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	Periodic Review of MTR Raffinate Waste Packages 
(Periodic Review)

Summary of Assessment Report

Issue date of Assessment Report:  1 May 2015


Background

Radioactive Waste Management Limited (hereafter RWM) (formerly NDA Radioactive Waste Management Directorate) has undertaken a Periodic Review of the existing Final stage endorsements for waste packages containing the Materials Test Reactor (MTR) raffinate arising from reprocessing operations at the Dounreay site.  The waste packages are based on the immobilisation of the raffinate within a cemented wasteform in stainless steel 500 litre drums.  It is understood that the packaging of the MTR raffinate is now complete, but that further operations may be required to package the small volume of heels remaining in the relevant storage tanks.  This further operation will be the subject of a separate assessment.

The packaging of MTR raffinate has been the subject of numerous interactions between Dounreay Site Restoration Ltd (DSRL) (and its predecessor UKAEA) and RWM (and its predecessor Nirex).  These interactions culminated in endorsement through the issue of a number of Final stage Letters of Compliance (LoC) covering various tanks used for the storage of MTR raffinate.

The Periodic Review of an existing Final stage LoC, both during and after packaging plant operation but prior to availability of geological disposal, is carried-out to maintain the currency of the endorsement in light of the continued evolution of RWM safety cases and disposal system designs.  A Periodic Review also presents an opportunity for a detailed review of the status of waste package records and the ongoing management of completed waste packages.  The reader is directed to published guidance for a more complete description of the Disposability Assessment process and Periodic Review
,
.
Packaging of the MTR raffinate has now been completed and the earliest of the Final stage LoCs is more than ten years old.  Furthermore, the earlier LoCs were provided prior to the adoption of the current requirement that all endorsements should be supported by a formal Assessment of Disposability to record the basis of the endorsement.  Consequently, it has been determined that the existing endorsements should be subject to Periodic Review, both to confirm the continued validity of those endorsements and to place on record a formal Assessment of Disposability.

RWM Reference Basis for Assessment and Endorsement

Periodic Review follows the process employed for Disposability Assessment, which considers the compatibility of the proposed packages with the requirements for safe long-term management, including storage, transport, emplacement and potentially extended storage underground, and disposal.  The current reference basis for such an assessment is the documented disposal system concept and safety case for a Geological Disposal Facility (GDF) derived from the generic Disposal System Safety Case (DSSC)1.

The general requirements placed on ILW 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 MTR raffinate waste packages, the relevant WPS is that for packages based on 500 litre drums.

The RWM Disposability Assessment process provides advice on the suitability of proposals for conditioning higher activity waste in anticipation of geological disposal.  The regulators’ view is that packages conditioned in anticipation of geological disposal, and assessed under the Letter of Compliance process, will also be suitable for long-term storage in accordance with Government policy in Scotland.

Scope of the Assessment

This Periodic Review covers the packages of MTR raffinate that will remain after the return of any packages to foreign customers.  The packages were produced from 869.36m3 of MTR raffinate stored in 12 storage tanks at Dounreay, excluding a small volume of residues remaining in the tanks at the time of reporting.  The completed packages are represented in the 2013 Radioactive Waste Inventory (RWI) as waste stream 5B04/C (a small volume of unconditioned raffinate is also reported in the 2013 RWI under waste stream 5B04, recognising that processing was not complete at the reference date).

Recognising that packaging operations have now been completed, the scope of this Periodic Review may be summarised as follows: 

· review and, as necessary revision or production, of the Assessment of Disposability for the wastes in light of the evolution of the GDF design, safety assessments and associated documents, and the evolving expectations of regulators;

· review of actual plant performance against the original proposals as endorsed at Final stage to confirm that the scope of the LoCs cover the packages actually produced;

· consideration of any necessary extensions to existing endorsements, including development of an extended Assessment of Disposability;

· review of any qualifications applying to the LoCs (conditions, restrictions and caveats);

· confirmation that waste package records have been completed satisfactorily and that arrangements for the preservation of such records are in place;

· review of the condition of stored waste packages, including continuing confirmation of ongoing arrangements for monitoring of the storage environment and the condition of the waste packages;

· review of the Management System applying to the continued maintenance of the waste packages and the associated records, including review of outstanding findings from previous Technical Audits.

The ultimate intention of a Periodic Review is the re-issue of the existing Letters of Compliance to confirm that the waste packages are consistent with current expectations.  In the event that significant shortcomings are identified, this re-endorsement would remain under review and resolution of the outstanding issues (identified as Compliance Gaps in this report) would be sought through engagement.

Submitted Information

DSRL has submitted extensive documentation relating to the MTR raffinate waste packages, which can be summarised as follows:

· a compilation of relevant information and documents as an explicit submission (in this case a sign-posting letter rather than a formal submission document);

· examples of information that would contribute to waste package records;

· specific additional data and spreadsheets provided on an ad hoc basis, typically at the request of RWM in light of individual queries;

· historic documents, including previous submissions and interactions with Nirex/RWM, and supporting research and development;

· evidence of audit and management of audit actions, including management system and records documents obtained and reviewed through audits;

· Management System documents, including general documents for the site, controlling documents for the packaging process and other ancillary systems and activities;

· other documentation, including Waste Product Specifications (WPrS), Criticality Compliance Assurance Documents (CCAD) and a Radioactive Waste Management Case (RWMC).

Where appropriate, the assessment has also used previously-submitted documents, for example the development work provided in support of the original assessments of the MTR raffinate packaging proposals.

Packaging Process

Nature of the Waste

The UK has operated four significant materials testing reactors, namely DIDO and PLUTO at Harwell, the Dounreay MTR (DMTR) and HERALD at Aldermaston.  The fuel for these reactors, which was based on highly-enriched uranium, was produced and reprocessed at Dounreay; the MTR raffinate being the principal higher activity waste arising from this operation.  After extraction of the uranium, the remaining MTR Raffinate was discharged to the shielded, stainless steel High Activity Liquor Storage (HALS) Tanks at Dounreay.  The raffinate consisted of acidic, anion deficient aluminium nitrate solution containing the bulk of the fission products plus small amounts of uranium, plutonium, neptunium and mercury, the last being used a catalyst to aid the dissolution of the fuel.

The 869m3 of MTR raffinate was stored in 12 storage tanks at Dounreay.

Although relatively consistent across the total volume, the chemical and radiochemical composition of the MTR raffinate varied slightly between the individual tanks, reflecting an evolving reprocessing regime, variations in the fuel reprocessed and activities such as mixing, wash-out and concentration of the raffinate.  In processing the raffinate, further dilution with nitric acid was used to maximise the retrieval in later stages.  This more dilute material results in more dilute, acidic ‘mix’ batches of raffinate that were not uniquely associated with a single tank.

Waste Processing and Packaging

The packaging of MTR raffinate has been undertaken using the Dounreay Cementation Plant (DCP), a purpose-designed shielded plant based on the immobilisation of raffinate wastes using neutralisation followed by in-drum mixing with cement powders using a ‘lost paddle’ within 500 litre stainless steel drums.

The raffinate was pre-treated by neutralisation using sodium hydroxide, in proportion to the measured aluminium concentration and anion deficiency of each individual batch.  The neutralised raffinate was then immobilised using a cement addition with added calcium hydroxide through in-drum mixing in 500 litre stainless steel drums (the DCP drum).  The encapsulated waste was capped with an inactive grout.

The completed waste packages are now stored in either the Interim Drum Store (IDS) or DCP Store Extension (DCPSE).  These stores are temperature-controlled and ventilated, with store conditions being monitored.

Assessment Inventories and Number of Packages

Assessment inventories for the MTR raffinate waste packages have been defined based on a weighted-average of the analytical data for the individual storage tanks, enhanced using FISPIN modelling of MTR fuel undertaken by DSRL.  The average package inventory is a simple average across all packages and the maximum inventory is based on selecting the highest individual radionuclide inventory from any of the tanks.  The inventories are dominated by Sr-90, Cs-137 and Am-241, and, consequently, the heat output and dose-rates are significant.  The relatively small fissile content is dominated by residual amounts of U-235.  

A total of 4960 MTR raffinate waste packages have been identified to RWM.  Of these, it is understood that 123 packages represent material derived from the reprocessing of Belgian MTR fuel and have been returned to Belgium.  This Periodic Review covers the remaining 4837 MTR raffinate waste packages that are to be managed in the UK.  

Assessment of Disposability

Waste Package Properties and Performance

The MTR raffinate wasteforms represent examples of the homogeneous type of wasteform that would be expected to be produced by in-drum mixing with cement.  Review of the development work, process information and limited small-scale confirmatory trials has confirmed that the properties and performance of the majority of the waste packages may be anticipated to be consistent with RWM expectations.

The nature of the waste processed as ‘mix’ batches is considerably more acidic than the material used as the basis for the development work, with correspondingly lower aluminium concentrations and anion deficiency.  Consequently, it has been concluded that this material is not covered by the currently-available development work and has not previously been considered by RWM.  Consequently, the properties and performance of this fraction of the waste packages, approximately 1100 waste packages, cannot be deduced from the available development work.  This omission is considered to be a Compliance Gap.

The confirmation of the nature of the majority of the wasteforms has allowed the expected properties of the waste packages to be based on generic information available to RWM, drawing upon experimental data and modelling relating to the homogeneous type of wasteform.

The nature of the wastes and the inventories are such that bulk gas generation rates are small and do not have an adverse effect on the performance of the waste packages.

Compliance with the Transport System Design and Safety Case

The MTR raffinate waste packages are generally compliant with the transport system design and safety case as currently foreseen.  This is consistent with the moderate inventories associated with the packages and the expected quality of the cemented wasteforms.  It is anticipated that the dose-rates at 2040 would have reduced by radioactive decay to the extent that the MTR raffinate waste packages could be transported in a Standard Waste Transport Container with 285mm of shielding (SWTC-285).

The packages are not considered to present a significant criticality hazard and the packages comply with suitable generic Safe Fissile Masses (SFM) for transport.

Compliance with Engineering Design and the Operational Safety Case

The MTR raffinate waste packages are considered to be compliant with the engineering design requirements of the GDF and the operational safety case as currently foreseen.

Overall, the highest assessed doses are relatively significant and often exceed the BSOs for public or workers.  This reflects the relatively significant inventory associated with the MTR raffinate.  Notwithstanding this basic conclusion, it is recognised that the assessment methodology includes a number of conservatisms that have directly influenced the reported results.  Furthermore, it is recognised that the waste packages have been produced and therefore modifications to the packages to improve performance would not be practical.  The packages are not considered to present a significant criticality hazard and the packages comply with suitable SFMs for operations. 

Overall, it is concluded that, subject to removal of conservatisms, the MTR raffinate packages are encompassed by the bounding waste streams considered by RWM and therefore should be consistent with safe operation of a GDF.

Compliance with the Environmental Safety Case

The MTR raffinate waste packages are compliant with the generic Operational Environmental Safety Assessment (OESA) and the Post-closure Safety Assessment (PCSA).  This is consistent with the magnitude of the inventories associated with the packages and the expected quality of the cemented wasteforms.  The packages are not considered to present a significant criticality hazard and the packages comply with SFMs for post-closure.

Conclusions of Assessment of Disposability

The basis of the original endorsements that the waste packages should be disposable remains valid and robust, based on the available development work.  However, RWM has not previously assessed waste packages produced from ‘mix’ batches and the absence of an explicit justification for the properties and performance of such packages means that this fraction of the packages would not yet be endorsable.  Therefore a Compliance Gap has been identified, relating to the absence of an explicit justification for the properties and performance of waste packages produced from ‘mix’ batches of raffinate.
With the exception of the ‘mix’ batches, the packaging process has been implemented as expected and it remains the case that the properties and performance of the relevant fraction of the waste packages would be consistent with the expectations expressed in the Waste Package Specification for packages based on 500 litre drums.  A formal Assessment of Disposability has been recorded and it has been demonstrated that the relevant fraction of the waste packages are generally consistent with the assumptions of the generic Disposal System Safety Case.

Comparison with the WPS for packages based on 500 litre drums has confirmed that the MTR raffinate waste packages are generally compliant with the quantitative requirements.  Some deficiencies in the areas of waste package records and the interim storage of completed waste packages have been identified, as discussed below.

Waste Package Records and Ongoing Management Arrangements

Waste Package Records and Supporting Information

The MTR raffinate waste package records remain under development and are not currently consistent with expectations.

DSRL has not submitted a definitive methodology for the production of MTR raffinate waste packages records and it is not yet clear that the full range of information, including both package-scale records and supporting information, is recognised or defined.  It is expected that waste package records would be available at the time of a Periodic Review and therefore this omission is considered to constitute a Compliance Gap.

RWM is satisfied that much of the necessary package-scale information has been acquired for the MTR raffinate waste packages, but this information is not properly collated.  In the case of the radionuclide inventories, the methodologies to generate the information is not defined unambiguously and the inventories have not been produced.  The continuing need to collate all required information into waste package records represents a further Compliance Gap at Periodic Review.

Storage and Monitoring of Waste Packages

It is recognised that the IDS and the DCPSE are suitable locations for the ongoing interim storage of completed waste packages and that the requirements to monitor storage conditions and inspect waste packages have been accepted by DSRL.  The current issue of the DSRL strategy for storage, monitoring and inspection is recognised as an important acknowledgement of the requirements and is welcomed.

Notwithstanding the availability of the strategy, a number of issues remain to be fully addressed and further development will be necessary.  Of particular concern is the need to produce a complete regime for future inspections, building on the outline provided in the current strategy.  In order to capture these remaining issues, a Compliance Gap has been recorded.

RWM is currently not aware of any proposals to clearly link monitoring and inspection results to the package records for individual MTR raffinate waste packages.  It is accepted that such information potentially could be managed as campaign-scale records, but the current lack of clarity regarding such records means that such an approach would not yet address this challenge.

Management Systems
The Management System arrangements governing the packaging of MTR raffinate have been reviewed and the documents considered from the perspective of providing evidence of the application of the necessary controls as a component of waste package records.  The combination of the QA Programme, Quality Plan and WPrS for the packaging of MTR raffinate in DCP has provided the necessary level of control and the retention of these documents would provide evidence of the planned controls.  Lower-level documents, in particular Operating Instructions (OIs) have not been reviewed, but evidence of the control of the process has been provided through example records incorporating completed forms.

DSRL has provided evidence that suitable controls have been applied to the management of non-conformances.  The arrangements governing the ongoing storage, monitoring and inspection of completed waste packages have been provided to RWM through the relevant strategy document.  

Finally, it is concluded that the omission of formal arrangements for longer-term management of waste package records and the clear identification of the required contents of MTR raffinate waste package records are significant issues for the Periodic Review.  A further Compliance Gap has been identified to capture this issue.

Resolution of Compliance Gaps and Outstanding Qualifications

The assessment of the submitted information for MTR raffinate waste packages has identified a number of issues that currently preclude the re-issue of the Final stage endorsements.  These issues have been captured as five Compliance Gaps.  The actions required to close these gaps have been considered by RWM and eight Action Points have been identified to assist with the monitoring and timely resolution of the issues.  

The original endorsements were subject to seven explicit qualifications (conditions and exclusions).  These qualifications have been reviewed and it is concluded that all seven have been fulfilled or superseded.  In most cases this is because the wastes have now been packaged and it is therefore unnecessary to maintain a condition relating to specific details of that packaging process.

Conclusions

The Periodic Review of the existing Final stage endorsements for waste packages containing MTR raffinate has concluded that the waste packages are disposable, subject to the resolution of five Compliance Gaps.  The packaging processes largely have been implemented as expected and it remains the case that the properties and performance of the majority of the waste packages has been shown to be consistent with the expectations expressed in the Waste Package Specification for packages based on 500 litre drums.  

The review of the arrangements covering the continuing storage of the packages has identified some necessary development and the status of waste package records similarly requires development.  The identified shortcomings largely reflect issues raised previously through auditing by RWM.  These issues have been captured within the Compliance Gaps noted above.

Considering the actions necessary to resolve the Compliance Gaps, eight Action Points have been placed.  For clarity, these Action Points are considered to supersede any existing actions arising from audits and the latter have been closed.

In light of the identified Compliance Gaps, and the need to resolve the related Action Points, RWM will not re-issue the endorsements covering the MTR raffinate waste packages at this time.  Recognising the imperative for the timely resolution of issues raised in a Periodic Review, RWM would expect the Action Points to be addressed within two years of the date of issue of this Assessment Report.
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