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	Packaging of sludge and resin at Hunterston A (Revised Final) 
Summary of Assessment Report

Issue date of Assessment Report: 20 November 2015


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 Limited (Magnox) for the packaging of sludge and resin at the Hunterston A Decommissioning Site.

The objectives of this Final stage assessment of proposals for packages of sludge and resin are to provide Magnox with:

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

Supporting advice on disposability of sludge and resin to Magnox in the form of an Assessment Report

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

The sludge and resin wastes form part of a wider group of wet wastes at Hunterston A; the wet wastes, in whole or in part, have been subject to a number of submissions and assessments at Conceptual and Interim stages, with various iterations at each stage.  Notably, Interim stage LoC endorsement was provided in 2010 for the packaging of sludge and resins wastes.  More recently, RWM provided a preliminary review of selected Final stage documents in advance of a full submission.

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 this assessment of disposability is the conceptual designs for a Geological Disposal Facility (GDF) derived from the generic Disposal System Safety Case (DSSC).  Further information on the Disposability Assessment process is available elsewhere
.

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 sludge and resin waste packages, the relevant WPS is that for packages based on the 3 m3 drum waste package
.

Scope of the Assessment

The twin Magnox reactor situated at the Hunterston A site operated from 1964 until reactor shutdown in 1990.  Graphite sleeves were removed from the fuel elements when the fuel was first removed from the reactor, along with other items including support members, D‑bars, miscellaneous activated components and Magnox buttons.  Spent Magnox fuel was then discharged into the cartridge cooling pond (CCP) for storage prior to de-splittering and despatch to Sellafield for reprocessing.

Radioactive sludge and ion exchange resin wastes have arisen from operation of the CCP and related pond clean-up.

The CCP sludge is currently stored in Sludge Retention Tanks (SRTs) 2 and 3, which are located within the Active Effluent Treatment Plant (AETP) compound.  The sludge is predominantly sand from backwashing of the CCP sand filter, and silicates that were added to the cooling-pond water as water-soluble preparations (to prevent corrosion of the aluminium fuel-storage skips) and have subsequently precipitated out of solution.  Prior to installation of the Pond Water Treatment Plant (PWTP), CCP water was decontaminated using the AETP, which used carbonation/precipitation towers to remove soluble aluminium from the pond water as a floc together with fission products.  After the PWTP was installed, effluent/sludge from the PWTP sand filters was allowed to settle in the AETP tower and accumulated in the CCP sludge tanks.

The ion exchange resins originate from the PWTP and are currently stored in Active Resins Storage Vessel 1 (ARSV1).  The purpose of the resins was to remove dissolved activity, principally caesium, from the pond water.  The ARSV1 is situated within the Solid Active Waste Building.

The waste addressed by these proposals comprises the following 2013 UK Radioactive Waste Inventory streams:

9J03 Ion Exchange Resins (ARSV1 only)

9J33 CCP Sludge (SRT2 and 3 only).

Packaging Process

Nature of the Waste

The sludge is dominated by silicates (as sand from sand filters and because silicates were added to the water to minimise skip corrosion), and the corrosion products of aluminium (from pond skips), iron/steel and Magnox (from fuel elements).  Solids loading and density of the sludge are variable within the SRTs due to two principal arising periods with associated operations; pre- and post-PWTP.

The ion exchange resins are phenol formaldehyde-based resins; principally bead Lewatit DN with some granular Amberlite IRN-74.  The ion exchange resins are currently stored as a flooded bed with over-standing water.

The sludge radionuclide source term is derived from activated fuel cladding material together with irradiated natural uranium-derived contamination.

The ion exchange resin radionuclide source term is similar, but caesium is the dominant radionuclide; it is both soluble in CCP and selectively scavenged by the ion exchange resins.

The total volume of packaged waste is estimated to be approximately 197 m3.

Waste Processing and Packaging

The proposal for wasteform production is based upon common practice for the immobilisation of wet wastes, that is, in-drum mixing in 3 m3 drum waste containers with a BFS/OPC
-based cement powder.  This approach is designed to make them passively safe whilst avoiding the need for future repackaging.

The sludge and resin wastes would be retrieved directly into the 3 m3 drum and treated via a hydrocyclone system prior to encapsulation.  In addition to limiting the quantity of ion exchange resin in a waste package, the process is designed to achieve the desired waste (solids) content of the waste package, thereby ensuring production of compliant waste packages.

The Hunterston sludge and resin 3 m3 drum is considered by RWM to represent ‘sound engineering’ practice since this has been designed to meet the requirements of the transport and GDF systems as expressed in the relevant WPS.

The completed waste packages would be stored in the ILW Store at Hunterston.  The design intent of the ILW Store is for interim storage of both 3 m3 drum and 3 m3 box unshielded waste packages for a minimum of 100 years.  The interim storage conditions are considered by RWM to be consistent with maintaining waste container integrity.

Assessment Inventory and Number of Packages

Following review of the submission and supporting information, the total waste stream assessment inventory has been derived by RWM 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 waste mass-based application of radionuclide fingerprints for sludge and resin, which are based on appropriate characterisation data augmented by results of fission/activation calculations using appropriate materials specification, neutron flux history and cooling times.

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 maximum sludge and resin contents, to provide a conservative treatment.

The total number of 3 m3 drum waste packages is anticipated to be 82, based on the volume of wastes and the conditioning factor.

Assessment of Disposability

Waste Package Properties and Performance

RWM considers that the ‘as manufactured’ Hunterston sludge and wasteforms are likely to perform adequately in the context of mechanical and physical properties.  The cement-encapsulation and subsequent irradiation of ion exchange resins, such as Lewatit, can lead to deterioration of the wasteform, affecting its properties and performance.  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 due to limits on the amount of Lewatit in the waste package.

The main source of bulk gas generation is radiolysis of the Lewatit DN resin.  The calculated gas generation rate is low, however, and would decrease with radioactive decay of the waste inventory with time.

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

For impact accident performance, RWM considers the proposed Hunterston sludge and resin waste packages to be analogous to the homogenous wasteform in a 3 m3 drum listed in the RWM waste package accident status report.  RWM considers it unlikely that waste package evolution would have any significant effect on the calculated impact RF.

For fire accident performance, RWM considers the proposed Hunterston sludge and resin waste packages to be analogous to a thermal model data developed for the Trawsfynydd designed-drum, containing Magnox sludge.  RWM also considers the Hunterston sludge and resin wasteform to be sufficiently similar to the ‘encapsulated floc and sludge wasteforms’ previously studied for application of experimentally-determined fire RFs.

The fissile material content of the Hunterston sludge and resin waste packages is significantly below the fissile limit for the Robust Shielded Transport Container, on which the generic criticality safety assessments for the transport phase are based.  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 drums, and directly against the requirements of the IAEA Transport Regulations, as implemented in UK law, and applied in the generic DSSC.

RWM has sufficient confidence that the Hunterston sludge and resin in 3 m3 drum waste packages would be compliant with the transport system design and safety case as currently foreseen provided that transport packages with sufficient shielding, such as the SWTC-285, are deployed.

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 drums and directly against the requirements of the deterministic operational safety case established in the generic DSSC.

RWM considers that the Hunterston sludge and resin in 3 m3 drums waste packages would be compliant with the disposal system engineering design as currently foreseen.

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

Compliance with the Environmental Safety Case

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

RWM considers that the Hunterston sludge and resin packaged using cement grout in 3 m3 drum would be 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 Hunterston sludge and resin wastes and storage of waste packages in the ILW Store.  RWM has concluded that subject to specific identified updates, the Management System, including the WPrS, 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.  The assessment has shown that site-specific arrangements for production of waste package records would meet RWM requirements.  RWM acknowledges the provision of a Package Record Specification for assessment and has identified a number of minor inconsistencies and shortcomings to be addressed.

RWM also considers that the site-specific arrangements for the management of information would meet RWM requirements.

These conclusions are dependent upon provision of updated waste processing documentation that would need to be provided to RWM during the course of the commissioning process.

Conclusions of Assessment of Disposability

The proposed sludge and resin packages have been found to be consistent with RWM requirements and therefore may be considered to be disposable.

The arrangements for controlling the production of waste packages and the associated waste package records are satisfactory, but are subject to conditions that will be reviewed and updated following active commissioning.

Requirements for Further Work

The Assessment of Disposability has concluded that the proposed sludge and resin packages would be disposable and all outstanding Action Points have been closed.  No further Action Points relating to the packaging of SRT2 and 3 sludge and ARSV1 resin have been identified in the assessment, and therefore the packages may be endorsed at the Final stage through the issue of a Final stage Letter of Compliance.

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

The Final stage Action Points considered herein were raised against proposals which included SRT1 and miscellaneous sludges waste packages.  Although these wastes were excluded from the scope of this work, this Assessment has recognised a number of outstanding requirements for further work relating to these wastes and has raised three waste-specific Final stage Action Points.

Conclusions

The Final stage Disposability Assessment undertaken for the proposed waste packages containing sludge and resin wastes from Hunterston 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 qualified Final stage Letter of Compliance.
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