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	Proposals to Package Magnox Swarf Storage Silo Wastes following a Period of Interim Storage
(Conceptual stage)

Summary of Assessment Report

Issue date of Assessment Report: 24 July 2015


Background 
Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken a Conceptual stage Disposability Assessment of proposals submitted by Sellafield Ltd (SL) for the packaging of waste from the Magnox Swarf Storage Silos (MSSS) following a period of interim storage. 

The objectives of this Conceptual stage assessment are to provide SL with:
· An assessment of disposability in accordance with the Joint Regulators’ Guidance on the management of higher activity radioactive waste, considering the feasibility of the two-step proposal including interim storage (Stored Packages) and package finishing after the storage period (Finished packages); 

· Supporting advice and further actions required going forward; 

· An updated position on the risks identified in the Expert View, and 

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

Further information on the Disposability Assessment process is available elsewhere1.
History of MSSS and RWM Interactions 
The MSSS at the Sellafield site contain legacy wastes mostly originating from Magnox fuel reprocessing operations. The MSSS consist of 22 compartments, each storing up to 600m3 of intermediate level waste under water cover. This waste is Magnox fuel cladding, with some uranium metal fuel carryover, and a variety of Miscellaneous Beta-Gamma Waste (MBGW), much of it containerised, including wastes arising from other site activities such as Post-Irradiation Examination operations carried out from the 1960s to 1980s. Much of the Magnox and uranium metal has now corroded to sludge.
The current MSSS retrievals baseline (Option A) is for waste to be mechanically retrieved from the silos by three Silo Emptying Plant (SEP) machines. The bulk of the waste would be packaged by the Silos Direct encapsulation Plant (SDP), where the

___________________________

1  An Overview of the RWM Disposability Assessment Process, WPS/650/03, April 2014.  
waste would be mixed with grout by tumble mixing in a rotating vessel. SDP would have an oversized waste route to treat large or heavy items of MBGW that are incompatible with the mixing and tipping processes. The waste/grout mix would be discharged to a liner and allowed to cure and be capped with cement before loading into a 3m3 box. The SDP oversize route would encapsulate waste in the 3m3 box liner by flood grouting. The 3m3 boxes containing completed liners would be stored until a GDF is available. Just prior to dispatch, the interspace between the liner and boxes would be filled with grout at a future Finishing Plant. In 2014, RWM provided Interim stage endorsement of these proposals. The SL development programme to underpin Option A and the associated disposability assessment have given a good understanding of the nature of disposability issues associated with the MSSS wastes.
Separate to the consideration of SDP, SL has identified an opportunity to allow earlier retrievals from MSSS, using the Box Encapsulation Plant (BEP) to encapsulate a fraction of the MSSS wastes. This would consist primarily of MBGW retrieved from selected compartments. The proposed process would include disruption of some waste items using robots to minimise voids and attempt to exclude free liquids. The waste would then be encapsulated in 3m3 box liners by flood grouting. The packages would be stored until a GDF is available. Just prior to dispatch, the interspace between the liner and box would be grouted. These proposals were endorsed at the Conceptual stage in 2013 and updated in 2014.
Subsequently, SL (and a forum of key decision makers) conducted a strategic assessment of alternative waste management options for the MSSS wastes. A concept based on interim storage of waste followed by a simple treatment process emerged, subject to proving technical feasibility. This option (known as Option I) would lead to accelerated retrievals and hazard reduction by allowing earlier management of the sludge.
In October 2014, RWM provided SL with an Expert View on Option I which identified issues for disposal, provided an assessment of associated risks, and set out an approach to continue working collaboratively to develop the proposals. SL continued to develop the proposals in response to the identified risks. In particular, SL modified the proposals to include disruption of those retrieved wastes that could have voids and trapped free liquids present. Therefore the risks of residual liquids in containers leaking/being expelled during storage/emplacement and residual voids affecting post-closure safety as identified in the Expert View are reduced.
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 to a GDF, emplacement and potentially extended storage underground, and disposal. The reference basis for such an assessment is the disposal system concept and safety case set out in 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)2. Further requirements for particular types of waste package are embodied in the relevant Waste Package Specification (WPS). In the case of the completed MSSS waste packages, the relevant WPS is that for packages based on the corner-lifting variant of the 3m3  box.
___________________ 

2  NDA, Generic Waste Package Specification, NDA Report NDA/RWMD/067, March 2012.  
Scope of the Assessment 
The packaging proposal is recognised as a two-step process of interim storage in double containment (Stored packages) and package finishing to produce a multi-

barrier product after the interim storage period (Finished packages). This Conceptual stage assessment has considered the feasibility of these steps as the means of producing disposable packages.
The waste covered by these proposals is the MSSS waste stored within 22 silo compartments. These wastes are included in the 2013 UK Radioactive Waste Inventory (UKRWI) and the relevant ILW waste streams are: 

2D08 – Magnox Cladding and Miscellaneous Solid Waste 

2D09 – Magnox Cladding and Miscellaneous Solid Waste 

2D22 – Magnox Cladding and Miscellaneous Solid Waste 

2D24 – Magnox Cladding and Miscellaneous Solid Waste 

2D25 – Miscellaneous Solid Waste 

2D35 – Magnox Cladding and Miscellaneous Solid Waste 

Waste from Compartment 11 (primarily stainless steel ‘hulls’ from reprocessing of uranium oxide fuel), waste stored in the silo void and residual waste left in each compartment after completion of bulk removals, secondary wastes arising from disruption for which no treatment route is proposed, and aluminium nitride isotope cartridges are currently excluded from the assessment.

Packaging Process 
Nature of the Waste 
The composition, condition, and age of the wastes in each compartment are variable. In general terms they consist of: corroded Magnox fuel swarf, irradiated or contaminated MBGW (mostly containerised), and a mixture of swarf and MBGW in the layers within the compartments. These wastes have been generally categorised as swarf, MBGW or mixed. There is a layer of limestone pebbles in the bottom of each compartment that may be retrieved with the swarf. Process wastes (large items of similar structure to MBGW) will also be generated from MSSS waste retrieval.

Waste Processing and Packaging 
The waste would be retrieved by SEP machines. A mechanical grab would retrieve waste from the compartment and deposit it in a disposable skip. The weight of waste and level of liquid in each skip would be recorded and monitored by the SEP. The SEP machine operator would retrieve waste, add cover water to the skip, and provide characterisation of the waste based on visual examination (swarf, MBGW or mixed). Filled skips of waste would be designated by the operator as either not requiring disruption or recorded as requiring disruption (skips with items or containers potentially containing void space and free liquor and requiring disruption).

Skips designated as not requiring disruption would be transferred to a new facility, a ‘Raw Waste Transfer Facility’ (RWTF). This facility could be either a new facility or the BEP if adequate space and capacity is available, or both. The BEP or new facility would check for adequate water cover, lid the skips of waste and transfer into 3m3 boxes, lid the 3m3 boxes and route them to the Box Encapsulation Plant Product Store (BEPPS) for interim storage. 

Waste requiring disruption will primarily be MBGW. Cans present in MBGW are expected to contain the most void space and liquids. Some waste may experience significant damage during retrievals, and would not require additional managed disruption. Skips of waste designated as requiring disruption would either be transferred to BEP for immediate disruption or recorded as requiring disruption but disrupted at the future Finishing Plant after interim storage. If BEP is available, robots would disrupt the waste then place disrupted waste back into the skip. The skip would be checked for adequate cover water, lidded, and placed into 3m3 boxes. Lids would be bolted on the 3m3 boxes and transported to BEPPS for interim storage. BEP has an additional sludge treatment process to manage sludge that runs/washes off MBGW, and other wastes processed in BEP. These revised proposals are under separate assessment by RWM

The MSSS waste would be stored for an extended period of time with the interspace between the skip and box empty to allow any expansive corrosion that occurs in the skip not to impinge on the box walls. RWM’s basis for assessment is 50-100 years based on the design life of the skip which SL has indicated would be 50 years (with contingency up to 75 years and up to 100 years examined). A store Condition Monitoring and Inspection strategy is being developed to include environmental condition monitoring, visual inspection of Stored packages (including dummy packages), and retrieval and inspection of a limited number of Stored packages. Following storage, the packages would undergo inspection at the future Finishing Plant to assess the outer condition and integrity of the disposable skip and the inner and outer condition and integrity of the 3m3 box prior to finishing and export to a GDF. Box and skip lids would be removed to allow as much cover water as practicable to be removed from the waste, using techniques already under development for SDP and BEP.
The waste in the skips would then be grouted using one or more pours of a grout (a 5:1 mix of ground granulated blast-furnace slag and cement), and cured for 24 hours allowing any bleed water to evaporate. The skip lids would then be refitted and the skips placed back into a 3m3 box (if removed) and a final grout pour would be made to fill the interspace between the skip and box. This additional grout would cover the skip up to the underside of the box lid to fully grout the skip into the box. The box lid would be re-bolted and the encapsulating grout would be cured for 24 hours, forming the Finished package for disposal.
Proposed Package 
A disposable skip would provide primary containment of the waste during interim storage. The skip design has been modified from the current MSSS multi-use skip. The planned design life of the skip is 50 years, with a criterion of no perforation of the skip in that period and no requirement for intervention to maintain performance. SL also indicate a contingency of up to 75 years without perforation would be considered and in all cases performance for up to 100 years would be examined. The material of construction would be Duplex 2205, super Duplex 2507 or super austenitic 254SMO stainless steel. The skip lid would be self-weighted (not bolted) and have filtered vents which would allow hydrogen to be released and minimise water loss through evaporation to maintain water cover. There would be an inspection plug on the skip to allow inspection of the skip contents. In general, RWM recognises that inspection plugs serve as locations to trap contamination. SL will need to address the potential for radiation contamination of the box externals and measures to prevent and monitor for this occurrence in order to comply with surface contamination limits (including the inspection requirements for the plugs).
The 3m3 box (based on the corner-lifting variant of the generic single-skin 3m3 box) would provide secondary containment of the waste. The overall dimensions, volumes, payload limits, lifting features, and materials of construction (Duplex 2205) would be maintained as per the generic box. The box would be bolted down with bolts made of Nitronic 60 to help ensure the bolts could be removed after the interim storage period.
Assessment Inventory and Number of Packages 
SL estimates the total volume of stored waste to be 9,445m3 equating to production of around 12,300 waste packages. It is estimated that around 10,000 of these packages would contain largely sludge and around 2,000 would contain MBGW (500 of which may contain voids and free liquids). This has been accepted by RWM as a realistic basis for assessment.
The expected inventory of waste packages was developed from historical tipping records taking account of decay and waste ageing. Modelling tools were used to derive the detailed radionuclide inventory information. The physical and chemical inventory was also derived from the historical waste records, taking into account corrosion of Magnox and uranium metals to sludge. Because this proposal assumes that some MSSS liquor may be retained in waste items after final waste packaging, MSSS liquid activity data was used to assess operational implications of packages which could contain liquids. The worst case MSSS liquid includes contribution from Cs-137 and Sr-90 dissolved in the MSSS liquor.
For the assessment, an average package composition was defined covering waste originating from all MSSS compartments (excluding Compartments 11 and 15). In addition, a maximum MBGW package inventory (covering waste in Compartment 15) and a maximum swarf package inventory were also defined. For the maximum waste package inventories, conservative assumptions were made about potential waste loadings. For example, the maximum package radionuclide inventory for swarf was based on the maximum achievable mass of waste per package, set by the MSSS retrieval machine skip hoist weight limit and assuming the waste comprises entirely corroded fuel.
Data Recording and Information Management Proposals 
The proposed data recording process is based on analysis of historic tipping records and other data to provide best estimate inventories. The physical and chemical inventory data recording process would be based on this historical tipping data, derived to produce a best estimate physical and chemical inventory for each type of waste as mentioned above (swarf, MBGW, and mixed). Grab weight and still photographs would also be recorded. For the radionuclide inventory, a proposed characterisation for each compartment and type of waste would be calculated based on historical tipping data and detailed radionuclide inventory modelling. A retrospective reconciliation of the records for all the individual packages arising from a compartment may be required to ensure that the sum of the individual package records and the previously-established total for the compartment are consistent.

In addition, the disruption of designated wastes using BEP would provide a further opportunity to record additional data. The improved information might include the mass of waste excluding water, confirmatory mass measurements on the skip, visual confirmation that the skip numbers agree with consignment records, and confirmation that the waste is within the acceptable criteria and conforms to feed specification. Disruption of wastes within the Finishing Plant could provide a similar opportunity. 

Limited measurements of Cs-137 and Co-60 for the waste packages could be obtained in BEP, the RWTF, or the Finishing Plant. The measured Cs-137 and Co-60 activities would be added to the record for each finished waste package. These measurements could be taken on the Stored packages or Finished packages. SL has suggested that earlier measurement based on the Stored packages would be preferable.
Following the interim storage period, the 3m3 box would undergo final inspection to confirm the condition and integrity of the skip and 3m3 box inner and outer surfaces. Final product quality measurements would be made at the Finishing Plant, although detailed proposals for the activities to be undertaken in this plant have not yet been developed.
Waste Package Properties 
RWM requires that void space should be minimised and reasonable measures made to exclude free liquids, with any remaining liquids immobilised and contained by multiple barriers. The physical and chemical compositions of the proposed packages are different than those proposed for SDP because for the majority of packages the waste would not be intimately mixed with a grout and could contain void space and liquids. To reduce potential void space and free liquids, SL proposes to mechanically disrupt skips of waste identified as requiring disruption. Although it is expected that water would be lost due to evaporation over time or consumed by corrosion of reactive metals, some void space and free liquids will remain in the packages as water trapped within sludge or in cans/items not disrupted. SL states that they have pessimistically calculated that the potential void space could be around 4% of the total package (about 120 litres) with up to 40 litres of free liquid potentially present in a package. This has been accepted by RWM as a realistic basis for assessment.
Stored Packages 
The Stored packages would consist of the MSSS waste with around 200 litres of cover water in a disposable skip. The skip would be placed within a lidded 3m3 box for interim storage. The interspace between the skip and box would remain unfilled to allow expansive corrosion to occur in the skip and not impinge on the 3m3 box. The risk of not being able to produce disposable packages due to progressive corrosion of the skip and difficulty in waste removal (if waste has not yet been disrupted) increases as the period of storage or period prior to disruption increases. Therefore, RWM encourages disruption when practicable to manage this risk. Furthermore, there is a possibility of the formation of uranium hydride in the Stored packages which is known to be pyrophoric under certain conditions when exposed to air. SL will need to provide evidence at Interim stage to show that heating, due to uranium hydride, will not affect the safety of transport and disposal.
Finished Packages 
SL will aim to remove the 200 litres of cover water from the waste. Pumping would be the standard method and there is significant learning from SDP and BEP projects which can be applied to this process. For skips of waste with MBGW, a dip leg with installed pump would be required to remove water. After water removal, the waste would be flood grouted in the skip. The interspace between the skip and box would then be grouted.
Waste Package Performance 
Stored Packages 
SL has sufficient corrosion data to underpin the extent of Magnox corrosion during the storage period. Because of the under water storage of the reactive metals in the silos and during storage, it is expected that a significant amount of reactive metal will not remain after the storage period. Because there is space available for expansion, it is unlikely that the forces exerted by expansive corrosion processes would challenge the Stored package barriers. SL will need to provide evidence to confirm the view that expansion of the waste during the storage period will not challenge the integrity of the skips, including the lids at Interim stage. Furthermore, SL has proposed Duplex 2205, super Duplex 2507 or super austenitic 254SMO stainless steel as the possible materials of construction for the skip. If SL determines that such a higher grade of steel is necessary, the performance of these materials would need to be confirmed and underpinned at Interim stage.
RWM judges that the assessed performance during storage is considered adequate for Conceptual stage, but SL will need to finalise the skip design and confirm the skip’s contribution to performance requirements of the package as a whole at Interim stage. This will include a justified selection for the skip material supported by underpinning evidence, including corrosion resistance. 

Finished Packages 
The immobilisation of the waste by flood grouting would be undertaken after the storage period. The volumes of remaining void space and free liquids after disruption are likely to be minimal in the Finished packages. For waste packages containing a high proportion of sludge, the grout is likely to cure on top of the sludge. Although some mixing of the surface of the sludge with the grout is expected, the majority of the settled sludge is not expected to mix. As the sludge would have settled over time, it is unlikely to be disturbed by the addition of the grout and any gas or water filled voids within the sludge are likely to remain. It is possible that there will be some low solids sludge which will not be removed during the liquor removal process. Some sludge may also float or be displaced by the grout. SL is undertaking development work on mobile sludge remaining in the skip.
For waste packages containing a high proportion of swarf or MBGW, the infilling of the waste will be dependent on the nature of the wastes present, but it is likely that skips with large disrupted items would be effectively encapsulated. Some mixing of the sludge with the grout could occur, but there are likely to be pockets of sludge containing gas and water filled voids remaining. SL is considering addressing the issue of waste buoyancy by fitting an Anti-Floatation Plate (AFP) or using the skip lid as an AFP. SL will need to confirm the strategy to manage this issue at Interim stage since significant protrusions could cause issues fitting the skip lid and challenge this barrier. SL will need to provide evidence supporting success of the package finishing processes at Interim stage (including water removal efficiency, removing lids, and managing floating items during flood grouting).
Conclusion 
SL will need to finalise the skip and box design and confirm the skip’s contribution to performance requirements of the package as a whole at Interim stage. This will include a justified selection for the skip material supported by underpinning evidence, including corrosion resistance under relevant conditions and containment performance up to and after the interspace is grouted which is consistent with the required storage period for the entire package.
Package Integrity 
Integrity is defined as the ability of a waste container to provide containment of its contents and of a waste package to be safely handled and stacked. The RWM integrity requirement is that container integrity shall be maintained for 150 years and should be maintained for a period of 500 years following manufacture of the waste package.
Disposable Skip 
SL has claimed that the design life of the 3m3 box would meet the RWM requirements. RWM accepts that the selection of an appropriate stainless steel grade and skip design should result in a skip that can maintain containment. However, performance at the lid-body interface of the skip relies on the performance of the seal. It will be an important component to prevent water escape from the skip during box handling, which could result in liquor accumulating in the box base. RWM emphasises the need for the interspace between the skip and box to be free of liquids to reduce the threat from corrosion by eliminating the potential for liquid dispersion. The performance of the entire package and how the different barriers evolve over time are key to assessing disposability and this will need to be verified at Interim stage.
3m3 Box 

SL has stated that the design life of the 3m3 box would be consistent with RWM requirements (that container integrity shall be maintained for 150 years and should be maintained for a period of 500 years). RWM has endorsed the generic 3m3 box design and concluded that packages manufactured using Duplex 2205 would need to be stored under the same environmental conditions as recommended current best practice for containers fabricated from austenitic stainless steel.
Package stiffening structures may be required in the box base or box walls to limit any deflection during lifting and stacking. This is important to maintain integrity of the package barriers during the storage period and ensure the dimensions of the Finished packages are predictable and compliant at time of package finishing. 

SL has presented two options for venting and sealing of the package and SL has not indicated a preference for which option is most appropriate. SL should provide a justified proposal for the required venting and sealing option for the skip and box at Interim stage. Furthermore, SL proposes that both the box and skip lids would require removal prior to package finishing/waste disruption (if not done at BEP). As the 3m3 box lid will be bolted on, SL proposes the use of Nitronic 60 as the box lid bolt material. The material’s anti-galling properties would help ensure the bolts could be removed after the interim storage period. This is an adequate proposal at Conceptual stage, but SL will need to incorporate this material in future corrosion and impact analyses.
Both the box and skip lids would require removal prior to package finishing/waste disruption (if not done so at BEP). As the 3m3 box lid will be bolted on, SL proposes the use of Nitronic 60 as the box lid bolt material which is advantageous due to the material’s anti-galling properties to help ensure the bolts could be removed after the interim storage period. This is an adequate proposal at Conceptual stage, but SL will need to incorporate this material in future corrosion and impact analyses.
Conclusion 
It is concluded that the integrity requirements can be made but SL will need to finalise the skip and box design including confirmation of the skip’s contribution to performance requirements of the package as a whole. SL will also need to make a justified selection for the skip material supported by underpinning evidence including corrosion resistance under a range of conditions and containment performance up to and after the interspace is grouted which is consistent with the required storage period for the entire package.

Accident Performance 
The waste in the Stored packages is considered to be poorly immobilised. Once grout is applied to the top of the waste and in the interspace between the skip and box to form the Finished packages, the waste would be protected by multiple barriers. A package with a non-mixed wasteform will be more susceptible to breaking up during an impact. Therefore, the performance of the Finished packages will be highly dependent on the multiple barriers of the package.
RWM estimated potential impact Release Fractions (RF) for both swarf and MBGW packages for use in the assessment. SL provided preliminary RF data for these proposals which included a package Decontamination Factor (DF) of 1000. Container design details are important when evaluating impact performance and RWM judged that the SL data could not be used further in the assessment because it was not robustly derived or applicable to the proposed container.

A 30-minute, 1000°C fire was simulated in the assessment using RFs representing encapsulated fuel hulls (for the maximum MBGW packages) and encapsulated floc and sludge (for the average and maximum swarf packages). These data are judged to appropriately represent the packages in the proposal. The calculations modelled the proposed packages which consist of an increased interspace thickness of 50mm at the base and 100mm of capping grout.

RWM supports the approach that the flood grouted waste, grouted interspace, the lidded skip, and lidded box should provide protection of the wasteform during a fire and impact. Because reliance on the multiple barriers during accidents is key for these packages, SL will need to demonstrate the performance of the package and multiple barriers in the event of an accident (including maximum void space and free liquids), supported by a robustly derived RF applicable to the proposed container design at Interim stage.

Assessment of Disposability 
Compliance with the Transport System Design and Safety Case 
The Transport Safety Assessment findings were not significantly different from those of the SDP packages.

It is assumed the proposed 3m3 boxes would be transported within a Standard Waste Transport Container (SWTC). The bulk gas generation limits are exceeded for the maximum swarf packages under normal conditions (353 litres per day), although only small amounts of reactive metal would be expected to remain after the storage period. Therefore, gas generation rates in the maximum swarf packages will gradually decrease over time, and the packages are likely to meet the requirement at the time of transport.

No release of particulate activity is expected under normal conditions of transport. Under accident conditions, the maximum radionuclide inventory for packages of MSSS waste following a period of interim storage have been combined with the impact and fire RFs for assessment against the accident containment limits for a 3m³ Box in a SWTC. RWM considers the proposal consistent with meeting transport system design requirements.

It is considered that the potential for liquids in the Finished packages would be no more challenging to the containment system than the presence of aerosols, so is not considered an issue. However, RWM will need to update the Transport Contents Specification document to capture the potential presence of liquids in the proposed packages.

Compliance with Engineering Design and the Operational Safety Case 
The Operational Safety Assessment findings were also not significantly different from those of the SDP packages. The wide range of package contents results in a broad range of assessed doses from normal operations and from operational accident scenarios. The doses from impact faults are higher than those calculated for the SDP packages due to application of a higher impact RF for packages of MSSS waste following a period of interim storage. The doses from fire faults are similar to those calculated for the SDP packages, due to application of similar fire RFs. This has resulted in high radiological consequences for packages of MSSS waste following a period of interim storage.

For the maximum MBGW package, the inventory is approximately two orders of magnitude greater than the average package inventory, even though less than 500 packages are expected to be produced. This is due to a combination of the extreme heterogeneity of the waste, due to the assumed presence of unique wastes such as intact irradiated neptunium isotope cartridges, and the conservative assumption that the most radioactive materials could arise in a single box.

For the maximum swarf package, high doses are calculated and are of greatest safety significance in the Design Basis Accident Analysis. The safety impacts are sensitive to the assumed RFs. Adequate protection of the waste by the multiple barriers and evolution of the wasteform due to any residual metal corrosion are likely to be important factors affecting these RFs. Releases from packages are expected only in the event of the most severe accidents involving breach of package containment. Most accidents would result in negligible on and off-site doses. None of the design basis fault sequences involving individual waste packages, or small groups of packages, could result in the final GDF safety barrier (the filters on the ventilation system), being rendered ineffective.

Under all normal conditions of operation at the GDF, workers are not exposed to direct doses for these package types. The public doses from faults are generally several orders of magnitude lower than the worker doses. The average package inventory dose rate is low and would make a minimal contribution to annual worker dose. It would be a rare occurrence that the maximum package inventories would be created.

It should be possible for these packages to be handled and stored safely within a GDF. The variability in estimated accident sequence dose correlates to the broad range of conservatisms. Therefore, focus should be on the packages and faults that are assessed to give the largest doses and the possible sources of conservatism in those cases.

Mitigation of assessed doses 
As discussed in the SDP assessments, there is a range of potential conservatisms arising from a variety of sources. The reason for the high calculated radiological consequences derives from conservatisms related to the current development of the GDF design specification. There are broadly four reasons to anticipate that the doses will be much lower than reported:

· Package fault definition: the maximum impact height in the GDF has been reduced from 15m to 11m in this assessment, the fire accident duration has been reduced to 30-minutes (although reconsideration of the faults for the next issue of the generic DSSC may also eliminate fires as credible faults), and the maximum transportable and respirable particle size has been reduced to 10μm, which is considered the current standard in other fields and other parts of the nuclear industry. The benefits from these changes have not been fully realised in the current assessment. 

· Lack of credit for passive safety measures: the fault dose may be reduced by an improvement in the assumed performance of the vault passive safety systems (i.e. additional or more effective physical containment barriers). 

· Active safety measures that would or could be employed: the fault doses will also be reduced by incorporating active safety systems that reduce the residency time for operators. 

· Conservatism associated with assessment package radionuclide inventories: some faults analysed involve multiple waste packages, although this assumes all packages involved have the maximum inventories. In the future it may be possible to increase the sophistication of the analysis and make less conservative assumptions. 

These changes to the definition of faults will be considered in the 2016 DSSC update. Overall, some progress has been made but further work is required by RWM.

Liquids 
The proposal has introduced the potential for liquid retention. Although it is proposed to disrupt wastes which could contain void space or liquids, it is likely that water trapped within the sludge or present in the voids or undetected cans retrieved and not disrupted would not be removed by disruption. This could result in some packages containing liquids. The disposal of liquids, and GDF operational safety and operability issues that may arise from this are not currently addressed in the generic Operational Safety Case. Therefore, Hazard and Operability (HAZOP) and Hazard Analysis (HAZAN) studies were used to assess the consequences of packaged liquids using data on the potential volume of trapped liquor and the activity content of the MSSS liquor defined by SL. Applicable RFs were identified from a review on liquids being dropped with reference data sources used by UK Site Licence Companies and from the United States Department of Energy RF Handbook.

The key operational safety issue and uncertainty resulting from the presence of liquids in packages of MSSS waste following a period of interim storage identified by the HAZOP/HAZAN is the requirement to abate and manage the effluent arising from a spill. 

Compliance with the Environmental Safety Case 
A Post-Closure Performance Assessment has been carried out and shown that the behaviour of the proposed packages is not significantly different to the SDP packages, even though the wasteform is not mixed with grout. The multiple barriers in the proposed packages are judged to provide adequate protection.

Although heat generation from the maximum swarf packages are calculated to be 374W at 2040, which is above the 300W limit at the time of disposal vault backfilling, the heat output is expected to decrease to around 191W by 2140. The maximum package assesses bounding implications. Therefore, recognising that such high heat loadings are both unlikely and would be localised, it can be concluded that the potential risks arising from the worst case thermal output for the maximum swarf packages can be tolerated.

The issue of overall void space in a GDF is an ongoing area of research at RWM. Voids are estimated to be around 4% of the total package and should be minimised through the disruption process. The implication of packages with liquids on a higher strength rock concept would be minimal due to the multiple barriers protecting the wasteform. The implication of free liquids for lower strength rock and evaporite host geologies has not been fully evaluated.

Overall, RWM considers packages of MSSS waste following a period of interim storage to be compliant with the environmental safety case as currently foreseen.

Criticality Safety 
Criticality safety assessments (CSA) for transport, operational, and post-closure phases were completed in 2008 for the SDP Conceptual stage assessment. RWM has reviewed these cases which cover the wastes considered in the current submission and have some similarities to the currently proposed packages. However, the cases for SDP relied on the mixing of fissile material. In the absence of mixing, RWM has judged that these CSAs do not apply to the current proposals. SL provided a ‘Confidence Statement’ which outlines preliminary arguments to demonstrate that criticality safety cases could be made for the MSSS packages following a period of interim storage.  

For the Transport phase, SL’s ‘Confidence Statement’ references an Outline Transport Criticality Safety Case for SDP. This outline case has not been assessed by RWM, but describes both a fissile excepted transport option and the more standard fissile case. This case has been provided to the Office for Nuclear Regulation who responded positively, but had concerns about MSSS fissile tippings and the ability to make a fissile exception case. It is pessimistically assumed that the fissile tippings from a whole compartment are all present in a single transport package, although SL claims this is highly unlikely. Because each package will contain waste from a single skip and uranium oxide would be limited, RWM accepts that it is likely that a case could be made. SL’s ‘Confidence Statement’ is therefore sufficient at Conceptual stage. The issue regarding the small but significant fissile tippings is likely to be more complicated to resolve than it was for the SDP packages, and the overall implications of the SL assurances relating to a non-mixed wasteform would need to be addressed.

For the operational phase, SL’s ‘Confidence Statement’ notes that a conservative uranium content is assumed and modelled as a uniform fissile layer of uranium mixed with water and grout for the SDP package. SL argues that the handling and storage conditions in the GDF operational phase would be bounded by the Sellafield storage conditions and that once the waste and the interspace between the skip and box are flood grouted, the neutron interactions between boxes are likely to be reduced. RWM accepts this in principle, but SL will need to demonstrate that these conclusions are valid at Interim stage.

For the post-closure phase, SL’s ‘Confidence Statement’ states that highly pessimistic modelling assumptions are unaffected by the change from a tumble mixed SDP wasteform to a package of flood grouted raw waste. The 2008 CSA for post closure modelled homogeneous slabs of fissile material and water. RWM accepts this in principle, but SL will need to demonstrate that these conclusions are valid at Interim stage.

Assessment of Data Recording and Information Management Proposals 
Considerable work has been undertaken by both SL and RWM to develop data recording proposals for SDP, many of which would be adopted under this submission. The key data recording changes for this proposal are generally linked to distinguishing between skips of wastes requiring and not requiring disruption. Also, the addition of future facilities including the RWTF and Finishing Plant are likely to have their own data recording requirements. These data recording proposals describing the methodology and data to be recorded require modification and further development at Interim stage with the key aspects including:
· The Data Recording System will need to be fully developed and finalised including a ‘Records Specification’ for the Stored packages, detailing methods to collect a full set of records. 

· SL will need to finalise the radionuclide and physical/chemical characterisations to be used for MSSS waste packages, addressing swarf, MBGW and mixed waste 

· Criteria identifying waste as requiring or not requiring disruption should be defined. SL will need to detail the features of waste requiring disruption, the process to disrupt, and the process for recording and tracking these packages throughout storage if the packages are to be disrupted at the Finishing Plant. 

· Where the maximum inventories could be present in Finished packages, an analysis of potential options to obtain inventory data on manufactured packages (including consideration of radiogenic heat output) needs to be provided. 

RWM has assessed SL’s proposals for waste package records and management of information for the MSSS packages following a period of interim storage. It has been concluded that they are adequate for the MSSS packages following interim storage at Conceptual stage.

It will be important to gather records during retrieval, since prolonged storage could generate the risk of losing records and information. Therefore, it will be key at Interim stage for SL to provide implementation details on these methodologies and proposals. A programme of work is being undertaken by NDA and RWM to define the records requirements and SL will most likely have to ensure compliance with these requirements in the future.

Package Storage Conditions and Monitoring Regime 
Monitoring the condition of waste packages during storage is an important element of a strategy to ensure that they maintain their integrity and continue to satisfy the performance requirements. SL’s proposals include the ability to inspect the interspace to check that liquor is not present in the interspace and to provide a baseline assessment of the condition of the box and skip. There would also be a skip inspection plug to access the skip contents. Furthermore, assurance inspections would be undertaken on all packages as a pre-cursor to the finishing process and prior to dispatch to a GDF. Full details of these proposals still require development. The waste package storage conditions and monitoring regime for the Stored and Finished packages have been assessed at Conceptual stage and are considered to be fit for purpose.

At Interim stage, these should be defined in a comprehensive ‘Implementation Plan’ for inspection and monitoring of the Stored packages including a threat-based strategy to protect the interspace and ability to disrupt, and control the store conditions (including limits for incoming ventilation and management of chlorides, airborne particulates, gases, temperature, and humidity). SL also needs to finalise the approach to production and storage of dummy packages to observe evolution of the Stored packages.

Assessment of Management System 
The Management System for production of the MSSS packages following a period of interim storage has not been presented at this time. RWM has reviewed the proposals which include a ‘Statement of Intent’ that the Management System would comply with RWM requirements. At Conceptual stage, this ‘Statement of Intent’ is adequate. At Interim stage, SL will need to prepare and finalise the management system for retrieval and production of the Stored packages including a finalised ‘Quality Plan’ for implementing and controlling the process of retrievals, skip filling (and disruption), following by interim storage. SL will need to work with RWM to verify these arrangements (including any project R&D) through audit.

A finalised Waste Product Specification (WPrS) is usually required at Final stage. However, to ensure that this element of records and information is managed throughout the storage period, RWM requires a finalised WPrS for the Stored packages at Interim stage for these proposals. 

Furthermore, RWM requires that Criticality Compliance Assurance Documentation (CCAD) is produced to demonstrate the adequacy of the waste packager’s arrangements for ensuring the criticality safety of waste packages during all stages of their long-term management. A finalised CCAD is usually required at Final stage. However, RWM requires a finalised CCAD for the Finished packages at Interim stage for these proposals emphasising that retrievals will most likely be the only time when criticality controls can be applied.

Conclusions of Assessment of Disposability 
The Generic Specification for Low Heat Generating Waste (LHGW) applies to the packages of MSSS waste. The proposal has been assessed against the features and quantitative limits covered by this generic specification. It has been concluded that the packages of MSSS waste, following a period of interim storage, have been confirmed to be compliant with this Generic Specification.

Programme and Strategy 
RWM recognises the high priority attributed to the early retrieval of wastes from MSSS and therefore supports the strategy of interim storage of retrieved waste with delayed package finishing. Consistent with this concept, the proposal is a staged waste management approach with the primary aim of accelerating retrievals.

The proposal also presents the opportunity to mitigate the possible effects of any detrimental evolution of the waste on the final product. It is recognised that the proposal to disrupt waste that may contain MBGW and large items potentially represents a proportionate approach to the risks otherwise presented by the persistence of voids and free liquids in the Finished packages. However, the details of implementing this strategy remain underdeveloped. Continued engagement between RWM and SL, and assessment at the Interim stage, will provide the framework for ensuring that the final agreed process would be consistent with producing a Finished package that is ultimately disposable.

Some ambiguities remain in the understanding of how the strategy would be implemented including: 

· The duration of the period of interim storage prior to product finishing may influence both the extent of any evolution of the waste and the ease with which MBGW/large items could be disrupted, should this be delayed until after storage. SL’s definition of the duration of interim storage in the submitted documents is inconsistent. 

· The availability of a GDF to accept MSSS waste packages could influence the duration of interim storage, should it be clarified that the implementation of the strategy is planned to be based on ‘just-in-time’ package finishing immediately prior to disposal. 

· The ambiguity around the plans for interim storage makes the definition of functional specifications for both the box and the skip difficult. Detailed demonstration and justification of consistency with this specification, and any RWM assessment of submitted evidence, is similarly challenging in the absence of a clear definition. 

· Disruption of MBGW wastes and large items may become increasingly difficult as the waste evolves in interim storage, should BEP not be available and/or disruption is delayed until the product is finished. This presents a risk, increasing over time, that disruption would be less successful or not possible or that increasing numbers of items that should be disrupted would be overlooked. In order to minimise this risk, RWM recommends that disruption of MBGW and other large items should be completed as soon as practicable after retrieval. Ultimately, repackaging may provide an alternative means of processing the wastes, but this might incur otherwise avoidable dose and costs. 

It is recommended that SL define the duration of storage to align with RWM requirements and with the design life of the skip and box.

Requirements for Further Work 
It is expected that an Interim stage endorsement will be required prior to MSSS retrievals in order to improve confidence that the Stored packages will eventually be converted into disposable products. Therefore, arrangements applicable to the Stored packages should be fully developed at the Interim stage (in contrast to the expectation that such a position would be reached at Final stage). The requirements for further work at the Interim stage are captured as the following 21 Action Points: 

· Provide evidence that heating, due to uranium hydride, will not affect the safety of transport and disposal. 

· Provide evidence to confirm the view that expansion of the wasteform during the storage period will not challenge the integrity of the skip and lids. 

· Provide evidence supporting success of the package finishing processes including removal of lids, water removal efficiency, and management of floating items during flood grouting. 

· Address how deflection of the box base during storage would be managed and how mass loadings are to be aligned to prevent imbalances and retain alignment of the skip within the box. 

· Finalise the skip and box design including confirmation of the skip’s contribution to performance requirements of the package as a whole. Make a justified selection for the skip material supported by underpinning evidence including corrosion resistance under a range of conditions and containment performance up to and after the interspace is grouted which is consistent with the required storage period for the entire package. 

· Select and justify the required venting and sealing option for the skip and box. 

· Address the potential for contamination of the box externals and measures to prevent and monitor for this occurrence in order to comply with non-fixed surface contamination limits (including the inspection requirements for the plugs). 

· Incorporate the proposed Nitronic 60 bolt material in future corrosion and impact performance analyses. 

· Demonstrate the performance of the package and multiple barriers under fault conditions (including maximum void space and free liquids which could be present), supported by robustly derived Release Fractions applicable to the proposed container design. 

· Work with RWM to produce a package-specific criticality safety assessment for the Transport, Operations, and Post Closure stages of waste management. 

· Prepare and finalise a comprehensive ‘Records Specification’ document for the MSSS Stored packages which must include methods to collect a full set of records such as information on the total inventory and how it is derived, a method for recording physical/chemical conditions of the packages in storage to monitor evolution (baselining), background information, and underpinning references to R&D and the Management System. 

· Finalise the radionuclide and physical/chemical characterisations addressing swarf, MBGW and mixed waste. 

· Provide an analysis of potential options to obtain inventory data on manufactured packages (including consideration of radiogenic heat output). 

· Define both the features of waste requiring disruption (applied during retrievals) and the disruption process to be used. If the waste is to be disrupted at the Finishing Plant in the future, define the process for recording and tracking these packages throughout the storage period. 

· Prepare and finalise a comprehensive ‘Implementation Plan’ for inspection and monitoring of the Stored packages including a threat-based strategy to protect the interspace and ability to disrupt, and control the store conditions (including limits for incoming ventilation and management of chlorides, airborne particulates, gases, temperature, and humidity). 

· Finalise the approach to production and storage of dummy packages to observe evolution of the Stored packages. 

· Prepare and finalise an overarching ‘Quality Plan’ for implementing and controlling the process of MSSS waste retrievals into disposable skips for interim storage (verified through RWM audit) and prepare a draft ‘Quality Plan’ for the process of package finishing. 

· Prepare and finalise a WPrS for the Stored packages and outline specifications for the Finished packages. 

· Prepare and finalise a CCAD for the Finished packages. 

· Agree the nuclear materials accountancy methodology with the safeguards inspectorate and copy to RWM for information. 

· Define the duration of storage to align with RWM requirements and with the design life of the skip and box. 

Conclusions 
SL has sought Conceptual stage endorsement for the proposal to package MSSS waste following a period of interim storage. RWM has completed a Conceptual stage Assessment of Disposability and concluded that the interim storage of the MSSS waste should not foreclose the production of disposable packages. RWM supports the early retrieval of wastes from MSSS and the proposal for interim storage of retrieved waste and future product finishing. The risk of not being able to produce disposable packages increases as the period of storage, or period prior to disruption, increases. Consequently, RWM strongly encourages early disruption and suggests that the initial period of storage should be minimised to manage this risk.

The proposal to package MSSS wastes by retrieval into disposable skips, disruption as soon as practicable to minimise voids and take reasonable measures to exclude liquids, followed by interim storage within 3m3 boxes, and package completion by water removal and flood grouting is compatible with the requirements we see as necessary for storage, transport, handling and disposal. RWM can endorse the packaging of MSSS wastes by retrieval into disposable skips, interim storage within 3m3 boxes, and package completion by water removal and flood grouting, by issuing a Conceptual stage Letter of Compliance. 

The requirements for Interim stage are captured as 21 Action Points which will need to be addressed through a joint programme of work before the wastes are retrieved and packed into skips for interim storage. SL will need to work closely with RWM on many of these activities and maintain the good practices already established. 

These conclusions have also been presented to the RWM Nuclear Safety and Environment Committee for advice, and this report has taken account of their comments.
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