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Introduction

Radioactive Waste Management Limited (RWM) provides advice on the compatibility of proposals for the packaging of higher activity waste with the requirements for geological disposal.  Magnox Limited, hereafter referred to as Magnox, has sought Interim stage Letter of Compliance (LoC) endorsement of proposals for the packaging of Caesium Recovery Plant (CRP) Ion Exchange (IEX) material from the Berkeley Decommissioning Site in unvented Type VI (GNS Yellow Box IP-2)
 Ductile Cast Iron Containers (DCICs).

This Assessment Report provides the basis and findings of the Interim stage disposability assessment undertaken by RWM (formerly Nuclear Decommissioning Authority Radioactive Waste Management Directorate) for packages containing Berkeley CRP IEX material.

Background

In 2009, Magnox submitted Conceptual stage proposals for the packaging of a wide range of Magnox Care and Maintenance Preparation (CMP) Intermediate Level Wastes (ILW) in unvented Type II (MOSAIK II-15 casks) and Type VI (GNS Yellow Box) DCICs.  RWM assessed the disposability of the proposed packages and issued a Conceptual stage Letter of Compliance (LoC)
 and associated Assessment Report.  The Assessment Report identified those waste streams covered by the Conceptual stage endorsement, including CRP IEX materials from Berkeley, and identified a number of information and development needs for resolution prior to Interim stage endorsement.

Magnox subsequently provided waste-specific Interim stage submissions for various waste streams utilising DCICs.  RWM assessed the proposals and concluded that further waste package property information was required to allow full assessment.  Therefore, packaging advice was provided to Magnox in the form of ‘curtailed’ Assessment Reports.  The curtailed Assessment Reports identified compliance gaps, and information or development needs in the form of Action Points, which precluded endorsement of the proposals at that time.  Where appropriate, common issues were identified that were applicable to all Interim stage proposals for packaging Magnox CMP ILW in DCICs.

It was agreed that the common issues would be managed and resolved as a series of specific interactions linked to, but separate from, the continuing waste-specific Disposability Assessments.  This series of interactions is ongoing and needs to be concluded for the relevant waste streams before further endorsement.

The Conceptual stage assessment also identified the need for changes to be made to the generic geological disposal system to allow DCICs to be accommodated.  RWM evaluation and implementation of the necessary disposal system change for inclusion of Type II and Type VI DCICs into the generic disposal system, including development of Level 3 Waste Package Specifications (WPSs), remains ongoing.

This Assessment Report has been prepared to capture the status of the Interim stage disposability assessment for Type VI DCICs containing CRP IEX material from Berkeley and to identify key outstanding information and development requirements that would require resolution prior to Final stage endorsement of these packaging proposals.

Scope of Assessment

The objective of this Interim stage assessment of proposals for packages of CRP IEX material from Berkeley is to provide Magnox with advice on disposability in accordance with the Joint Regulators’ Guidance to Industry.

Further information on the disposability assessment process, which can result in endorsement via issue of a Letter of Compliance, is available elsewhere
.

The assessment is applicable to dried Berkeley CRP IEX material, packaged directly into unvented Type VI (GNS Yellow Box IP-2) DCICs for storage and future transport as Type IP‑2 packages.

As far as is possible in advance of the implementation of the necessary change to the generic disposal system, consideration has been given to the compatibility of the proposed packages with the requirements for safe long-term management, including storage, transport, emplacement underground and disposal.  RWM has considered design implications for the geological disposal system and identified disposal of Type II and Type VI DCICs in a dedicated vault, stacked up to 5-high, as the currently preferred option.

This Assessment Report also addresses compatibility of the proposed waste packages with the currently-envisaged requirements of a Level 3 WPS for Type VI DCICs.  An essential component of this includes consideration of the effects of interim on-site storage of the waste packages at Berkeley.

The Type VI (GNS Yellow Box IP-2) DCIC waste package is classed as a Type IP-2 transport package under the IAEA Transport Regulations.  It is proposed the DCICs (potentially within thermal protection) would be transported to a geological disposal facility within a transport overpack, the current design of which is known as an Open-all Container.  The Open-all Containers are based on standard 20-foot ISO freight containers, with ISO twistlock pockets for lifting.

Access to the underground disposal area would be via a shaft or inclined drift, depending upon the host geology.  The transport overpacks containing DCICs would be routed to a Shielded ILW package reception area for potential temporary storage.  The transport overpacks would be lifted using the reception area crane and transferred to the disposal vault using a dedicated manually-operated stacker truck.

The DCICs would be remotely unloaded from the transport overpack and any thermal protection prior to emplacement for disposal in the dedicated vault.  Unloading and emplacement operations would be performed using the overhead vault crane fitted with an ISO lifting frame.

Waste packaging proposal

Berkeley Power Station was operational from 1962 to 1989, defueled over the period 1989 to 1992, and the reactor buildings placed into Safestore
 in 2010.  The remaining site facilities are currently being decommissioned and undergoing preparation for entry into Care and Maintenance in 2021.

Operation of fuel storage pond water clean-up systems has resulted in a radioactive spent caesium-selective IEX material waste stream which is currently stored underwater in a mild steel storage vessel.

The radionuclide source term is dominated by Cs-137 due to the selective nature of the IEX material; it is also expected that a small amount of irradiated natural uranium fuel-derived contamination may be present.  The current estimated volume of IEX material stocks is 12.4 m³; there is no anticipated future arising.  The IEX material is a mixture of Lewatit DN and Amberlite IRN-74 in a ratio of approximately 10:1.  These IEX materials are phenol formaldehyde-based cation resins with sulphonic acid functional groups and have similar physical characteristics.  It is estimated that a total of five Type VI DCIC waste packages would be produced.  The waste stream is assigned the 2010 UK Radioactive Waste Inventory identifier 9A03.

DCICs are described as “robust shielded waste containers” for the containment of solid wastes.  The aim is to render the wastes passively safe whilst avoiding the need for future repackaging, with containment principally being provided by the waste container, rather than the wasteform (non-encapsulated dried waste).

Based upon waste packaging experience gained in Germany, it is proposed to deploy a waste transfer and conditioning (drying) plant to package dried Berkeley CRP IEX material within Type VI DCICs.

To facilitate Interim stage endorsement, Magnox needs to provide details of the proposed conditioning (drying) plant and associated process conditions, together with definition and validation of the drying end-point.  An outstanding process-related requirement for Final stage endorsement is definition of the methodology for assignment of waste package radionuclide content.

The proposed waste container for packaging Berkeley CRP IEX material is specifically a Type VI, GNS Yellow Box IP-2 DCIC.  The principal components of the unvented waste container are a ductile cast iron body and main lid, stainless steel closure lids, high strength galvanised steel bolts and Viton O-ring seals with an outer carbon steel cover lid to protect the main lid/closure lids and bolts.  The container would be coated with epoxy paint both inside and out with the exception of the sealing faces.

To facilitate Interim stage endorsement, Magnox needs to provide evidence of the RWM-required structural performance of the Type VI DCIC twistlock handling features.  An outstanding container-related requirement for Final stage endorsement is demonstration of durability of twistlock lifting and handling features.

The proposed interim storage arrangements include control of environmental conditions in order to: maintain the DCIC waste package seals in a temperature range of 0 to 40°C; minimise the likelihood of condensation forming on the waste packages; and, minimise contamination of the waste packages by chlorides (e.g. marine salts), fauna or flora.  A monitoring and inspection programme would be in place to ensure the required waste package performance could be provided.  Outstanding storage-related requirements for Final stage endorsement relate to confirmation of the waste package storage environmental conditions and controls pertaining to the Berkeley Interim Storage Facility, together with definition of the waste package monitoring and inspection regime, including suitable monitoring techniques and success criteria.

Outcome of assessment

Compliance with generic Disposal System Safety Case

The Berkeley CRP IEX material Type VI DCIC waste packages are assessed to be generally compatible with the requirements for transport to and operation of the disposal facility as currently foreseen.

RWM considers that the Berkeley CRP IEX material waste packages are likely to perform adequately in the context of mechanical and physical properties, noting that this conclusion is currently based upon 3-high stacking, exclusion of mixed (Type VI onto Type II) DCIC impact, package pressurisation of up to 45 bar (absolute) and a gross mass limit for Type VI DCICs of 23.4 te.  RWM considers the methodology defined for estimating bulk gas generation and container pressurisation to be appropriate, noting that the predicted pressurisation is greater than the currently-defined design pressure for the Type VI DCIC when the area of DCI exposed following potential significant degradation of the internal paint coating is taken into account.

To facilitate Interim stage endorsement, Magnox needs to define a justified design pressure constraint and demonstrate that the potential for unacceptable pressurisation does not result in any additional limitation on water content of the dried IEX material wasteform, or a need for any other alternative pressure mitigation strategy.

Outstanding requirements for Final stage endorsement relate to conformance with transport approval requirements for activity distribution and seal performance, demonstration of conformance with transport approval obligations regarding compatibility of the wasteform with the DCIC and the intended use of the DCIC, and mode of fissile exception against the IAEA Transport Regulations.

Currently, RWM considers that the use of thermal protection would be necessary to make the operational safety case for the disposal facility.  Confirmation of the design of the thermal protector would be required for Final stage endorsement.  However, future developments to mitigate against above-ground outdoor fire faults may present the opportunity to make an operational safety case for packages transported without such protection.

Evaluation and implementation of the necessary disposal system change for inclusion of Type II and Type VI DCICs into the generic disposal system remains ongoing.  The current assessment does not take account of potential emergent technical issues associated with the change, in particular management of flammable gas released from the waste packages with functioning or evolved seals and application of the requirements associated with the Pressure System Safety Regulations.

The Berkeley CRP IEX material in Type VI DCIC waste packages are assessed to be generally compatible with the requirements for operational environmental and post-closure safety as currently foreseen.

RWM notes that the potential requirement for void-filling by Magnox prior to transport to a GDF needs to be retained.

Compliance with Waste Package Specification

RWM evaluation and implementation of the necessary disposal system change for inclusion of Type II and Type VI DCICs into the geological disposal system, including development of Level 3 Waste Package Specifications, remains ongoing.  As such, RWM is not able to provide Interim stage LoC endorsement of the proposed waste packages at this time.

In the context of Interim stage assessment, the proposals to package Berkeley CRP IEX material in Type VI DCICs are generally compliant with the currently-envisaged features and quantitative limits for a WPS for Type VI DCICs.  Three compliance gaps to Interim stage endorsement have been identified, due to:

· Absence of definition of the proposed waste conditioning (drying) plant and associated process conditions

· Absence of satisfactory evidence of the structural performance of the Type VI (GNS Yellow Box IP-2) DCIC twistlock handling features

· Uncertainty regarding the degree of credit that can be taken for corrosion protection of the internal DCIC surface by the paint coating over timescales of relevance.

Statement of disposability

Notwithstanding the potential emergent technical issues associated with the disposal system change, overall, three compliance gaps have been identified against the requirements for Interim stage endorsement, namely: provision of details of the proposed conditioning (drying) plant and associated process conditions, definition of a justified design pressure constraint and pressure mitigation strategy, and provision of evidence regarding the structural performance of the handling features.

Conclusions

The conclusion of the Interim stage assessment is that the packaging of CRP IEX material from Berkeley in unvented Type VI (GNS Yellow Box IP-2) DCICs is currently not demonstrably compatible with the requirements we see as necessary for transport, handling and disposal.

The outstanding requirements for further development of the packaging proposals to achieve Interim stage LoC endorsement are:

· Provision of details of the proposed conditioning (drying) plant and associated process conditions, together with definition and validation of the drying end-point

· Definition of a justified design pressure constraint and any required pressure mitigation strategy for dried Berkeley CRP IEX material in unvented Type VI DCICs

· Provision of evidence of RWM-required structural performance of the Type VI DCIC twistlock handling features.

Key technical areas for further development of the packaging proposals to Final stage may be summarised as:

· Confirmation of the design of the thermal protector for use with Type VI (GNS Yellow Box IP-2) during transport

· Demonstration of compliance with transport approvals, including seal change, fissile exception, compatibility and intended use

· Demonstration of durability of twistlock lifting and handling features

· Definition of methodology for assignment of waste package radionuclide content

· Definition of waste package monitoring and inspection regime, including suitable monitoring techniques, success criteria.

On this basis, RWM cannot endorse the packaging proposals at Interim stage via issue of a LoC at this time.

� 	The “GNS Yellow Box IP-2” has similar design to the “GNS Yellow Box Konrad”, but is qualified for transport at a total gross mass of 25 te compared to 20 te for the GNS Yellow Box Konrad.


� 	NDA, Conceptual Stage Letter of Compliance for the Packaging of Magnox Care and Maintenance Preparation Wastes in Type II and VI Ductile Cast Iron Containers (Issue 2), LOC/14846958 Issue 2, January 2012.


� 	NDA, Geological Disposal: An overview of the RWM Disposability Assessment Process, WPS/650/03, March 2014.


� 	Safestore is defined as preservation of reactor buildings and their contents to facilitate an extended delay period before dismantling.





1

