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ONR’s Response – NIRAB Call for Evidence – Recommendation 6 of the Nuclear Regulatory Review 

Dear Chair, 

Thank you for the opportunity to provide evidence to the Nuclear Innovation and Research Advisory Board (NIRAB) in support of its consideration of Recommendation 6 of the Nuclear Regulatory Review 2025. This letter and attached submission set out the Office for Nuclear Regulation's (ONR) response to the call for evidence.

ONR is the independent regulator for nuclear safety, security, safeguards and conventional health and safety at nuclear sites in Great Britain. We welcome the opportunity to contribute our experience of applying tolerability of risk principles within the nuclear sector and to support NIRAB's advice to Government.

We recognise the importance of understanding how tolerability of risk is defined and applied across the sector, and how it interacts with regulatory decision-making, proportionality, innovation, delivery and public confidence. We have therefore responded to those areas of the call for evidence where ONR can provide relevant regulatory insight and practical experience.

Yours sincerely,

 [image: ]

Colin Tait
Deputy Director – Capability and Standards

Introduction
ONR welcomes the opportunity to provide evidence to the Nuclear Innovation Research Advisory Board on Recommendation 6 of the Nuclear Regulatory Review 2025. We support the objective of ensuring that the UK’s approach to tolerability of risk is clear, coherent, proportionate and capable of supporting safe delivery across the nuclear sector. This includes ensuring that regulatory decision-making remains focused on real risks and is applied consistently and transparently.
The UK’s approach to tolerability of risk is founded on the Health and Safety Executive’s Reducing Risks, Protecting People (R2P2) framework and the legal requirement for dutyholders to reduce risks so far as is reasonably practicable (ALARP). ONR’s evidence explains how these principles are applied in the nuclear context and identifies considerations that may be relevant to discussions about policy, guidance and regulatory practice.
Tolerability of risk: history and application
The concept of tolerability of risk developed following the 1987 Sizewell B inquiry. In his inquiry report, Sir Frank Layfield recommended that HSE should formulate and publish guidance on tolerable levels of individual and societal risk to workers and the public from nuclear power stations. This led to the development of the Tolerability of Risk (ToR) framework, formalised in HSE’s 1992 publication, The Tolerability of Risk from Nuclear Power Stations.
In 2001, HSE published Reducing Risks, Protecting People (R2P2), which developed these principles into a general framework applicable across all industries. R2P2 now provides the overarching policy framework through which health and safety regulators, including ONR, HSE, HSE Northern Ireland, the Office of Rail and Road and all UK local authorities, interpret risk tolerability and support the application of health and safety law.
Unless otherwise stated, references in this paper to the "tolerability of risk framework" refer to the general framework set out in R2P2, rather than the specific guidance contained in The Tolerability of Risk from Nuclear Power Stations.
The three regions of risk
A central feature of the ToR framework is the division of risk into three broad regions: unacceptable, tolerable, and broadly acceptable. These regions provide a framework for considering the tolerability of risk and are illustrated in terms of indicative levels of individual risk of death to workers and the public. They do not replace or modify underlying legal duties. Rather, they help inform regulatory judgements about the degree of attention and effort that may be required to reduce risk. The three regions are illustrated in The Tolerability of Risk from Nuclear Power Stations, as reproduced below.
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The unacceptable region covers risks that are generally too high to be justified in normal circumstances and where demonstrating ALARP is usually challenging. Risks in this region will attract significant regulatory attention to ensure that the legal duty is met and that all reasonably practicable measures are being taken to reduce the risk. 
The tolerable region covers risks that may be tolerated once they have been reduced so far as is reasonably practicable. Dutyholders are expected to implement further risk-reduction measures unless the sacrifice involved would be grossly disproportionate to the safety benefit achieved. This is the principal operating region of ALARP and where most of ONR’s regulatory activity takes place.
The broadly acceptable region covers risks that are sufficiently low that detailed regulatory scrutiny of further potential improvements will not normally be warranted, provided ONR is satisfied that the risk falls within this region. The legal duty to reduce risks so far as is reasonably practicable continues to apply, but examining marginal improvements at these very low levels of risk would not normally represent a proportionate use of regulatory resources. 
The legal duties in sections 2(1) and 3(1) of HSWA require risks to be reduced ALARP at all levels of risk. The ToR framework does not and cannot replace or qualify these duties. Instead, it gives context and an evidence-based underpinning as to the acceptability of risks, helping regulators target their attention and make proportionate decisions when exercising permissioning, licensing and enforcement functions.
Societal risk tolerance and numerical reference points
R2P2 identifies three underpinning premises on which ONR’s numerical reference points are largely founded:
· An individual risk of death of 1 in 1,000 per year for workers that represents the dividing line between a risk that might be regarded as just tolerable for a substantial category of workers for a significant part of their working lives and one that would be unacceptable other than for exceptional groups.
· An individual risk of death of 1 in 10,000 per year for members of the public who have a risk imposed upon them that represents that would be regarded as just tolerable.
· An individual risk of death of 1 in 1 million per year for both workers and the public provides a guideline for the boundary between the broadly acceptable and tolerable regions.
These figures reflect the understanding of worker and public risk tolerability on which R2P2 was based when it was published in 2001 (with underlying data from earlier decades). ONR does not claim ownership of these reference points.
ONR’s use of numerical reference points
The current Safety Assessment Principles (SAPs) translate R2P2’s broad expressions of risk tolerability into more specific numerical reference points for nuclear safety. Expressed through radiation doses and annualised frequencies, these provide practical and industry-recognised metrics for interpreting radiological risk assessments and nuclear safety fault analysis.
In the current SAPs, Basic Safety Levels (BSLs) broadly indicate levels of risk above which the risk would normally be regarded as unacceptable, while Basic Safety Objectives (BSOs) broadly indicate levels below which the risk may be regarded as broadly acceptable. The BSLs and BSOs are derived in large part by reference to the figures in R2P2. BSLs and BSOs are not themselves legal limits, although in some cases the BSL is chosen to align to a legal limit. They support consistent and transparent regulatory judgement and help inform the level of regulatory attention, while the underlying legal requirement remains that risks must be reduced so far as is reasonably practicable.
The Nuclear Regulatory Taskforce identified that terminology such as “targets” and “objectives” had contributed to misunderstanding, both within industry and ONR. In some cases, Basic Safety Levels (BSLs) had come to be treated as limits that dutyholders “must” achieve, while Basic Safety Objectives (BSOs) were seen as levels they strongly “should” achieve. This risked conflating the numerical framework with the separate legal test of whether risks have been reduced so far as is reasonably practicable.
ONR has recently published draft revised SAPs for consultation. These clarify the intended meaning and use of the numerical reference points and propose replacing the term Basic Safety Objective with Regulatory Focus Level (RFL). Closely-related risk indicators have also been consolidated where appropriate to simplify the framework and improve clarity. 
The revised SAPs make clear that Regulatory Focus Levels (RFLs) indicate levels of risk below which it would not normally be a reasonable use of ONR's resources to seek further risk reduction. It is ONR policy that inspectors will not normally target their attention or seek additional improvements at these low levels of risk, provided the risk estimate is credible. The revised SAPs make clear that RFLs are therefore intended to guide inspectors on where to focus regulatory attention and should not be regarded as targets or objectives for dutyholders. The revised SAPs also make clear that dutyholders should select and justify the risk metrics and criteria they use to support their own decision-making and operations, not simply continue to automatically transpose ONR’s RFLs into their internal processes.
The revised SAPs also make clear that BSLs indicate levels of risk above which the risk would, consistent with R2P2, normally be regarded as intolerable. Risks approaching or exceeding a BSL will therefore attract significant regulatory attention. However, exceeding a BSL does not, in itself, establish non-compliance with the legal obligation to reduce risks ALARP. Compliance must still be determined by considering whether all reasonably practicable measures to reduce the risk have been taken. 
ONR continues to consider BSLs and RFLs valuable regulatory tools. Used as intended, they provide a clear and consistent basis for directing regulatory attention across different facilities and activities. The purpose of the revised framework is not to move away from numerical reference points, but to clarify their role. They support regulatory focus and aid judgement but they do not and cannot change the legal duty to reduce risks so far as is reasonably practicable, which applies regardless of the size of the risk. 
Numerical reference point values
The numerical values of the RFLs have been revised to reflect current standards for normal operation and fault conditions. In updating these values, ONR has had regard to the relevant legal dose limits within the Ionising Radiations Regulations 2017 (IRR17), alongside the requirement to restrict exposure so far as is reasonably practicable, supporting guidance, practical experience of doses around nuclear sites and the ability to measure very low levels of exposure. To avoid giving any impression of false precision, we typically round our numerical reference points to an order-of-magnitude, although where appropriate we make exceptions (e.g. to align to a legal limit). We have also considered the need for an appropriate window between the RFL and BSL so that regulatory attention scales with risk over a sensible range (this is typically between one to two orders-of-magnitude).
Here we highlight the proposed changes in numerical reference points relating to  exposures during normal operation in Risk Indicators 1 and 3 respectively:
· The RFL for an employee on a nuclear site who does not work directly with ionising radiation is 0.5 mSv per year (the corresponding BSO was 0.1 mSv per year).

· The RFL for any person off-site is 0.1 mSv per year (the corresponding BSO was 0.02 mSv per year).
We have also revised the RFLs in Risk Indicator 4 to maintain alignment to these values. The SAPs consultation document (page 6) describes why ONR considers that these values provide proportionate benchmarks for directing regulatory attention. 
Risk indicator 2, concerning average doses to groups of employees on a site, remains unchanged. Average dose provides the (only) basis for considering collective exposure because safety cases commonly use dose budgets that relate collective dose to the number of workers involved. A single generally applicable numerical value for total collective dose would not be appropriate because workforce numbers and the nature of the work vary. Risk indicator 2 therefore supports inspectors in making informed judgements about the adequacy of controls over collective dose, for example in design of new facilities or reactor outage planning. However, this type of indicator has traditionally been specific to the nuclear sector, reflecting the scale of work involving ionising radiation, and there is no equivalent numerical indicator under IRR17 or in HSE guidance. ONR would therefore welcome the Panel’s view on whether it is sufficient, or, alternatively, its continued inclusion in the SAPs remains appropriate.
Wider changes in the 2026 SAPs
The proposed 2026 SAPs place greater emphasis on proportionate, risk-informed and outcome-focused regulation. They provide greater flexibility to match the safety demonstration and regulatory approach to the nature and scale of the hazard and risk.
A clearer graded approach runs throughout the revised SAPs. This recognises that different facilities and activities present different levels and types of risk and should not all be subject to the same depth of analysis or regulatory attention. Dutyholders should provide evidence appropriate to their circumstances, concentrating on the matters that make a material contribution to safety. 
The revised SAPs also provide greater flexibility in how risks are assessed and safety measures identified. Rather than prescribing a standard approach to fault analysis, they make clear that its scope and depth should reflect the complexity of the facility and its hazard potential. This will usually involve an appropriate combination of deterministic and probabilistic analysis and, for very high-hazard facilities, severe accident analysis, consistent with international standards and expectations.
The changes build on improvements to ONR’s inspector training and decision-making over recent years, including Risk-Informed Regulatory Decision-Making, our Risk-Informed and Targeted Engagements (RITE) policy, and internal ALARP training. Together, these changes will support confident and consistent regulatory judgement, help inspectors focus on the issues that matter most to safety, and maintain high standards while supporting innovation and efficient delivery.
Maintaining a common health and safety framework
ONR considers that its approach should remain firmly grounded in R2P2 and aligned with that of HSE, the Office of Rail and Road and other health and safety regulators. Working to a common framework supports consistent regulatory decision-making that ensures comparable risks and benefits are treated equally across sectors and interfaces (e.g. at a nuclear licensed site boundary, or in relation to risks that could take place on or off a licensed site and be subject to different enforcing authorities).
ONR’s position is that societal tolerance of health and safety risk should not differ between the nuclear sector and other sectors. Separating nuclear risks from the wider R2P2 framework could weaken its coherence, add complexity and create greater scope for inconsistent interpretation and legal challenge. We believe that any review of societal risk tolerance should therefore consider the framework as a whole rather than establish a separate approach for the nuclear sector.
Within this common framework, the regulatory approach should reflect the nature and scale of the risk, regardless of whether it is categorised as nuclear, radiological or conventional. As part of its response to Recommendation 10 of the Nuclear Regulatory Taskforce, ONR is building on this approach through work to ensure that its policy and guidance continue to support the proportionate treatment of nuclear, radiological and conventional safety risks. 
Linear No Threshold (LNT) model
The Linear No-Threshold (LNT) model is used to estimate the risk of stochastic effects, principally cancer, from exposure to ionising radiation, particularly at low doses where the precise level of risk cannot be measured reliably. It assumes that the risk increases in direct proportion to dose and that no threshold can be identified below which the risk is necessarily zero. Under the model, halving the dose halves the estimated additional risk. This does not mean that every exposure will cause harm. It provides a basis for radiation protection where there is uncertainty about the effects of low-dose exposure. 
ONR follows LNT because it underpins the internationally established system of radiological protection developed by the International Commission on Radiological Protection (ICRP), based on the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) research, and implemented by the IAEA in the international safety standards. ICRP uses LNT to estimate risks at low doses by extrapolating from epidemiological evidence at moderate and higher doses, while recognising the uncertainties involved. 
UKHSA is the statutory independent adviser to UK government on the health effects of ionising radiation and provides the relevant national scientific and public-health expertise. UKHSA’s position is that LNT remains the appropriate model for radiation-protection purposes at low doses. It recognises that the precise magnitude of risk at these levels is uncertain and that the LNT model has been challenged by arguments that low-dose risks may be either greater or lower than it predicts. However, UKHSA’s published work identifies the prevailing national and international scientific consensus as favouring LNT as the most appropriate dose-response model for radiological protection. The Government response to the Taskforce Report acknowledges LNT as “the international standard, and the best toolkit we have available.”
ONR uses LNT within this established UK system when regulating exposure to ionising radiation, including through the IRR17 and when assessing radiological protection in nuclear safety cases. The model provides a basis for estimating radiation risk and considering the benefit of reducing exposure. It is applied alongside legal dose limits and the requirement to reduce risks ALARP.
ONR is leading efforts to reduce the disproportionate emphasis on occupational radiological protection at very low doses (e.g. 10 µSv/y), as reflected in our proposed SAPs RFL changes and wider engagement with the UK and international radiological protection communities.
International approaches and comparisons
Risk Indicators 5 to 8
We have reviewed our Risk Indicators 5 to 8 that set our regulatory focus with regard to the risk to people as a result of faults and hazards at nuclear facilities. This review has looked at the relevant international standards and other nations’ approaches and concludes we aligns well with the international consensus.  In the draft 2026 SAPs we propose to combine  Risk Indicators 5 (relating to on-site risk of death) and 7 (relating to off-site risk of death) into a single indicator. This is because the BSL and RFL are the same (though not for the all the same reasons) and thus the metric can be expressed as the risk of death to an individual, whether on or off the site. 
Risk Indicator 9, Core Damage Frequency and Large Release Frequency
Some regulators and dutyholders use core damage frequency (CDF) and large release frequency or large early release frequency (LRF/LERF) as probabilistic safety assessment metrics for nuclear power plants. However, this use is far from uniform.
CDF and LRF were developed for light water reactors. CDF is a highly technology-specific metric and does not account for differences in reactor type, power, radioactive inventory, location or local population. It may also exclude events that could result in a significant off-site release without causing damage to the reactor core. LRF is more closely related to potential consequences, but its application depends on how a large release is defined and also takes no account of site location or surrounding population.
Earlier editions of ONR’s SAPs included measures broadly equivalent to CDF and LRF. These were removed in the 2006 revision as part of a move towards a more technology-neutral framework focused directly on potential harm to workers and the public. CDF and LRF nevertheless can be useful in assessing reactor safety (within some technology limits and population assumptions) and are recognised in ONR’s guidance on probabilistic safety analysis. ONR considers them as part of the wider safety case, but does not use them as universal risk indicators across its remit.  
ONR’s Risk Indicator 9 considers the risk from large radioactive releases that have the potential to lead to widespread health impacts and/or broader socio-economic damage. Unlike CDF or LRF, it can be applied across different technologies and facilities, including those for which core damage is not a relevant concept. Its focus on deaths from radioactive release also enables the potential consequences for people to be considered in the context of the facility and its location. It is intended to reflect, through a simple metric (100 or more eventual fatalities), what could be considered to represent a significant accident with off-site societal consequences.
International practice is also continuing to develop and is tending towards a more technology neutral approach as non-LWR reactor technologies are developed and considered for deployment. For example, US NRC have recently adopted a technology neutral approach which has been applied to reactor designs now being considered for deployment in the UK. Discussions within the OECD Nuclear Energy Agency’s Working Group on Risk Assessment have also indicated international interest in approaches capable of accommodating advanced and non-light-water reactor technologies, with informal requests to the ONR representative on ONR’s technology neutral, goal setting approach. ONR is also aware of examples in which other regulators or technology vendors have directly drawn on the SAPs numerical framework when their established reactor-specific metrics were not readily applicable.

Annex 1: Rationale for proposed changes to numerical values
Target 1: Normal Operations Other Workers – BSO 
For ease of reading, the term BSO is used consistently throughout. However, the revised SAPs propose replacing the term BSO with Regulatory Focus Level (RFL).
The current BSO of 0.1 mSv per year for ‘other employees on the site’ reflects downward trends in dose and is lower than the corresponding 0.5 mSv per year BSO in the 1992 SAPs. It is a factor of 20 below the BSL and equates to an annual fatality risk of approximately 1 in 200,000. This was considered appropriate in light of the conservatisms often incorporated into dose estimates of this kind.
A BSO value of 0.5 mSv per year is now proposed in the SAPs consultation. It is ONR’s view that an accumulated dose on a nuclear site over a year of 0.1 mSv, the minimum reportable on a TLD dosemeter, is too low to warrant regulatory attention and a BSO of 0.5 mSv per year is representative of a level of dose that is consistent with the ALARP principle. This view is held, even though 0.5 mSv per year equates to a fatality risk of about 1 in 50,000 per year, which exceeds the broadly acceptable level of risk proposed in R2P2. A value of 2 mSv per year for the BSL and 0.5 mSv per year for the BSO is consistent with paragraph 86 of the IRR17 ACoP which requires “The dose control measures should make it unlikely that such people would receive an effective dose greater than 1 mSv per year”. (Note the BSO for employees who are working with ionising radiation remains at this 1 mSv ACoP threshold). This is an example of ONR not applying the numerical risk levels in R2P2 mechanistically. In proposing an BSO of 0.5 mSv per year, ONR has taken a pragmatic and proportionate approach to where we focus regulatory attention.
Target 3: Normal Operations Public – BSO
In the 1992 and current 2014 SAPs the BSO is 0.02 mSv per year. It equates to the 1 in 1,000,000 per year risk level proposed in R2P2 as the broadly acceptable risk to an individual of dying from a particular cause. This BSO is broadly consistent with ICRP Publication 104 (2007) (Scope of Radiological Protection Control Measures) and IAEA GSR Part 3 (the International Basic Safety Standard) which both effectively exempt from regulatory control expected effective doses by a member of the public from a practice that are of the order of less than 10 μSv per year. 
In this revision of the SAPs the BSO has been increased to 0.1 mSv per year. The basis for this is current international guidance such as ICRP-104 and IAEA GSR Part 3 penalise the nuclear power industry in comparison to other sources of ionising radiation. ICRP-104 states “The principle of low individual risk for the purpose of exemption should lose its historical (and somehow and dogmatic) connotation with the single value of 10 microSv/year. For material containing radionuclides of natural origin, the national authority may establish an activity concentration for the purposes of exemption that is consistent with exemption being the optimum regulatory option.” While this refers specifically to exemption for natural materials, the principal remains the same. The purpose is to allow use of by products from mining activities such as production of zircon tiles.  
Having assessed direct shine doses around all nuclear sites for many years, ONR consider a BSO of 0.1 mSv per year is consistent with the ALARP principle. A dose of 0.1 mSv per year represents an average risk of death of around 1 in 200,000 per year. While this exceeds the R2P2 definition of broadly acceptable, the absolute value of 0.1 mSv per year, at some 5 to 10% of UK natural background radiation levels, is very low. For comparison, UKHSA advise that dose constraints for existing and the design stage for new nuclear facilities are 0.3 and 0.15 mSv per year respectively. 
Target 4 : Design Basis Analysis – BSOs
The BSOs for Target 4 have been updated to maintain their alignment with the new BSOs for Target 1 (on site) and Target 3 (off site). These BSOs serve several purposes.
· They represent the typical cut-off for the identification of fault sequences. This is by no means to imply that such doses are significant from a human health perspective, nor that analysis or protection measures are necessarily required – but simply that they may not be normal and warrant identification. The reason for seeking the identification of initiating faults at the BSO level is to (1) allow some margin below the BSL to have confidence that there isn’t a misleading accumulation of faults just outside the design basis boundary; (2) to allow for the fact that normal operational doses and the more frequent faults can accumulate over the course of a year; and (3) to support the use of the same fault identification processes to support both deterministic and probabilistic techniques, with the latter requiring a more complete representation of the potential faults in order to fulfil its function (where used) to help identify risk-significant contributors.

· The BSOs also serve to reflect where the residual doses from protected design basis faults are usually considered to be so low as to be broadly acceptable. In keeping with for the international expectation that design basis faults should either be terminated or fully protected against, the BSOs reflect the BSOs for normal operation as per Target 1 (on site) and Target 3 (off site).
In relation to the first bullet above, it is important to highlight that there are no expectations for design basis analysis of faults until the potential consequences exceed the BSLs, which are substantially larger than the BSOs and are tiered so that lower frequency faults only require analysis for larger doses. Even then, the application of deterministic design basis techniques is expected on a proportionate, risk-informed basis and should avoid unnecessary complexity, effort or the accumulation of excessive conservatism. Further detail on the history of Target 4 and the previous numerical values associated with it can be found in Annex 2 of the 2014 SAPs. 
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Figure 3 Levels of risk and ALARP
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