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	Magnox Encapsulation Plant (MEP) Closure of Periodic Review Action Points (Category 1 drums only)
Summary of Assessment Report

Issue date of Assessment Report: 22 April 2016


Background

In 2009 the Radioactive Waste Management Directorate of the NDA, now Radioactive Waste Management Ltd (RWM), undertook a Periodic Review of the Letters of Compliance (LoCs) issued in the 1990’s for the production of waste packages at the Sellafield Magnox Encapsulation Plant (MEP). The MEP produces waste packages containing Magnox swarf arising from the de-canning of Magnox fuel, by cement encapsulation in 500 litre drums. The Magnox swarf wastes include: Fuel Handling Plant (FHP) swarf, swarf retrieved from the Magnox Swarf Storage Silo (MSSS) and Rotary Skip Wash Debris (RSWD) arising from FHP operations.

The Periodic Review Disposability Assessment Report identified some uncertainty over the disposability of those waste packages that have developed surface features (referred to as bulges) in storage, which were postulated to be due to unexpected corrosion of metallic uranium fuel. Unresolved uncertainties over the rate of Magnox metal corrosion also lead to uncertainties in wasteform performance. On this basis, the Final stage LoCs were not re-issued, with re-endorsement being contingent upon these uncertainties being successfully addressed. A number of other significant issues were also identified, that needed resolution. Related to these issues, a number of Action Points were raised.

RWM Reference Basis for Assessment and Endorsement

Disposability Assessments consider 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 set of conceptual designs for a Geological Disposal Facility (GDF), underpinned by the published generic Disposal System Safety Case (DSSC). Further information on the Disposability Assessment process is available elsewhere1.

Scope of the Assessment

The 2013 UK Radioactive Waste Inventory identifiers for the waste streams considered in this assessment are 2D35/C and 2D38/C.

The objective of this assessment was to evaluate Sellafield Limited’s (SL) responses to Action Points arising from the 2009 Periodic Review based on the current generic concepts for a GDF. The Action Points addressed include: B10/023; B10/028; B10/029; B10/030; B10/031; B10/032a; B10/032c; B10/032e and B10/032f. In addition, the following four Action Points raised prior to the Periodic Review were identified as still outstanding: B06/041; B06/051; B06/055 and B06/057 and were also addressed.

The assessment has also addressed the uncertainties identified over the form and fate of carbon-14 (C-14) in the gas phase from Magnox and uranium corrosion under disposal conditions and uncertainties over the extent and acceptability of bulk gas and heat production during vault backfilling.

Following engagement between RWM and SL, a staged process to close out the Action Points, according to the physical condition of the packages, was proposed. This resulted in the categorisation of the packages according to their physical condition at the point of export from the Sellafield site and the extent of underpinning for disposability. Two package categories were defined for this assessment comprising:

· Category 1: No discernible drum bulges: No discernible drum bulges are evident at the time of package export to a GDF, and packages are compliant with the RWM Waste Package Specification (WPS) and safety cases.

· Category 2: Discernible and/or severe drum bulges: Bulges or more general deformation are evident and sufficiently severe to prevent demonstration of compliance with the RWM WPS or safety cases at this time.

Following export from site, RWM expect the Category 1 packages to remain compliant upon receipt at the GDF, although there may be a requirement for further monitoring.

This assessment focuses on the response to those Action Points and issues listed above that apply to all Category 1 MEP waste packages which show no discernible bulges. It is noted that Periodic Review Action Points B10/032d and B10/032g, which are relevant only to Category 2 MEP waste packages will be addressed by a future Disposability Assessment.

Packaging Process

On receipt at the FHP de-canners, Magnox fuel elements are end-cropped and then de-canned by pushing them through a slitter head assembly to separate most of the uranium metal fuel from the Magnox can. Uranium fuel is routed for loading into a fuel magazine and dispatched to the fuel dissolver. The separated can comprising swarf, end fittings, Nimonic springs, sintox discs and uranium fuel carryover; is cumulatively referred to as swarf. The uranium fuel carryover typically takes the form of small smears, slivers and chips but also sometimes arises as broken bar, with or without Magnox cladding intact.

The current process of waste sentencing consists of a visual inspection of the swarf by operators on a sort tray to identify and remove bulk uranium. The swarf tray is monitored using high resolution gamma spectrometry. The gamma detectors are now connected to two systems, though historically only the first was available. The Uranium in Swarf monitor (UIS), performs basic monitoring and incorporates an alarm system, warning the operator if there appears to be a high level of uranium present on a sort tray. The Swarf Inventory Monitor (SIM), provides a further more detailed inventory assessment and is used as the recorded inventory for the tray.

Once all of the bulk uranium that can practically be removed has been achieved, the final inventory assessment is made and the swarf is tipped from the sort tray into a swarf bin. Once the swarf bin is full, the SIM integrates the total inventory assigned to the bin and the waste is covered with water for transfer by flask to MEP. The isotopic activities and mass of U-238 present is automatically transferred to the MEP Plant Information Computer System (PICS) on raising the swarf bin into the swarf flask.

At MEP the contents of the swarf bin, the waste and its cover water, are tipped into a 500-litre drum via a chute system. The 500 litre drum is vibrated to achieve the necessary packing density and level out the surface of the swarf. An Anti-Flotation Plate (AFP) is fitted to the filled waste container. Cover water is removed using an ejector suction leg inserted into a de-watering tube engineered into each 500 litre drum. The drum is vibrated during de-watering to encourage water removal from swarf. The water carries fine particles of swarf components, potentially including fuel fines, which are stored at MEP in a fines tank and historically were periodically added back to some MEP waste packages. RWM understands that this system does not now operate and thus fines are being accumulated at MEP.

A pre-prepared Blast Furnace Slag / Ordinary Portland Cement (BFS/OPC) grout is pumped into the drum while it is being vibrated, until a set level is achieved. Following a period of grout curing and removal of any residual bleed water, a Pulverised Fuel Ash / Ordinary Portland Cement (PFA/OPC) capping grout is added amongst other functions to minimise the ullage space and seal over any active fines that may be present on the surface of the initial grout pour. After curing the capping grout and bolting down the lid, the package is decontaminated using high pressure water sprays and the surface monitored for non-fixed contamination. The completed waste packages are loaded into four drum stillages and transferred to an Encapsulated Product Store awaiting availability of a GDF.

Wasteform Issues

Action Point B10/023: Produce a MEP product quality parameters summary report that references and summarises all the relevant development work, showing how product quality is achieved for all the wastes and variables at MEP. This report should also summarise the work relevant to supporting the case for product longevity.

Based on the information presented in the draft MEP Product Quality Parameters (PQP) Summary Report it was considered that the requirements to demonstrate control of product quality were met and this Action Point is closed. A time-bound ‘Qualification of Endorsement’ will be included in the re-issued Letter of Compliance (LoC), requiring SL to provide a final endorsed version of the document. Noting that the ‘PQP’ is a live document updated throughout the plant lifetime, the final version should specifically include reference to the recent reviews of Magnox corrosion rates in cement that support the case for acceptable wasteform evolution.

Action Point B10/032a: Work with NDA, regulators and RWM to consider the pros and cons of installing a basket to the MEP container to reduce the risks associated with packaging bulk uranium, and consider how to further improve control of uranium carryover to a specified limit.

Based on the evidence provided, it was agreed that the justification to not install a basket in the MEP container was appropriate. Evidence from the plant audit undertaken by SL demonstrated that the plant operators were following the correct procedures to meet the requirements of the MEP Conditions for Acceptance (CFA), ensuring the control of bulk uranium carry over. In addition, the audit findings demonstrated that SL had the appropriate management controls in place to address any issues identified during an audit. On this basis, Action Point B10/032a is closed.

Action Point B10/032c: Continue to monitor waste packages and to improve monitoring techniques, such as the application of laser profilometry, to show how features are evolving.

The monitoring arrangements and strategy proposed by SL recognise the RWM and NDA current guidance for monitoring, including monitoring techniques and timescales, and the requirement to continue to improve monitoring techniques as they become available. On this basis, it was considered that SL has provided sufficient information to demonstrate that the monitoring arrangements will identify any Category 2 drums. As a result, this Action Point is closed. In order to confirm that these monitoring arrangements are working effectively and underpin the basis of the Disposability Assessment and associated LoC, RWM will continue to use Periodic Review throughout the interim above ground storage period.

Action Point B10/032e: Revisit and review data on Magnox corrosion to agree a dataset, address whether chronic corrosion rate is fixed or continuously declining, and revise predictions of wasteform physical integrity.

Based on the additional information provided by SL, which includes revised corrosion rate equations and recommendations made with respect to which Magnox corrosion rates should be used to revise predictions of wasteform physical integrity, noting that the recommended chronic corrosion rate for Magnox is constant, this Action Point is closed.

Action Point B10/032f: Improve understanding of how package performance evolves due to Magnox corrosion, and with RWMD show how the Waste Package Specification will be complied with for the necessary time periods.

Based on the updated research and development (R&D) work undertaken by RWM and SL it is considered by RWM that Category 1 MEP packages are likely to demonstrate acceptable wasteform evolution. This means that there is reasonable expectation of no observable expansion of the 500 litre drum over 350 years or more (i.e. in excess of the specified 150 years). On this basis, it is considered that the updated evolution predictions for the MEP wasteform are compliant with the Waste Package Specification and this Action Point is closed. However, SL needs to ensure that the updated MEP - Sources of Product Quality Parameters document includes reference to the most recent R&D (Action Point B10/023).

Data Recording Requirements

Action Point B10/028: Part 1) Produce a radionuclide data recording methodology report to explain how radionuclide inventories have been derived by the SIM and to link the key documents that define that data recording system; Part 2) Determine how waste package radionuclide inventory records derived by the SIM will be retrospectively adjusted to account for post packaging corrective action to the uranium fuel carryover.

RWM has assessed the updated MEP Data Recording Methodology and concluded that the improvements included meet the ‘Part 1’ requirements of this Action Point.

In order to address ‘Part 2’ of this Action Point SL has provided details of an investigation into the de-canning history of the ‘high uranium drums’. The inventories of these ‘high uranium’ drums were assigned using historic over-pessimistic SIM default parameters. SL has identified a less pessimistic inventory for 67 out of the 82 drums investigated, which collectively reduce the uranium inventory. SL made proposals in 2012 that the waste package radionuclide inventory records derived by the SIM could be retrospectively adjusted to account for post-packaging corrective action to the uranium fuel carryover. These proposals are adequate, but it is not clear what progress has been made since 2012. RWM considers that Action Point B10/028 is closed subject to SL providing an update on implementation of the proposals made to retrospectively adjust the uranium inventory of the 67 drums identified with high uranium. This is an uncertainty that will be addressed through a programme of work agreed between RWM and SL and forms part of a ‘Qualification of Endorsement’ discussed below.

Action Point B10/029: Create lifetime records for MEP, which accumulate and preserve all necessary information.

The evidence provided, which makes up the data recording system for MEP waste packages, has provided some confidence that acceptable package records will be produced. However, a number of issues have been identified, many of which are considered by RWM to be minor uncertainties and points of clarification. This needs to be completed through a programme of work already agreed between RWM and SL, with progress made and monitored through the quarterly engagement sessions. Because this programme will aim to work towards the compilation of lifetime records for MEP packages Action Point B10/029 is closed. In closing this Action Point, RWM will issue a ‘Qualification of Endorsement’ for SL to meet the requirement to create lifetime records, which are consistent with the approach being followed for other legacy plants. This can be achieved by addressing the identified minor uncertainties and points of clarification regarding the data recording system.

Management System Requirements

Action Point B10/030: Update the FHP swarf Waste Product Specification (WPrS) and finalise the draft B38 retrieved swarf WPrS, making the recommended improvements, in particular to control of uranium content and the incomplete FHP swarf Appendix of Minor Historical Changes (e.g. reference to the fines transfer system not functioning).

This assessment noted that the WPrSs (for FHP and MSSS Magnox Swarf) for MEP have not been updated sufficiently to fully address this Action Point. However, SL has provided assurance that the three specific actions identified previously by RWM will be included when these documents are next updated (September 2016). On this basis, RWM has concluded that Action Point B10/030 is closed, and that the requirement to address the three outstanding actions will be controlled through a time-bound ‘Qualification of Endorsement’ requiring SL to provide final endorsed versions of the WPrSs for these wastes.

It is noted that closure of Action Point B10/030 facilitates the closure of Action Points B06/041; B06/055 and B06/057.

Criticality Safety

Action Point B10/031: Revise the draft CCAD, referring to the current criticality safety assessments and associated limits and screening levels, providing an ALARP argument for exceeding the operational criticality safety assessment LSL, and also provide a draft CCAD covering packages of Magnox Swarf Storage Silo retrieved swarf.

In order to demonstrate criticality safety, SL is now advised that a package-specific criticality safety assessment will need to be produced at the earliest opportunity. It is proposed that the production of the package-specific criticality safety assessment for MEP waste packages should be based on the following:

· For transport criticality safety, the Reusable Shielded Transport Container (RSTC) Design Safety Report (DSR) gives confidence that a transport criticality safety case can be made for the MEP packages, noting they are still likely to be compliant following a reduction of the 490kg limit should the enrichment level exceed 0.81%. It may also be possible to further develop the incomplete Standard Waste Transport Container (SWTC) DSR, with the appropriate level of parameter optimisation in the model using MEP package-specific design and composition.

· For operational criticality safety, RWM considers that a package-specific case is required using a residual enrichment realistic to MEP waste packages to derive a SFM greater than the 34kg Lower Screening Level (LSL) within the generic Criticality Safety Assessment (gCSA) for Irradiated Natural Uranium (INU). The enrichment value should be based on the SIM derived data obtained from the package records, noting that an enrichment significantly less than the 1.9% used by the gCSA for INU should be demonstrable.

· For post-closure criticality safety, RWM considers that either a package-specific case should be produced based on RWM’s ‘low-likelihood of criticality’ package envelope work to calculate a larger envelope using more realistic enrichments, or a lower screening level (LSL) case is made, again using a more realistic residual enrichment.

The draft Criticality Compliance Assurance Document (CCAD) contains details of the monitoring procedures for controlling the fissile material content of waste packages of encapsulated Fuel Handling Plant (FHP) swarf, swarf retrieved from the Magnox Swarf Storage Silo (MSSS), or Rotary Skip Washer (RSW) debris packaged through the Magnox Encapsulation Plant (MEP). The CCAD also includes a description of the existing FHP controls to ensure that the amount of fissile material in a waste package is controlled to a nominal limit of 50kg uranium. In addition, a description of the measurement errors and uncertainties associated with the SIM used to determine the radionuclide inventory of the waste is provided. Based on the information provided Action Point B10/031 is closed, although the LoC will include a time-bound ‘Qualification of Endorsement’ referring to the limits of the gCSA for INU and the need to produce a package-specific criticality safety assessment, as follows:

“Until a package-specific criticality safety assessment has been produced which will justify a higher SFM, the SFMs for MEP waste packages will be based on the existing gCSA for INU.”

SL are advised to produce the package-specific criticality assessments at the earliest opportunity (within 3 years of the re-issued Final stage LoC) and ensure that a finalised CCAD is produced, which includes details of the derived SFM for MEP waste packages.

It is noted that closure of Action Point B10/031 facilitates the closure of Action Point B06/051.

Resolution of RWM uncertainties

This assessment has addressed the uncertainties identified over the form and fate of carbon-14 (C-14) in the gas phase from Magnox and uranium corrosion under disposal conditions and uncertainties over the extent and acceptability of bulk gas and heat production during vault backfilling.

As a result of the focused research programme on C-14, RWM now has the knowledge base required to support packaging decisions for specific wastes and to understand the envelope of conditions within which disposal of the UK’s wastes containing C-14 can be managed. The results of this research will be updated once experimental measurements on the speciation of C-14 released from irradiated Magnox and irradiated stainless steels become available.

It is also noted that consideration should be given to developing a better understanding of the rate and extent of corrosion of reactive metal wastes prior to closure of a GDF. SL is working towards measuring gas release from active waste packages, but these data will take several years to obtain. Such data would be valuable for comparison with the assessed releases.

Although there is greater understanding over the extent and acceptability of heat production and bulk gas generation during vault backfilling, further work by RWM is still required to address these uncertainties.

Conclusions

Based on the information submitted, RWM has closed all of the outstanding Periodic Review Action Points that apply to Category 1 MEP waste packages. Issues from the RWM research programme have also been significantly advanced. As a result, RWM will issue an updated Final stage LoC, for Category 1 MEP waste packages only, covering the packaging of FHP swarf, swarf retrieved from MSSS and Rotary Skip Wash Debris (RSWD) arising from FHP operations. It is noted that the Final stage LoC will include a number of ‘Qualifications of Endorsement’. It is also noted that further work is still required by RWM to address the uncertainties over the extent and acceptability of heat production and bulk gas generation during vault backfilling.
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