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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 Dounreay Site Restoration Limited (DSRL) for the packaging of raffinate from the Dounreay Fast Reactor (DFR) at the Dounreay Cementation Plant (DCP).

The objectives of this Final stage assessment of proposals for packages of DFR raffinate are to provide DSRL with:

· An assessment of disposability in accordance with the Joint Regulators’ Guidance to Industry

· Supporting advice on disposability of DFR raffinate to DSRL in the form of an Assessment Report

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

Further information on the Disposability Assessment process is available elsewhere
.

RWM first received proposals for packaging DFR raffinate in 1998, resulting in a Conceptual stage endorsement in 1999. DSRL later revised its strategy for this waste in 2007, with a proposal to package the waste in a new Immobilisation and Encapsulation Plant, rather than in DCP. Further revisions to the proposals were made in 2011; neither received Interim stage endorsement as a number of technical issues remained unresolved. 

More recently, DSRL has reverted to proposing the use of DCP for packaging DFR raffinate. The current proposal therefore uses a combination of the previous treatment and packaging options and builds on the technical evidence submitted and assessed previously.

RWMD 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 nuclear 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.
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). In the case of the DFR raffinate waste packages, the relevant WPS is WPS/300, the Waste Package Specification for 500 litre drum waste packages.

Scope of the Assessment

The Dounreay Fast Reactor (DFR) was a 60 MW sodium/potassium alloy (NaK) cooled fast reactor which contained both driver and breeder fuel. DFR first went critical in November 1959 and operated until 1977. Fuel from DFR was reprocessed in the fast reactor fuel reprocessing plant from June 1960 until March 1979. Thirty-six reprocessing campaigns were carried out during this time. The process of reprocessing involved dissolving the cropped fuel pins in concentrated nitric acid and separating the useful actinides from the clarified dissolver liquor. The acidic liquor remaining after extraction, known as the raffinate, was stored in Tanks 5, 6 and 10 in the High Active Liquor Storage Plant at Dounreay.

The DFR raffinate waste is reported in the 2013 UK Radioactive Waste Inventory under the identifier 5B05. The total volume reported is 222.6m3, which comprises of 71.7m3 in Tank 5, 72.3m3 in Tank 6 and 78.6m3 in Tank 10.

Packaging Process

Nature of the Waste

The DFR driver fuel was based on highly-enriched metallic uranium, initially a uranium/chromium alloy then a uranium/molybdenum alloy. The raffinate waste comprises an acidic aqueous solution of dissolved metals in approximately 1.4M nitric acid. The principal dissolved species are iron, aluminium, sodium and molybdenum, together with nitrate. The density of the raffinate is approximately 1.1 t/m3. A small quantity of suspended solids is present, the solids concentration having been measured as up to approximately 2 g/dm3. The quantity of settled solids in the tank is not certain, and may become important when the contents of the tanks are mixed during processing (see below).

Chemically, the raffinate consists of a nitric acid solution, predominantly of iron (1-2 wt%), and aluminium, sodium and molybdenum (0.2-0.7 wt%). Several other cations are also present below 0.05 wt%. The anion content is dominated by nitrate at ~20 wt%, with ~0.08 wt% sulphate and 0.02 wt% chloride. Apart from its water content the waste is not believed to contain neutron moderators or reflectors (for example beryllium or graphite).

Waste Processing and Packaging

The proposed waste treatment would consist of initial batch transfer to a feed tank in the DCP, which has the benefit of promoting mixing, and providing opportunities for sampling. Batches of raw raffinate would then be transferred from the feed tank to a reception vessel at the DCP. A further sample of the DFR raffinate would be taken, both to confirm the composition of the waste and to determine the amount of sodium hydroxide required for neutralisation. Batches of raffinate would then be neutralised in the mixing vessel before being encapsulated in DCP Mark I 500 litre drum waste containers using cement powder based on a 1:1 mix of pulverised fuel ash (PFA) and ordinary Portland cement (OPC). To promote a well-mixed wasteform, the 500 litre drum incorporates a sacrificial in-drum mixing paddle, which is common practice for such liquid wastes.

The DCP Mark I 500 litre drum waste container was used for the packaging of Material Test Reactor (MTR) raffinate wastes at the DCP and is considered to meet the requirements for transport and GDF operational systems.

The completed waste packages would be stored in either the Integrated Drum Store or the DCP Store Extension at the DCP, dependent on DSRL’s storage strategy and availability.

Assessment Inventory and Number of Packages

The average assessment inventory of the DFR raffinate was determined by combining FISPIN modelling undertaken in 2005 with a more recent analysis of uranium content for samples taken from Tank 5 and 6 in 1990 and 2004. The FISPIN modelling included all 112 radionuclides of importance to RWM and assumed that all the plutonium resulting from the reprocessing of DFR fuel was routed to the raffinate tanks, together with some plutonium resulting from processing of a small quantity of MTR fuel and of a number of fuel pins to test the Prototype Fast Reactor (PFR) design.

The maximum assessment inventory was determined from the average inventory, accounting for uncertainties in the measurements and those derived through the modelling. It is planned that each waste package would contain approximately 0.28m3 of raffinate, resulting in approximately 797 waste packages.

Assessment of Disposability

Waste Package Properties and Performance

DSRL has undertaken a comprehensive programme of development work over a number of years that has established and substantiated the process for immobilising the DFR raffinate. This has included both small- and full-scale trials using simulants, and, more recently, active commissioning of the DCP using DFR raffinate.

All of this work is predicated on a simulant representing the contents of Tank 6, which has been shown to be similar to that for Tank 5. The contents of Tank 10 have not been sampled and are therefore less well characterised. Consequently, it has not been demonstrated that the initial formulation for immobilising the DFR raffinate would be appropriate for the contents of Tank 10. In advance of improved confidence in the composition of Tank 10 raffinate, and evidence that an appropriate formulation is available, the contents of Tank 10 are therefore excluded from assessment at this time.

The primary mechanism for gas generation within waste packages is radiolysis, which produces hydrogen gas from water. The rate of generation by this mechanism has been assessed to be relatively small and within acceptable limits for transport and disposal.

Although only limited data are available specific to the accident performance of the proposed waste packages, the general form of these packages is very similar to the generic ‘homogeneous cemented waste’ assumed in the DSSC. Furthermore, the development programme has shown that the packaging process results in a good quality, strong wasteform. Consequently, generic parameters for a 500 litre drum containing encapsulated liquid waste have been adopted as sufficiently representative of the DFR raffinate packages. 

Compliance with the Transport System Design and Safety Case

The Transport Safety assessment shows that it would be possible for drums of DFR raffinate to comply with all relevant criteria if transported in the RWM Standard Waste Transport Container (SWTC) with 285 mm thick walls under Type B transport arrangements. This is consistent with the moderate inventory associated with the waste. No criticality safety issues were identified. On these grounds, the proposed waste packages are considered acceptable.

Compliance with Engineering Design and the Operational Safety Case

Packages based on the DCP Mark I 500 litre drum are compliant with the container-specific GDF system requirements, such as external dimensions and lifting arrangements, as defined in the relevant Waste Package Specification, WPS/300. The DFR raffinate waste packages are also compliant with the specifications in WPS/300 (for example mass, heat output, external dose rates).

The accident performance of the waste packages was assessed using the Operational Safety Assessment toolkit, which is based on a Design Basis Accident approach. The deterministic doses assessed using this toolkit are generally below the applicable targets, although one impact dose to workers and one fire dose to members of the public were assessed to be above the lowest Basic Safety Levels (BSLs) of 20 mSv and 1 mSv, respectively. As part of the generic DSSC, bounding waste streams have been identified and assessed to provide understanding of key design features for future GDF design work. The assessed doses from the current assessment fall within the envelope of those derived for the bounding waste streams. It is concluded that planned development of the GDF design and safety protection systems to reduce bounding doses to acceptable levels would also bring the assessed doses for DFR raffinate waste packages down proportionately. On these grounds, the proposed waste packages are considered acceptable.

Compliance with the Environmental Safety Case

The proposed DFR raffinate waste packages consist of a cementitious wasteform that is compatible with the chemical environment that will be engineered in the post-closure period, supporting the relevant safety functions. Furthermore, the composition of the waste is such that it does not introduce any additional challenging chemical species.

The total radionuclide inventory associated with the DFR raffinate packages is moderate and is consistent with the assumptions made within the DSSC regarding this waste stream. In addition, this waste stream does not represent a significant contribution to the total inventory for disposal (no radionuclides contribute more than 1% of the baseline total inventory). On these grounds, the proposed waste packages are considered acceptable.

Status of Management System and Data Recording

The Management System arrangements governing the packaging of the DFR raffinate are based on automated systems controlling the DCP. These arrangements are supported by controlling specifications such as the Waste Product Specification, which provide clear evidence of consistency with the process as understood by RWM. These arrangements have been found to be acceptable. Notwithstanding these conclusions, RWM has identified a number of areas where further development of the arrangements is required, in particular the longer-term management of the completed waste packages during interim storage and the management and retention of waste package records.

RWM is satisfied that appropriate package-scale records and information would be generated during the packaging of the DFR raffinate. The data recorded through the production process is considered to be sufficient not to preclude the production of good waste package records. However, the arrangements for the production of other elements of the waste package records, in particular the identification and retention of supporting documents, remain under development.

Recognising the importance of early hazard reduction on decommissioning sites, RWM has accepted that the measures to address the Compliance Gaps in the Management Systems and waste package records could be addressed after the commencement of packaging without risking the production of waste packages and package records of the necessary quality. DSRL has agreed to work with RWM to address these qualifications before the completion of the DFR raffinate waste processing.

Conclusions of Assessment of Disposability

RWM has concluded that DSRL has provided sufficient technical research and development work to support the assessment of the DFR raffinate packaging proposal. The Assessment of Disposability has found the packaging proposal to be consistent with the expectations, requirements and assumptions of the existing DSSC and therefore may be considered safe to be disposable. This conclusion does not currently extend to the contents of Tank 10.

Conclusions

A Final stage disposability assessment has been undertaken for the proposed waste packages containing DFR raffinate wastes from Dounreay. This assessment has 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 qualified Final stage Letter of Compliance. The endorsement is subject to the timely resolution of issues relating to the Management System and waste package records.

In the absence of detailed characterisation, the contents of Tank 10 are excluded from Final stage endorsement at this time.

� 	NDA, Waste Package Specification and Guidance Documentation: WPS/650 Guide to the Letter of Compliance Assessment Process, WPS/650/02, March 2008.
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