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	Packaging 100% Rotary Skip Wash Debris at the Sellafield Magnox Encapsulation Plant 

(Final Stage Extension)
Summary of Assessment Report

Issue date of Assessment Report: 27 April 2016


Background

Radioactive Waste Management Limited (hereafter RWM) has undertaken a Final stage Disposability Assessment for the proposals by Sellafield Ltd (SL) for the packaging of Rotary Skip Wash Debris (RSWD) at the Magnox Encapsulation Plant (MEP) which would form the whole content of individual waste packages without blending with other waste materials (100% RSWD). The objectives of this Final stage assessment are to provide SL with:

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

· Supporting advice on disposability of 100% RSWD packages 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
.

History of Interactions

The Sellafield Fuel Handling Plant (FHP) stores irradiated Magnox fuel elements in skips within the FHP ponds. Following storage, the FHP separates the fuel from the fuel element cladding for reprocessing (de-canning). The Intermediate Level Waste, including the outer Magnox can (swarf) and some uranium, removed during the de-canning process is sent to the MEP for encapsulation in grout to create a waste package suitable for storage at site and suitable for eventual disposal. This packaging approach was endorsed in 1990. 

Before being sent to the FHP de-canners, the fuel elements need to be washed to ensure they are clean and meet the requirements for processing in the de-canning machine. There are two Rotary Skip Wash (RSW) machines within the FHP pond area which collect RSWD in baskets. In 1994, the packaging of RSWD making up a component of swarf sent to MEP for packaging was endorsed. There was the expectation that the waste would only contribute part of the content of a waste package. Currently, MEP limits the quantities of RSWD which can be received from FHP to be packaged within MEP to one third of a RSW machine basket. This is blended with Magnox swarf removed during the de-canning process. The proposal to package 100% RSWD would remove this current limitation.
In 2010, a Periodic Review of the LoC was undertaken by RWM. The assessment identified a number of Action Points, some of which were closed out in the years following the Periodic Review. In 2015, RWM and SL engaged on the most pragmatic means to close out these Action Points. It was agreed that the MEP packages be categorised according to their physical condition at the point of export from the Sellafield site. Two package categories were defined for assessment purposes comprising:
· Category 1: No discernible drum bulges: No discernible drum bulges are evident at the time of package export to a Geological Disposal Facility (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.
Because the proposals to package 100% RSWD are likely to result in Category 1 packages, the Action Points associated with Category 1 packages will need to be closed and a final stage LoC (fLoC) reissued prior to endorsement of the proposals to package 100% RSWD. This will ensure that packages from MEP meet all of the RWM Waste Package Specification and disposal requirements for transport and GDF operations. These Action Points are under separate assessment.

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 such an assessment is the documented disposal system concept and safety case for a GDF derived from 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 100% RSWD packages, the relevant WPS is that for packages based on the 500 litre drum.

Scope of the Assessment

SL has made Final stage proposals to package 100% RSWD at MEP. This approach will accelerate the processing of FHP fuel and Magnox reprocessing operations with the benefit of enabling successful and timely decommissioning of Sellafield legacy ponds by allowing storage space for legacy fuel within FHP. 
The waste addressed by the proposal originates from irradiated fuel stored within skips in the FHP ponds and comprises the following 2013 UK Radioactive Waste Inventory (UK RWI) stream:
· 2D38/C: Encapsulated Magnox Cladding: Magnox swarf from de-canning fuel at FHP directly packaged at MEP. This stream covers wastes already packaged and future arisings.
The 2D38/C inventory is considered to bound RSWD. RSWD is not specifically Magnox swarf from de-canning fuel, but is similar because it contains particulate and shards of swarf and some uranium debris accumulated prior to de-canning. The quantities of Magnox in 100% RSWD packages will be higher than historically packaged in MEP. However, the proposals will not significantly change the basis of what is reported in the UK RWI. 

Packaging Process

Nature of the Waste

The RSWD waste is anticipated to be Magnox pieces from the Magnox can wall but may also contain some uranium metal. The waste is typically in the range of 10 – 12.5mm with some smaller particles and larger shards of primarily Magnox and uranium. RSWD accumulates prior to the de-canning process so the waste is not expected to contain significant quantities of alumina, stainless steel, nimonic, and zircaloy, which tend to arise as a consequence of splitting the fuel elements. Magnox metal will therefore make up the majority of the overall composition of the waste. 

Waste Processing and Packaging

There are two RSW machines within the FHP pond area which collect RSWD in baskets. When the RSW machine baskets are no more than 80% full, they would be withdrawn from the RSW machine. The waste would then be emptied onto trays (U trays) and transferred to the swarf sorting tray. The swarf sorting tray ensures the internal mesh basket capacity is not overfilled. Here the waste would be assayed using the swarf inventory monitor (SIM). The SIM would perform a measurement of uranium fuel mass and isotopic activity prior to the RSWD being pushed into a Magnox swarf bin. A radionuclide inventory associated with the RSWD would be produced using SIM algorithms. Before transferring to MEP, the SIM would integrate the total inventory assigned to the Magnox swarf bin. The age and burn-up average are advised by the consigning station for fuel element batches. These are considered by the assay system to set parameters increasing the accuracy of assay derived fuel age and burn-up. The isotopic activity along with the calculated uranium mass would be transferred to the MEP plant information computer system (PICS).

If a fuel mass greater than 750g per U tray is detected then an alarm is given to the operators to prompt the removal of any identifiable pieces of fuel. This would be achieved using a Master Slave Manipulator which is able to remove uranium pieces down to 2cm in size. Following an indication of less than 750g, the operator would deposit the RSWD into the Magnox swarf bin.
The RSWD would be received into MEP in the water-filled Magnox swarf bin. The swarf bin would be tipped such that all the contents of the swarf bin go into a mesh basket fixed within a 500 litre stainless steel drum. The filled mesh basket would then be vibrated to achieve the necessary waste packing density.  An Anti-Floatation Plate (AFP) would be fitted which ensures that all the RSWD is submerged. The cover water would then be removed. The drum would be vibrated during de-watering to encourage water removal from the RSWD. Blast Furnace Slag (BFS)/Ordinary Portland Cement (OPC) grout would be pumped into the drum until it covers the RSWD and AFP. A more fluid matrix grout is specified for packages containing RSWD than for other MEP waste packages. The drum would be vibrated during grouting to aid infilling. 

After the grout is cured, Pulverised Fuel Ash (PFA)/OPC capping grout would be added. A curing period would be undertaken and the drum lid applied and bolted in place. The drum would be decontaminated using high pressure water spays and surface contamination monitored. The drums would then be loaded into stillages. After encapsulation, a  Drum Record Wallet would be created containing information such as date/time the swarf bin was filled, number of U trays added, check sheets confirming the drum, AFP, and lid receipt, quality assurance check lists, matrix and capping grout batch reports, a printout of the inventory from PICS, and any non-standard drum forms or recovery procedure forms if applicable.

Once the stillage is fully loaded with four drums, the stillage would be transported to one of the Encapsulated Product Stores (EPS), hereafter referred to as ‘the stores.’ Four drum record wallets whose drums have all been loaded into the same stillage would be filed together to comprise a stillage package record. 

Assessment Inventory and Number of Packages

The proposal involves a modified package configuration including the addition of a stainless steel mesh basket internally fixed to a standard MEP 500 litre drum. The standard MEP 500 litre drum has been previously assessed and found to be compliant against the RWM Waste Package Specifications. The mesh basket would be manufactured from 2mm thick perforated stainless steel with 5mm diameter holes. In order to provide an annulus at the bottom of the waste container, a stainless steel basket support plate would be installed. The mesh basket is not welded to the basket support plate. However, the neck of the mesh basket is welded to the MEP waste container via weld pads to ensure positioning and to stop any movement of the mesh basket during filling operations. Due to the nature of materials specified for the mesh basket, it is not envisaged that there will be any material compatibility or dimensional issues between the mesh basket, basket support plate and the standard MEP 500 litre drum. SL has estimated that around 150-250 drums (with a bounding case of 300 drums) would be produced.

In the 2010 Periodic Review of MEP packages, a range of waste package radionuclide inventories were produced based on packages that were made to date, and for predicted future arisings. SL and RWM agreed that the FHP Arisings inventory was a logical source of inventory data for 100% RSWD packages because FHP operations already incorporate some RSWD in MEP packages and because the operating envelope of FHP will not change.

The radionuclides are dominated by those associated with irradiated uranium fuel. However, the average quantities of uranium fuel expected in 100% RSWD packages is currently unknown. SL and RWM have agreed that a maximum of 50kg uranium should be assumed in the assessment of the proposed packages (this is the same maximum assumed for standard MEP packages). This value is based on lower uranium carryover associated with the last received fuel to come from Wylfa. This inventory was derived using irradiation modelling data combined with data on the mass of uranium fuel and other waste materials. The mass of uranium was based on assayed uranium content of swarf as shown in package records (with some corrections made for overestimates of assayed fuel carryover). 

Waste Package Properties 

The 100% RSWD packages are unique from standard MEP packages due to 1) the use of a stainless steel mesh basket fixed to the 500 litre drum creating an additional barrier and an annulus space between the waste and outer container and 2) higher Magnox loadings (a maximum of 300kg based on historical trials undertaken by SL investigating wasteform properties with higher Magnox loadings). 

The wasteform of 100% RSWD packages would be heterogeneous consisting of the waste within an internal mesh basket fixed to a standard MEP 500 litre drum. A grouted layer of cement will exist in the annulus (at least 50mm on the base and sides and 140mm above the AFP). Smaller particles could pass through the mesh of the internal basket and into the annulus, but this would not affect the mechanical and physical properties of the wasteform. 

Assuming a maximum case of 50kg irradiated fuel in a package, the heat output could reach 8.7 Watts. This does not exceed the 100 Watt limit at time of transport and 50 Watt limit at the time of disposal vault backfilling. Regarding mass, the higher Magnox loadings and the addition of the mesh basket (and associated internal furniture) would only add marginal mass to the package relative to the standard MEP packages. Therefore it is expected that the packages would not exceed the 2,000kg limit.
Bulk free liquids are not expected to be present in the 100% RSWD packages. Some moisture will be present in the waste following the washing process and because the RSWD would be submerged in water prior to de-watering and encapsulation. This moisture would be consumed by hydration of the cement and corrosion of the waste metals. There should also be very limited (if any) void space in the packages once vibrated. The RSWD is expected to be more densely packed than de-canning swarf.

Package Integrity

RWM requires that the integrity of the waste container shall be maintained for a period of 150 years and should be maintained for a period of 500 years following manufacture of the waste package.

External Corrosion

A standard MEP 500 litre drum would be used which is manufactured from 316L stainless steel. This grade of steel is not expected to suffer significant degradation during storage or under disposal environments, as long as the storage environment is appropriately controlled to prevent condensation and chloride deposition.

Internal Corrosion

The mesh basket would be made of perforated stainless steel 304L plate (2mm thick) with 5mm holes. Stainless steel would not corrode in contact with the waste nor introduce significant detriments to the evolution of the waste itself. Like standard MEP packages, the RSWD will contain reactive metals, primarily Magnox and uranium.

The corrosion of Magnox may contribute to overall wasteform expansion and potentially threaten the dimensions and physical condition of the outer container. The maximum quantity of Magnox assumed to be in 100% RSWD packages (300kg) is higher than standard MEP packages. However, SL has demonstrated that the wasteform would contribute to the performance of the packages and that standard MEP packages are likely to have an average lifetime of 350 years or greater considering the corrosion of Magnox. Therefore, the 100% RSWD packages could support an acceptably small expansion for at least the minimum of 150 years.

The corrosion of uranium may also contribute to overall wasteform expansion and potentially threaten the dimensions and physical condition of the outer container. The maximum quantity of uranium fuel assumed to be in the 100% RSWD packages (50kg) is the same as standard MEP packages. Larger uranium pieces which could create a surface protrusion when a piece of uranium corrodes next to the outer drum is not likely to occur in the proposed packages due to the presence of the additional barrier provided by the grouted annulus. SL also implemented methods to reduce the uranium loadings by eliminating most of the large pieces from all MEP waste packages. SL has also produced a condition, monitoring, and inspection strategy and proposed arrangements for the stores which have provided RWM with confidence that any non-conforming drums will be identified. RWM will monitor these arrangements through the RWM/SL quarterly engagement sessions and the RWM Periodic Review process.

Conclusions

It is concluded that the integrity requirements should be met for 100% RSWD packages considering the following:

· the 300kg Magnox per package is a maximum and most packages will contain less in reality, 
· the proposed package design involving a grouted annulus would offer extra protection from expansion due to high uranium loadings or protrusions from larger pieces of uranium (although SL intend to remove such pieces), and
· SL has provided a condition, monitoring, and inspection strategy and proposed arrangements for the stores which applies to all MEP packages and has provided RWM with confidence that any non-conforming drums will be identified. 
Waste Package Performance

SL has demonstrated the performance of the proposed 100% RSWD packages through specific trial work. This trial work has shown that grout can fully infiltrate simulated 100% RSWD  within a stainless steel mesh basket fixed to a standard MEP 500 litre drum. RWM recognises that the simulant used was a bounding case because actual RSWD is expected to consist primarily of swarf debris which will have a deformed nature allowing open spaces for the grout to penetrate more easily compared to compacted flat surfaces seen in the simulant. Uniform infiltration was observed throughout the wasteform, and no issues of waste stability were identified at any of the interface points or within the waste bed itself. From this work, it is likely that 100% RSWD will be successfully encapsulated in the modified basket-in-drum configuration and make an adequate contribution to the overall performance of the waste packages.

Accident Performance

The waste in the 100% RSWD packages is considered to be adequately immobilised. RWM estimated an impact Release Fraction (RF) for the proposed packages, based on modelling completed for standard MEP packages. It is considered that this RF is a suitable bounding RF and adequately represents the potential impact accident performance of the proposed 100% RSWD waste packages. It is likely that corrosion-induced cracking of the wasteform may eventually increase the amount of particulate generation and release following waste package evolution, but the grouted annulus would offer additional protection to the bulk of the evolved waste.

RWM has used generic RF values for heterogeneous grouted waste to inform the fire accident performance of the proposed packages. These values are considered to be conservative and bounding of a 1000ºC, 30 minute-duration fire involving 100% RSWD packages. These RFs do not take account of the potential beneficial effect of the annulus. Previous assessments of similar waste packages involving an annulus demonstrate that the annulus potentially would result in a significant reduction in the temperature experienced by the waste, but this has not been quantified for these proposed packages.

Assessment of Disposability

Compliance with the Transport System Design and Safety Case

It is assumed that the waste packages would be transported to a GDF within a Standard Waste Transport Container (SWTC). The bulk gas generation rate limits are below the limit for an SWTC. Furthermore, 100% RSWD packages are expected to produce the flammable gas hydrogen. The limit on hydrogen gas generation exceeds the transport limit. However, the limit can be exceeded as long as the transport container is purged before transport. This is a common issue across many waste streams and will require the package consignors to purge the transport package prior to being transported to a GDF.

No release of particulate activity is expected under normal conditions of transport. Under accident conditions, the maximum radionuclide inventory for 100% RSWD packages have been combined with the impact and fire RFs for assessment against the accident containment limits for a 500 litre drum.  RWM considers the proposal consistent with meeting transport system design requirements.

Compliance with Engineering Design and the Operational Safety Case

Under normal conditions of operation at a GDF, operators are not exposed to direct doses from bare 100% RSWD packages. The total dose contribution from these packages to the operators (if all the proposed packages contained the maximum inventory) is very conservative. The average dose rate data would be expected to be much lower, hence would not contribute significantly to the annual operator dose target. 

Under accident conditions, three of the most severe faults give worker consequences above the most restrictive Basic Safety Level (BSL). For impacts involving a single package, the results are below or around the BSL. Releases from packages are expected only in the event of the most severe accidents involving breach of package containment. None of the design basis fault sequences involving individual waste packages, or small groups of packages, could result in the final safety barrier (the active ventilation filtration system) being rendered ineffective. RWM is developing the safety case for each identified fault and a hierarchy of risk control measures in managing and assessing hazards. The hierarchy starts with eliminating a potential fault and if not practical then the consequences should be reduced. This could be achieved by reducing the lift height or passive safety measures. Overly pessimistic assumptions in the pathway calculations should be reviewed and refined. RWM considers that it will be possible for the 100% RSWD packages to be handled and stored safely within a GDF. 

Compliance with the Environmental Safety Case

RWM considers 100% RSWD packages to be compliant with the environmental safety case as currently foreseen. 

Bulk gases will be generated from waste degradation and comprise mainly of hydrogen. The rate of bulk gas estimated for 100% RSWD packages are highest during a two-year period following closure of a GDF when it is assumed the geology is saturated with water. The actual significance of these higher, short-lived rates is not a new finding specific to 100% RSWD packages and should be investigated by RWM. 
Small quantities of radioactive gas will also be generated from 100% RSWD packages. Carbon-14 labelled methane is expected to be the most significant in terms of predicted dose. The potentially significant generation of Carbon-14 is not a new finding and RWM has now completed a programme of research to improve the understanding of the related issues. It has been found that any Carbon-14 bearing gases reaching the biosphere following GDF closure would be oxidised and released to the deep soil. The impact would be below the risk guidance level provided the Carbon-14 released from Magnox as methane or carbon monoxide is limited (less than around 30%) and released to the biosphere over an area roughly equivalent to a GDF footprint or larger. As a result of the focused research programme, RWM now have the knowledge base required to support packaging decisions for specific wastes and understand the envelope of conditions within which disposal of the UK’s wastes containing Carbon-14 can be managed.

Criticality Safety

The 100% RSWD packages would be treated the same as standard MEP packages in regards to criticality safety. The Periodic Review for standard MEP packages in 2010 concluded that SL needed to revise the draft Criticality Compliance Assurance Document (CCAD) and refer to current criticality safety assessments. 

It has been determined that there will need to be a limit on the fissile material content defined by the existing safety cases for Transport, Operations, and Post-Closure, or a limit to be define by a new agreed package-specific case. Finalising these Criticality Safety Assessment positions for Transport, Operations, and Post-Closure is expected to take some time to resolve, the CCAD 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.

Assessment of Data Recording and Information Management Proposals

The Data Recording Methodology for packaging 100% RSWD would follow the same process as is currently undertaken for standard MEP packages. Only the key differences have been examined in this assessment against RWM’s Waste Package Data and Information Recording Requirements. RWM has concluded that the documents have adequately incorporated the proposals and provide confidence that records would adequately identify 100% RSWD drums. Some minor uncertainties and points of clarification have been identified and need to be addressed through a programme of work agreed between RWM and SL with progress made and monitored through the quarterly engagement sessions.

Package Storage Conditions and Monitoring Regime

The 100% RSWD waste packages would be stored the same way as standard MEP packages, within stillages in one of the stores. The stores are self-contained, ventilated facilities and the drums placed within are fully retrievable. SL has provided a strategy for the longer term condition monitoring of waste packages as well as proposed arrangements for compliance with the longer term Condition Monitoring Strategy at the stores. The strategy and the proposed arrangements for compliance with this strategy in the stores have been reviewed by RWM. RWM has concluded that the strategy and the proposed arrangements for the stores provides appropriate justification to demonstrate that ongoing monitoring campaigns will continue in the future. The documents also recognise the NDA Industry Guidance for the interim storage of higher activity waste packages (including improvement of monitoring techniques as they become available) and inspection timescales.

Assessment of Management System 

RWM has concluded that SL has adequately updated the relevant documents to reflect the proposals to package 100% RSWD. The Management System incorporating the packaging proposal is compliant with RWM’s Waste Package Quality Management Specification. However, RWM will need to conduct an audit for all MEP packages on how previous MEP audit findings have been or will be addressed with particular emphasis on how MEP and FHP are jointly operating their Management Systems including whether Magnox Power Stations are providing adequate data on fuel for the assay system.

Requirements for Further Work

Although SL has adequately incorporated the proposals to package 100% RSWD within many of the Management System and Data Recording documents, minor uncertainties and points of clarification have been identified primarily around making improvements to existing documents, updating underpinning documents to incorporate the 100% RSWD trials, and finalising Management System documents (including reference to underpinning documents). These will need to be addressed through a programme of work agreed between RWM and SL with progress made and monitored through the quarterly engagement sessions.

Conclusions

SL has sought Final stage endorsement for proposals to package RSWD at MEP which would form the whole content of individual waste packages without incorporating other swarf (100% RSWD). RWM has completed a Final stage Assessment of Disposability and concluded that the proposal to package 100% RSWD by grouting the waste in a mesh basket fixed to a 500 litre drum creating a grouted annulus is compatible with the requirements necessary for storage, transport to a GDF, handling and disposal. 

Following the closure of the outstanding MEP Periodic Review Action Points associated with Category 1 packages (no discernible drum bulges evident at the time of package export to a GDF and compliant with RWM requirements and safety cases), it will be possible to provide an extension to the reissued fLoC incorporating 100% RSWD packages. This endorsement would include the Qualifications set out in the reissued LoC for Category 1 packages with the additional Qualification that SL will need to finalise all draft Management System documentation referring to or specific to packaging 100% RSWD. These need to be issued to RWM prior to packaging 100% RSWD.

� 	An Overview of the RWM Disposability Assessment Process, WPS/650/03, April 2014.


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