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[bookmark: _Toc118892109][bookmark: _Toc241647274][bookmark: _Toc109727646]Executive summary
Urenco UK Ltd applied to the Office for Nuclear Regulation (ONR), acting as the Great Britain (GB) Competent Authority, for approval of package design GB/4125/H(M) for the transport of uranium hexafluoride (UF₆) by road, rail and sea. The application seeks approval under the International Atomic Energy Agency (IAEA) Regulations for the Safe Transport of Radioactive Material, SSR-6 2018 Edition paragraph 634(c) to transport UF₆ in a bare cylinder without thermal protection, subject to multilateral approval requirements applicable to H(M) packages.
Type 48X and 48Y cylinders are established designs manufactured in accordance with recognised international standards and form part of a family of cylinders that have been approved and used internationally for many years. Existing GB Certificates of Approval already permit the transport of UF₆ in 48X and 48Y cylinders with thermal protection, and the transport of residual quantities without thermal protection.
ONR undertook a proportionate assessment focused on the principal change introduced by the application: the removal of thermal protection for cylinders containing a minimum UF₆ mass of 11,875 kg. The assessment considered the applicant's Safety Analysis Report, supporting technical justification, and Periodic Design Safety Review, together with input from ONR transport inspectors and technical specialists. The applicant's safety case is based on the increased thermal inertia associated with the higher UF₆ mass, which acts as a significant heat sink during the regulatory fire scenario and thereby reduces the likelihood of cylinder failure. ONR found this justification to be technically credible and adequately supported by experimental evidence, analytical studies, and established heat transfer principles. The assessment concluded that cylinders containing at least 11,875 kg of UF₆ are likely to exhibit greater resilience during the regulatory thermal test than the 9,000 kg benchmark considered in earlier IAEA studies. As the 48Y package design requires a minimum UF₆ mass of 11,875 kg, the applicant subsequently withdrew the request for approval of the 48X package design, on the basis that demonstrating compliance with the applicable thermal performance requirements would be more challenging due to the cylinders typically carrying lower quantities of UF₆.
A key outcome of ONR's assessment is that approval of this application should not be interpreted as establishing a generic policy position regarding the future application of SSR-6 paragraph 634(c). ONR considers that future H(M) applications for UF₆ packages without thermal protection should continue to be assessed on a case-by-case basis. 
Subject to the applicant incorporating the technical justification into its Safety Analysis Report and the Certificate of Approval explicitly limiting transport to cylinders containing a minimum of 11,875 kg UF₆, ONR's assessment concludes that the package design meets the relevant regulatory requirements. Accordingly, the assessment supports the granting of Competent Authority approval for package design GB/4125/H(M).
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Table 1: List of abbreviations.
	Term/Acronym
	Description

	ADR
	Agreement concerning the International Carriage of Dangerous Goods by Road

	ANSI
	American National Standards Institute

	CA
	Competent Authority

	CDG09
	The Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009

	CoA
	Certificate of Approval

	DMG
	Delivery Management Group

	GB
	Great Britain

	HF
	Human Factors

	IAEA
	International Atomic Energy Agency

	IMDG
	International Maritime Dangerous Goods

	ISO
	International Organization for Standardization 

	ONR
	Office for Nuclear Regulation 

	PAR
	Project Assessment Report

	RID
	Regulations concerning the International Carriage of Dangerous Goods by Rail

	RQ
	Regulatory Query

	SAR
	Safety Analysis Report

	SSR-6
	IAEA Regulations for the Safe Transport of Radioactive Material 2018 Edition

	UK
	United Kingdom

	UF₆
	Uranium Hexafluoride

	UUK
	Urenco UK Ltd

	VPA
	Valve Protector Alternate 
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[bookmark: _Toc241647275][bookmark: _Toc109727647]Permission requested
Urenco UK Ltd (UUK – the applicant), has applied for Great Britain (GB) Competent Authority (CA) approval of the GB/4125/H(M) package design for transport by road, rail and sea (Ref [1]).
This application for package design approval has been submitted in accordance with the relevant legal requirements governing the transport of Class 7 dangerous goods by road, rail and sea. In particular, these include:
The Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009 (CDG09);
Agreement concerning the International Carriage of Dangerous Goods by Road (ADR) 2025 Edition;
Regulations concerning the International Carriage of Dangerous Goods by Rail (RID) 2025 Edition;
The Merchant Shipping (Carriage of Dangerous Goods and Harmful Substances) (Amendment) Regulations 2024; and
International Maritime Dangerous Goods (IMDG) Code 2024 Edition incorporating Amendment 42-24.
The International Atomic Energy Agency (IAEA) Regulations for the Safe Transport of Radioactive Material, SSR-6 2018 Edition establish the international standards for radioactive material transport package design. These standards are transposed into GB / UK legislation through the regulations cited above. For clarity and consistency within this Project Assessment Report (PAR) and the CoA, references are therefore made to the applicable design requirements set out in SSR-6.
This PAR sets out the basis for ONR's decision to grant the requested approval. In making this decision, ONR acts as the GB CA for the transport of Class 7 dangerous goods by road and rail, and on behalf of the Secretary of State for Transport in relation to the transport of Class 7 dangerous goods by sea.
[bookmark: _Toc241647276]Background
[bookmark: _Toc241647277]Package design and history
The application for approval covers either a Model 48X or Model 48Y cylinder, both with valve protection and radioactive content. The design and manufacturing requirements for these cylinders are specified in International Organization for Standardization (ISO) 7195:2020 and in American National Standards Institute, Inc. (ANSI) N14.1:2023, which define the construction, materials and performance requirements for uranium hexafluoride (UF₆) cylinders.
The cylinders are fitted with a valve protection system to prevent damage during handling and transport. Two approved designs are available: the standard Valve Protector and the Valve Protector Alternate (VPA), both of which are specified in ISO 7195:2020 and ANSI N14.1:2023.
The cylinders are used for the transport of solid depleted or natural uranium including non-fissile and fissile-excepted material.
UF₆ has been transported internationally for several decades, predominantly in standardised 48-inch cylinders, with an overall strong safety record and no significant transport accidents resulting in serious radiological or chemical consequences. However, incidents during the 1980s, together with increased understanding of the potential chemical hazards associated with UF₆ and its hydrolysis products, led to greater regulatory scrutiny of UF₆ transport activities.
In response, the 1996 Edition of the IAEA Transport Regulations introduced specific performance requirements for UF₆ packages, including hydraulic, drop and thermal testing. Compliance with the performance criteria following the regulatory thermal test (800°C for 30 minutes) required the use of thermal protection for some UF₆ package designs. For large 48-inch cylinders containing 9,000 kg or more of UF₆, uncertainty remained as to whether the cylinders could withstand the thermal test without such protection. This uncertainty arose from the complex thermal behaviour of UF₆ and the limited experimental and analytical evidence available regarding cylinder performance under severe fire conditions.
As a result of the uncertainty described above, paragraph 634(c) of IAEA SSR-6 introduced an H(M) multilateral approval provision, which permits competent authorities to approve the transport of UF₆ packages containing 9,000 kg or more of UF₆.
Subsequent international research programmes and modelling studies did not establish a consensus on the performance of bare 48-inch cylinders in regulatory fire conditions. Predicted cylinder rupture times ranged from approximately 25 to 35 minutes, with some analyses indicating potential failure before completion of the 30-minute thermal test. In light of this uncertainty, and the potentially significant chemical consequences of a release, European competent authorities agreed to discontinue H(M) approvals for bare 48-inch UF₆ cylinders at the end of 2004. Since that time, international transport within Europe has generally relied upon H(U) approvals incorporating thermal protection systems.
The Type 48X and 48Y cylinders are currently approved for transport in Great Britain under three CoAs. CoAs GB/3570/H(U) (Rev.7) and GB/3571/H(U) (Rev.8) permit the transport of UF₆ in cylinders fitted with blanket or composite thermal protection systems to demonstrate compliance with the regulatory thermal test requirements. CoA GB/3572/H(U) (Rev.8) permits the transport of residual quantities of UF₆ in cylinders without thermal protection.
Although the regulatory approach has increasingly favoured the use of thermal protection for large UF₆ cylinders, paragraph 634(c) remains within SSR-6 and continues to allow competent authorities discretion to grant H(M) approval where an applicant can demonstrate an adequate level of safety.
Urenco UK Ltd (UUK) has applied to ONR for approval under paragraph 634(c) to transport bare 48X and 48Y cylinders containing a minimum UF₆ mass of 9,000 kg, thereby removing the need for thermal protection during transport. The purpose of this assessment is to determine whether the supporting safety case provides sufficient justification for the granting of such an approval. 
[bookmark: _Toc241647278]Assessment and inspection work carried out by ONR in consideration of this request
In accordance with the agreed regulatory permissioning strategy, ONR has undertaken a proportionate assessment focused on the design differences between the existing approved H(U) package designs (the 3570 series) and the proposed GB/4125/H(M) design. The principal change is the removal of thermal protection systems when transporting significant quantities of UF₆, relying on the provisions of SSR-6 (2018), paragraph 634(c). The assessment therefore focused on whether the evidence submitted by UUK provides an adequate safety justification for granting H(M) approval to transport a minimum of 9,000 kg UF₆ in a 48X or 48Y cylinder without thermal protection.
This permissioning activity was undertaken in accordance with ONR Transport Permissioning Instruction ONR-TCA-IN-001 Issue 1 and Guidance ONR-TCA-GD-001 Issue 1, which provided the framework for the approval.
[bookmark: _Toc241647279]Engineering (Ref. [3])
Our assessment adopted a proportionate approach, focusing on the safety implications arising from the removal of thermal protection and the increase in UF₆ content compared with previously approved configurations. The assessment considered the applicant's PDSR, supporting technical justification, periodic design review, and application documentation. In parallel, ONR undertook a series of internal technical discussions involving transport inspectors and structural integrity specialists to establish a regulatory position on the application and the use of SSR-6 paragraph 634(c).
The assessment confirmed that the Type 48X and 48Y cylinder designs are established, internationally recognised, and manufactured in accordance with ISO 7195 and ANSI N14.1 standards. 
As the basic cylinder design is already widely used and has previously been assessed by ONR, the principal regulatory issue was whether a cylinder containing a minimum UF₆ mass of 9,000 kg could be transported safely without thermal protection, under the applicable regulatory thermal conditions.
The applicant's justification is based principally on the increased thermal inertia associated with transporting a minimum of 9,000 kg of UF₆. The submitted evidence argues that the UF₆ inventory increases the thermal inertia of the package during fire exposure. As a result, heat is absorbed by the UF₆, slowing the rate at which the cylinder contents increase in temperature and delaying vapour generation and pressure rise within the cylinder.
Although the applicant sought approval for cylinders containing a minimum of 9,000 kg UF₆, our assessment concluded that the approval should be limited to cylinders containing at least 11,875 kg UF₆. This restriction reflects the minimum UF₆ mass typically transported in a 48Y cylinder and provides an increased safety margin relative to the applicant's proposed lower limit.
Concerns regarding creep rupture identified in earlier studies are considered less significant for cylinders containing substantially greater UF₆ masses because the increased thermal inertia limits pressure generation during fire exposure. Furthermore, the rapid cooling of the cylinder wall following removal of the heat source is predicted to restore material strength before pressure conditions capable of challenging containment are reached.
During our assessment, it became apparent that the thermal safety case was stronger for the 48Y cylinder because 48Y cylinders are typically transported with a minimum UF₆ mass of 11,875 kg. By contrast, 48X cylinders are generally transported with lower UF₆ inventories, often closer to the applicant's proposed minimum limit of 9,000 kg. Given that the safety justification relies on the increased thermal inertia provided by higher UF₆ mass loading, the applicant agreed to withdraw the request for approval of the 48X cylinder. Consequently, the approval has been limited to 48Y cylinders containing a minimum of 11,875 kg UF₆. I consider this restriction to be proportionate - it aligns with normal operational practice for 48Y cylinders and therefore does not place a significant constraint on transport operations.
Our engineering assessment found the applicant's arguments to be technically credible and consistent with the available experimental evidence, analytical studies and established heat transfer principles. The assessment concluded that the additional UF₆ mass beyond the regulatory requirement of 9,000 kg provides additional margin and, consequently, sufficient confidence that that the package will perform as assumed in the safety case during the regulatory thermal test. 
Overall, our assessor concluded that the combination of increased UF₆ mass, associated thermal inertia, reduced pressure generation during fire exposure, and post-fire cooling behaviour provides sufficient technical justification to support transport of UF₆ in a bare 48Y cylinder containing at least 11,875 kg UF₆ under an H(M) approval and recommended approval. 
Three further recommendations were made:
· The Project Inspector should ensure that the thermal safety justification is incorporated into the applicant's SAR. 
· The technical rationale relies on a larger minimum quantity of UF6 than specified in the regulations, specifically 11,875 kg. This mass has been stipulated on the CoA.
· Internal ONR discussions concluded that exceeding the 9,000 kg UF₆ mass referenced in paragraph 634(c), even where all other applicable requirements are met, should not in itself be regarded as sufficient justification for future approvals. Given the uncertainties in the safety basis underpinning the 9,000 kg threshold, applications should continue to be assessed by ONR on a case-by-case basis against the specific safety arguments and supporting technical evidence. Assessments should be undertaken in line with the guidance provided in IAEA SSG-26.
Whilst the thermal justification has not been integrated into the current SAR, the applicant has been advised [4] that integration of the thermal assessment is expected before any future approval application is submitted.
[bookmark: _Toc241647280]Radiation Shielding (Ref. [5])
The current GB/4125/H(M) package is essentially the same design as the GB/3570/H(U) and GB/3571/H(U) designs, with the principal difference being the removal of the thermal protection systems. Previous shielding assessments submitted to support the 3570 design series applications demonstrated compliance with the SSR-6 package surface dose rate limit of 2 mSv/h for a range of UF₆ inventories and fill states, including full, heel and tail configurations.
The additional assessment undertaken in 2015 identified potentially elevated dose rates for certain reprocessed UF₆ heel configurations containing U-232 daughter products. However, these scenarios were limited to low-mass heel inventories where self-shielding is minimal and are not applicable to the current application. The present approval is restricted to natural UF₆ classified as LSA-I material and therefore excludes reprocessed uranium and the associated dose rate considerations arising from U-232 daughter products.
For the large UF₆ inventories proposed in this application, significant self-shielding within the UF₆ mass is expected to reduce external dose rates substantially. The applicant's assessment reports a dose rate of approximately 10 µSv/h at 10 cm from a fully loaded 48Y cylinder containing around 12,500 kg of natural UF₆, which is representative of the proposed contents. Whilst removal of the thermal protection system may result in a modest increase in external dose rates due to the reduced distance between the source and package surface, the predicted dose rates remain approximately two orders of magnitude below the applicable SSR-6 limit of 2 mSv/h.
On the basis of the previous approved assessments, the restriction to natural UF₆ contents, and the substantial margin to the regulatory dose rate criterion, I am satisfied that the GB/4125/H(M) package provides adequate shielding. I therefore consider the package acceptable from an external dose rate and radiation shielding perspective and recommend approval. 
[bookmark: _Toc241647281]Human Factors
UUK is currently implementing a programme of improvements under Regulatory Issue RI-12518 to enhance the operating instructions for H(U) 48X and 48Y cylinders, with particular emphasis on the incorporation of human factors considerations in accordance with ONR guidance. As part of this programme, UUK is also required to strengthen its management arrangements to ensure that human factors are appropriately considered in future package design submissions. Existing CoAs for the 48X and 48Y cylinder designs were issued with the regulatory issue remaining open, reflecting the relatively simple nature of the package design and operational arrangements.
The proposed H(M) approval utilises the same operating and maintenance arrangements as the existing H(U) approved package designs, specifically ‘Operating and Maintenance Instruction for 48Y and 48X Cylinders’, Revision 1, dated July 2015. The operating instruction already recognises the potential transport of full cylinders without thermal protection, stating that such transport may be undertaken where authorised under an H(M) CoA.
The principal additional operational requirement associated with this application is the restriction that cylinders transported without thermal protection must contain a minimum UF₆ mass of 11,875 kg. Although this specific mass limit is not currently stated within the operating instruction, the instruction provides for operation under an H(M) approval, and the proposed CoA will explicitly specify this minimum mass requirement as an operating limit and condition of approval.
Given that the application does not introduce any significant changes to package operation, maintenance activities or operational processes beyond the additional minimum fill requirement and noting that human factors improvements are already being managed through RI-12518, no further operational assessment was considered necessary. This approach is consistent with the agreed permissioning strategy and proportionate to the limited nature of the change being proposed. 
[bookmark: _Toc241647282]Criticality
The proposed contents are classified as non-fissile or fissile-excepted material in accordance with SSR-6 and therefore the application does not require approval as a fissile package. During the pre-job briefing, our criticality assessor confirmed that the proposed contents meet the applicable non-fissile and fissile-excepted criteria. On this basis, no further criticality assessment was considered necessary.
[bookmark: _Toc241647283]Inspection
An inspection of UUK's management system was undertaken in 2025 under IR-54033. The inspection concluded that the arrangements were adequate for the activities being undertaken and resulted in an overall Green rating. 
As no significant management system concerns were identified, and no findings were raised that would adversely affect the current application, the inspection provides sufficient confidence in UUK's organisational arrangements to support this permissioning activity. Accordingly, no further inspection work is considered necessary as part of the assessment of this application.
[bookmark: _Toc241647284]Matters arising from ONR’s work
During the assessment of this application, ONR undertook a series of internal discussions (see Ref. [3]) to consider the acceptability of granting approval under SSR-6 (2018) paragraph 634(c) for the transport of greater than 9,000 kg of UF₆ in a bare 48Y cylinder. These discussions considered the historical basis for the provision, previous ONR assessments, the available international research, and the applicant's technical justification relating to the increased UF₆ mass proposed in this application.
A key outcome of these discussions was that ONR has not established a generic policy position regarding the future application of paragraph 634(c) or the approval of H(M) packages containing UF₆ without thermal protection. While this assessment has concluded that the current application is acceptable based on its specific technical case, the evidence reviewed does not support a blanket determination that all future applications meeting the minimum regulatory threshold of 9,000 kg UF₆ should be approved without further scrutiny. Consistent with the principles set out in IAEA SSG-26, applications should continue to be considered on a case-by-case basis, taking account of the packaging design, UF₆ mass, supporting evidence, safety justification and any relevant operational considerations.
Given the wider regulatory implications of this matter and the potential for future applications seeking approval under paragraph 634(c), it is recommended that ONR's approach is discussed further at the Transport Permissioning Delivery Management Group (DMG) to ensure a shared understanding of the basis on which future H(M) applications should be assessed.
[bookmark: _Toc241647285]Conclusions
Based on the assessment activities we have undertaken, I am satisfied that the applicant has demonstrated that the GB/4125/H(M) package design, used to transport at least 11,875 kg of UF₆, is compliant with the relevant legal requirements.
[bookmark: _Toc241647286]Recommendations
[bookmark: _Ref237523797][bookmark: _Ref231915006]I recommend that ONR's Head of Regulation, acting as the GB Transport CA:
· accepts this PAR as providing an adequate technical and regulatory basis for approval of the GB/4125/H(M) package design; and
· [bookmark: _Hlk202182035]grants Competent Authority approval for the package design by signing Certificate of Approval GB/4125/H(M) (Ref. [2]).
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