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	Assessment of Packaging of Sludge from Pile Fuel Storage Pond at Sellafield Wastes Encapsulation Plant (Final Stage) 
Summary of Assessment Report

Issue date of Assessment Report: 29 October 2015


Background
Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken a Final stage Disposability Assessment of the proposals by Sellafield Ltd (SL) for the packaging of sludge from the Pile Fuel Storage Pond (PFSP) at the Wastes Encapsulation Plant (WEP).

The objectives of this Final stage assessment of proposals for packages of PFSP sludge are to provide SL with:

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

· Supporting advice on disposability of PFSP sludge waste packages to SL 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
.

The current submission, in addition to providing an update on the status of the outstanding Final stage Action Points, is a formal request for RWM to undertake a Final stage Assessment of Disposability for the PFSP sludge packaging proposal.  

The assessment has been performed in accordance with the terms and conditions of the Transport and Packaging Contract between NDA and Sellafield Ltd, dated April 2005 (Purchase Order 9030/4510364227).

RWM Reference Basis for Assessment and Endorsement
The Disposability Assessment process considers the compatibility of the proposed waste 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) consistent with the generic Disposal System Safety Case (DSSC).

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 PFSP sludge waste packages, the relevant WPS is that for packages based on the 500 litre drum.

Scope of the Assessment

The waste comprises approximately 323 cubic meters (including 34.5 te of dry solids at 10 wt%) of distributed sludge throughout the pond floor, skips and decanner bays of the PFSP.  The waste comprises the whole of UK Radioactive Waste Inventory waste stream 2D11.  No significant new arisings are expected.

Packaging Process

Nature of the Waste

The pond is open to the environment.  The sludge within PFSP comprises an inorganic fraction, originating mainly from corrosion of material stored in the pond (metallic fuel cladding of aluminium or Magnox alloy, uranium metal fuel, and various steel pond furniture) plus some entrained particulate material such as sand, and an organic fraction of plant, algal and animal origin.  The sludge is 92% by volume organic and 8% by volume inorganic.  Due to the relative densities of the organic and inorganic fractions the mass of the sludge is dominated by the inorganic fraction, the percentages by weight being approximately reversed i.e. 92 wt% inorganic and 8 wt% organic.

Waste Processing and Packaging

PFSP sludge is located on the floor of the main pond, the decanner bays and within skips.  The sludge is retrieved using a sludge retrieval hood, filtered to remove material larger than 3mm and subsequently deposited via a hose into a Corral supported on the floor of the pond.  

The Corral acts as a settling area to allow a deep bed of concentrated sludge to be discharged to the Local Sludge Treatment Plant (LSTP) via an overland pipe bridge.  This would be achieved using ‘eductor’ technology, resulting in considerable dilution of the sludge on transfer.  

At the LSTP, the sludge would be routed into a Thickening Tank to increase the sludge concentration, by allowing the sludge to settle to the bottom of the tank and excess water rise to the top.  It is estimated that an average sludge solids concentration of 10 wt% would be present in the Thickening Tank following the settling period.  The sludge would then pass into a Sentencing Tank, from which samples would be retrieved for chemical and radiological analysis and determination of the solids content, the Sentencing Tank contents would be continuously agitated during sampling to ensure a representative sample was taken.  

Following confirmation that the batch of sludge within the Sentencing Tank meets the Wastes Encapsulation Plants (WEP) Conditions for Acceptance (CFA) the sludge would be transferred to 500 litre product drums (243 litres per drum) in the Drum Filling Plant (DFP), using a calibrated peristaltic pump.  The transfer line would then be flushed with 25 litres of water, and the drum sealed within a modified transport flask.   Following monitoring for export and decontamination as required, the flask would then be transferred to WEP by road for cementation of the sludge.  Any batch of sludge outside of the required working envelope for packaging would, as a last resort, be pumped into a separate Buffer Storage Tank where it would be blended with other sludge until it is compliant with the WEP CFA.  

The 500 litre waste container is the existing WEP in-drum mixing (IDM) container design which incorporates a lost paddle arrangement to allow mixing and cementation of liquid waste.  The 500 litre drum container is considered by RWM to represent ‘sound engineering’ best practice and was designed to meet the requirements of the transport and GDF systems.

The packaging process at WEP is based on common practice for immobilisation of slurry and sludge wastes.  Following import to WEP, the volume of sludge in the drum would be checked and then the drum would be moved to the In-Drum Mixing Station, and blended Blast Furnace Slag/Ordinary Portland Cement (BFS/OPC, 3:1 by wt) powder would be added to the drum while the drum’s internal paddle is rotated to thoroughly mix the contents prior to the cement setting, producing a homogeneous cement monolith.  The grout would then be allowed to cure prior to addition of a capping grout layer.  Following fitting of the drum lid, the drum would be decontaminated and monitored prior to export for interim storage at Sellafield Encapsulated Product Store 3 (EPS-3), to await the availability of a GDF.  

The PFSP sludge waste packages are to be stored in stillages containing four drums in EPS-3 prior to transfer to a GDF.  EPS-3 is a modern store, designed to meet RWM requirements which would confer a slow rate of container corrosion and limit wasteform evolution.

Assessment Inventory and Number of Packages

The assessment inventory is based on historic PFSP sludge analysis work, supplemented by application of fingerprints for irradiated Magnox fuel or activated steel in order to provide estimates of radionuclides (fission products, activation products and actinides) which had not been analysed for.  The fingerprint for Magnox fuel is considered to represent a suitably conservative treatment for this waste and the fingerprint for stainless steel considered to be representative based on the high level of iron present in the sludge.  Enhancement of Co-60 activity, to account for potential corrosion of irradiated cobalt pencils in PFSP skips to 2015, was also included. 

The average assessment inventory assumes packaging of 243 litres of average (11 wt%) sludge, resulting in the production of approximately 1,330 PFSP waste packages.  The proposed maximum assessment package is based on 280 litres of 18 wt% sludge.  The 280 litres represents the maximum sludge delivery from the pump resulting in the production of an estimated 1154 PFSP waste packages. 

Assessment of Disposability

Waste Package Properties and Performance

The wasteform envelope for processing PFSP sludge was derived based on suitably underpinned research and development work, using a Waste Test Material (WTM), which included decayed algae (to represent the organic content of the sludge) and zinc (a known set retardant, present in the sludge).  The suitability of the working envelope derived using the WTM was subsequently validated using active sludge samples retrieved from the Corral.  It was noted that the Quality Management System (QMS) arrangements for the Final stage development work were assessed as satisfactory.  

The assessment also noted that the bulk gas generation from the PFSP wastes, based on metals and organic content, is not expected to affect wasteform quality.  On the basis of these results, RWM considers that the ‘as manufactured’ PFSP sludge wasteform will perform adequately in the context of mechanical and physical properties.

PFSP sludge package accident performance was assessed by analogy with existing WEP slurry packages, and release fractions (RFs) recorded in the WEP Periodic Review, and was considered to be acceptable.  

It is concluded that evolution of the PFSP sludge waste packages would not be expected to significantly affect the package properties and performance, or their continued compliance with the waste package specifications (WPS) for 500 litre drum waste packages.

Compliance with the Transport System Design and Safety Case

The transport safety assessment was based on four waste packages contained in a stillage in an appropriately shielded Standard Waste Transport Container (SWTC).  The average and maximum waste packages at 2040 were reported to meet the dose rate criterion for transport in a SWTC-285.  The waste packages are therefore consistent with IAEA Transport Regulation dose rate requirements for transport as a Type B package at 2040.  It is noted that the estimated dose-rate for the conservative maximum assessment inventory is only marginally above the limit for transport in an SWTC-70 at 2040.  It is therefore of note that in practice, most or all PFSP sludge packages may potentially be transportable in an SWTC-70, particularly if transport is delayed beyond 2040.    

Safety performance under normal and accident conditions of transport was predicted to meet regulatory requirements.  

Estimation of bulk gas generation depends on the assumed amount of uncorroded metal recovered in the sludge and so the transport package may require venting and inerting prior to transport.

The average and the maximum waste packages comply with transport criticality safety requirements.

RWM concludes that the proposal to package PFSP sludge wastes is consistent with the current transport system design and with the requirements of the Transport Safety Case.

Compliance with Engineering Design and the Operational Safety Case
The operational safety assessment was based on receipt of four PFSP sludge waste packages in a stillage in an appropriately shielded Standard Waste Transport Container (SWTC) followed by transfer to the inlet cell in the SWTC and emplacement in a disposal vault for unshielded ILW by remote operations.  The WEP in-drum mixing (IDM) container is an existing design comprised of suitable materials and assessed at Periodic Review to be fully compatible with current RWM concept for a GDF.  

Radiation doses to GDF workers under normal conditions are predicted to be less than 1% of the 1 mSv/yr design target, and so are compliant with regulatory requirements as implemented in the RWM Radiological Protection Manual. 

The predicted consequences to GDF workers and the public from accidents involving PFSP sludge packages, calculated by Design Basis Accident analysis, are concluded to be below or close to the Basic Safety Objective levels (0.1 mSv/yr and 0.01 mSv/yr for workers and the public, respectively).  

On this basis RWM concludes that the overall GDF operational performance of the packages was acceptable and consistent with the Operational Safety Case.

Compliance with the Environmental Safety Case

Operational environmental consequences arising from radioactive gas releases from the 1330 PFSP sludge waste packages were calculated to be several orders of magnitude lower than the GDF design target of 0.01 mSv/yr. Consequently, these packages represent an acceptable level of risk.

The PFSP sludge waste packages contain a high Ordinary Portland Cement (OPC) content and so would be compatible with the high pH backfill and also considered to contribute to the near-field performance of the GDF.  As a result, RWM concludes that the PFSP sludge waste packages would be compatible with disposal in a geological disposal facility, based on the current concept.  

The average package radionuclide inventories are lower than the UILW average package, and so do not represent a challenge to safety from the groundwater pathway.  The amount of organic material in the sludge packages (wt%), assumed to comprise cellulose, was calculated to be close to the reference case for UILW packages in the generic Post Closure Performance Assessment.  On this basis these waste packages would not significantly affect the sorption and solubility of radionuclides in the near field.  

Environmental risk in the gas pathway, from the PFSP sludge waste packages, would be a consequence of C-14 bearing gas releases such as methane.  The impact of C-14 from the PFSP waste stream is being considered within the generic work of a RWM Integrated Project Team specifically focussed on the risk from C-14 bearing gas, and was not assessed further.  Production of radioactive radon from ingrowth is mitigated by its short half-life and the length of time required for gas migration to the surface.  Radioactive gas releases from the PFSP sludge packaging proposal are not expected to challenge the overall annual individual risk guidance level of 1E-06 and are therefore acceptable for disposal.

Overall, RWM concludes that the PFSP sludge waste packaging proposal is consistent with the basis of the Environmental Safety Case.  

Status of Management System and Data Recording
At Final stage, it is expected that all of the Quality Management System documentation for controlling the production of waste packages has been finalised.  This includes the Waste Product Specification (WPrS), Criticality Compliance Assurance Documentation (CCAD) and Data Recording Methodology (DRM), along with the overarching management system documents to show the interaction between the PFSP and the WEP (Quality Plans).  This also includes the WEP CFA and WEP Product Quality Manual.

All of the necessary documents have been produced to control the packaging process and the quality of PFSP sludge waste packages.  However, the majority of these documents have been submitted in draft form, and need to be submitted as approved versions before RWM can provide full Final stage endorsement.  As a result, this was identified as a ‘Condition of Endorsement’ and will form the basis of a qualified Final stage LoC.

SL plans for PFSP sludge package data acquisition were presented in a Data Recording Methodology (DRM) containing significant information concerning the parameters intended for measurement and monitoring.  Such parameters were selected to ensure that the wasteform produced would be compliant with the waste envelope and would form the basis for the waste package records.  The DRM addressed all of the required data classes and overall, RWM concluded that SL plans for data recording are well advanced and meet the requirements of a Final stage assessment.  

The WPrS included all of the parameters required to control the production and ensure product quality of PFSP sludge waste packages.  It described the composition, properties and the performance characteristics of PFSP sludge waste packages, including the limit on zinc content and arguments for not recording the level of uncorroded reactive metal.  

The CCAD submitted provides justification for using the generic Criticality Safety Assessment (gCSA) for Irradiated Natural Uranium (INU) which was considered acceptable by RWM.  SL has provided a clear definition of the Safe Fissile Mass (SFM) and derived a Safe Working Limit (SWL) to be used to ensure criticality safety and has also provided details of the control measures in place to ensure the SFM is not exceeded.  

SL plans to use the Quality Plan (QP) and work instructions for the Sellafield Wastes Encapsulation Plant (WEP) to control PFSP sludge packaging.  The WEP QMS documentation was audited for the periodic review in 2010, with acceptable results.  RWM concludes that the WEP QMS is acceptable for processing PFSP sludge.  A WEP CFA for the PFSP sludge has also been provided to RWM and is considered to be acceptable.  The Sellafield Management System documentation has been updated and demonstrates overarching control of the process and key underlying documents from sludge collection, through sludge processing (at the LSTP and DFP), to packaging at WEP.

Overall, RWM considers that SL plans for packaging PFSP sludge are consistent with QMS requirements for a Final stage LoC.  However, a number of documents still need to be updated and final endorsed versions provided to RWM.

Conclusions of Assessment of Disposability

Overall, RWM concludes that SL plans for packaging PFSP sludge are consistent with WPS/300 requirements at Final LoC stage and that all Final stage Action Points can be closed.  The assessment concluded that the proposed packaging process for PFSP sludge waste packages, the data recording arrangements and the quality management system are consistent with the requirements for production of waste packages that would be suitable for geological disposal, although a number of outstanding issues have been identified (see below).

Requirements for Further Work

The outstanding issues identified during this assessment will be managed through the qualification of a Final stage LoC, which includes time bound conditions and will be linked to the active commissioning campaign.  

Conclusions

Overall, it is concluded that SL has provided sufficient evidence to demonstrate that waste packages can be produced from PFSP sludge that will be compliant with the requirements of the transport, operational and post-closure phases of a GDF, and therefore can be considered to be disposable.  This endorsement will be acknowledged through the issue of a Final stage Letter of Compliance.  This endorsement will be qualified by three time-bound conditions, which recognise remaining issues that do not directly preclude endorsement at this point.   

Of specific note is the condition to be associated with the active commissioning trials, as the results from these trials will need to be reviewed before general processing of the PFSP sludge can be fully endorsed.  The initial Final stage endorsement will be for a defined commissioning campaign (no more than 100 drums), and extension to general endorsement will be contingent on satisfactory results from active commissioning.

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


� 	NDA, Generic Waste Package Specification, NDA Report NDA/RWMD/067, March 2012.
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