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Introduction

Research Sites Restoration Limited (RSRL) has sought interim stage endorsement of proposals for the packaging of Intermediate Level Wastes (ILW) produced from the decommissioning of the BEPO reactor into 6 cubic metre (6m3) concrete boxes at Harwell.

This Assessment Report provides the basis and findings of the interim stage disposability assessment by Radioactive Waste Management Limited (hereafter RWM) for packages of BEPO reactor decommissioning ILW.  The assessment has been carried out through the Disposability Assessment process, whereby RWM examines the disposability of proposed waste packages by assessment against relevant waste package standards and specifications and the illustrative geological disposal concepts for LLW/ILW.  The illustrative geological disposal concepts for LLW/ILW have been developed as part of the programme to implement geological disposal for the UK’s higher activity wastes.  Further information on the Disposability Assessment process is available elsewhere
.

Background

RWM (formerly NDA Radioactive Waste Management Directorate) has undertaken a Conceptual stage Disposability Assessment for the proposals by RSRL for the packaging of ILW arising from BEPO reactor decommissioning at the Harwell site.

The objectives of this conceptual stage assessment of proposals for packages of ILW arising from BEPO decommissioning are to provide RSRL with;

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

· Supporting advice on disposability of ILW arising from BEPO reactor decommissioning to RSRL in the form of an Assessment Report,

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

The British Experimental Pile ‘0’ (BEPO) was the second UK reactor (following on from the GLEEP reactor) and was based at Harwell.  BEPO was commissioned in 1948 and was used primarily for the production of radio-isotopes, general irradiations, chemical engineering experiments and as a source of neutrons for nuclear measurements.

The reactor used a graphite moderator and was fuelled by natural or low enriched uranium, which generated a significant amount of heat, cooled by air drawn through the system.  BEPO was used to demonstrate that commercial power reactors could be viable and was a forerunner of the Windscale Piles, and both reactors utilised the same natural uranium fuel.  

BEPO was closed in 1968 and immediately taken to Stage One decommissioning, which included the removal of the fuel and non-fixed items and the welding of the control and shut-off rods into the core of the reactor.  BEPO has subsequently been taken to Stage Two decommissioning and is currently under care and maintenance.  Further decommissioning of the reactor is scheduled to commence in 2015, with the generation of the first Intermediate Level Waste (ILW) packages in 2021. RSRL anticipates that all ILW on the Harwell site will be packaged for disposal by 2032.

The current submission encompasses all of the ILW that will be generated from the final stage of decommissioning of the BEPO reactor, which consists primarily of:

· Graphite

· Stainless and mild steel

· Boron carbide

· Cadmium

RWM Reference Basis for Assessment and Endorsement
The Disposability Assessment process considers the compatibility of the proposed packages with the requirements for safe long-term management, including interim storage at the site of arising, transport, emplacement and potentially extended storage underground, and disposal. The current reference basis for such an assessment is the documented disposal system concept and safety case for a 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 BEPO waste packages, the relevant WPS is that for packages based on the 6m3 concrete box (WPS/360/01). 

Scope of the Assessment

The waste addressed by this proposal constitutes waste stream 5C302 BEPO Research Reactor ILW in the 2013 UK Radioactive Waste Inventory (UKRWI). 

Packaging Process

Nature of the Waste

The total volume of raw waste material is given as 339.22m3, which equates to 123 off 6m3 concrete boxes. The ILW arising from decommissioning of the BEPO reactor is all solid waste consisting of graphite, mild and stainless steels, cadmium and boron carbide. There is expected to be zero fissile material within the waste.

Waste Processing and Packaging

RSRL proposes to carry out the decommissioning process so that three waste types are packaged separately; graphite, metals and neutron absorber packages will be produced. Any heavy or large components will be size-reduced for removal and packaging but there is currently no process identified for the packaging of the particulate material (fines) produced by these size-reduction activities.

The 6m3 concrete box has dimensions 2438 by 2210mm on plan by 2200mm height. It comprises a reinforced concrete box with 8mm thick mild steel collars top and bottom. The collars provide additional protection to the corners and incorporate the twistlock lifting features. The lid is cast after grouting the contents in place. The design of the 6m3 concrete box was intended for use in packaging activated metals and transport of Low Specific Activity wastes as Industrial Packages. 

The package has 240mm thick walls for shielding and a payload volume of 5.76m3. Two variant options are available: normal or high density, where the option applies to both the concrete used for the container, and the waste encapsulating grout. The normal density option is proposed for packaging these solid wastes.

Following waste retrieval and size reduction processes, other waste packaging steps are outlined below:

· The BEPO reactors arisings would be loaded into interim storage containers for assaying and data recording.

· Waste would be transferred to 6m3 concrete box and would be subject to dose rate assaying with specific measures taken to limit hazardous materials content.

· The loaded 6m3 concrete box would be filled with grout and allowed to cure.

· Once the grouted waste has been allowed to cure, a concrete lid would be cast onto the box. 

· The resulting waste package would be radiologically surveyed prior to transfer to the interim store.

Waste shown not to fit within the radionuclide inventory envelope allowed by the Waste Product Specification for BEPO decommissioning waste in 6m3 concrete boxes would be diverted for disposal via an alternative packaging route (currently stated to be in 500 litre drums). This is not considered within this assessment. 

The grout formulation and envelope to be used for encapsulation of the BEPO decommissioning ILW is yet to be defined (currently expected to be 3:1 PFA:OPC, w/s 0.42), and RWM expects that a suitable grout can be developed. 

The waste packages containing BEPO decommissioning wastes are expected to be stored at the ILW Interim Storage Facility on the Harwell site. This should be ready to receive wastes from 2017. These wastes will be stored at this facility until geological disposal becomes available.

Assessment Inventory and Number of Packages

To assess the disposability of the proposed packages, it is necessary to define waste package inventories that capture the potential range and variability of the package contents.

Assessment inventories for the proposed packages have been generated based on the information provided in the submission.  There is some uncertainty regarding the nature and quantity of the wastes:

· differences have been noted by RWM between the quantities quoted in the UKRWI and the submission and,

· the absence of fissile contamination in a limited number of components is not well supported.  

This can be resolved during the packaging process, leading to requirements on the assay system and quality management system to identify wastes to be diverted to an alternative waste packaging route.

A total of 123 waste packages are expected to be produced from the packaging of this waste; 117 packages containing graphite ILW, 5 packages containing metallic ILW and 1 package containing neutron absorbers.

Assessment of Disposability

Waste Package Properties and Performance

The 6m3 concrete box design is considered likely to meet RWM requirements, but there is some uncertainty regarding the details of the design and manufacture. After lapsing for some years, Design Authority for the package was assigned to Dounreay Site Restoration Limited (DSRL) in September 2013. Aspects of the container are currently subject to re-design, so given the absence of some container details, a full assessment of the developed package has not been possible. The submission provides sufficiently detailed design information to allow a suitably thorough consideration of the expected properties and performance of the waste packages at the Conceptual stage.  Nevertheless, further details will be required at Interim stage to substantiate the initial conclusions.

Based on the expected surface area to volume ratio of the metal waste, the long-term performance of the wasteform is not expected to be affected by expansive corrosion of the metal waste and impact release fractions have been generated based on that expectation. 

As identified in the submission, there is potential for stored ‘Wigner’ energy within the graphite wastes and a process for removal of Wigner energy has been proposed. Further information on the Wigner energy profile of the graphite may show that annealing is not required. More information is required to enable a full assessment prior to Interim stage endorsement.

Compatibility with Specifications

At the Conceptual stage it is necessary to demonstrate the compliance of the proposed packages with the relevant Generic Specification. This assessment indicates that the packages comply with the requirements of the Generic Specification for Low Heat-generating Wastes, and are expected to meet the specific Waste Package Specification for the 6 m3 concrete box (WPS/360/01). However, further information will be required in future on a number of these requirements, in particular: external dose rate; surface contamination; lifting features; package integrity; stackability; quality management; and waste package data and information recording. 

RWM believes that the proposed packages could be compliant with the IAEA Transport Regulations limits placed upon the radionuclide content, specific activity, homogeneity, dose rates, pressurisation under normal conditions of transport, fissile content, dangerous materials and surface contamination, to allow their transport as Low Specific Activity (LSA) wastes.

This confidence is acceptable for Conceptual stage; however the following issues have been noted to require more information at Interim stage:

· Support of capability to meet conditions for LSA-II. 

· Compliance with transport stacking requirements.
· Consideration of tritium migration and support of compliance with surface contamination limits. 

· Intention to demonstrate compliance for fissile exclusion (<0.25g) or exception (<45g for exclusive use). RWM advises demonstration of compliance with fissile exception due to the inherent difficulties with demonstrating such a low fissile content to confirm compliance for fissile exclusion.

Compliance with the Operational Safety Case

A preliminary assessment of operational safety indicates that protected doses from impact fault conditions would be within the most restrictive Basic Safety Levels (BSLs) and would be close to or less than the Basic Safety Objective (BSO) for workers and public. For a sustained fire indoors affecting multiple packages the estimated protected dose to a member of the public is marginally above the most restrictive BSL of 1mSv. However, given the conservatisms in the generation of the bounding inventory, the RFs used and availability of Cl-36 release in a gaseous form, it is considered that all public doses could be reduced to well below the most stringent BSL of 1mSv. 

These preliminary results provide confidence in the acceptability of the proposed waste packages in terms of operational safety.

Compliance with the Environmental Safety Case

The potential significance of the proposed packages has been assessed by comparison with the baseline total inventory of waste to be disposed of as Shielded ILW.  It is concluded that the use of the 6m3 concrete box for BEPO decommissioning ILW would be consistent with meeting the GDF post-closure requirements as currently foreseen by RWM.  It is noted that, due to their potential to affect radionuclide migration in the disposal environment, RSRL need to work with the Design Authority (DSRL) and RWM to agree the requirements for any superplasticiser(s) to be used in the concrete for fabricating the 6m3 boxes and in the grout for encapsulating the wastes.

The heat outputs of the proposed waste packages are well below the heat limits specified by RWM.  The anticipated gas generation rates are similarly low.

Overall, these preliminary results provide confidence in the acceptability of the proposed waste packages in terms of the Environmental Safety Case.

Status of Management System and Data Recording
The submission contains the commitment to provide a Waste Product Specification (WPrS) and Criticality Compliance Assurance Documentation (CCAD) at Interim stage and to develop and deploy a waste package data recording system that is compliant with the requirements of WPS/400. 

As with the waste package records, RSRL has provided an assurance to implement information management arrangements that meet the requirements of WPS/200. In addition, RSRL have committed to the production of the Waste Product Specification according to the relevant WPS/620/02. 

The positive outcomes from the audits conducted by RWM at the sites managed by RSRL give confidence that RSRL can fulfil their commitment to develop a records management strategy and provide the required documents for Interim stage. The requirement for RSRL to facilitate an audit of the BEPO project quality management system (to be carried out by RWM) is identified.

The submission makes the assurance to comply with the Waste Package Specification for the 6m3 concrete box. This assurance provides sufficient confidence at Conceptual stage.

Requirements for Further Work

No outstanding Conceptual stage issues have been identified. 

The assessment has identified 18 Interim stage Action Points that need to be resolved to progress the endorsement of packages to the Interim assessment stage. 

Conclusions of Assessment of Disposability

The proposed encapsulation of BEPO decommissioning ILW within 6m3 concrete boxes has been assessed. Based on the conclusions of the Assessment of Disposability, it has been concluded that the proposed packages containing BEPO decommissioning ILW within 6m3 concrete boxes should be endorsed at the Conceptual stage through the issue of a Letter of Compliance. Further evidence is required to support an Interim stage LoC, particularly with respect to the Wigner energy profile of the graphite, transport system compliance and box manufacture.

This assessment report has been prepared by RWM to highlight the additional information required in an Interim submission from RSRL for the packaging of BEPO decommissioning ILW. The principal issues have been identified and 18 Action Points have been generated for resolution at the interim assessment stage. As the potential requirement for annealing of the graphite will inform the construction of the plant, RWM advise that this is resolved as early as possible to ensure that the most accurate information is available for construction of the plant.

� NDA, Geological Disposal – An overview of the RWM Disposability Assessment Process, NDA Document WPS/650, April 2014.


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