to releases from the concrete boxes under fire accident conditions moderately exceed the screening levels in some cases, due to releases of potentially gaseous activity, particularly tritium and C-14.

RWM recognises that the current treatment of such potential releases is very conservative, assuming that all such activity is available for release as gaseous species and neglecting some potential protections expected to be present in a GDF.  Consequently, work is ongoing to reduce conservatisms in predicted doses for impact and fire faults, most notably a proposed reduction in the definition of respirable particle size from sub-100µm to sub-10µm, reductions in the fire duration and a more realistic representation of gaseous species.  Noting these developments, improvements to design assumptions and the moderate assessed doses, RWM is confident that the operational safety case could be made in the context of impact and fire faults for the proposed PFR decommissioning waste packages.

Recognising the source and magnitude of the fissile loading, the proposed packages are not considered to present a significant criticality hazard during operations.

RWM considers the proposed packages to represent good practice in the context of containment and immobilisation of radioactivity.  

Compliance with the Environmental Safety Case

The PFR decommissioning waste packages are generally compliant with the generic Operational Environmental and Post-closure Safety Assessments.  This is consistent with the relatively small inventories associated with the packages and the expected quality of the proposed packages, including, where appropriate, the cemented wasteforms.  The packages are not considered to present a significant criticality hazard and the packages would comply with an SFM that bounds the expectations for post-closure.

The only issues raised by the assessment are the requirement to maintain the capacity for encapsulation of the wastes and the need to identify a superplasticiser acceptable to RWM for use in the manufacture of the concrete boxes.  This significant issue is recognised as an additional element in the general requirement to finalise the design of the concrete box and the formulation of the encapsulation grout.

Status of Management System and Data Recording
RWM is generally satisfied with the current state of development of the arrangements controlling the production of the packages and the generation of the required waste package records.  DSRL has submitted draft versions of a Data Recording Methodology and a Waste Product Specification (WPrS) for the production of the concrete boxes.  The assessment of these documents is supported by more general interactions with DSRL on Management System arrangements.  Continuing engagement through the resolution of audit findings provides confidence that suitable systems will be put into place.  Further evidence to this effect would be sought at the Final stage, including arrangements for managing the ongoing storage, monitoring and inspection of completed packages and the ongoing management of waste package records.

The draft WPrS covering the production of the higher activity ILW waste packages is currently insufficiently-developed to support Interim stage endorsement; the document does not provide an adequate specification of the final disposal packages. 

Conclusions of Assessment of Disposability

The proposed PFR decommissioning waste packages have been found to be potentially consistent with the expectations, requirements and assumptions of the existing DSSC.  However, the proposals are currently not sufficiently well-developed to support formal endorsement at the Interim stage.  As a result, four Compliance Gaps have been identified, covering the following issues:

· completion of the necessary wasteform development, including grout formulation, sodium decontamination and management of swarf and fines;

· design and specification of the concrete box;

· substantiation of the impact performance of higher activity ILW packages;

· provision of a full WPrS for higher activity ILW packages.

The current status of the remainder of the arrangements for controlling the production of waste packages and the associated waste package records are satisfactory.

Notwithstanding the identification of these Interim stage Compliance Gaps, recognising that the proposals have been revised since previous Conceptual stage assessments were reported, the current Assessment of Disposability is considered to support the endorsement of the currently-proposed packages at Conceptual stage.

Requirements for Further Work

As noted above four composite Interim stage Compliance Gaps have been identified.  Consequently, in addition to three Interim stage Action Points remaining from a previous assessment, the current assessment has identified a further seven Action Points to be resolved to address the issues captured as these Compliance Gaps at the Interim stage.  The assessment has concluded that 18 of the 21 Interim stage Action Points generated in the previous Conceptual stage assessments can be closed.  

To facilitate progression to Final stage endorsement, 11 Final stage Action Points also have been identified.
Conclusions

An Interim stage Disposability Assessment has been undertaken for the proposed waste packages containing PFR decommissioning wastes from Dounreay, based on consideration of the consistency of the proposed packaged with RWM requirements for safe long-term management.  It is concluded that the proposed waste packages are not yet consistent with RWM requirements and therefore the packages are not endorsed at the Interim stage.

Based on the Assessment of Disposability, it has been concluded that the packages can be endorsed at the Conceptual stage through the issue of a Letter of Compliance.

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