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	Packaging of DSRL PFT Boron Carbide Neutron Absorber Roads 

(Interim stage)

Summary of Assessment Report

Issue date of Assessment Report: 9 July 2015


Background

Radioactive Waste Management Limited (hereafter RWM) has undertaken an Interim stage Disposability Assessment for the proposed waste packages containing boron carbide neutron absorber rod wastes from the Prototype Fast Reactor (PFR) at Dounreay.  The proposals are based on the packaging of size reduced boron carbide control and shut-off rods into Z6033 drums within a mild steel over-pack inside a 500 litre stainless steel drum waste container.  Each waste package would contain two control/shut-off rods.

The objectives of this Interim stage assessment of the proposed PFR absorber rod waste packages are to provide Dounreay Site Restoration Limited (DSRL) with:

· An Assessment of Disposability in accordance with the Regulators’ Joint Guidance to Industry;

· Supporting advice on the disposability of the proposed waste packages in the form of an Assessment Report;

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

The reader is directed to published guidance for a more complete description of the Disposability Assessment process.

The packaging of PFR absorber rod wastes has been the subject of a previous assessment.  This initial Conceptual stage assessment culminated in the endorsement of packages based on cement-encapsulated waste in a 3 m3 box.  The current proposals represent a change in the previously-endorsed packaging process.  Consequently, the current assessment has examined the full range of technical issues in order to place on record a revised and current Assessment of Disposability.
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 storage, transport, emplacement and potentially extended storage underground, and disposal.  The current reference basis for this assessment of disposability is the conceptual designs for a Geological Disposal Facility (GDF) derived from the generic Disposal System Safety Case (DSSC).

The general requirements placed on waste packages for disposal in a GDF are embodied in the Generic Waste Package Specification (GWPS)
.  Further requirements for particular types of waste package are embodied in the relevant Waste Package Specification (WPS).  In the case of the PFR absorber rod waste packages, the relevant specific requirements are those developed in the WPS for packages based on 500 litre drums (WPS/300/03).

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 RWM Disposability Assessment process, will also be suitable for long-term storage in accordance with Government policy in Scotland.

Scope of the assessment

The Dounreay PFR was a 600MW(Th)/250MW(e), liquid sodium cooled fast breeder reactor using fissile fuel (uranium and plutonium mixed oxide) and fertile breeder material (depleted uranium), which was operational for 20 years from 1974.  During PFR operations absorber rods containing boron carbide were used to control the reactivity of the core and have consequently become activated by the neutron irradiation they have received.

The PFR absorber rods are currently stored in the irradiated fuel cave (IFC) within the PFR.  The intention is to dismantle and size reduce the absorber assemblies within the IFC, largely using existing facilities, before packaging into the mild steel waste crate and Z6033 drum, so that they can then be packed for interim storage on the Dounreay site.
The assessment considers 46 complete PFR absorber rods with a total volume of 0.962 m³, although it is understood that only 14 of the rods are complete, the others having had their guide spike previously removed and managed via an alternative packing route for ILW.  The PFR absorber rod waste was reported as waste stream 5B356 (PFR absorber rods) in the 2010 UK Radioactive Waste Inventory but is understood by RWM that it now forms part of waste stream 5B302 (Prototype Fast Reactor ILW) in the 2013 UK Radioactive Waste inventory.

Packaging process

Nature of the waste

The waste comprises of 46 absorber rods; 29 control rods and 17 shut-off rods, generated during PFR operations.  A complete rod assembly is about 3.8 m long, 15 cm diameter and consists of three sections:

Lifting/ handling head (~655 mm long);

Absorber main body (~1565 mm long);

Guide spike (~1590 mm long).

Each rod assembly incorporates 19 pins containing boron carbide absorber material, predominantly within stainless steel cladding, with some ballast contained within the handling head.

The radiochemical source term of this waste was generated from the use of the PFR absorber rods during the reactors operational period.  The activity present is derived from two sources; activation of the PFR absorber rod assemblies and mixed oxide fuel-derived contamination (mainly Cs-137 and Sr-90) deposited from the reactor coolant.

It is noted that the reported inventory data do not include actinide or non-mobile fission product contamination, on the grounds that the only observed fuel failures are pin-holes that would allow the migration of mobile fission products but would retain the bulk fuel, including actinides.

Waste processing and packaging

The PFR absorber rods would be size-reduced to fit into the Z6033 crate and Z6033 stainless steel storage drum, which would be loaded into a 330 litre mild steel over-pack for interim storage at Dounreay.  Success criteria for the size-reduction process remain to be fully developed.

It is expected that a small amount of residual reactor coolant (metallic sodium) would be present on some components.  Water bath and steam cleaning based decontamination (washing) processes would be operated to ensure that the quantities of residual sodium on the waste for disposal would not be significant.  Success criteria for washing (and drying) remain to be developed and justified.

DSRL has indicated that swarf and fines produced by the size reduction process would be collected and contained in a can which would also be loaded into the Z6033 crate.  These proposals remain to be fully developed and justified.

The over-packed Z6033 drums are to be stored in the Dounreay Cementation Plant Store (DCPS) under the existing arrangements for that store.  Sometime before 2025, the current date for the Dounreay site to reach the interim end state, the over-packed Z6033 drum would be loaded into a stainless steel 500 litre drum waste container before being returned for long term interim storage in DCPS.  The resulting waste packages would be transported to a GDF in a RWM Standard Waste Transport Container (SWTC) under Type B arrangements.

Assessment inventory and number of packages

Best estimate and maximum radionuclide inventories of the component parts of the PFR absorber rods have been determined by activation modelling, supported by limited sampling and analysis of relevant systems to confirm the level of mobile fission product contamination.

Based on the best estimate data and the known mass of absorber rod components, the total inventory of the waste to be packaged has been derived and an average assessment inventory obtained as the simple average across all packages to be produced.  A maximum inventory has been obtained by selecting the highest activity for each radionuclide from a package containing two maximum control rods, a package containing two maximum shut-off rods or a package containing one best estimate control and one best estimate shut-off rod.

No losses of potentially gaseous radionuclides have been considered; in particular, the form and content of tritium present in the waste has not been fully determined or justified.  RWM acknowledges that the tritium inventory represents an overestimate.

DSRL state that 23 packages that will be generated by the processing of the 46 PFR boron carbide absorber rods as a result of placing two PFR absorber rods into each package.

Assessment of Disposability

Waste package properties and performance

The proposed PFR absorber rod 500 litre drum waste packages are based on common practices for packaging solid activated components; namely non-encapsulation within a suitable waste container.  In this case, containment of potential fines within the waste is addressed by the use of a multi-barrier waste package assembly.  RWM requires confirmation of the 500 litre drum design.

The various components of the waste package are well-engineered and, for the purposes of assessment, it has been assumed that the combination represents a suitable means of containing the activity under impact accident conditions.  Further substantiation of this assumed performance will be required to support endorsement at the Interim stage.

Waste package release fractions (RFs) for fire accident conditions have been derived by application of experimentally measured fire RFs for contaminated items subject to a fire of 1 hour duration.  RWM notes that such an approach introduces conservatism when considering the predominantly activated metals in PFR absorber rod wastes.

RWM considers that there would be no significant generation of bulk gas from the proposed PFR absorber rod waste packages.  Those radionuclides with potential to form radioactive gas would predominantly be present within activated PFR absorber rod waste components.  The kinetics of release of such radionuclides would be significantly curtailed by the potential release mechanisms of diffusion and corrosion of the metal wastes.

Compliance with the transport system design and safety case

The proposed waste packages have been assessed against the transport safety aspects of the WPS for 500 litre drums, and directly against the requirements of the IAEA Transport Regulations as established in the generic DSSC.

RWM has general confidence that the PFR absorber rod 500 litre drum waste packages would be compliant with the transport system design and safety case as currently foreseen provided that SWTC-285 transport packages are deployed.

Uncertainty remains regarding release of tritium under normal conditions; the form and content of tritium present in the waste has not been fully determined or justified.  RWM notes that tritium would predominantly be present within activated PFR absorber rod waste components and the kinetics of release would be significantly curtailed by the potential release mechanisms of diffusion and corrosion of the metal wastes.

Compliance with engineering design and the Operational Safety Case

The proposed waste packages have been assessed against the operational safety aspects of the WPS for 500 litre drums and directly against the requirements of the deterministic operational safety case established in the generic DSSC.

RWM considers that the PFR absorber rod 500 litre drum waste packages would be compliant with the disposal system engineering design as currently foreseen.  RWM also considers that the waste packages would be generally compliant with the disposal system Operational Safety Case as it is to be developed, including appropriate isolation and working practices.  Although uncertainty remains regarding release of tritium under fire fault conditions, RWM considers the fire Release Fraction to be conservative and is confident that that a safety case could be made in the context of fire faults.

Compliance with the Environmental Safety Case

The proposed waste packages have been assessed against the environmental safety aspects of the WPS for 500 litre drums, and directly against the requirements of the environmental safety case established in the generic DSSC.

RWM considers that the PFR absorber rod 500 litre drum waste packages are generally compliant with the disposal system environmental safety requirements as currently foreseen, as the packages are compliant with the generic Post-Closure Safety Assessment.  Uncertainty remains regarding compliance with the generic Operational Environmental Safety Assessment due to the potential release rate of tritium.  As stated above, RWM notes that tritium would predominantly be present within activated PFR absorber rod waste components and the kinetics of release would be significantly curtailed by the potential release mechanisms of diffusion and corrosion of the metal wastes.
RWM notes the presence of voidage within non-encapsulated PFR absorber rod waste packages.  RWM is currently undertaking a project to better understand the influence of voidage on post-closure performance, but maintaining the capability to infill waste packages to reduce voidage is required and will be captured through the addition of a Qualification (in the form of a Caveat) to any Final stage LoC endorsement.

Status of Management System and data recording

RWM understands that a specific Management System would be developed for the PFR absorber rod waste packages.  A draft Waste Product Specification (WPrS) has been prepared by DSRL to identify key parameters for product quality and it is clear that a record of conformance with the WPrS is included in the proposed waste package record.  The WPrS outlines the related Management System documents, many of which are yet to be produced.  RWM is generally satisfied with the current state of development of the Management System, recognising that it would be further developed in support of Final stage proposals.

RWM does however note that the WPrS includes only preliminary information regarding the completed 500 litre drum waste package.  As such, the current WPrS does not define the ‘as-designed’ waste package sufficiently to meet RWM requirements at Interim stage.

Draft Criticality Compliance Assurance Documentation (CCAD) for PFR absorber rod waste packages has been provided by DRSL and is in line with RWM requirements.  PFR absorber rods are of no consequence in terms of criticality safety.

A draft Data Recording Methodology for PFR absorber rod waste packages has been provided by DSRL.  Overall, RWM anticipates that the proposed waste package radionuclide inventory and wasteform components data assignment systems are likely to meet RWM requirements.  RWM does however require definition of a consistent and complete specification for PFR absorber rod 500 litre drum waste package records in support of Interim stage endorsement.  As part of this, RWM requires evidence of the safeguards status of PFR absorber rod waste packages, including potential termination of reporting.  In addition, RWM requires definition of a strategy/implementation plan for management (including maintenance) of PFR absorber rod 500 litre drum waste package records.

Conclusions of Assessment of Disposability

The proposed PFR absorber rod waste packages have been found to be potentially consistent with the expectations, requirements and assumptions of the existing DSSC.  However, the proposals are currently not sufficiently well-developed to support formal endorsement at the Interim stage.  As a result, eight Compliance Gaps have been identified, covering the following issues:

Waste inventory, a more realistic description of the form and content of tritium in the PFR absorber rod waste.

Wasteform production, clarification of the packing process for any particulate/swarf and definition of success criteria for size reduction and washing (including dryness).

Container design, knowledge of material and design for any cans and container furniture and confirmation of the 500 litre drum design, including internal guides/supports.

Waste package impact performance, explicit demonstration of the impact accident performance of the proposed PFR absorber rod waste package.

Production of waste package records, definition of a consistent and complete specification for PFR absorber rod 500 litre drum waste package records.

Management of information, definition of a strategy/implementation plan for management (including maintenance) of PFR absorber rod 500 litre drum waste package records.

Waste Product Specification, a WPrS for PFR absorber rod 500 litre drum waste packages in line with WPS/620.

Waste package safeguards status, evidence of safeguards status of PFR absorber rod waste packages, including potential termination of reporting.
The current status of the remainder of the arrangements for controlling the production of waste packages and the associated waste package records are satisfactory.

Notwithstanding the identification of these Interim stage Compliance Gaps and recognising that the proposals have been revised since previous Conceptual stage assessments were reported, the current Assessment of Disposability is considered to support the endorsement of the currently-proposed packages at Conceptual stage.

Requirements for further work

As noted above eight Interim stage Compliance Gaps have been identified.  Consequently, the assessment has identified eight Action Points to be resolved to address the issues captured as these Compliance Gaps at the Interim stage.

To facilitate progression to Final stage endorsement, two Final stage Action Points have also been identified.
Conclusions

An Interim stage Disposability Assessment has been undertaken for the proposed waste packages containing PFR boron carbide neutron absorber rod wastes from Dounreay, based on consideration of the consistency of the proposed packages with RWM requirements for safe long-term management.  It is concluded that the proposed waste packages are not yet consistent with RWM requirements and therefore the packages are not endorsed at the Interim stage.

Based on the Assessment of Disposability, it has been concluded that the packages can be endorsed at the Conceptual stage through the issue of a Letter of Compliance.
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