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	Packaging Sludge with Miscellaneous Beta Gamma Waste at the Box Encapsulation Plant (Conceptual Stage) 
Summary of Assessment Report

Issue date of Assessment Report: 13 June 2016


Background
Radioactive Waste Management Limited (hereafter RWM) has undertaken a Conceptual stage disposability assessment for the proposals by Sellafield Ltd (SL) for the co-packaging of sludge with Miscellaneous Beta Gamma Waste (MBGW) at the Box Encapsulation Plant (BEP).

In 2012 SL requested that RWM undertake a Conceptual stage disposability assessment of the proposals for packaging of various solid MBGW streams at BEP at Sellafield, which included the discrete encapsulation and packaging of sludges which have become separated from the solid wastes.  This waste consisted of MBGW from the Magnox Swarf Storage Silos (MSSS), the First Generation Magnox Storage Ponds (FGMSP), the Pile Fuel Storage Pond (PFSP), the Solid Waste Storage Cells (SWSC) and any entrained sludge associated with these wastes.

The assessment of these proposals resulted in Conceptual stage endorsement for the packaging of many of the proposed wastes, and definition of a series of Action Points for SL to address in taking the project forward.  Some wastes were specifically excluded from this endorsement with additional work required to justify their disposability at Conceptual stage.  The exclusions related to the Zeolite skips, Ionsiv cartridges, particulate wastes from SWSC if processed at the SWSC, oxide fuel reprocessing wastes from MSSS Compartment 11 and all carbon-14 bearing aluminium nitride isotope cartridges.  The endorsement also included the condition that wastes of different plant origin will not inter-mixed in BEP until it is demonstrated that disposable packages and suitable package records can be created.

A subsequent assessment to extend the envelope of wastes to be packaged at BEP did not endorse the packaging of uncemented Uranium fuel Bit bins (U-bits) and Tokai Mura End Crops (TMECs) at Conceptual stage and two additional Conceptual stage Action Points were created. 

In 2013, RWM carried out an assessment of packaging options for a range of isotope cartridges from legacy ponds; this included ordinary portland cement (OPC) grout, magnesium phosphate cement (MPC) grout and polymer encapsulation options.  This resulted in a Conceptual stage endorsement of SL’s proposals to encapsulate these wastes with OPC grout or MPC grout, although there were some exclusions and two new Action Points were raised.

SL has now submitted an addendum to their original BEP packaging proposals, which includes details of a revision as to how they intend to manage any sludge associated with the retrieved MBGW.  Rather than producing waste packages containing only sludge as previously proposed, SL is now proposing to wash off sludge adhered to solid MBGW items, allow the sludge to settle in the base of a liner, remove liquid and then load solid MBGW on top of the settled sludge prior to introduction of a cement grout.  

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 geological disposal.  The current reference basis for this assessment of disposability is the conceptual designs for a Geological Disposal Facility (GDF) and associated transport system included within the 2010 generic Disposal System Safety Case (DSSC).  Further information on the Disposability Assessment process is available elsewhere
.

Scope of the Assessment

The 2013 UK Radioactive Waste Inventory identifiers for the waste streams considered in this assessment are 2D08, 2D09, 2D11, 2D12, 2D21, 2D25, 2D45, 2D73, 2D74, 2D95.1, 2D95.2, 2D96.1, 2D96.2, 2D96.4 and 2F31.

The objective of this Conceptual stage disposability assessment, carried out on the revised packaging proposal for sludge, is to determine if the incorporation of the sludge impacts on the findings of previous assessments of BEP waste packages.  In addition, any technical issues that SL would need to address at Interim stage were identified.  The assessment covered the full scope of wastes proposed for packaging in BEP.

Overall, the assessment focussed on identifying any new issues associated with the packaging of the sludge in this revised arrangement, noting that the status of previously raised Action Points would not change and the responses to the Action Points would need to take into account the revised BEP packaging process.  It is also noted that the previous ‘Qualifications of Endorsement’ included in the Conceptual stage Letter of Compliance (LoC) would remain and would not be reconsidered in this assessment.  

The RWM Nuclear Safety and Environment Committee (NSEC) was also requested to provide advice on the findings of the disposability assessment and the intention to provide Conceptual stage endorsement.  

Packaging Process

Nature of the Waste

The MBGW considered within the assessment comprises a wide range of materials, from particulates, sludge, and organic materials through to large volumes of contaminated steel items.  The fuel ponds also contain some specific items, such as skips housing Zeolite ion-exchange material (Zeolite skips) and ion-exchange cartridges used to cleanup pond water (Ionsiv cartridges).  Some waste streams contain irradiated uranium metal fuel, some of which were cemented for pond storage and have subsequently degraded, and irradiated oxide fuel materials.

The sludge originating from MSSS and FGMSP will comprise largely inorganic material resulting from corrosion of Magnox fuel cladding.  The PFSP sludge is considered to contain a significant organic component, originating from windblown debris, bird carcasses, bird guano and algal blooms.  As a result, the sludge from MSSS and FGMSP is likely to be more cohesive whereas the sludge from PFSP will be more mobile. 

Waste Processing and Packaging

Wastes would be transferred to the BEP Waste Treatment Cell in skips, in some cases with cover water, loaded in shielded flasks.  The Waste Treatment Cell includes buffer storage for skips on receipt.  The skips recovered from the ponds would be loaded to liners and will form part of the waste package.  The skips used for waste transfer from MSSS, the Silo Emptying Plant (SEP) skips, would be reusable and would not form part of the waste package.  Instead, the waste would be unloaded from the skips and transferred to liners.  

Following receipt of skips at BEP, cover water and any suspended sludge would be transferred into a liner termed the settling liner located at one end of the Waste Handling Table.  Once full, material collected in the settling liner would be allowed to settle for a period of time, allowing particulates to accumulate at the base of the liner.  Solid MBGW would then be loaded on top of the settled bed of sludge.  The sludge bed would have a volume of up to 160 litres.  

Once the liners are loaded, an Anti-Flotation Plate (AFP) would be fitted, as required.  The BEP encapsulation grout (5:1 Ground Granulated Blast Furnace Slag / CEM I with water to solids ratio (w/s) of 0.45-0.5) would then be pumped to the liner via a delivery tube located to the centre top of the waste.  Essentially, the BEP package wasteform would comprise cement encapsulated solid MBGW and associated sludge either present in the base of the liner or fully immobilised within the grout.  The grouted liner would then be moved to a curing station where it would cure over a 24 hour period.  At this point the encapsulated liner would be returned to the grouting station to receive capping grout applied to the top of the wasteform.

The liner would then be loaded to a box, and the box lidded and surface monitored.  The liner would sit on feet engineered to the corners of the box base, to create a space between the box base and the liner.  The interspace between the liner and the box would be empty during interim storage at site, but would be filled with a grout before export from the Sellafield site.

All of the wastes received at BEP would be packaged in stainless steel 3m3 boxes.  This would comprise of a single skinned box, utilising a free-standing liner to contain the waste and form an annular package design.  The proposed container meets RWM’s requirements for the transport and disposal systems.

The packages will be stored in the BEP Product Store until they are exported to a GDF via a package finishing facility to complete the annulus.  It is noted that SL is currently developing a condition monitoring and inspection strategy for both waste packages and the store environment, which will be provided in support of the future Interim stage assessment. 

Assessment Inventory and Number of Packages

In order to derive an assessment inventory for the revised packaging arrangement for co-packaging sludge with MBGW, a ‘worst case’ scenario’ MBGW was selected from the 12 different MBGW inventories derived for two previous Conceptual stage assessments (Legacy MBGW and uncemented U-bits and uncemented TMECs from FGMSP.  As a result, the average and maximum radionuclide assessment inventories were derived based on the solid MBGW inventory for the uncemented U-bits and uncemented TMECs (noting that packaging of these wastes has not been endorsed at Conceptual stage), combined with 160 litres of sludge.

The number of waste packages to be produced from the packaging of this waste at BEP is estimated to be around 3000 3m3 boxes in total.  It is noted that the revised packaging arrangement is not expected to significantly change the number of waste packages to be produced by BEP.

Assessment of Disposability

Waste Package Properties and Performance

The wasteform characteristic of most relevance to the assessment of the revised proposal was expected to be the distribution and form of the sludge within the BEP waste package after cement encapsulation.  

Initial trials showed that there could be some disruption of high solids loading sludge beds to produce dispersed lumps of sludge within the grout that would solidify as a result of the surrounding grout absorbing water from the sludge.  In contrast, low solids content sludge dispersed and mixed into the grout.  Although some particulate material may migrate to the top of the wasteform, this is expected to be immobilised by the use of a capping grout.  Dependent on the water content of the sludge or the presence of residual water in the base of the liners after removing cover water from the liner, the formation of ‘Bleed’ water on the surface of wasteform was also noted.  Again, this is expected to be removed by the addition of capping grout. 

Further trials demonstrated that sludge from MSSS and FGMSP is likely to be cohesive and remain in the base of the liner whereas PFSP sludge may be displaced and float to the surface of the grout, although this is expected to be immobilised by the grout and cap.  It is also likely that a layer of MBGW would, if anything, inhibit transport of ‘lumps’ of cohesive sludge to the top of the liner and be unlikely to have much effect on the less viscous PFSP sludge.  

Therefore, RWM concluded that the sludge would either remain in the base of the liner, or would be mixed within the grout and therefore immobilised.  Noting that there is a continuing need for research and development to underpin sludge incorporation within the grout to support the Interim stage assessment.

RWM assessed that evolution of the wasteform is unlikely to have any significant detrimental effect on wasteform properties, noting that the overall dimensional stability of the wasteform will predominantly be affected by the corrosion behaviour of the MBGW.  As the sludge already comprises largely of corrosion products and RWM considers that the sludge concentrations in the wasteform are likely be very low, especially if the sludge is well distributed, it is expected that the sludge will have a minimal effect on dimensional stability.  Although, considered appropriate for this Conceptual stage assessment, the assumptions regarding wasteform evolution will need to be underpinned by the research and development work to support the Interim stage assessment.        

The radiation tolerance of the MBGW and sludge will vary between packages, depending on the nature of the waste and the dose rates in the package.  Quantities of organic materials likely to arise in the sludge are expected to be low and therefore not present a significant concern in relation to the generation of degradation products or radiolytic gas generation.  It is also noted that waste degradation products are expected to be retained within the cement matrix.

Due to the sludge comprising largely of corrosion products, it is not expected to produce significant additional levels of gas due to further corrosion.  

Overall, it is considered that the sludge is not expected to significantly change the gas generation rates from packaged MBGW.  It should be noted that unacceptably high rates of bulk gas and radioactive gases were assessed to arise from BEP packages containing uncemented U-bits and TMECs, however, these wastes will remain excluded from the Conceptual stage endorsement for the revised BEP process.  

RWM concluded that the original assessments and associated impact fault release fractions (RFs) should still be relevant to this new sludge packaging proposal.  This is based on the sludge being successfully mixed with grout or protected by multiple barriers as a layer at the base of the liner, or where any surface particulates are encapsulated by capping grout.  As a result, RWM considered that the impact accident performance should be similar to that assessed for the packages arising from the original sludge treatment and packaging process.  However, uncertainty associated with the RF values used in this assessment has been recognised, noting that SL needs to work with RWM to provide underpinned RF values to support the Interim stage assessment. 

The fire fault assessment concluded that the revised wasteform would experience similar temperatures to that predicted for the original sludge packaging process wasteform, due to the protection afforded by the grout filled interspace and capping grout, and radionuclide releases would be expected to be low.  There are uncertainties in how to provide fire fault release fractions for this sludge, since R&D is available for magnesium hydroxide sludge mixed with grout, but not solidified sludge or partially grouted sludge.  As a result, SL will need to work with RWM to provide fire fault RF values to support the Interim stage assessment, justified through suitable research and development or other methods that takes into account the revised packaging arrangement.  At this stage RWM has assumed that sludge will solidify during storage, and will have similar fire performance to cemented sludge, noting that the wasteform temperature will be limited in a fire fault by the annulus between the box and the liner.  SL will need to demonstrate that sludge will solidify during storage, through appropriate research and development.   

Compliance with the Transport System Design and Safety Case

RWM concludes that the revised sludge packaging process does not significantly change the findings of the previous Conceptual stage assessment for the BEP waste packages and therefore these wastes are expected to be suitable for transport in a Standard Waste Transport Container.  As a result, the revised packaging arrangement is considered to meet RWMs requirements for Conceptual stage endorsement, although SL will need to provide estimates of gas production rates for bulk gases and radioactive gases, taking into account the revised packaging arrangement. 

Compliance with Engineering Design and the Operational Safety Case

The assessment concluded that mixing the sludge with the cemented and uncemented fuel waste streams (the proposed BEP waste streams with the highest activity) makes very little difference to radiological parameters such as dose rate, heat generation and fissile material content.  With respect to development of a criticality safety assessment, in addition to the fissile material content a safety assessment will need to give consideration to materials that could act as neutron moderators, such as polyethylene, graphite, beryllium, water, and grout.  The overall composition of the BEP wasteforms is little affected by these proposals, and even if the water content is increased, criticality safety assessments typically assume water moderation.

The assessment concluded that the proposal to mix sludge with the packages of solid MBGW does not change the previous assessments of operational safety (e.g. against the thresholds for deterministic risks), on the assumption that the findings of the Conceptual stage impact and fire fault assessments are not significantly challenged.  

On this basis, RWM is confident that it should be possible for BEP waste packages to be handled and stored safely within a GDF.  It is noted that this will need to be confirmed as part of the Interim stage assessment.  To support this, SL will need to provide appropriately justified impact and fire Release Fraction (RF) values. 

Compliance with the Environmental Safety Case

The assessment did not identify any major issues associated with the revised sludge packaging proposal, noting that the most significant radionuclide inventories were expected to be associated with the MBGW, rather than with the MBGW sludge carryover.  

Status of Management System and Data Recording
RWM consider that the proposal shows SL’s intent to meet the RWM Management System requirements at Conceptual stage.  However, at Interim stage, evidence is required to demonstrate that the research, development and design are being carried out under an appropriate Management System that takes into account the revised packaging arrangement for sludge.

RWM consider that the data recording strategy proposed by SL has demonstrated the necessary commitment at Conceptual stage and that appropriate arrangements for data recording can be developed that would encompass MBGW co-packaged with sludge.  Although, it is recognised that details presented in the strategy do provide some evidence of how SL intends to produce package records for the revised packaging arrangement, RWM will require further documented evidence for Interim stage endorsement.  It is advised that the documentation that would comprise the package record and the controlling documentation (Criticality Compliance Assurance Documentation (CCAD) and Waste Product Specification (WPrS)) are updated to clearly demonstrate that the data recording arrangements account for both the solid MBGW and the sludge.

Conclusions of Assessment of Disposability

A number of issues have been identified specifically relating to the immobilisation of the sludge within the wasteform and the implications for the impact and fire accident performance of the waste package.  As a result, the assessment has identified a number of areas requiring further development work or finalisation of the packaging process which has resulted in five new Action Points being raised that should be addressed for the Interim stage.  

Conclusions

On the basis of this assessment, including advice from NSEC, it has been concluded that the revised process for co-packaging separated sludge with MBGW in BEP can be endorsed at Conceptual stage.  The endorsement would be provided by updating the existing cLoC for BEP waste packages to reflect the change to the proposals for packaging the sludge, noting that the cLoC would retain any existing conditions and exclusions. 

As a result, the updated cLoC for BEP wastes would be issued with an exclusion that relates to the Zeolite skips, Ionsiv cartridges, particulate waste from SWSC if processed at the SWSC, wastes from MSSS Compartment 11, all aluminium nitride C-14 isotope cartridges and the uncemented U-bits and TMECs (which have not been endorsed).  The updated cLoC would also include the additional exclusion of MSSS void space waste since this waste has not been assessed in the Conceptual stage assessments and will need to be assessed by RWM at Interim stage.  The updated endorsement would also include the existing condition that wastes (sludge and MBGW) from different origins will not be inter-mixed in BEP until it is shown that disposable packages and suitable package records would be created. 

Overall, it is noted that SL will need to take into account the presence of the sludge in the revised packaging arrangement when addressing the Action Points raised by the previous Conceptual stage assessments.

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