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The purpose of the SAPs
The SAPs support inspectors in their regulatory assessment of nuclear safety (including radioactive waste management) at existing or proposed nuclear installations. This is usually through our assessment of safety cases in support of regulatory decisions.
The principles presented in this document only apply to nuclear safety. The use of the word ‘safety’ within the document should be interpreted accordingly. 
Where appropriate, safety cases may include or reference supporting information or assessment produced to satisfy other legal requirements, in line with a graded approach to safety and to avoid unnecessary duplication.
Although it is not their prime purpose, the SAPs may also inform designers and dutyholders on ONR's general expectations for safety cases, but they are not sufficient on their own to be used as design or operational standards. In most cases the SAPs provide guidance, but in some instances, they refer to legal requirements for the relevant circumstances.
The principles are supported by technical assessment guides (TAGs), and other guidance, to further assist decision making within the nuclear safety regulatory process (refer to the ONR website). 
Legal context
Under the Nuclear Installations Act 1965 (NIA), no person or operator can install or operate defined nuclear installations without a licence granted by ONR. The NIA enables ONR to attach conditions to a licence in the interests of safety or with respect to the handling, treatment and disposal of nuclear matter. Licence Condition (LC) 23(1) of the standard site licence requires the dutyholder to produce an adequate safety case to demonstrate safety of its operations and to identify conditions and limits necessary in the interests of safety. 
In judging the adequacy of a safety case, ONR considers whether it meets the requirements of applicable law, which includes the relevant statutory provisions of the Health and Safety at Work etc. Act 1974 (HSW Act) and regulations made under the Act. Nuclear operators must also comply with other legislation that is not made under the HSW Act, but which may also influence safety outcomes.
The HSW Act places duties on employers to ensure, ‘so far as is reasonably practicable’ (SFAIRP), the health, safety, and welfare of their employees and that other persons are not exposed to risks to their health and safety. These are goal-setting duties that apply to all employers within Great Britain (GB) in relation to all matters of health and safety, including nuclear safety. HSE and ONR guidance generally refers to reducing risks ‘as low as reasonably practicable’ (‘ALARP’) as a convenient means to express the legal duty to ensure health and safety of people SFAIRP. For assessment purposes the concepts of ALARP and SFAIRP are interchangeable and require the same tests to be applied; however, in legal proceedings the words as they appear in the law should be used. 
The SAPs give no specific guidance on interpretation of case law relevant to reducing risks ALARP as this is captured elsewhere in ONR guidance on regulating duties to reduce risks to ALARP and our policy on regulatory decision making. 
International framework
To ensure alignment with international expectations for nuclear safety, this edition of the SAPs has been benchmarked against relevant international standards, including the IAEA safety fundamentals and requirements and the WENRA safety objectives and safety reference levels.
Application of the SAPs in assessment
The SAPs contain principles and associated guidance to assist inspectors in judging whether, in their opinions, the dutyholder’s safety case has satisfactorily demonstrated that the relevant requirements of the law can be or have been met. 
The principles are not directly legal requirements in most cases. Legal duties are captured in the law and are only referenced in the SAPs by exception. However, the overarching SAP Fundamental Principles closely reflect legislative and international obligations and so use ‘must’ terminology to reflect those obligations.
The remaining SAPs are a source of potential good practice, and as such are typically written using 'should' or similar language, subject to being relevant to the circumstances. These SAPs provide guidance on what would typically be considered to meet nuclear safety expectations and to achieve overarching legal requirements (such as reducing risks ALARP or the requirement for an adequate safety case under LC23).
In carrying out regulatory assessment, inspectors need to form a view on the extent to which a safety case achieves the safety outcomes represented by the principles. Not all the principles apply to all assessments, or to every facility or activity. 
For example, principles specific to power reactors might not apply to fuel-cycle facilities, and some might not apply to research reactors. The principles are a reference set, and it is the responsibility of the inspector to identify which to apply, as the context of each application will be different. 
Overall balance of safety
When applying the principles, priority should be given to achieving an overall balance of safety rather than satisfying each principle rigidly. This has not been stated in each case to avoid excessive repetition. ONR inspectors need to apply judgement on the adequacy of safety in accordance with ONR policy and wider guidance. 
When judging whether nuclear risks have been reduced ALARP, it may be necessary to take account of non-nuclear health and safety risks to confirm whether an appropriate balance has been achieved. The dutyholder may also have to meet other legal duties (for example, security and safeguards requirements) that influence the safety outcomes. In some cases, the aims of other legal duties will be complementary to safety requirements; in others, alternative approaches may be required to meet all legal duties. ONR’s principles for making consistent regulatory judgements on the adequacy of security and safeguards arrangements are covered in the Security Assessment Principles for the Civil Nuclear Industry (SyAPs) [1], and Nuclear Material Accountancy, Control and Safeguards Assessment Principles (ONMACS) [2].
Regulatory targeting 
There is a wide range of hazards associated with different nuclear installations, so the depth and rigour of the analysis required will vary considerably. The dutyholder is expected to take a graded approach to management of safety based on the hazards and risks present. 
In accordance with ONR regulatory policy, inspectors are expected to adopt a proportionate regulatory approach to targeting and sampling their assessment activities, commensurate with the nuclear safety risks. Issues such as novelty and uncertainty, regulatory intelligence on dutyholder performance, and wider regulatory policy are also factors to consider in establishing confidence in the safety case. Where the hazard is high or knowledge of the risk is uncertain, inspectors may choose to concentrate primarily on the hazard.
Alternative approaches
ONR has found that the application of the practices set out in the SAPs is an effective means of delivering safety outcomes that meet the expectations of the law. However, dutyholders may wish to put forward safety cases that differ from the approaches outlined in the SAPs. Inspectors should consider such submissions on their individual merits. Where the approach being followed differs substantially from the expectations set out here, inspectors could advise dutyholders that early engagement to discuss the method of demonstration can avoid unnecessary effort. Inspectors will need to be assured that such cases demonstrate equivalence to the safety outcomes associated with the use of the principles here.
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The following fundamental principles are the foundation for the subsequent safety principles. They are based on the International Atomic Energy Agency (IAEA) Fundamental Safety Principles [3], which cover a wider scope than the purpose of ONR SAPs, and therefore these principles have been drawn from those aspects of IAEA’s fundamental principles that are relevant to the remit of the SAPs.
FP.1 – Responsibility for safety
The prime responsibility for safety must rest with the person or organisation responsible for the facilities and activities that give rise to radiation risks.
Relevant legislation defines who has responsibility for safety. This person or organisation is referred to as the dutyholder throughout this document. For nuclear licensed sites, the prime responsibility for nuclear safety throughout the lifetime of the installation will sit with the organisation that holds the nuclear site licence (known as the licensee), and this responsibility cannot be delegated. Other groups in the dutyholder’s supply chain, such as: designers, manufacturers, constructors, employers, and contractors have legal, professional or functional responsibilities to safety.
FP.2 – Leadership and management for safety
Effective leadership and management for safety must be established and sustained in organisations concerned with, and facilities and activities that give rise to radiation risks.
ONR’s principles for effective leadership and management for safety are given within the MS SAPs. 
FP.3 – Optimisation of protection
Protection must be optimised to provide the highest level of safety that is reasonably practicable. 
ONR’s principles on the optimisation of protection are given throughout the sections on analysis informed design and, engineering and design.
FP.4 – Safety assessment 
Dutyholders must demonstrate effective understanding and control of the hazards posed by a site or facility through a suitable and sufficient safety assessment. 
To demonstrate an effective understanding of the hazards present and the control measures in place, the dutyholder’s safety assessment should include consideration of normal operation and all significant faults and hazards.
FP.5 – Limitation of risks to individuals
Measures for controlling radiation risks must ensure that no individual bears an unacceptable risk of harm.
The Ionising Radiations Regulations 2017 (IRR17) provide statutory limits on radiation doses and are the primary legislation controlling radiation exposures to individuals. Further, the SAPs section on ONR’s risk framework provide principles on the level of risk that are consider tolerable to workers and members of the public. 
FP.6 – Prevention of accidents
All reasonably practicable steps must be taken to prevent and mitigate nuclear or radiation accidents.
Appropriate safety assessment, identification of control measures and adequate accident management and emergency response arrangements are the means by which this SAP can be achieved. The overall concept is one of providing multiple barriers to the occurrence of accidents through the principle of ‘defence in depth’ (refer to KP.4). 
FP.7 – Emergency preparedness and response
Arrangements must be made for emergency preparedness and response in case of nuclear or radiation incidents.
ONR’s principles for emergency preparedness and response are set out in the SAPs on accident management and emergency preparedness (refer to AM.1).
FP.8 – Protection of present and future generations
People, present and future, must be adequately protected against radiation risks.
Protection of people is ensured by maintaining multiple barriers to radiation throughout the lifecycle of the facility. The application of safety assessment (FP.4) and optimisation of protection (FP.3) should ensure that appropriate barriers are maintained.
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Radioactive material and waste arising should be stored in an acceptable form for its long-term management or appropriately disposed of to protect people and avoid imposing an undue burden on future generations. The sections on management of nuclear matter, decommissioning, and land quality are relevant to the long-term protection of people.
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The safety case is a structured argument, supported by evidence, to justify safety during each lifecycle stage of the installation. The term ‘safety case’ is used throughout this document to encompass the totality of the documentation developed by dutyholders to demonstrate the safety of its operations and identify conditions and limits necessary in the interests of safety. An adequate safety case is a requirement of LC23(1) of the standard nuclear site licence. 
The safety case SAPs consider overarching concepts for the safety case, including the purpose of the safety case, the ownership, the production & maintenance processes, lifecycle aspects, content and structure. Detailed technical aspects of safety case content are presented elsewhere throughout the SAPs.
The production of a safety case does not by itself ensure the safety of an installation. What is also necessary is the proper implementation of the requirements that stem from and that are justified by the safety case.
SC.1 – Purpose of a safety case 
The safety case should consider the risks and justify adequate controls to manage them for the lifecycle of the installation, including normal operation as well as during fault or accident conditions. 
The safety case should demonstrate the nuclear safety of operations within its scope to the standards required by law. It should interact and interface, as appropriate, with the cases relevant for security, environmental protection, the safeguarding of nuclear material, non-nuclear health and safety, and so on. The safety case sets out the trail from safety claims through arguments to evidence. 
The safety case should be written to address the needs of the operator’s organisation. It should ensure that descriptions and terms are easy to understand by users; arguments are evidence based, cogent and coherently developed; references are accessible; and that conclusions are supported and follow logically from the arguments.
The prime user of a safety case is the dutyholder to demonstrate and ensure nuclear safety to itself, and provides the necessary information required to safely manage the installation or activity. There are a number of different users within the dutyholder. These include: directors and senior managers who are accountable for safety and should rely on the safety case for accurate and objective information on their control measures to make informed decisions, designers who design the controls required to maintain safety, and those who interact directly with the facility, who have responsibilities for working to the arrangements set out by the safety case. 
The safety case should be written to allow for independent review, which may include regulatory assessment.
In accordance with a graded approach (refer to KP.1), the detail presented in the safety case should be commensurate with the significance of the risks and required confidence in the measures to manage those risks.
The safety case should avoid unnecessary complexity. It should not include non-safety matters (such as operational performance), except where relevant to the delivery of safety outcomes.
SC.2 – Safety case ownership
Ownership of the safety case should reside within the dutyholder’s organisation with those who have direct responsibility for safety.
Safety cases are owned by the dutyholder, as it has the overarching legal duties. 
An authority for preparing, maintaining, implementing and reviewing the safety case should reside with competent persons with accountability for safety within the dutyholder’s organisation. 
SC.3 – Safety case production process
The process for producing safety cases should be designed and implemented commensurate with the nuclear safety risk.
The process used to produce safety cases needs to be designed to deliver fit for purpose safety cases. Governance of safety cases (including appropriate independent review and challenge) should be undertaken in line with a graded approach (refer to KP.1) and commensurate with the nuclear safety risks.
Where artificial intelligence has been used in the generation of aspects of the safety case, the owner should apply appropriate oversight to assure itself that the generated input is appropriate for its intended purpose. Where artificial intelligence provides a substantial influence over content or analysis this should be made transparent to the reader.
SC.4 – Installation lifecycle 
For each lifecycle stage, control of the hazard should be demonstrated by a valid safety case that takes into account the implications from previous and future stages.
The specific content and depth of information in a safety case for any stage should be commensurate with the nature of the particular stage and inter-relationships with other stages and in line with a graded approach to safety (refer to KP.1). In the early design stages the safety case will be more a statement of future intent, claims, and principles, whereas a safety case for operational stages should have developed arguments and evidence to support its claims. The safety case should be cognisant of the requirements for decommissioning and radioactive waste management in all lifecycle stages. 
SC.5 – Safety case characteristics
The safety case should be accurate, usable, complete, evidential, robust, integrated, balanced, forward-thinking and implementable.
The safety case should be:
Accurate - accurately represents the plant, people and processes;
Usable - accessible to and understandable by all of its users with a logical structure, clear language and available references;
Complete - considers all activities, modes of operation, faults and hazards, safety functions, safety measures and legal requirements;
Evidential - underpinned by verifiable evidence to support sound and clearly articulated arguments to support the safety claims;
Robust - uses a graded approach and applies sound safety principles and philosophies (such as defence-in-depth);
Integrated - includes interactions and dependencies with other facilities and services, and interfaces with the cases for other purposes;
Balanced - recognises strengths, weaknesses, optimism, conservatism and uncertainty;
Forward-thinking - considers safe operation for the lifetime of the facility including radioactive waste management and future decommissioning;
Implementable - identifies the things needed to implement the case and deliver the safety claims in practice.
SC.6 – Safety case content and implementation
The safety case should identify the important aspects of operation and management required for maintaining safety and how these will be implemented.
The safety case should provide a suitable and sufficient risk assessment. 
The structure of the safety case should be informed by the complexity of the operations. Safety cases typically adopt a hierarchical structure, with the overall safety claims presented in a header document, underpinned by arguments and evidence in lower tier documentation.
The safety case should explain how the requirements identified within it will be implemented. The following list highlights aspects of operation and management important for maintaining safety, but is not written to be exhaustive:
a) the limits and conditions (operating rules) required to ensure that the facility is operated safely at all times;
b) the procedures and instructions that need to be followed;
c) the required examination, maintenance, inspection and testing (EMIT) regimes justified in or assumed by the safety case; 
d) control, supervision, qualification and training, and other safety management requirements; and 
e) expectations for emergency planning.
SC.7 – Uncertainties and use of conservatisms
The safety case should identify areas of uncertainty and apply appropriate conservatism to give the required level of confidence in the safety claims.
The safety case should present a balanced view of the level of knowledge and understanding, and of the resultant risks. Uncertainties or optimism in the design of a facility (for example, material properties, system performance, configuration) and in the basis of the safety case (for example, definition of hazards, use of analytical methods) should be offset by appropriate levels of conservatism. Where multiple conservatisms are applied, it may be appropriate to consider the aggregation of conservatisms across different elements of the design, analysis, and so on, to ensure the overall level of conservatism applied remains appropriate.
SC.8 – Safety case maintenance
The safety case should be actively maintained throughout the lifecycle of the facility and reviewed periodically.
The safety case should be kept up to date so that it reflects the operation and management of risks and continuously meets the needs of its users. The safety case needs to use up to date installation data, for example: from commissioning, operation, periodic inspection and testing, research or experience from other facilities. The safety case will also need to be updated to take account of changes at the installation, the site, and its surroundings, such as:
a) changes arising from modifications or revised operating methods or processes;
b) changes arising from incidents, operating experience, examination or testing results; 
c) changes from updated design or analysis methods, research findings or other new information;
d) the outcome from periodic and interim safety reviews;
e) changes due to plant or facility ageing; or
f) changes in the vicinity of the facility (for example from external hazards or siting aspects).
LC15 requires the dutyholder to make and implement arrangements for periodic safety review (PSR) of safety cases. PSR is a comprehensive safety review of all important aspects of safety (for example plant, safety analysis, learning from experience, radioactive waste management, management arrangements, and culture) carried out at regular intervals. PSRs should incorporate lessons learned from internal and external events, interim safety reviews, industry incidents, research, and technological developments. 
Periodic reappraisal of safety measures should demonstrate that they continue to meet their intended safety functions, particularly if their condition, or their rates of degradation are, or are projected to be, outside design assumptions. Original design assumptions should be considered, such as underlying analysis, material behaviour, and evolving hazards (for example the impact of climate change on the magnitude of external hazards). Reviews should evaluate whether adequate safety margins remain for continued and future operations.
Findings should inform current operations, asset management strategies, and guide decisions to support long-term safe operations. 
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The structure of ONR’s risk framework is based on the Tolerability of Risk (TOR) Framework [5], which was extended in 'Reducing risks, protecting people' (R2P2) [6]. The TOR framework established the concepts of ‘unacceptable risk’, ‘tolerable risk’ and a ‘broadly acceptable level of risk’ to workers and members of the public. 
R2P2 reported these regions to be:
The boundary between the tolerable and unacceptable regions for risk entailing fatality:
Worker: 1 in 1,000 per annum (pa) (or 1 x 10-3 pa)
Member of the public: 1 in 10,000 pa (or 1 x 10-4 pa)
The boundary between the broadly acceptable and tolerable regions for risk entailing fatality:
Worker: 1 in 1,000,000 pa (or 1 x 10-6 pa)
Member of the public: 1 in 1,000,000 pa (or 1 x 10-6 pa)
These values and concepts form the basis for the risk framework employed by ONR from all sources, not limited to radiation exposure. The tolerability of risk framework was based on actual industrial information; as such, to compare directly with the risk values, quantification of risk should be done on a realistic or best estimate basis. 
ONR has several ‘risk indicators’ to judge whether the risks associated with an undertaking are in line with ONR’s risk framework. These indicators are given in terms of normal operational exposures (Risk Indicators 1-3) (refer to radiological protection); to inform the design basis of the installation (Risk Indicator 4) (refer to design basis analysis); and to judge the residual risks from faults and accidents 
(Risk Indicators 5-9).
The boundary between the tolerable and unacceptable regions within ONR’s framework is referred to as the basic safety level (BSL) and the boundary between the broadly acceptable and tolerable regions is referred to as the regulatory focus level (RFL). 
Basic safety levels
It is ONR’s expectation that an installation should meet the BSLs. Although the fundamental legal requirement is to reduce risks ALARP, installations operating, or proposing to operate, above the BSLs represent what is an unacceptable level of risk and this will attract significant regulatory attention. 
Existing installations may have been designed and constructed to earlier safety standards or may have deteriorated over time. Safety cases for such installations may show that the installation exceeds one or more of the BSLs. ONR’s expectation is that suitable argument should be made, inspectors should focus significant attention on the question of whether further safety improvements are reasonably practicable. Continuing to operate while failing to meet a BSL should only be acceptable if the dutyholder can demonstrate that there are no reasonably practicable options to reduce risks further in the short term. Moreover, if operations are to continue, then inspectors should seek a clear longer-term plan to manage and reduce the risks within a period that is as short as is reasonably practicable. Otherwise, consideration should be given to regulatory intervention to shut down the facility or prohibit or curtail the activity. 
Regulatory focus level
The RFLs recognise that there is a level of risk below which further consideration of the safety case would not be a reasonable use of ONR’s resources. It is ONR’s policy not to target any regulatory focus at these low levels of risk, providing that the estimation of risk is credible. Inspectors should not target regulatory effort or seek further improvements below the RFL and should confine themselves to assessing the level of risk and the basis of the arguments put forward in the safety case. 
The RFLs are therefore guidance to inspectors in relation to regulatory focus and should not be viewed as targets or objectives.
Application of ONR’s risk framework
This section describes the risk framework that inspectors should use as an aid to judgement when considering whether nuclear safety is being adequately controlled. The framework set out is for use by inspectors. It quantifies ONR’s approach to risk-informed regulation and have been set to assist when making regulatory decisions and targeting resources.
RF.1 – Assessment of risk
The dutyholder should have sufficient evidence and analysis to understand the risks from its undertaking and to enable a comparison against suitable metrics.
Dutyholders should have their own risk metrics and criteria in place to aid their decision making and managing of their operations. These may align with ONR’s risk framework, however this is not mandatory, it is the responsibility of the dutyholder to define the most suitable metrics and criteria for their operations. Dutyholders may also use other risk measures for some potential accident sequences; for example, many countries have a metric for reactors based on core damage scenarios. Dutyholder’s risk metrics should be considered by inspectors to avoid the need for additional analysis where possible.
Inspectors should not always expect or require a detailed calculation to be provided in the safety case. However, there should be sufficient information to enable an inspector to form a view against the risk metrics as part of their assessment.
ONR’s risk framework does not in itself provide inspectors with a basis for recommending particular actions, as it has no legal status. The framework exists to identify where (and where not) to focus regulatory attention and where consideration should be given to enforcement.
RF.2 – Time at risk
Periods of heightened risk should be explicitly assessed and justified to ensure that risks are appropriately controlled, and suitable measures are in place.
Periods of heightened risk are sometimes unavoidable or even necessary. They are acceptable providing they are properly assessed and justified by the dutyholder. 
This can include periods where if the risks were annualised, they could exceed annualised risk levels for a limited period. 
Routine operational activities (for example, starting up or shutting down a process or undertaking maintenance) will lead to variation in the level of risk. They should be understood and the safety case should demonstrate that adequate safety measures are in place. These routine and anticipated variations are not the focus of this section.
There are, however, situations that are not part of routine operation that can require a significantly increased period of risk. Situations where heightened periods of risk might occur, include:
a) non-routine operational challenges: where a short-term increased risk is needed to resolve an issue to enable a return to normal safe operation (for example, novel or challenging activities or plant modifications needed to investigate or rectify an emergent issue);
b) residual facility life: where an ageing facility may now have eroded safety margins (for example, due to ageing or degradation, or where its design has fallen behind modern standards); or 
c) end of life legacy: where post-operational activities or decommissioning of a facility lead to increased risk (for example, breaking into containment). 
Fundamentally, the dutyholder must continue to ensure that risks are ALARP. Its assessment should consider the magnitude of the heightened risk, its duration, the balance of risk between different groups (for example, workers and the public) and the balance of short-term versus long-term risk. When assessing dutyholder’s justification, the inspector should consider the following:
a) the dutyholder should demonstrate that suitable control measures are in place for the activity. This should include consideration of means to reverse the situation or otherwise recover control if a significant deviation from the basis of safety occurs. The demonstration should also consider reasonably practicable contingency measures such as temporarily enhanced emergency arrangements.
b) Appropriate means should be in place (such as enhanced plant surveillance) to monitor the facility state and ensure that the safety case assumptions remain valid. This may include risk monitors (such as 'live' probabilistic safety analysis (PSA) based models or other tools to estimate moment-to-moment risk as a function of the actual plant state) to ensure awareness of the current level of risk and the contributors to it.
c) The short duration of an increased risk should not be used as the sole argument within the justification. Where specific arguments are made on limited duration (for example, by a definitive shutdown date) then such an argument may form part of a broader, balanced justification. In such cases, inspectors should be cautious of situations whereby the dutyholder repeatedly extends the period due to a failure to complete the necessary work to return the risk to a normal level. 
d) The justification should not rely solely on numerical risk estimates or on averaging risk over a longer period. Similarly, the safety case should not focus on curtailing or extending the frequency of an activity simply to reduce the resulting annualised risk.
Risk indicators for faults and accidents
The risk framework in this section has been selected to assist when judging the adequacy of a design or safety case using the results of the dutyholder’s analysis. Best estimate methods should be used to calculate frequencies and for the predicted radiation dose to exposed persons. Where this is not practicable, reasonably conservative assumptions can be made. The effects of any mitigating measures to reduce dose may also be considered if a satisfactory case has been made. 
Estimation of individual risk on site often requires assumptions regarding occupancy, shift-working and so on. It is important therefore that any assumptions are properly reflected in formal control measures and are clearly set out in the analysis so that the calculated risks take proper account of their potential failure. 
To estimate the individual risk to a person outside the site, it is necessary to take account of a wide range of parameters, such as the probability that a hypothetical person will receive a particular radiation dose given that the accident has occurred, allowing for wind and weather conditions, and the potential effect of longer-term protective actions. The location assumed for the hypothetical person will also be a critical feature of the analysis. Weather conditions should be based on meteorological data appropriate to the site. Population data should be based on current demography, where appropriate reasonable expectations for changes in the future demographic should be considered.
Assumptions that on-site effects will be mitigated by the implementation of accident management and emergency preparedness arrangements should be properly justified. The effectiveness of off-site mitigating features and protective actions should be based on current national and international advice and, where claimed, should be reflected in the safety case. 
For a complex plant a technique such as PSA is required to understand the type of faults, risks, and consequences on a best estimate basis. It allows full incorporation of the reliability and failure probability of safety measures and other features of the design and operations. Where it is available, and of sufficient scope and quality to do so, the results of the PSA should be compared against Risk Indicators 5-9.
Risk Indicator 5: Individual risk of death from accidents
Risk indicator levels for the individual risk of death to a person on or off the site due to exposure to ionising radiation from accidents are: 
    BSL: 1 x 10-4 pa
    RFL: 1 x 10-6 pa
Risk Indicator 5 should be used by inspectors to consider risks to individuals from ionising radiation caused by accidents, including workers and members of the public, whether on or off the site. Different types of analysis or calculations may be required when considering individuals on or off site, however the results of both can be compared to the same risk indicator.
Risk Indicator 6: Frequency dose measure for any single accident to any person on the site
Risk indicator levels for the predicted frequency of any single accident in the facility that could give rise to a person on the site receiving a dose are:
	Effective does (mSv)
	Predicated frequency per annum

	
	BSL
	RFL

	2-20
	1 x 10-1
	1 x 10-3

	20-200
	1 x 10-2
	1 x 10-4

	200-2,000
	1 x 10-3
	1 x 10-5

	>2,000
	1 x 10-4
	1 x 10-6


Table 1 - Risk Indicator 6
Risk Indicators 5 and 6 are not intended to include the risks associated with personnel returning to perform recovery actions after an accident.
Risk Indicator 8: Frequency dose measures for accidents on an individual facility to any person off the site
Risk indicator levels for the total predicted frequencies of accidents on an individual facility that could give doses to a person off the site are:
	Effective does (mSv)
	Predicated frequency per annum

	
	BSL
	RFL

	0.1-1
	1
	1 x 10-2

	1-10
	1 x 10-1
	1 x 10-3

	10-100
	1 x 10-2
	1 x 10-4

	100-1,000
	1 x 10-3
	1 x 10-5

	>1,000
	1 x 10-4
	1 x 10-6


Table 2 - Risk Indicator 8
The safety case should identify accidents with the potential to cause 100 or more deaths from radiation exposure. The nature of such accidents means that long-term, large-distance stochastic effects will be important. Such accidents may have significant regional or national consequences and so are considered to pose a societal risk. 
Risk Indicator 9: Societal risk - Risk of 100 or more fatalities
The measure for the total risk of 100 or more fatalities due to exposure to ionising radiation, either immediate or eventual, from accidents at the site are: 
    BSL: 1 x 10-5 pa
    RFL: 1 x 10-7 pa
In estimating the societal risk, fatalities both on and off the site should be included. 
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KP.1 - Graded approach to safety 
The demonstration of safety of an installation or activity should be commensurate with the nuclear safety risk. 
The demonstration of safety, including the extent of safety management systems, safety analysis, substantiation of safety measures, should be commensurate with the nuclear safety risk. ONR inspectors should expect dutyholders to apply a graded approach within their safety cases. 
The higher the risk (or hazard when the hazard is high or knowledge of the risk is uncertain), the more rigorous and comprehensive the demonstration of safety should be.
Not all of the principles in this document apply to all facilities or activities. In line with a graded approach, the demonstration of safety should focus on those principles, standards and guidance which are relevant.
KP.2 - Integration of nuclear safety with other requirements
Nuclear safety should be managed in such a way that the interfaces between other requirements (security, nuclear material accountancy, non-nuclear safety, environmental safety, operations, etc.) are realised in a coordinated manner so that they do not compromise one another and an optimised design is achieved. 
The needs of nuclear safety should be considered in a manner cognisant of other requirements and done in such a way to achieve a balanced design solution. 
Where other requirements influence safety, the consideration of these factors should be done in such a way that a single requirement does not dominate other factors or lead to an unbalanced design. Where measures are proposed or in place for other purposes that benefit safety, appropriate claims upon these can be considered in the safety case. 
KP.3 – Practical elimination of large or early radioactive releases
It should be demonstrated that sequences with the potential to lead to large or early radioactive release are practically eliminated.
In line with broader international guidance, the safety case should contribute to demonstrating that accident sequences with the potential for large or early radioactive releases have been eliminated through practical means. In this context, 'large release' refers to releases that would necessitate off-site protective actions that are not limited in time or geographical area, while 'early release' refers to releases occurring before required protective actions can be effectively implemented. 
To support the demonstration of practical elimination, the safety case should show either that the sequence is physically impossible, or that the design incorporates safety measures that make the sequence extremely unlikely, with a high degree of confidence. For the latter, this requires evidence of extremely low sequence frequencies and suitable safety measures across levels 1 to 4 of defence in depth.
A demonstration of practical elimination of sequences with the potential to lead to large or early radioactive releases, through both probabilistic and deterministic arguments, may not be proportionate for all facilities.
The demonstration should not be limited to severe accident mitigation; it should provide justification of other levels of defence in depth commensurate with their safety significance, where these contribute to the demonstration of practical elimination of sequences with the potential to lead to large or early radioactive releases.
Where sequences with the potential to lead to large or early radioactive releases are not demonstrated to be physically impossible, both deterministic and probabilistic methods should be applied to support the demonstration that the design incorporates safety measures which make the sequences extremely unlikely, with a high degree of confidence.
KP.4 – Defence in depth
Nuclear facilities should be designed and operated so that defence in depth against potentially significant faults or failures is achieved by the provision of multiple independent barriers to fault progression.
Application of the concept of defence in depth should provide a series of independent barriers (design features, equipment and procedures) aimed at preventing faults in the first instance, protecting against fault progression should a fault occur, and ultimately by providing mitigation of accidents should protection fail.
An important aspect of the implementation of defence in depth is the provision of multiple physical barriers to the release of radioactive material to the environment, and to ensure the confinement of radioactive material. The number of barriers will depend on the nuclear safety risks. Where practicable, reliable and effective barriers should be provided early in the hierarchy to minimise safety demands on later barriers.
Defence in depth can be considered in five levels, which should be, where possible, independent from one another. The methodology should ensure that if one level fails, it will be compensated for, or corrected by, the subsequent level. The aims for each level are described in Table 3, based on IAEA Safety Requirements in SSR-2/1 [3].

	Level
	Objective
	Defence/barrier

	1
	Prevention of abnormal operation and failures by design.
	Conservative design, construction, maintenance and operation in accordance with appropriate safety margins, engineering practices and quality levels. 

	2
	Detection and control of abnormal operation and prevention of escalation.
	Control, indication, alarm systems or other systems and operating procedures to prevent or minimise escalation.

	3
	Control of faults within the design basis to protect against escalation to an accident.
	Safety measures, multiple barriers and fault control procedures.

	4
	Control of severe plant conditions in which the design basis may be exceeded, including protecting against further fault escalation and mitigation of the consequences of severe accidents.
	Measures and procedures to protect against or mitigate fault progression and for accident management.

	5
	Mitigation of radiological consequences of significant releases of radioactive material.
	Emergency control and on- and off-site emergency response.


Table 3 – Objective of each level of protection and the means of achieving them
KP.5 – Inherent safety
A nuclear facility should aim for an inherently safe design, consistent with the operational purposes of the facility.
An ‘inherently safe’ design is one that eliminates hazards rather than controlling them, or it prevents a harm occurring by using an approach, design or arrangement which ensures that the harm cannot happen. Inherent safety is not the same as ‘passive safety’ (refer to KP.6). Where inherently safe design is not achievable, the design should be fault tolerant.
Achieving an inherently safe design can be assisted by: 
a) reducing the inventory of potentially harmful substances to the minimum necessary to achieve the required function of the facility; 
b) controlling the physical state or chemical state of harmful substances to remove or minimise their potential effects; and 
c) minimising the energy potential within the process consistent with the required purposes of the facility, and of its various components. 
Application of this principle should minimise the need for, and reliance on, safety systems and the challenges placed on them.
KP.6 – Fault tolerance
The sensitivity of the facility to potential faults should be minimised.
Any failure, process perturbation or mal-operation in a facility should produce a change in plant state towards a safer condition, or produce no significant response. 
If the change is, however, to a less safe condition, then systems should have long time constants so that key parameters deviate only slowly from their desired values.
KP.7 – Hierarchy of safety characteristics
Safety should be secured by safety measures incorporating passive safety aspects in preference to active, and by active safety measures in preference to administrative safety measures.
Safety measures across all levels of defence in depth may be passive, active or manual, to varying extents. There are many different aspects of passive safety, such as the absence of the need of inputs for actuation, moving mechanical parts, working fluids, or external power requirements. Combinations of these passive safety aspects will likely vary significantly between safety measures, from fully passive safety measures (for example, static radiation shielding structures), through to actively initiated passive safety measures. 
In general, safety measures with many passive safety aspects are expected to be more reliable, and hence preferred to, those with fewer passive safety aspects. Likewise, automatically initiated safety measures are generally expected to be more reliable than manually initiated safety measures, or administrative measures. 
As such, safety functions should be preferentially delivered by: 
a) passive safety measures;
b) automatically initiated active engineered safety measures;
c) active engineered safety measures that need to be manually brought into service;
d) administrative safety measures.
Note: The hierarchy above should not be interpreted to mean that the provision of an item towards the top of the list precludes provision of other items where they can contribute to defence in depth.
KP.8 – Radioactive Inventory 
The types, quantities, physical and chemical forms of radionuclides present in a nuclear facility that have the potential to give rise to radiation exposure or release, radioactive waste, or discharges should be identified and assessed.
Understanding the radioactive inventory of a plant or facility is a key input to facility design and analysis. It will influence aspects such as shielding requirements, design of safety measures, waste arisings and accident response. 
Radioactive inventory should therefore be defined across all systems containing radioactivity for normal operations and fault conditions. The approach to understanding radioactive inventory should be appropriately justified. 
Where operating experience is applied in producing radioactive inventory data, this should be demonstrated to be relevant to the plant. 
Radioactive inventory data is critical for producing source terms for radiation exposure or release, radioactive waste, decommissioning or discharge scenarios.
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MS.1 – Leadership
Leaders at all levels should focus the organisation on achieving and sustaining high standards of safety, enabled by effective governance and a positive safety culture.
Leadership is key to achieving appropriate levels of safety and establishing and sustaining a positive safety culture. The behaviour and activities of directors, managers and leaders at all levels should include: 
a) establishing the strategies, policies, plans, goals and standards for safety and ensuring that they are delivered throughout the organisation; 
b) providing direction, governance and oversight to establish and foster a positive safety culture that underpins safe operation; 
c) demonstrating a visible commitment to safety through their activities; 
d) recognising and resolving conflict between safety and other goals (for example production and commercial pressures);
e) ensuring that management of safety is participative, actively drawing on the knowledge and experience of all staff; and
f) ensuring that any reward systems promote the identification and management of risk, encourage safe behaviour and discourage unsafe behaviours or complacency.
The value of safety as an integral part of good business and management practice should be reinforced in interactions between directors, managers, leaders and staff throughout the organisation and its supply chain, as appropriate, to establish a common purpose and collective social responsibility.
Governance 
The organisation’s board should provide suitable direction and control to ensure the safe and secure operation of nuclear facilities. This requires a dedicated focus from the highest levels of leadership to establish a framework that actively manages, maintains, and continuously improves safety performance. This includes setting and modelling the behaviours and values of the organisation, providing proactive oversight and assurance, instilling a culture of rigorous challenge, and practising informed and prudent decision-making.
Oversight of safety performance, led by the board, should provide assurance at all levels, and throughout all stages of the life of the undertaking, that safety is being adequately maintained. It should utilise diverse sources of information, including feedback from independent challenge and reviews, to provide confidence (by means of governance, monitoring and auditing processes) that strategies, policies, plans, goals, standards, systems, and procedures are being implemented through the application of an effective management system.
Decision making processes should ensure that safety is given a high priority and enable active challenge. The processes should ensure that available data and opinions are collected and considered, respecting, and encouraging the contribution of those with divergent views. Safety decisions should not be delayed unnecessarily (for example, for commercial reasons) and personnel should be duly empowered to take timely decisions in the interests of safety. Decisions affecting safety should consider the quality and sufficiency of information and the significance of uncertainties and should include the questioning of assumptions.
Safety culture 
The organisation’s leadership is responsible for cultivating a positive safety culture that fosters trust, collaboration, consultation and open communication. 
Leaders achieve this through their own consistent behaviours and establishing a management system founded on fairness, respect and transparency.
To build a positive safety culture, everyone in the organisation and its supply chain, as appropriate, should reinforce safety as a core business value. This approach establishes a common purpose and a sense of collective social responsibility. Actively consulting and involving all staff in the development, maintenance and improvement of safety secures the engagement and cooperation needed to achieve safety goals. The result is a unified team, at every level, in which everyone understands their accountability to colleagues and external stakeholders for upholding the highest safety standards.
MS.2 – Management system
Organisations should establish and sustain an effective management system. 
It should incorporate quality management arrangements with adequate focus on quality assurance and control.
Dutyholders should establish and sustain a management system, based on national or international standards, that achieves the goals of the organisation and gives due priority to safety. The management system should include effective processes and quality management arrangements in respect to all matters which may affect safety. The requirements are defined in LC17.
The quality management arrangements should be applied in a graded manner 
(refer to KP.1) dependent on the safety significance of the activity and consequence of, and level of risk associated with, a loss of control. The graded arrangements should include quality assurance and control as appropriate to provide confidence that the requirements of the activity will be fulfilled. 
MS.3 – Records 
Records should be specified in the management system and should be adequately controlled and retained. 
The management system should include arrangements to make adequate records, as required by LC6 throughout the lifecycle of the installation. Such arrangements should ensure that records are specified, prepared, authenticated and maintained so that they are readable, complete, identifiable and easily retrievable. 
There are different types and aspects of records required to manage safety throughout the lifecycle of a nuclear installation (design, construction, commissioning, operation, modification, and decommissioning). Records should be preserved as required to ensure long-term accessibility, including during decommissioning and post-closure phases. 
Records should support organisational knowledge management and be captured and made available to those in the organisation who need to make decisions relevant to safety.
MS.4 – Capable organisation 
The organisation should establish and sustain the capability to secure the safety of its undertakings.
A capable organisation will have adequate financial and human resources, competences and knowledge in sufficient numbers to provide resilience and maintain the capability to lead, govern and manage for safety at all times.
The organisation’s structure and staffing levels should be based on appropriate organisational design principles and should secure effective coordination between all those involved. Human resource baseline provisions should be established, controlled and reviewed regularly. Changes to the organisation should be subject to evaluation to ensure they do not adversely affect the capability of the organisation to deliver safely. 
A ‘design authority’ capability should be established which includes suitable and sufficient experts with detailed and up-to-date understanding of the safety of its facilities and their design, operation and safety cases. Knowledge of the intended design performance of plant, equipment, processes and systems should be maintained to provide an adequate corporate memory and baseline for monitoring.
The organisation should have a clear policy and rationale for sourcing work in-house or through contractors within its supply chain. This policy should take adequate account of both the short and long-term nuclear safety implications of using contractors.
MS.5 – Supply chain management 
The organisation should establish and sustain supply chain management arrangements to ensure that safety items and services are delivered to the specified intent, meeting the safety case requirements. 
The organisation should maintain an ‘Intelligent Customer’ capability for all work carried out on its behalf by suppliers that may impact upon safety. This is the capability of the organisation to understand where and when work is needed and specify what needs to be done as part of its supply chain management arrangements. 
The supply chain management arrangements should give due priority to safety, considering the risk factors across its ‘extended enterprise’ and be applied in a graded manner (refer to KP.1), dependent on the safety significance of the item and service. The arrangements should:
a) ensure effective commercial/supply chain strategy to enable delivery of safety case requirements;
b) ensure that specifications adequately address safety case requirements;
c) evaluate if suppliers have sufficient organisation and technical capability, capacity and organisational culture to deliver to the specified intent;
d) consider the adequacy of supplier quality management arrangements; and
e) include adequate oversight and assurance arrangements, including acceptance of the work carried out on the organisation’s behalf.
MS.6 – Continual review, learning & improvement 
The organisation should establish and sustain arrangements for the continual review and improvement of its leadership arrangements and management system, applying learning from relevant operating experience.
Reviews should consider the adequacy of the organisation's leadership, governance, safety culture, management system, records management, organisational capability and supply chain management arrangements, as appropriate. It may be considered as part of a dutyholder's LC15 PSR arrangements. 
A learning organisation should challenge established understanding and practice by reflecting on experiences and outcomes to identify and understand the reasons for differences between actual and intended outcomes. Information should be collected from a range of sources inside and outside the organisation. This should include arrangements made under LC7 to notify, record and investigate safety incidents on the site. The lessons learned should be embedded through a structured system for implementing corrective and preventive actions in a timely manner, which is rigorously applied and actively followed up to confirm completion and effectiveness.
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This section outlines ONR’s safety principles for assessing: 
the siting of a new nuclear facility on a new site or an extension to an existing site;
the siting of a new facility on an existing nuclear licensed site; and
where appropriate, modification to, or repurposing of an existing facility, or revalidation of relevant safety cases through the life of the site.
ONR is not responsible for site selection and planning decisions but provides advice through either statutory or non-statutory consultation to the relevant national or local planning authorities. 
Assessment of site suitability for nuclear installations is governed by ONR's processes for the licensing of nuclear sites published on ONR’s website. 
ST.1 – Site characterisation
Site characterisation should provide reliable information and assurance that site conditions are appropriate and are reflected in the safety case.
Site characterisation activities (including, where appropriate, the use of site instrumentation and monitoring) should be conducted in an integrated, systematic, planned, and documented manner that delivers appropriate inputs to the safety case. Site characterisation should collect adequate data to support site evaluation, which should include: 
evaluation of characteristics that would make the site unsuitable;
identification and characterisation of natural and manmade hazards to the site;
the impact of any hazardous or nuclear facilities located on or off the site;
the overall layout design;
the ability of the site to provide a reliable and suitable ultimate heat sink (if required); and
the ability of the site to support suitable infrastructure (for example, reliable and stable electrical grid connections).

ST.2 – Site evaluation 
The site should be evaluated to demonstrate its suitability to support the design, construction and safe nuclear operations.
The evaluation should consider risks associated with geotechnical/geological characteristics and features of the site. Where appropriate, this could include testing to inform and validate the soil-structure interaction for the proposed plant geometry and site behaviour/response. Site elevation should be considered in terms of protection against external flooding. 
Dutyholders should evaluate nearby hazardous facilities, or other nuclear facilities, and how these could impact on safe operation. This should include evaluation of site layout to reduce potential interactions between facilities. This is important during the siting of a nuclear facility in terms of controlling risks. The effects from other hazardous or nuclear facilities located on or off the site will constitute external or internal hazards depending on where the hazard source is located and should be assessed using the EHA principles. 
The evaluation should include the feasibility of implementing on and off-site emergency protective actions (including possible evacuation of areas around the site). The proximity of population centres, schools, hospitals and other institutions should be considered as well as local physical aspects of the installation and site relevant to the potential dispersion of released radioactivity and its potential effects on people. 
ST.3 – Multi-facility sites
Multi-facility sites should demonstrate that interactions between facilities, common services and arrangements have been appropriately managed.
When assessing the hazards and risks posed by a nuclear site, all the facilities, services and activities on it need to be considered. Where multiple nuclear facilities are located on a single site there is the need to consider the totality of risks from a site and how these are controlled. 
Individual sites with multiple facilities often produce individual safety evaluations for each facility. Shared services are also generally dealt with separately. The division of a site’s safety case in this way requires the definition of boundaries and interfaces between facilities, facilities and services. It may require a combination of the individual evaluations to provide an overall site safety case to account for the interactions and interdependencies between facilities and services.
Interactions between facilities, and shared services, where events in one may adversely affect others, should be explicitly considered in determining the potential for escalation of the risks for the site. This requires an analysis of events that can have physical effects outside the boundaries or limits for the particular facility or service. These may be:
faults, internal hazards or external hazards that affect more than one facility and shared service at the same time;
Interactions that can progress from one facility to another or via shared services (domino effects); and
interactions between shared services that affect several facilities.
Where a site has been considered as comprising several facilities, a specific consideration of overall site risks should be carried out, unless it can be shown that the facilities are totally independent from one another. Independence in this context means there are no common shared services that can affect safety, and no fault or accident at any one facility should have repercussions at any other. 
Multi-facility sites should have emergency arrangements that recognise the potential for multi-facility accidents.
ST.4 – Co-located sites
Where the nuclear site neighbours other sites, arrangements should be established to cooperate on matters of mutual safety.
Where neighbouring sites, which may be under the control of different dutyholders, share common systems or have the potential for interactions, there should be cooperation between them in developing safety cases and emergency arrangements. Formal mechanisms should be established and demonstrated to be working effectively. Neighbouring sites include other nuclear sites and other significant industrial sites, such as chemical sites, particularly if identified as a site which holds dangerous substances exceeding levels specified under The Control of Major Accident Hazards Regulations 2015.
ST.5 – Site and facility layout
The layout of the site, its facilities, support facilities, systems, and services should support safe operations. 
The layout of the site and facilities should:
a) Minimise the effects of faults, internal and external hazards. For example, by optimising embedment, segregation in the design of structures, systems or components (SSCs), allowing for safe movement of overhead lifting equipment, fire compartmentation, seismic separation, shielding from malicious aircraft impact, consideration of the impacts of flooding, diverse routes for essential services, and so on;
b) Minimise the need for movement of nuclear matter around site and within facilities;
c) Support safe access for operations and allow adequate clearance and access routes for EMIT, this should include access for necessary recovery actions and re-supply of essential stocks, equipment and personnel following an accident. Access to areas with radiation hazards and possible contamination should be appropriately controlled; 
d) Prevent unauthorised access to, or interference with SSCs to mitigate the potential of inadvertent or malicious actions that could affect their operation (such as access arrangements or segregation of diverse safety systems);
e) Consider the requirement to accommodate temporary works for construction activities, EMIT and decommissioning/demolition;
f) Where appropriate, allow flexibility for future modifications, ensuring that structural layouts can adapt without undermining integrity;
g) Support structure robustness and load path continuity; avoid irregular layouts, significant asymmetries or stiffness/mass eccentricities that could compromise stability or exacerbate loadings; and 
h) Provide sufficient spatial allowances to accommodate the responses of systems and structures under static and dynamic soil-structure and structure-soil-structure interaction effects (such as differential settlements, pounding and impact damage). 
The application of design processes (including optioneering where appropriate) should underpin these critical design decisions.
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External hazards are natural or man-made hazards to a site and its facilities that originate outside the site and its processes, over which the dutyholder has little or no control. Terrorist or other malicious acts are also assessed as external hazards under other legislation. 
Internal hazards are those hazards to the facility or its SSCs that originate within the site boundary and over which the dutyholder has control in some form. Consideration of human-induced events that could directly or indirectly affect the safety of the facility is expected.
Dutyholders should systematically identify, screen, and characterise all hazards throughout the facility’s lifecycle. The dutyholder should periodically review hazards including changes to severity and/or frequency.
Dutyholders should systematically analyse hazards and hazard combinations, throughout the facility lifecycle to determine their potential consequences and interactions with SSCs. Analysis outcomes should be used to manage nuclear safety risks. Dutyholders should also understand hazards and hazard combinations beyond the design basis including extreme conditions and cliff-edge effects. This should include consideration of scenarios where safety barriers may be degraded or removed (for example, during maintenance states and refuelling).
EHA.1 – Identification
A systematic and effective process should be applied to identify all external and internal hazards both individually and in combination that could affect nuclear safety.
The external and internal hazard identification processes should include all credible combinations of independently occurring hazards, causally-related hazards and consequential events resulting from a common initiating event.
EHA.2 – Screening
A systematic and effective process should be applied to screen hazards both individually and in combination based on contribution to nuclear safety risks.
For some hazards, such as the presence of a geological fault that could cause hazardous displacement, the application of screening criteria may require qualitative or bespoke judgements. For hazard combinations and associated fault sequences, the initiating hazards may affect the facility state making secondary hazards more likely than their assumed normal frequency. The exclusion of any hazards or combinations screened out from further analysis should be justified. All remaining hazards and combinations should be considered as initiating events in the fault analysis (refer to FA.2).
EHA.3 – Hazard data sources and application
Hazard data applied to hazard characterisation and analysis should be best available and justified. Uncertainties should be adequately characterised to provide reliable representation.
An adequate process should identify and manage data to provide reliable data for hazard characterisation and analysis in accordance with the AV principles. 
The process and rigour applied should be proportionate to the hazard significance. 
In determining best available data the dutyholder should consider:
a) the provenance and completeness of hazard data recognising the often varied and differing quality of data sources and associated uncertainties (for example, instrumental, operational, historical and palaeogeological);
b) the possible need for expert judgement in combining and analysing data;
c) applicability and relevancy of data to the site, facility and/or activities; and
d) hazard characterisation and design requirements.
Generally, data should enable the relationship between severity and frequency to be determined. Where data is limited or highly uncertain, the use of expert judgement may be acceptable provided that the basis for the judgement is suitably justified. Hazard and hazard-related data should be monitored and collected over the site and facility lifetime to support safety case development, periodic reviews and operational arrangements. This data should be used to validate hazard severities and frequencies and associated assumptions.
EHA.4 – Characterisation
A systematic and effective process should be applied to characterise hazards and hazard combinations, justifying the relationship between severity/consequence and frequency to enable inputs for use in safety analyses.
The methods and rigour applied to hazard characterisation, such as the adoption of a structured decision-making process and independent peer review, should be justified and appropriate to the overall risk contribution. This could include qualitative and/or quantitative methods. The process should characterise relevant hazard components, parameters and associated uncertainties, enabling an appropriate design basis to be determined for use in the safety analysis. 
For relevant natural hazards, the effects of climate change over the lifetime of the facility should be characterised. This should include the reasonably foreseeable effects and more extreme scenarios. 
Hazard characterisation should be reviewed on a periodic basis to account for updates to data, methods, non-stationary effects and so on (refer to AV.5). 
The review periodicity should be commensurate with developments of underpinning science and technology, operating experience, design modifications, uncertainties and risk.
EHA.5 – Design basis hazards
A design basis hazard should be defined and justified for each hazard or hazard combination that cannot be excluded, on the basis of frequency or consequence.
The predicted frequencies for hazards and their unmitigated consequences (including appropriate assumptions (refer to DBA.3)) should be determined and compared against DBA.2 and Risk Indicator 4 to determine whether they should form part of the design basis analysis. Internal and man-made hazards with a predicted best estimate frequency greater than 10-5 pa should be included in the design basis, unless the unmitigated consequences do not exceed the BSLs in Risk Indicator 4. 
To enable flexibility for natural external hazards, the design basis hazard can be determined using an annual frequency of exceedance within the range of 10-4 to 10-5 subject to inclusion of appropriate conservatism. The approach taken and degree of conservatism applied should be justified. Alternatively, a design basis approach could be defined based on the risk framework, if appropriately justified. 
Some hazards may not be amenable to the derivation of a design basis based on frequency. In such cases, a surrogate maximum credible event may be defined. 
A bounding hazard may also be used to group hazards and/or hazard combinations. Use of surrogate maximum credible event or bounding hazards should be suitably justified. 
The design basis should be sufficiently conservative to reflect international minimum expectations and representative of the initiating hazard behaviour.
For hazards where frequency or severity vary with time (non-stationary), the design basis should be revalidated, and where necessary, redefined on a periodic basis to account for changes in the underlying hazard frequency and/or severity. 
The effects of climate change over the lifetime of the facility should be included for relevant natural hazards. 
Where the unmitigated consequences are low, it may be appropriate for a facility 
(or relevant parts of it) to be designed against hazard-induced loads by applying relevant industrial standards.
EHA.6 – Hazard-plant interaction and consequence analysis
Relevant internal and external hazards and hazard combination(s) that could affect nuclear safety should be analysed to determine their impact on the facility and the delivery of relevant safety functions.
Internal and external hazards can result in various combinations of loadings and conditions that safety measures may be required to withstand or be protected from to maintain nuclear safety. Dutyholders should derive these loadings and conditions and appropriately characterise their impact on SSCs for engineering analysis. 
This may necessitate an iterative approach to inform the design and safety measures to ensure that consequences from hazards are minimized. 
The hazard analysis should consider the most challenging permitted operating conditions and all relevant hazard sources across the facility for all plant states.
The analysis should consider available defence in depth, and simultaneous effects (for example, interactions between SSCs), common cause failures (for example, loss of off-site power) and consequential effects. The analysis should apply an appropriate combination of expert judgement, deterministic and probabilistic methods. 
The analysis should systematically review the facility’s behaviour in response to the hazard(s) loads and conditions and demonstrate its tolerance to the hazard(s). Hazard loads and conditions may vary with time. The dutyholder should ensure its analysis considers how the hazard progresses and the response of identified safety measures. 
The analysis should inform the requirements for segregation, diversity and redundancy of plant (refer to EDS.4), as well as required hazard protection measures and their safety functional requirements, including SSC hazard withstand claims (refer to EHA.7). The analysis should demonstrate that the facility can be brought to, and maintained in, a safe state even in the event of an additional single failure, including when equipment is unavailable. Hazard analysis, where appropriate, may credit human actions to limit severity (for example, flooding). 
In these cases, such claimed actions should be substantiated. 
EHA.7 – Hazard prevention, protection and mitigation 
Effective hazard prevention, protection and mitigation should be implemented to demonstrate that the risks from internal and external hazards, individually and in combination, do not adversely affect nuclear safety. 
Hazards can affect plant both locally and globally (affecting multiple SSCs and layers of defence-in-depth) and may result in consequential hazards and additional failures of safety barriers/systems (domino effects), as well as common cause failures.
Dutyholders should demonstrate how internal and external hazards are minimised from the outset of the plant design; seeking to prevent and eliminate hazards through appropriate siting, layout optimisation, and/or reducing hazard inventories, such as by using less hazardous substitutes. 
Hazard protection and mitigation should be addressed in facility design, with provision and justification for adequate safety measures. Dutyholders should implement necessary measures to protect against internal and external hazards that could affect nuclear safety. Protection measures should be proportionate to the nuclear safety risk and may include physical barriers, hazard detection, alarms, human actions, and implementation of limits and conditions.
The approach to hazard protection and mitigation should include:
a) application of the hierarchy of control to hazards (for example, favour a dry site concept compared with a protected site against external flooding); 
b) feedback from the engineering substantiation/qualification;
c) use of a managed adaptive approach to address climate change effects and ensure sufficient adaptive capacity in the design or arrangements;
d) safety measures located both on and off the nuclear licensed site that support hazard management (for example, sea defences);
e) defence in depth including consideration of beyond design basis hazards and severe accident management strategies; and
f) recovery post internal and/or external hazards.
The hazard protection and mitigation approach should be reviewed as appropriate especially if the hazard profile changes, for example due to plant modifications.
EHA.8 – Cliff-edge analysis
A small change in design basis hazard definition or facility parameters and/or assumptions should not lead to a disproportionate increase in nuclear safety risk.
Dutyholders should demonstrate that cliff-edge effects are avoided through consideration of: 
0. plant physical variables/parameters;
0. design features;
0. plant condition or state;
0. uncertainties associated with the design basis hazard;
0. uncertainties in the predictions of plant response; and
0. plant safety margins. 
The analysis should identify where safety functions would no longer be achieved. Timescales available for remedial actions and the conditions which would result in a radiological release should be considered.
Cliff-edge analysis could be informed by probabilistic or risk-based approaches, where relevant.
EHA.9 – Beyond design basis
Hazards and hazard combinations beyond the design basis should be identified, screened, characterised, and analysed to demonstrate the facility’s tolerance to beyond design basis hazards.
An appropriate combination of qualitative, deterministic and/or probabilistic methods should be used that is proportionate to the overall risk contribution. Beyond design basis analysis should follow a best estimate approach unless uncertainties are such that they merit the addition of a level of conservatism. The analysis should:
0. identify any reasonably practicable safety measures that would provide risk reduction;
0. confirm the absence of cliff-edge effects and identify the hazard level at which safety functions could be lost (refer to EHA.8);
0. determine plant performance given loss of safety functions and impact to defence in depth;
0. identify trigger points for non-stationary hazards, when additional safety measures may be needed in the interests of nuclear safety;
0. demonstrate safety margins;
0. provide input to the facility PSA to determine key hazard contributors; and
0. [bookmark: _Toc219206146]Provide input into the determination of severe accident analysis (SAA) states (refer to SAA.1) and accident management and emergency arrangements (refer to AM.1).

[bookmark: _Toc219206148][bookmark: _Toc219748173][bookmark: _Toc235711323]Fault analysis
Nuclear facility safety cases should justify safety during normal operations and in the event of faults and accident conditions. This section presents ONR's expectations for fault analysis.
FA.1 – Fault analysis
Fault analysis should be carried out comprising suitable and sufficient design basis analysis (DBA), probabilistic safety analysis (PSA) and severe accident analysis (SAA).
Conservative design and sound operational practices aim to reduce the occurrence of faults, but facilities are still required to be fault tolerant. Their design should incorporate inherent safety features, or safety measures that allow them to handle a range of faults without resulting in unacceptable outcomes; this is referred to as the design basis. DBA demonstrates the fault tolerance of a facility and the effectiveness of its safety measures, informing engineering requirements and setting safe operating limits (operating rules). This approach supports the delivery of safety functions during all operational modes and foreseeable fault conditions, addressing uncertainties.
PSA can assess facility risks, identify main risk contributors, and evaluate sensitivity to failures. PSA can also evaluate the effects of proposed operational changes or modifications, and enhance dutyholders' understanding of design weaknesses or dependencies. PSA enables comparison with the ONR risk framework to help inform regulatory decision making.
Correct application of DBA and PSA should significantly reduce risks posed by a facility. However, for high hazard facilities, residual risks beyond the design basis should be further reduced. This includes rare events not covered by design basis safety measures and cases where those measures could fail or be overcome. 
SAA aims to analyse these sequences and identify further risk reducing measures and helps to guide mitigation strategies and emergency planning.
The overall fault analysis (DBA, PSA and SAA as appropriate) should support the demonstration that sequences with the potential for large or early radioactive releases are 'practically eliminated' (refer to KP.3).
DBA, PSA, and SAA provisions all contribute to defence in depth. 
Safety assessment principles for fault analysis outline both general expectations and specific requirements for DBA, PSA, and SAA in nuclear safety cases. 
These principles also apply to criticality safety.
The scope and depth of fault analysis will depend on the complexity of the facility and its hazard potential. The safety case should usually include some basic DBA, even if only to confirm the absence of qualifying design basis faults. The rigour and extent of the DBA should be proportionate and provided as part of a balanced safety case that also draws, if and as required, on other forms of analysis. PSA should be undertaken for power reactors, complex designs, or where the risk framework may be challenged. SAA should be undertaken for facilities presenting high hazards. Where analysis supports a developing design, it should be based on a defined reference point, with all assumptions clearly stated to guide future design and construction.
FA.2 – Identification of initiating faults
Fault identification should identify all initiating faults having the potential to lead to any person receiving a significant (for the purposes of fault identification) dose of radiation, or to a significant quantity of radioactive material escaping from its designated place of residence or confinement.
For the purposes of fault identification, inspectors should not consider faults with the potential to result in doses below the RFL of Risk Indicator 4 to be ‘significant’. Radiological doses below these thresholds are usually considered part of normal operations. Similarly, inspectors should not consider a quantity of radioactive material to be significant if it does not have the potential to result in a significant dose.
Fault identification should be systematic, auditable, and comprehensive. This should cover significant radioactive inventories and sources, all operating states, any activities that could result in nuclear safety risks. The fault analysis should consider all internal faults, internal and external hazards, and human errors.
FA.3 – Fault sequences
Fault sequences should be developed from the initiating faults and their potential consequences analysed.
There should be a clear relation between the fault sequences used in the DBA, accident states and scenarios used in the SAA, and the fault sequence development of the PSA. 
Transient analysis or other analyses should be carried out as appropriate to provide adequate understanding of the behaviour of the facility under fault conditions. 
For fault sequences that lead to a release of radioactive material or to exposure to direct radiation, radiological consequence analysis should be performed to determine the maximum doses to a worker on the site, to a person outside the site, for example, directly downwind of an airborne release, and to the reference group for any other off-site release pathways. 
The calculated doses should include those arising from the potential release of radioactive material, direct radiation and criticality incidents. The calculations should, where relevant, consider local aspects relevant to the dispersion of released radioactivity and its potential effects on people. 
Design basis analysis
This sub-section presents established practice for DBA. Safety cases that make use of other approaches should demonstrate that these achieve the purpose of DBA.
ONR’s numerical framework for DBA is given in Risk Indicator 4 below. There are two intended functions of Risk Indicator 4:
a) It sets ONR’s expectations for when DBA should be undertaken. DBA should be employed for any qualifying fault sequence whose unmitigated consequences could exceed the BSL of Risk Indicator 4 (refer to DBA.2).
b) The results of the DBA, namely mitigated dose consequences as a function of initiating fault frequencies, should be compared with the relevant BSLs and RFLs. This comparison should then be used to assist judgements on the adequacy of the safety measures and the acceptability of the residual risk (refer to DBA.4). 
Risk Indicator 4: Design basis analysis
On site:
    BSL:
       20 mSv for initiating fault frequencies exceeding 1 x 10-3 pa
       200 mSv for initiating fault frequencies between 1 x 10-3 and 1 x 10-4 pa
       500 mSv for initiating fault frequencies between 1 x 10-4 and 1 x 10-5 pa
    RFL: 0.5 mSv 
Off site: 
    BSL:
       1 mSv for initiating fault frequencies exceeding 1 x 10-3 pa
       10 mSv for initiating fault frequencies between 1 x 10-3 and 1 x 10-4 pa
       100 mSv for initiating fault frequencies between 1 x 10-4 and 1 x 10-5 pa
    RFL: 0.1 mSv
The effective doses calculated for comparison with Risk Indicator 4 should be evaluated on an appropriately conservative basis. This should be justified and should include consideration of factor such as: 
a) the location of the affected person(s) and period of time for which the exposure occurs; 
b) the conditions under which the accident is analysed; and 
c) the confidence in the implementation of emergency protective actions.
DBA.1 – Demonstration of fault tolerance
DBA should be carried out to provide a demonstration of the fault tolerance of the engineering design and the effectiveness of the safety measures.
DBA should be carried out as part of the design. Where this is not possible 
(for example for reviews of existing facilities), the analysis should be developed in line with the engineering and human factors analysis to demonstrate that safety functions are met with suitable levels of confidence. It is important that the analysis iterates with the design and its intended operation over the lifecycle of the facility. 
DBA.2 – Initiating faults
The safety case should list all initiating faults that are included within the design basis analysis of the facility.
Initiating faults identified in Principle FA.2 should be considered for inclusion in this list, but the following need not be included: 
a) faults in the facility that have a best estimate initiating frequency lower than about 1 x 10-5 pa;
b) internal and man-made hazards that have a best estimate frequency of exceedance lower than about 1 x 10-5 pa (refer to EHA.5);
c) natural external hazards less frequent than the design basis hazards (that is, the hazards determined under EHA.5 using an annual frequency of exceedance within the range of 10-4 to 10-5 subject to inclusion of appropriate conservatism);
d) failures of structures, systems or components for which appropriate specific arguments for preventing the initiating fault have been made (refer to ECS.5); and
e) those faults with unmitigated consequences that do not exceed the BSL for the respective initiating fault frequencies in Risk Indicator 4. 
These criteria have been set to help to identify those fault sequences where application of DBA is likely to be proportionate to the hazard. Where the criteria lead to initiating faults being excluded from the DBA, the safety case should still demonstrate that the resultant risks are as low as reasonably practicable, but by applying other approaches (for example, application of relevant good engineering practice, PSA and other forms of deterministic analysis).

DBA.3 – Fault sequences
For each initiating fault within the design basis, the relevant design basis fault sequences should be identified.
Initiating events leading to fault sequences protected by the same safety measures may be grouped, and their frequencies summed, for the purposes of DBA. Conversely, initiating events leading to similar fault sequences should not be subdivided to evade requirements for design basis safety measures.
Credible fault sequences involving initiating faults and failures of safety measures to deliver their safety functions should be considered for inclusion within the design basis. Judgement should be exercised in this regard, but for high hazard facilities, a fault sequence frequency of 1 x 10-7 pa would be a typical cut-off when applying design basis techniques. The analysis of fault sequences should demonstrate that the design incorporates suitable and sufficient safety measures.
Correct performance of safety-related and non-safety equipment should not be assumed where this would alleviate the consequences. Where failures or unintended operation of equipment not qualified for specific accident conditions could exacerbate the consequences, or otherwise make the fault more severe, this should be assumed within the DBA.
Each design basis fault sequence should include as appropriate: 
a) failures consequential upon the initiating fault, and failures expected to occur in combination with that initiating fault arising from a common cause; 
b) the worst single failure anywhere in the claimed safety measures (including any essential services), this is known as the single failure criterion; 
c) the worst normally permitted configuration of equipment outages for maintenance, test or repair; and 
d) the most onerous initial operating state permitted by the operating rules.
In order to implement the above, appropriate deterministic rules should be established in the safety case. For low frequency sequences it may be disproportionate to expect the same level of conservatism as applied to high frequency initiating events. The overall approach should be justified to support a demonstration of fault tolerance and defence in depth.
The analysis should establish that adverse conditions that may arise as a consequence of the fault sequence will not jeopardise the claimed performance of the safety measures.
Human actions can be claimed as part of safety measures only if sufficient time is available, adequate information for fault diagnosis is presented, and they are supported by appropriate procedures, and training. Appropriate analysis should be carried out on any claimed actions (refer to EHF.5). 
DBA.4 – Consequences
Analysis of design basis fault sequences should use suitable tools and techniques, and be performed on an appropriately conservative basis, to demonstrate the performance of the safety measures.
The fault sequence analysis should aim to demonstrate that the correct performance of the safety measures claimed in the DBA ensures that:
a) none of the physical barriers to prevent the escape or relocation of a significant quantity of radioactive material is breached or, if any are, then at least one barrier remains intact with sufficient margin to accommodate any threat to its integrity; 
b) there is no significant release of radioactivity; and 
c) no person receives a significant dose of radiation. 
For the purpose of DBA, inspectors should not consider doses below the RFL of Risk Indicator 4 to be ‘significant’. Similarly, inspectors should not consider a quantity of radioactive material or release to be significant if it does not have the potential to result in a significant dose. Relocation means the material is no longer in its designated place of residence or confinement.
Where the criteria in (a)–(c) above cannot be met, this should be identified and justified within the safety case. Risk Indicator 4 provides BSLs and RFLs for judging the adequacy of design basis safety measure performance.
In addition to the inclusion of design basis assumptions, it should be demonstrated that a small change in a DBA parameter will not lead to a disproportionate increase in radiological consequences, that is there should be no cliff edge effect. 
The severity and frequency of the initiating event should be amongst the parameters considered. The aim is to be conservative without being overly pessimistic. Dutyholders can include quantification of uncertainty margin to manage conservatisms.
In line with international expectation for design extension conditions, for high consequence faults, DBA should include hazard combinations, common cause failures and sequences involving multiple failures if the initiating fault frequency lies within the DBA region (as per DBA.2) or the sequence frequency is greater than the typical cut off frequency (as per DBA.3). The degree of conservatisms within the analysis can be relaxed as the initiating event or fault sequence frequency or consequences reduces at the upper DBA boundary (as per DBA.2). For initiating events or sequence frequencies approaching and falling below 10-5 pa, the conservatisms within the analysis and acceptance criteria can be relaxed as the design basis sequence cut-off frequency of 10-7 pa is approached, down to best estimate if appropriate.
DBA.5 – Linking of initiating faults, fault sequences and safety measures
DBA should provide a clear and auditable linking of initiating faults, fault sequences and safety measures.
The analysis should demonstrate that: 
a) all design basis initiating faults are addressed; 
b) appropriate safety functions have been identified for the design; 
c) the performance requirements for the safety measures have been identified; 
d) suitable and sufficient safety measures are provided; and
e) there is sufficient balance across the levels of defence in depth (in support of KP.4).
This demonstration should be summarised on a fault schedule. For each initiating fault or event, the schedule should identify the relevant initiating fault frequencies, the potential fault consequences, the safety measures (including passive measures) providing prevention, protection, and mitigation, the mitigated fault sequence frequency and the overall protection claim.
The DBA should demonstrate that the safety measures can bring the facility to a stable, safe state following any design basis fault. Consideration should therefore be given to the mission times required of safety measures when defining the performance requirements for delivering their safety functions. This should include consideration of the time it would take to introduce alternative equipment to take over the long-term provision of safety functions.
DBA.6 – Further use of DBA
DBA should provide an input into safety function identification and categorisation; safety measure classification; the limits and conditions for safe operation and the requirements for human action.
DBA should be consistent with and linked explicitly to its safety function categorisation (refer to ECS.2) and safety measure classification methodologies (refer to ECS.4) so that safety measures claimed in the DBA are designed and operated to appropriately high standards. 
DBA should provide the main basis, through the setting of explicit limits and conditions (operating rules), for: 
a) performance requirements and safety settings (for example, actuator trip settings) for safety systems and safety-related equipment; 
b) conditions governing permitted plant configurations and the availability of safety systems and safety-related equipment; and
c) the safe operating envelope for the facility.
Probabilistic safety analysis
PSA provides an integrated, structured safety analysis that combines engineering and operational features in a consistent overall framework. This in turn enables complex interactions to be identified and examined, and provides a logical basis for identifying any relative weaknesses. For high hazard installations, it should be an integral part of design development and analysis. PSA also provides an input into risk-informed judgements both at the design stage and in operation.
The scope and depth of PSA should be well defined and take into account the magnitude of the radiological hazard and risks, the novelty of the design, the complexity of the facility, and the intended applications of the PSA. Where there are limitations in the scope of the PSA these should be identified and justified.
PSA.1 – Need for PSA
Suitable and sufficient PSA should be performed as part of the fault analysis and design development and analysis.
PSA should assist the designers in achieving a balanced and optimised design. Where a particular class of accident or feature of the facility makes a disproportionate contribution to the overall risk, of the order of one tenth or greater, this should be identified, understood and justified. PSA should enable a judgement to be made of the acceptability or otherwise of the overall risks, including supporting inspectors making comparisons against Risk Indicators 5-9 as appropriate.
Where off site accident consequences are potentially significant, such as for an operating power reactor, the PSA should provide information on the frequencies and characteristics of different fission product releases to the environment (via level 2 PSA). The PSA should include analysis of all external events (including ‘beyond design basis’ events) that could realistically lead to a significant off-site release. Where there is the potential for an accident to have societal consequences (refer to Risk Indicator 9) then level 3 PSA should be conducted.
PSA.2 – Validity
PSA should reflect the current design and operation of the facility or site.
PSA should be directly related to the installation and site information, data and documentation. Assumptions used in the absence of such information should be justified and consideration taken of their impact on the analysis. The PSA should be updated as needed to maintain an adequate representation of the installation. 
Where the PSA is in support of a design under development then the analysis should be against a well-defined reference point in the design process and updated as needed to support design development and modification. Where PSA is used to support operation of an existing facility, the PSA should be updated to reflect any physical, operational, or organisational changes as well as reflecting changes in understanding of the facility and operating experience. 
PSA.3 – Scope and extent
PSA should cover all significant sources of radioactivity, all permitted operating states and all relevant initiating faults.
The scope of the PSA should be well defined, taking into account the complexity of the facility, the level of risk and the intended applications of the PSA. Where there are limitations in the scope of the PSA these should be identified and justified.
Faults with low initiating frequencies need only be included if the PSA results might affect the design or operation of the facility. Screening criteria used to exclude low frequency faults should be justified.
The identification of initiating faults should consider the potential for hazard combinations. At multi-facility sites, the analysis should also consider the potential for specific initiating faults giving rise to simultaneous impacts on several facilities or for faults in one facility to impact another facility (refer to ST.3).
PSA.4 – Adequate representation
The PSA model should provide an adequate representation of the facility and/or site.
The PSA should be sufficiently detailed to ensure a realistic model suitable for the intended application. Model simplifications, omissions or optimisms should be clearly described and justified. Any assumptions made should be identified and justified, and the sensitivity to those assumptions should be analysed. The impact of uncertainties in PSA modelling and data should be identified and understood. Uncertainties should be minimised when risk significant.
Best-estimate methods and data should be used as far as possible, including for: determining initiating event frequencies, supporting transient analysis, accident progression, source terms and radiological analyses. Where this is not practicable, conservative assumptions can be made and the sensitivity of the results to these assumptions should be established. 
Event sequences should be modelled either individually or as part of a bounding sequence until a stable, safe state is reached. All contributors to risk should be considered, including: random component failures, consequential failures due to the initiating event, common cause failures, equipment unavailability (for example, due to maintenance), human errors, latent or unrevealed errors, repair or recovery actions, dependencies (plant and operator), failure of passive systems and components, and failure of software or digital C&I components. 
When models are used for the calculations of input probabilities, for example for human errors, failures of computer-based systems (including software errors), common cause failures, or the failures of structures, then the methodologies used should be justified (refer to AV SAPs) and should account for all key influencing factors.
Where groups are used to represent several initiating faults or fault sequences, the group should be assigned a frequency equal to the summed frequency of the contributors to the group and the accident sequence modelling should bound all faults included in the group. A sufficient number of groups should be defined to ensure an adequate representation of the facility, while keeping the scope of the analysis manageable.
Plant specific data should be used in the PSA. If plant specific data is unavailable or is insufficient, relevant generic data or expert judgement may be used if justified and the impact carefully considered.
PSA.5 – Use of PSA
PSA should be used to inform the design process and help ensure the safe operation of the site and its facilities.
Appropriate use of PSA should be made in activities such as: 
a) designing the facility; 
b) supporting modifications to design or operation; 
c) supporting the demonstration that risks are tolerable and ALARP;
d) informing the selection of safety function categories or the safety class of SSCs;
e) setting operating rules;
f) informing arrangements for EMIT (for example the frequencies of these activities);
g) plant configuration control (including maintenance planning), which for power reactors is normally through the use of risk monitors;
h) event analysis and investigating significant incidents and events; 
i) developing and changing operating procedures and associated training programmes for managing faults and accidents 
(including severe accidents);
j) helping to determine initiating event frequencies for DBA; and
k) providing an input to SAA and to analysis supporting emergency arrangements.
In cases where the PSA is not full scope, due account should be taken of the potential impact of aspects not covered.
Severe accident analysis
Rigorous application of DBA and PSA should ensure that the predicted risks from fault sequences leading to significant radiological consequences are very low. Nevertheless, it is important that operators of facilities with large radiological release potential consider possibilities such as:
the DBA or PSA may be incorrect or incomplete;
the true severity of an initiating event may exceed that considered in the analysis; or
a safety measure could be circumvented or fail in an unpredicted way.
In considering these matters further improvements may then be identified for either preventing severe accidents, or mitigating their consequences, for example, by preventing further escalation. The insights gained from SAA are also important for planning for the possibility of severe accidents and are used to inform the response activities that would be needed were such an accident to occur. 
Undertaking SAA is not proportionate for all types of facilities, as not all present hazards of sufficient magnitude. However, SAA is beneficial for facilities presenting the highest hazards, such as operating reactors, spent fuel storage facilities and facilities storing significant quantities of nuclear matter. In these principles, severe accidents are defined as those fault sequences that could lead either to consequences exceeding the highest off-site radiological dose given in the BSLs of Risk Indicator 4 or to an unintended relocation of a substantial quantity of radioactive material within the facility which places a demand on the integrity of the remaining physical barriers. A substantial quantity of radioactive material is one which if released has the potential to lead to consequences that could result in societal risk (Risk Indicator 9).
Typically, a wide range of initiating events and accident sequences in a nuclear facility tend to converge into a limited set of severe accident states. Severe accident safety measures and mitigation strategies are designed to address the key phenomena and symptoms associated with these states, rather than the specific initiating events or sequences.
Aligned with the need to demonstrate practical elimination (refer to KP.3), severe accident safety measures are typically designed to prevent or mitigate key phenomena that have the potential to lead to large or early radioactive releases (such as hydrogen detonation within containment). The objective of practical elimination tends to result in permanent equipment that can be implemented on short timescales. Sequences and states which form the basis of the design of severe accident measures with an objective of 'practical elimination' are often referred to internationally as design extension conditions. 
SAA.1 – Scope of severe accident analysis
Sequences that have the potential to lead to severe accident states should be identified and their progression analysed.
Deterministic and probabilistic methodologies and engineering judgement should be employed in a systematic manner to determine severe accident sequences and states. Sequences and states should not be dismissed from the analysis on frequency grounds alone.
The SAA should be based on an adequate understanding of the severe accident phenomena and accident progression. Where severe accident uncertainties are judged to have a significant effect on the assessed risk, research aimed at reducing these uncertainties should be performed.
SAA.2 – Identification of severe accident safety measures
Safety measures to prevent and/or mitigate severe accident sequences and states should be identified.
A sub-set of accident sequences should be determined to form the basis for the design and implementation of any reasonably practicable safety measures. 
The performance of such safety measures should be underpinned by appropriate analysis.
Where appropriate, deterministic analyses should be performed to demonstrate, through the use of appropriate methodologies and criteria, that sequences involving severe accident phenomena that could lead to a large or early radioactive release are prevented.
Measures identified should be based upon realistic or best estimate assumptions, methods and analytical criteria. However, where large uncertainties exist, it may be necessary to account for those uncertainties through conservative design.
The employment of permanent and/or non-permanent equipment should be considered on a case-by-case basis. Where permanent equipment is included in the design, the provision of additional non-permanent equipment and other means of severe accident management should also be considered. 

SAA.3 – Further use of SAA
The severe accident analysis should form the basis of accident management and inform the PSA.
The SAA should: 
a) form a suitable basis for accident management strategies and procedures (refer to AM.1); 
b) support the plans for emergency preparedness (refer to AM.1);
c) support the development of Level 2 PSA and radiological consequence analysis; and 
d) support the development of environmental conditions in which the equipment is claimed to operate (refer to EQU.1).
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This section contains principles that should be applied in the assessment of calculation methods and data used to underpin safety case claims. 
AV.1 – Validation of calculation methods and models
Calculation methods and models used for the analyses should adequately represent the aspects of the plant under consideration and the physical and chemical processes taking place.
Calculation methods and models should be adequately validated for each application made in the safety analysis. Where possible, the calculation methods and models should be validated by comparison with actual experience, appropriate experiments or tests. Where this is not possible other methods, such as comparison with other models should be considered. 
In cases where complex problems are decomposed and addressed using multiple calculation methods and/or models, each component method should be validated for its specific role and use within the overall analysis.
The limits of applicability of calculation methods should be identified and accounted for in their application.
Documentation should be provided to facilitate review of the adequacy of the calculation methods, models and data used within (refer to MS.3).
AV.2 – Data supporting analysis
The data used in the analysis should be shown to be valid for the circumstances by reference to established physical data, experiment or other appropriate means.
The limits of applicability of the available data should be identified and extrapolation beyond these limits should not be used unless justified.
AV.3 – Quality assurance of calculation methods and models
Calculation methods, models and datasets used in support of the safety analysis should be developed, maintained and applied in accordance with quality management systems.
The dutyholder’s quality management systems (refer to MS.2) should identify measures and controls to provide confidence that calculations are undertaken without error, to a level commensurate with the importance to safety of the analysis being performed.
The arrangements should ensure adequate verification and validation of the calculation methods.
AV.4 – Sensitivity studies
Studies should be carried out to determine the sensitivity of the analysis (and the conclusions drawn from it) to the assumptions made, the data used and the methods of calculation.
Sensitivity analysis should be used to manage uncertainties that exist in the data, calculation methods and models, or analysis. 
AV.5 – Update and review
Data and analysis methods should be reviewed and updated where necessary.
Data should be collected and reviewed throughout the lifecycle of the facility to ensure the validity of the analysis used to underpin safety claims. 
Review should also consider advances in analysis and modelling techniques. 
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High engineering standards are essential for nuclear safety, including under fault and accident conditions. These principles link the analysis to design and engineering, noting the iterative nature of analysis, design and engineering processes.
ECS.1 – Safety function
The safety function(s) to be delivered, both during normal operation and in the event of a fault or accident, should be identified by a structured analysis.
The identification of safety functions should follow a systematic approach based on an analysis of normal operation and all significant fault sequences arising from: normal operation, internal faults, internal and external hazards.
For power reactors, the set of safety functions should address the fundamental safety functions (control of reactivity, heat removal and confinement; refer to ERC.1). For other facilities, an analogous list of fundamental safety functions should be derived appropriate to the nature of the installation and its hazards. The safety functions identified should be sufficiently detailed to support safety classification activities (refer to ECS.4 and 5) and to facilitate a clear demonstration in the safety case of their effective delivery.
ECS.2 – Safety function categorisation
 The safety functions to be delivered within the facility, should be categorised based on their significance with regard to safety.
The method for categorising safety functions should take into account:
a) the consequence of failing to deliver the safety function; and 
b) the likelihood that the function will be called upon. 
The method for categorising safety functions may also take into account the significance of the function in termination of a fault sequence or achieving a stable, safe state; and the relative importance of the function in relation to associated functions at other levels of the defence in depth hierarchy.
The categorisation of safety functions should generally take no account of any redundancy, diversity or independence within the design, because these aspects are features of the safety measures that deliver the safety functions.
Different safety function categorisation schemes are used by different dutyholders and there is no prescribed scheme, although three categories are recommended by IAEA guidance [3]. The following high-level categorisation scheme has been assumed throughout the SAPs: 
Category A – any function that plays a principal role in ensuring nuclear safety. 
Category B – any function that makes a significant contribution to nuclear safety. 
Category C – any other safety function contributing to nuclear safety.
The categorisation assigned to each safety function should be used to classify the safety measures that deliver the function.
ECS.3 – Safety measures
Safety measures should be identified to deliver the required safety function(s).
A safety measure is anything that delivers, or contributes to the delivery of, a safety function. This covers all levels of defence in depth, and may include, for example, design features, SSCs (inherently safe, passive or active), and human actions.
Safety functional requirements should be decomposed from the safety functions to be delivered and systematically allocated to safety measures. These requirements should be traceable upstream to hazard and fault analysis and linked downstream to design substantiation. 
The availability and reliability of the safety measures should be commensurate with the significance of the nuclear safety risk being controlled and their role in delivering the required safety function.
ECS.4 – Classification of safety measures
Safety measures that deliver safety functions should be identified and classified on the basis of those functions and their significance to safety.
Methods for classifying the safety significance of safety measures should be based primarily on deterministic methods, complemented where appropriate by probabilistic methods and engineering judgement, with account taken of factors such as: 
a) the category of safety function(s) to be performed by the safety measure; 
b) the prominence of the safety measure in delivery of a particular safety function;
c) the potential for a failure to initiate a fault or exacerbate the consequences of an existing fault, including situations where the failure affects the performance of another safety measure; and
d) the time following any initiating fault at which, or the period throughout which, it will be called upon to operate in order to bring the facility to a stable, safe state.
Different safety classification schemes are in use within GB, and there is no prescribed scheme, although three classes are recommended by IAEA guidance [3]. The following high-level classification scheme has been assumed throughout the SAPs: 
Class 1 – any safety measure that forms a principal means of fulfilling a Category A safety function. 
Class 2 – any safety measure that makes a significant contribution to fulfilling a Category A safety function or forms a principal means of ensuring a Category B safety function. 
Class 3 – any other safety measure contributing to a categorised safety function.
Where safety functions are delivered or supported by human action, these human actions should be identified and classified in-line with the overall safety measure.
Appropriately designed interfaces should be provided between (or within) safety measures of different classes to ensure that any failure in a lower-class measure will not propagate to a higher-class measure. Equipment providing the function to prevent the propagation of failures should be assigned to the higher class.
Auxiliary or essential services that support a safety measure should be considered part of that measure and should be classified accordingly unless failure does not prejudice successful delivery of its safety functions.
ECS.5 – Highest Reliability SSCs
Where failures of SSCs cannot be tolerated, suitable highest reliability safety arguments should be made, supported by suitable evidence, to demonstrate that failures can be discounted from the design basis of the plant.
Highest reliability can be applied to SSCs to argue that failures do not need to be considered further within the design basis of the plant. This is a demanding approach, and where possible safety should not rely on claims of extremely high integrity but apply a more balanced defence in depth approach.
Highest reliability arguments should establish rigorous evidence that failure can be discounted from the design basis of the plant. Evidence should be provided to demonstrate that the necessary level of integrity has been achieved for the most demanding situations identified in the safety case. The strength and extent of the evidence provided should be commensurate with its importance to the overall safety case. 
The safety arguments should be supported by a comprehensive understanding of relevant scientific and technical issues, taking account of precedents when available.
Typically, such arguments are only applied to robust passive structures or components, notably primary circuit pressure components in a reactor system where failure cannot be tolerated. As such, safety arguments and corresponding evidence should support engineering judgements that such SSCs are extremely unlikely to fail with a high degree of confidence. To achieve this level of confidence it would be expected that dutyholders demonstrate rigorous application of the engineering and design SAPs, notably those on structural integrity or civil engineering as applicable. 
ECS.6 – Design philosophies
The design philosophy for safety measures should define the overarching approach to delivering safety and justify the proposed design principles, inputs, and methodologies.
The design philosophy should demonstrate how the chosen approach supports delivery of functional performance across all relevant plant states, ensuring safety and operational requirements are met. Safety functional requirements should directly inform the development of the design.
Multiple independent and diverse barriers should be present in the overall design, with vulnerabilities offset by strengths in other barriers (refer to KP.4). The design should be suitably tolerant against changes in assumptions, loading conditions, plant states, environmental factors, and other relevant variables.
All relevant design inputs should be consolidated and presented for normal operation, design basis, beyond design basis conditions, construction, testing and maintenance phases. These inputs include architectures, geometrical configurations, schedules of loads and load cases, material properties with associated uncertainties, acceptance and performance criteria, and analysis load combinations. Each input should be traceable to its source and justified in terms of its relevance and application.
Assumptions, simplifications, limitations, and areas of uncertainty should be clearly defined and the approach for reflecting them via conservatism or other means justified. Where appropriate, mechanisms should be in place to refine inputs, inform data collection, and manage changes effectively.
The design philosophy should interface coherently with the safety case and other disciplines, facilitating integration across disciplines.
ECS.7 – Codes and standards
Safety measures should adhere to appropriate codes and standards commensurate with their classification and throughout their lifecycle. 
A suite of harmonised and coherent design codes and standards should be justified and applied. These should align with the functional reliability requirements and safety classification of safety measures. Each adopted code or standard should be evaluated for applicability, adequacy, and sufficiency, and supplemented or modified as needed to align with the designated safety classification.
For high class safety measures (Class 1 and 2) safety measures should follow nuclear industry-specific, national, or international codes and standards. Where non-nuclear-specific codes are proposed for high class SSCs, their use should be justified, particularly where reliability data may not be based on comparable analysis methods, design practices, construction standards, or materials. For Class 3 measures, if no nuclear-specific code or standard is available an appropriate non-nuclear-specific code or standard should be used. 
Combining different codes and standards for a single aspect of a safety measure should be avoided. If this is not the case, dutyholders should justify the combination and demonstrate their compatibility. If no established codes or standards exist, dutyholders should use an approach derived from similar equipment with comparable safety significance.
In the absence of applicable codes and standards, the results of experience, tests, or analysis should be applied to demonstrate that the safety measure will perform its safety function(s) to a level commensurate with its classification.
Any limitations, areas of incompatibility, ambiguity, or uncertainty should be identified, and the approach to resolving these issues should be justified, including the use of expert judgement where necessary.
ECS.8 – Substantiation of safety measures
Safety measures should be substantiated to deliver their safety functions with the required level of performance, availability and reliability
Safety measures should be substantiated through a structured, traceable process. This process should align with the safety case and include both qualitative and quantitative evidence, such as calculations, modelling outputs, and independent reviews as appropriate.
The level of evaluation should reflect the safety classification of the safety measures, verifying inputs, validating analysis methods, and confirming that acceptance criteria are met. 
ECS.9 – Qualification of safety measures
A qualification programme should be applied to confirm that safety measures will perform their allocated safety function(s) in all normal operational, fault and accident conditions throughout operational life.
The qualification programme should provide a level of confidence commensurate with the safety classification of the safety measure. The qualification procedures should address all relevant operational, environmental, fault and accident conditions.
Where practical, the procedures should include a physical demonstration that the safety measure can perform their safety function(s) under the conditions, and within the time, substantiated in the facility's safety case.
The procedures should ensure that adequate arrangements exist for the recording (refer to MS.3) and retrieval of operating experience, lifetime data to demonstrate that any assumptions made in the safety case remain valid throughout operational life.
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Engineered structures, systems and components need to be designed to deliver their safety functions with required reliability to provide confidence in the design. 
These SAPs further consider expectations for safety systems which are provided to detect potentially dangerous plant failures or conditions and to implement appropriate safety actions, i.e. they are systems that respond to a fault to prevent or mitigate a radiological consequence.
The importance of an SSC should be identified through categorisation of the safety functions that it delivers and its subsequent classification (refer to ECS.1-4). 
These principles should be applied proportionately to the classification of the SSC.
The principles in this section apply to both active and passive safety systems. However, in the case of passive safety systems, not all of the principles may apply, or their application may be more restricted because of the inherent features of such systems.
EDS.1 – Claimed reliability
The reliability claimed for any SSC should consider its novelty, operating experience relevant to its proposed environment, and any uncertainties affecting its performance.
Adequate reliability and availability should be demonstrated by suitable analysis and data. Assumptions made in the course of this analysis should be justified. 
Where there is doubt in the applicability or suitability of data, the demonstration should be based on an examination of the relevant evidence and its limitations, documented in the safety case.
EDS.2 – Failure to safety
SSCs should be designed to be inherently safe, or to fail in a safe manner.
To fail in a safe manner, or “fail-safe”, is a design principle where systems default to a safe state in the event of their failure. Where systems cannot be designed to fail-safe, safety analysis should analyse any potential unsafe failure modes.
EDS.3 – Complexity in design
The design of safety systems should avoid complexity and incorporate means of revealing internal faults at the time of their occurrence.
Where this cannot be achieved, for example, because of the use of complex hardware, the reliability of the safety system should be demonstrated. 
EDS.4 – Redundancy, diversity and segregation
Redundancy, diversity, and segregation should be incorporated as appropriate within the designs of SSCs.
The design should incorporate redundancy as appropriate to ensure tolerance of failures within the SSCs provided to secure each safety function. The design should also incorporate diversity and segregation to address the effects of common cause failure. Dutyholders should demonstrate that adequate redundancy, diversity and segregation is incorporated in the design to achieve required levels of reliability.
EDS.5 – Common cause failure
Common cause failure (CCF) should be considered, particularly for SSCs that employ redundancy to provide high reliability.
Redundancy is effective against independent failures; it cannot, however, protect against systematic failures such as design errors, software errors, manufacturing errors, maintenance induced errors, or large-scale fire or flooding that can simultaneously affect redundancy, either within systems employing redundancy or across multiple SSCs. As a result, the overall reliability is limited by the possibility of a CCF, not by the number of redundant trains, and claims of high reliability are only credible if measures such as diversity (in design, implementation, operation) and segregation are in place. Demonstration of sufficient diversity, segregation, and CCF mitigation should include a holistic, systematic design approach.
Where required reliabilities cannot be achieved due to CCF considerations, additional independent safety measures should be provided to improve the reliability of safety function delivery, using the concepts of diversity and segregation.
EDS.6 – Single failure tolerance
A system that is the principal means of fulfilling a high category safety function should be designed to be single failure tolerant.
Single failure tolerance means that no single random failure assumed to occur anywhere within the system (including support services) should prevent it from delivering its safety function under any permitted plant configuration. Single failure tolerance should typically be demonstrated for SSCs that have the highest safety significance (for example, a Class 1 system in the example classification scheme (refer to ECS.4)). Where such tolerance is not reasonably practicable this should be justified in the safety case. Lower significance SSCs do not necessarily need to be single failure tolerant.

EDS.7 – Allowance of unavailability of equipment
The design of systems should allow for the potential unavailability of equipment.
Systems should incorporate sufficient design attributes to allow for planned unavailability due to, for example, maintenance, testing or calibration of equipment, without diminishing the overall level of safety.
The safety case should identify the permitted combinations of equipment unavailability for each permitted operating state, applying design basis analysis and probabilistic safety analysis and identify appropriate operating rules (refer to SC.6). 
EDS.8 – Control and monitoring of plant safety
Adequate provisions should be made to enable monitoring and control of the plant state in relation to safety and to enable the taking of any necessary safety actions during normal operational, fault, and accident conditions.
Control and monitoring provisions should have an appropriate safety classification based on the safety functions that they deliver or support (refer to ECS.4). 
Adequate plant control and monitoring should be provided in an appropriate operating location; and at supplementary locations on the site (preferably a single location for a reactor).
Where control rooms and/or panels are needed for safety, including for emergency response, their accessibility and habitability should be considered within the design.
EDS.9 – Adequacy of initiating variables
The variables used to initiate a safety system action should be identified and shown to be suitable and sufficient for the system to achieve its safety function(s).
The limiting values of these variables, up to which the safety system has been qualified, should be specified in the plant operating rules. The safety system should be designed to respond so that relevant limits are not transgressed in any fault or accident condition.
Where it is not possible to use a directly related variable to detect a fault condition, the variable chosen should have a known relationship with the variable of concern.
Any mechanism that might give rise to the fault condition being misdiagnosed or remaining undetected should be analysed and appropriate corrective measures adopted.
EDS.10 – Diversity in the detection of fault sequences
A safety system that is the principal means of fulfilling a high category safety function should employ diversity in their detection of and response to fault conditions, preferably by the use of different variables.
EDS.11 – Automatic initiation
For all fast-acting faults, safety systems should be initiated automatically and no human intervention should be necessary to deliver the safety function(s).
The requirement for human intervention in short time scales should be minimised. Where human intervention is needed to support a safety system following the start of a requirement for protective action, then the timescales over which the safety system will need to operate unaided, before intervention, should be demonstrated to be sufficient.
In keeping with internationally accepted practice for power reactors, no human intervention should be necessary to deliver a critical safety function for approximately 30 minutes from the fault, unless appropriately justified. 
The design should be such that the operators or other facility personnel cannot negate a correct safety system action, but can initiate safety system functions and perform the necessary actions to deal with circumstances that might prejudice safety. 
EDS.12 – Plant interfaces
The outputs of the safety system should have a direct, known, timely and unambiguous relationship with plant behaviour to achieve a stable safe state.
Where it is not possible to use a directly related variable to confirm the behaviour of the plant following actuation of a safety system, the variable chosen should have a known relationship with the fault condition.
EDS.13 – Confirmation to operating personnel
There should be direct means of confirming to operating personnel that a demand for safety system action has arisen, that the safety systems have operated (actuated) fully and correctly and whether any limiting condition (operating rule) has been exceeded.
Such means should be clear and preferably sourced from the system carrying out the action.
Safety system actions and associated alarms should not be self-resetting, irrespective of the subsequent status of the initiating fault.
EDS.14 – Dependence on external sources of energy
Safety systems should be selected and designed such that dependence on external sources of energy required to reach and maintain a stable, safe state is minimised. 
EDS.15 – Essential services
Essential services should have the capacity, duration, availability, resilience and reliability to meet the demands of its dependent systems.
Essential services are those resources necessary to maintain the plant in a safe state during normal operations and fault conditions. The essential services may include, but not limited to, electricity, gas, water, compressed air, fuel and lubricants. 
In fault conditions, essential services should provide the supplies for a sufficient period of time to allow the facility to be brought to a stable, safe state and then maintained in that state until such time as the safety function has been delivered or other supplies can be connected. The provision of an essential service might be delivered by different systems, for example, short term uninterruptible supply to ensure continuity until the long-term essential supply is established or the safety function has been delivered.
Where essential services are shared with other facilities on a multi-facility site, it should be shown that the safety functions of all the facilities will be delivered in all permitted operating modes (including during maintenance) and for fault and accident conditions.
The ability of the essential services to meet the demands of the safety function(s) they support should not be undermined by making cross-connections to services provided for safety functions of a lower category. Essential services required to respond to fault conditions should be designed so that their reliability will not be prejudiced by fault conditions they are required to address i.e., common cause failures.
EDS.16 – Loss of essential services
The dutyholder should analyse the loss of essential services, including the potential loss of both normal and back-up services, to demonstrate the continuing safety of the facility.
Elements of the demonstration should include, where appropriate:
a) justifying how further back-ups will be brought into service to meet the safety demand;
b) showing there would be sufficient time available to restore the service before unacceptable consequences could arise; 
c) demonstrating the likelihood and consequences of the event mean that it is not reasonably practicable to add further back-up provisions to the design; and
d) where the potential consequences merit this, employing accident analysis to show that the site’s emergency arrangements would be sufficient to manage the event.
Analysis of loss of services should be undertaken in line with the principles outlined in the fault analysis section.
EDS.17 – Avoidance of connections to other systems
Connections between any part of a safety system and a system external to the facility (other than to safety system support and monitoring features) should be avoided.
Where external connections to electrical, electronic or computer-based safety systems cannot be avoided, it should be demonstrated that there are adequate measures in place to prevent faults from other systems, particularly those of a lower safety classification, propagating and affecting the safety system.
EDS.18 – Avoidance of spurious actuation
Spurious actuation of safety systems should be minimised.
Spurious actuation of system components should be analysed. The fault analysis should assume that a common cause failure also disables all other safety functions provided by the system but may assume that such disabling does not further exacerbate the fault. 
The safety system should be designed to fail to a safe state (refer to EDS.2).
EDS.19 – Alteration of configuration, operational logic or associated data
No means should be provided, or be readily available, by which the configuration of a safety system, its operational logic or the associated data can be altered, other than by specifically engineered and adequately secured maintenance/testing provisions used under strict administrative control.
EDS.20 – Taking safety systems out of service
The vetoing or the taking out of service of any safety system function should be controlled.
Nuclear safety should be ensured at all times. Where a safety system comprises several redundant or diverse sub-systems, the safety case should justify the number of sub-systems that may be taken out of service or vetoed whilst the system is in service, together with permitted durations and any other mitigations. 
EDS.21 – Programmable safety systems
Where safety system functionality relies on software or programmable logic, appropriate measures should be taken to manage the risk of systematic faults.
The use of software or programmable logic within a control and instrumentation safety system introduces a risk of systematic faults. 
A good production approach provides a means to minimise these faults by incorporating:
the application of appropriate standards and practices, which reflect international consensus; and
a quality management system that is appropriate and effective for a safety system lifecycle.
Independent assessment of the production process and the resulting safety system design builds confidence that the risk of systematic failure has been minimised. 
The degree of independence and extent of assessment will vary with the integrity claim.
Random failures associated with the system hardware should also be analysed and mitigated in accordance with appropriate standards.
Where reliability cannot be demonstrated for an individual safety system, diverse systems may be designed to reduce each system’s reliability target. The design should support a demonstration that systematic faults are not common to both systems, for example, the systems are diverse by using different technologies. 
Where systems could be compromised by cyber security risks, resulting in a potential nuclear safety impact, reference should be made to ONR's SyAPs [1] which provide guidance on managing cyber security risks (refer to FSyP7 (cyber security and operational resilience).
EDS.22 – Justification of safety-related systems
Safety-related systems can impact on nuclear safety and therefore should be appropriately considered, using a graded approach to their justification.
Safety-related systems are items important to safety that are not part of a safety system. Safety-related systems are therefore systems in place to perform an operational function, but which also provide a safety benefit. 
A ‘safety system’ or ‘safety-related system’ designation is separate from the safety classification outlined in ECS.4. The justification of safety-related systems should reflect the impact on nuclear safety if it was to fail. Examples of safety-related systems may include:
duty systems that control plant parameters in the normal range;
indications that might inform human actions and operator controls; or
communications systems that facilitate information transfer during normal operations, fault and accident conditions. 
The design and justification of safety-related systems should align with appropriate relevant good practice, and consider the following: 
normal operation, faults or spurious trips of safety-related systems should not cause an excessive frequency of demands on safety systems or take any safety system beyond its capability limits;
demonstration of adequate separation such that safety-related systems cannot adversely affect safety systems; 
analysis of the failure modes of the system to understand the impact on nuclear safety; and
performance requirements such as stability, reliability, testability, accuracy, readability, response time and range.
Materials selection and defects
EMD.1 – Materials specification and validation
Engineering materials should be selected and validated to confirm they fulfil the design intent.
Materials selection should be based on a clear understanding of the required safety functional performance, environmental conditions (in normal operation but also in the event of a fault or hazard) and design life. The classification of the SSC will determine the level of evidence required to demonstrate the materials performance through life.
Materials should be specified in accordance with relevant codes, standards, and project-specific requirements, with consideration of the environmental conditions and their mechanical, chemical, thermal, and durability properties. 
Validation of materials should be undertaken through the appropriate use of operational experience, laboratory testing, field trials, certification, or reference to established performance data to confirm that materials meet the required specifications. 
In some applications it may be necessary to demonstrate materials behaviour using modelling and analysis methods. In such cases the AV principles should be applied for the validation and verification of numerical models. The continued validity of material properties should be considered for the period over which the associated safety functions are required, taking account of relevant service-related effects, which may include displacements, stresses, loads, and changes in material condition.
For novel or non-standard materials, additional substantiation may be required, including qualification testing, long-term performance data, and independent expert review.
Appropriate quality assurance and control processes should be in place to ensure that materials match specifications; this should include, as appropriate, traceability of origin, batch testing, certification, and minimisation of defects that could affect performance.
Process for specification of materials should include consideration of constructability, availability, supply chain capability, and long-term maintainability.
Materials performance should be monitored where appropriate, with feedback loops to inform future specification or replacement strategies.
EMD.2 – Non-conformities
Non-conformities should be appropriately managed to ensure the design intent is achieved.
Where procedural non-conformities are judged to have a detrimental effect on the delivery of the SSCs safety function through life, such as where significant defects are present and remedial work is necessary, remedial work should be carried out to an approved procedure and meet the appropriate standards.
EMD.3 – Defect tolerance
It should be demonstrated that SSCs important to safety are both sufficiently free from, and tolerant of, defects that may affect safety.
For items that are key to the delivery of safety where redundancy is not practicable, like the pressure boundary of a reactor system, the focus is on defect prevention and defect tolerance. For redundant items such as support structures, the redundancy itself may be prioritised over defect avoidance. 
Where appropriate, an assessment of the effects of defects on SSCs should be undertaken to establish the tolerance of their safety functions during normal operation, faults, and accidents. This should include plant transients and tests, together with the effects of internal and external hazards.
EMIT activities should be established to detect early signs of degradation or defect development, with appropriate frequency and resolution based on the safety significance of an SSC and significance of the degradation mechanism. 
The anticipated rate of degradation and the estimated time from detection of degradation to an unsafe state arising should be calculated using verified and validated methods with verified application. An adequate margin should exist between the nature of defects of concern and the capability of the examination to detect and characterise a defect.
Means should be available to detect, locate, monitor and manage leakages that could indicate the potential for an unsafe condition to develop or give rise to significant radiological consequences. Potential unsafe states to be considered include the consequential effects on SSCs of any leakage, not just the degradation causing the leakage.
Repair, remediation, or mitigation strategies should be developed and implemented where necessary. Any such interventions should ensure compatibility with the original design intent, long-term performance requirements and should be carefully controlled through a formal procedure for change.
EMD.4 – Integrity of non-metallic components and structures
Where a non-metallic component or structure is chosen in preference to a metallic equivalent, the safety case should justify any limitations arising from this choice.
Non-metallic components and structures in this context do not include concrete structures, which are covered by the civil engineering SAPs. Neither do they include non-metallic coatings applied to metal components, which should be considered with the metal components themselves. 
There are a range of components and structures, such as pressure vessels, storage tanks and pipework, which can be manufactured from a variety of non-metallic materials. Non-metallic materials may be chosen in preference to metallic equivalents due to their corrosion or chemical resistance properties. Whilst there may be benefits in using non-metallic components and structures there may also be limitations on the integrity that can be claimed, for example:
nuclear design and construction codes, and fitness for purpose assessment methodologies may not exist;
the ability to detect defects or degradation in the component or structure may be more limited than in the equivalent metallic component or structure;
many non-metallic materials have the potential to fail in a non-ductile manner which, combined with the limitations in detecting defects and degradation, may mean there is little forewarning of failure; 
the resistance of non-metallic components or structures to an impact, as well as impacts having the potential to weaken the component or structure without outward signs of damage;
there may be material-specific degradation mechanisms that need to be taken into account, such as low temperature creep and the potential for ultraviolet degradation; and
fire could lead to premature failure of the component or structure and could affect the performance of fire barriers where non-metallic components or structures pass, or the component or structure may add to the fire loading if it is combustible.
Some non-metallic materials may be claimed to be immune to certain degradation mechanisms due to superior chemical or corrosion resistance, such claims should be justified in the safety case; otherwise, appropriate examination provisions are required to maintain adequate lifetime margins.
The advantages and disadvantages of using a non-metallic component or structure in preference to a metallic one should be appropriately considered and justified.
Integrity of metallic SSCs
This sub-section is concerned with the engineering assessment of the integrity of metallic SSCs such as pressure vessels, boilers, pressure parts, coolant circuits, pipework, core supports, pumps, valves, storage tanks and the freestanding metal shell of pressure retaining containment structures. It includes metal linings of concrete containments and pressure vessels as well as their metal penetrations but not the associated concrete structures. 
Structural integrity aspects of the safety cases should rely on established engineering practices and account for required safety functions, providing multiple layers of defence against failure. Novel approaches and features may be acceptable if validated. 
Due to limited reliability data on relevant disruptive metal failures in operating nuclear plants, assessments primarily use established engineering practice. Even when failure consequences could be serious, plausible failure frequencies often can't be calculated and are sometimes included only as sensitivity studies. If frequency estimates are critical to safety cases, they require strong engineering support and judgement comparing components to known databases. Where effective protective measures exist, less certainty about the integrity of metallic SSCs may be acceptable.
The stringency of their application and corresponding depth of assessment should reflect the safety significance of the item (refer to ECS.4). The structural integrity aspects of the safety case should clearly set out its position within the wider context of the overall safety case.
SSCs important to safety should be designed, manufactured, installed, examined and inspected using codes (EMD.1-3), specifications and standards (refer to ECS.7) commensurate with their safety classification (ECS.4). 
EMC.1 – Highest Reliability metallic SSCs 
A highest reliability claim should be especially robust and the corresponding assessment suitably demanding, in order that a properly informed engineering judgement can be made that: 
(a) the metal component or structure is as defect-free as possible; and
(b) the metal component or structure is tolerant of defects;
(c) a comprehensive understanding of relevant scientific and technical issues has been considered; and
(d) evidence exists to demonstrate the necessary level of integrity has been achieved for the most demanding situations.
For highest reliability metallic components, the objective is to reduce the risk of gross failure to a level where it need not be further considered within the design basis of the plant (refer to DBA.2).
Highest reliability claims may result from the assessed direct or indirect consequences of gross failure. Highest reliability safety cases should establish rigorous evidence that gross failure can be discounted. This is a demanding approach. Where possible, safety cases should not rely on claims of extremely high structural integrity.
For non-redundant items, the emphasis will be on avoiding defects; 
for redundant items (for example, bolted closures or support structures) the emphasis might lie more in the redundancy argument than in the avoidance of defects.
The strength and extent of the evidence provided should be commensurate with its importance to the overall safety case. Hence, there is a higher burden of proof for highest reliability SSCs compared with other classes.
EMC.2 – Ductile behaviour
For metal pressure vessels and circuits, particularly ferritic steel items, the operating regime should ensure that they display ductile behaviour when stressed significantly.
Designs in which components of a metal pressure boundary could exhibit brittle behaviour should be avoided.
Principle EMD.1 should be considered for the specification and validation of materials. In particular, for ferritic steel nuclear reactor pressure vessels (RPVs): 
a) clear safety benefits derive from operating at temperatures to ensure ductile behaviour; and
b) RPVs should, for normal steady-state operation, operate in the ductile regime. 
Note: For other conditions, the RPVs should also be in the ductile regime. However, where this cannot be achieved – e.g. during shutdown, start-up or limited duration transients – it is important that all relevant uncertainties and conditions are considered so that adequate margins on toughness are shown.
Initiation fracture toughness should be the basis for analysis of normal loading conditions. For fracture analyses of extreme fault or hazard loading conditions, results using initiation fracture toughness may be supplemented with results using fracture toughness based on limited amounts of stable tearing. In this case, there should be valid materials fracture toughness data up to at least the limited extent of tearing used. In all cases toughness values used in analyses should be appropriately bounded. Thermal and residual stresses should also be included and correctly combined with primary stresses in fracture analyses where applicable.
EMC.3 – Product form
The choice of product form of metal components or their constituent parts should have regard to enabling examination and to minimising the number and length of welds in the component.
EMC.4 – Weld positions
The positioning of welds should have regard to high-stress locations and adverse environments.
For example: 
a) forged austenitic stainless steel is preferred over cast stainless steel because of the better ultrasound transmission in the forged form; 
b) welds and other features that will need examination should not be placed within civil structures or so close to other features that inspection is prevented; and
c) designs should consider avoiding welds in high neutron radiation locations.
EMC.5 – Loadings
The schedule of design loadings (including combinations of loadings) for components and structures, together with conservative estimates of their frequency of occurrence should be used as the basis for design. This should include all normal operation, fault and accident conditions including plant transients and tests.
EMC.6 – Stress analysis
Stress analysis (including when displacements are the limiting parameter) should be carried out as necessary to support substantiation of the design and should demonstrate the component has an adequate life, considering time-dependent degradation processes.
The stress analysis and supporting analyses should use methods that have been validated and their application should be verified (refer to AV SAPs). 
EMC.7 – Failure modes
Failure modes should be gradual and predictable.
Monitoring aspects of ageing and degradation are dealt with in EAD.2-4. 
EMD.3 should also be considered for adequate forewarning of failure and tolerance to defects, accounting for all relevant failure mechanisms.
Civil engineering
ECE.1 — Structural stability, robustness and ductility
Civil SSCs should maintain structural stability and provide appropriate levels of robustness and ductility to support safety functions. Where practicable, the structural form should prevent disproportionate collapse and incorporate redundancy to avoid loss of functional performance.
Where practicable, the civil structures should:
achieve robustness by the avoidance of disproportionate collapse, provision of redundancy and alternative load paths, incorporation of appropriate ductility and capacity;
ensure failure modes are gradual and detectable, allowing sufficient time for remedial action and preventing sudden, catastrophic failure;
provide adequate ductility and energy dissipation capacity, particularly under extreme or dynamic loading conditions such as seismic events, to avoid brittle failure modes;
demonstrate that where structural systems are inherently less ductile, a sufficiently high margin is provided; and
consider progressive collapse mechanisms, ensuring that detailing and connectivity between elements limit cascading failures.
Account for beyond-design-basis scenarios, where structural resilience may involve controlled failure modes that suitably limit radiological consequences.
ECE.2 — Site characterisation and geotechnical data
Site characterisation should provide sufficient reliable geotechnical information, data and interpretation to establish a justified understanding of site conditions and their variability.
For some applications the use of existing data may be appropriate or due to site constraints may be the only option available. In these situations, desktop studies can be used to collate and critically review existing information, including historical records, previous investigations and interpretations. The quality, completeness, and relevance of this existing data should be assessed to determine its suitability for informing modelling and design decisions. Where existing data is used for assessment purposes, uncertainties and limitations should be explicitly acknowledged and addressed through appropriate conservative assumptions or bounding analysis.
For larger scale projects where collection of new data is deemed proportionate or a full characterisation of a new build site is required, the following points should be considered as appropriate:
a) the investigation strategy should be updated iteratively as the design evolves, with feedback loops to refine understanding and reduce uncertainty;
b) investigations should follow codes and standards and provide adequate spatial and temporal resolution to capture the variability of ground and groundwater conditions, such as stratigraphy, strength, stiffness, permeability, and pore pressure regimes; 
c) attention should be given to site-specific factors that could affect durability and long-term performance, or safety, including aggressive ground conditions (for example, sulphate-rich soils, or acidic/alkaline environments); 
d) unstable ground conditions, such as expansive clays, collapsible soils, karstic features, or areas prone to landslides or subsidence, should be identified and assessed for their impact on structural stability and constructability;
e) seismic hazard assessments should include evaluation of liquefaction potential, fault rupture risk, and dynamic soil behaviour, supported by appropriate geophysical and geotechnical testing;
f) the potential presence of radon gas and unexploded ordnance (UXO) should be assessed based on site history, with appropriate surveys and mitigation strategies implemented where necessary;
g) where appropriate data should support the identification of uncertainties—such as ranges, bounding values, and distributions—without embedding conservatism into the characterisation itself; and
h) data acquisition should be traceable, quality-assured, and sufficient to support the development, calibration, and validation of geotechnical and structural models.
ECE.3 — Geotechnical and structural modelling and analysis
Modelling and analysis should appropriately represent physical conditions and geotechnical and structural behaviour.
Modelling and analysis should where practicable be based on a rigorous understanding of the physical system, including geometry, boundary conditions, material properties and behaviours, and loading scenarios. 
Geotechnical models should incorporate site-specific data and account for spatial variability, groundwater conditions, and time-dependent behaviours such as consolidation or creep as appropriate. Integration of geotechnical and structural models may be necessary to capture soil-structure and structure-soil-structure interaction effects.
Models should be capable of adequately predicting the response of the civil structure for the relevant plant state being considered. The selection of modelling approaches (for example, analytical, numerical, or empirical) should be proportionate to the complexity and safety significance of the structure or system and the objective. 
Models should be verified and validated to ensure they are fit for purpose, with assumptions, limitations, and uncertainties clearly identified and managed. Sensitivity studies and uncertainty quantification should be used to explore the appropriateness of conclusions and support decision-making.
While modelling approaches may differ by analyst or software, analysis should generally follow codified design principles and use validated methods to ensure consistency and repeatability. Where data and understanding is limited and the use of engineering or expert judgement is required, this should be made explicit and justified.
In the case of large-scale design projects, the overall modelling architecture should be clearly established and articulated. This includes defining the purpose of each model, its formulation, and how it integrates and interacts within the broader modelling and analysis framework. A systematic process for verification, validation and sensitivity exploration should be embedded within the modelling strategy to ensure that the design is appropriately substantiated. The use of local and global models should be strategically justified based on the characteristics of the SSCs. The interface between these models should be clearly defined, with appropriate assumptions and boundary conditions to ensure consistency and accuracy in the representation of structural behaviour. Where multiple models or software platforms are used, care should be taken to validate data transfer and ensure compatibility between systems. This includes confirming that inputs, outputs, and assumptions are consistently interpreted across platforms to avoid errors.
Documentation should ensure traceability of modelling inputs, assumptions, methods, and results to support future review, modification, or reuse.
ECE.4 — Structural design or assessment
Design or assessment should generally comply with applicable codes and standards and demonstrate that safety margins and relevant structural or geotechnical behaviours are consistent with the requirements placed upon the structure or geotechnical system.
Deviations from design codes and standards should be clearly justified and substantiated. 
Structural behaviour should be evaluated under combined actions, including static, dynamic, thermal, and environmental loads, with appropriate consideration of load combinations and interaction effects.
Where standard methods are not applicable or sufficient (for example, novel structural types or materials, discontinuous regions, extreme hazards), more rigorous or bespoke methods should be developed using validated approaches and appropriate assumptions.
Assessment of existing structures should consider changes to the original codes and standards, materials degradation, damage, and changes in loading, use or site conditions. This consideration should be informed by appropriate inspection and testing data commensurate with the structure’s safety significance.
Margins should be evaluated for all relevant loading conditions and should appropriately consider ultimate and serviceability limit states, ensuring structural integrity, stability, and functionality. 
For structures that deliver a safety function greater insight can be obtained using risk-based methods to evaluate system fragility and express margins and performance in terms of the high confidence low probability of failure capacity or other suitable risk-based metric. Such methods can also be used to calibrate the extent of conservatism incorporated via the design process.
The design or assessment should be traceable, with clear documentation of inputs, assumptions, calculations, and conclusions to support independent review, repeatability, and future modification.
ECE.5 — Civil engineering materials specification and validation
Structural and geotechnical engineering materials should be selected, specified and where necessary validated to ensure long-term durability and performance under site-specific conditions, taking appropriate account of their as-built properties and configuration.
The durability and fitness-for-purpose of materials should be assessed in the context of site-specific environmental and operational conditions, including:
a) aggressive ground conditions such as sulphate-rich soils, acidic or alkaline environments, or if applicable other contaminated land factors; exposure to groundwater, including potential for chemical attack, leaching, or corrosion; coastal and estuarine environments; thermal, radiation, and mechanical loading throughout the facility lifecycle; and compatibility with adjacent systems and components (for example, mechanical fixings, coatings, embedded items) to avoid adverse interactions or accelerated degradation. Where materials are reused or repurposed (for example, use of natural site materials for backfill or sea defences, or the reuse of structural components in decommissioning or refurbishment), appraisal of the residual/as-built properties and confirmation of fitness-for-purpose should be undertaken.
ECE.6 — Structural defects and degradation management
Civil SSCs should be managed to prevent, detect, assess, and address defects and degradation so that structural behaviour, performance, and safety margins remain adequate and justified.
Civil structures should be designed, constructed, and maintained with explicit consideration of structural ageing and degradation mechanisms, and their effects on load paths, stiffness, ductility, and overall capacity.
A preventative approach should be adopted through detailing, construction quality, and protective measures that minimise the introduction of defects and reduce the likelihood of adverse structural behaviour in service.
Latent defects should be mitigated through rigorous quality assurance during design and construction. Where appropriate provision should be made for in-service inspection, testing and monitoring strategies that recognise the limited accessibility and embedded nature of many civil structural elements.
EMIT activities should detect early signs of structural degradation or defect development, with scope and frequency based on the structural and safety significance, degradation mechanisms, and the time available before safety margins could be challenged. Monitoring should account for uncertainties inherent in examining large or inaccessible structures.
Assessment methods should evaluate the impact of identified defects or degradation on structural performance under normal operation, faults, accidents and external hazards. This may include structural modelling, capacity assessment, in‑service monitoring, and intrusive or non‑intrusive testing.
Repair or mitigation measures should be implemented where appropriate and should remain compatible with the original design intent, structural behaviour, and long‑term performance requirements. Changes should be controlled to avoid introducing new defects or altering load paths.
ECE.7 — Structural monitoring
Civil SSCs should be appropriately monitored where observations or data are needed to validate design or assessment predictions, support important assumptions, or reduce uncertainty regarding structural performance and behaviour.
Structural monitoring should be implemented for civil structures where real-time or long-term data is necessary to validate analytical predictions, confirm construction-stage assumptions, or manage risks associated with ageing, degradation, or transitional activities such as demolition. In all cases the monitoring regimes should be proportionate to the safety significance and risk profile of the civil structure.
Typical applications where structural monitoring should be considered include:
a) monitoring of foundation systems (for example, piles, rafts, ground improvement zones) to validate settlement predictions and confirm ground-structure interaction assumptions, particularly where differential movements could affect functional performance;
b) use of strain gauges, displacement sensors, or other embedded instrumentation in containment structures or other complex structural components to validate staged construction analysis, monitor stress redistribution, and confirm structural behaviour under normal operational and test states; 
c) monitoring of structures during demolition or deconstruction, to confirm stability, validate temporary works assumptions, and ensure safe sequencing of removal activities;
d) long-term monitoring of ageing structures, such as buried concrete, retaining walls, shielding structures, to detect signs of degradation (for example, cracking, corrosion, creep) and inform maintenance or replacement strategies; and 
e) monitoring of coastline and coastal flood defences for erosion related effects.
Human factors
A nuclear facility is a complex socio-technical system comprising both engineered and human elements. The human contribution to safety can be positive or negative, occurring throughout the facility’s lifecycle. A systematic approach is needed to understand the factors that affect human performance. This approach should be risk informed by proportionate analysis and aim to reduce the potential for, and consequences of, human failures. The allocation of safety actions to human or engineered systems should take account of their differing capabilities and limitations. Assessments of the way in which individual, team, and organisational performance can impact safety should influence the design of the plant, staffing arrangements and processes, including emergency arrangements. Safety cases should articulate the human contribution to safety, demonstrating that human actions impacting safety and human based safety claims (HBSCs) are identified, assessed and substantiated with proportionate evidence.
EHF.1 – Human factors integration
A systematic approach to integrating human factors within the design, assessment and management of systems and processes should be applied throughout the facility’s lifecycle.
Timely and proportionate human factors integration is expected throughout all lifecycle phases. Proportionate human factors analysis should commence early in the design process, prior to the foreclosure of options, to influence the design and safety analysis. Evidence to demonstrate the achievability of human factors aspects of the safety case should be developed as proposals mature.
EHF.2 – Allocation of safety actions to humans
Decisions to place reliance on humans to deliver safety functions should be informed by the hierarchy of controls, compatible with human capabilities and supported by optioneering.
The need for human intervention to maintain safety should be informed by the hierarchy of safety characteristics (refer to KP.7) and minimise the requirement for human intervention in short timescales (refer to EDS.11). Optioneering informed by proportionate human factors analysis should demonstrate that anticipated human actions necessary to deliver safety functions are feasible in the time available 
(refer to DBA.3).
The need for humans to monitor automated functions and assume manual control, following failure, should be a design consideration. The time and information required for personnel to establish or maintain situational awareness should be accounted for.
EHF.3 – Human actions impacting safety
A systematic approach should be taken to identify human actions that can impact safety.
Tasks, where human failures potentially impact safety, should be systematically identified to ensure risk can be assessed and appropriately managed. This should include the actions of personnel who control, monitor, maintain and manage operations and may extend beyond persons who directly interact with plant and equipment (i.e., those making safety-implicated decisions).
The approach should consider permitted operating modes, fault and accident conditions identified in the safety case, including severe accidents.
Output should inform fault analysis, specifically fault identification, and human factors integration.
EHF.4 – Human based safety claims
Where human action is an important contributor to reduce risk, the action should be identified and defined as a HBSC.
HBSCs (including pre initiators, initiators and preventative, protective or mitigative measures) should be identified by structured analysis (for example, part of the fault analysis) and credited in the safety case.
HBSCs should clearly define the expected human action and its contribution to safety function delivery. HBSCs should be classified based on their significance to safety and appropriately represented in the fault schedule.
EHF.5 – Task analysis
Actions impacting safety and HBSCs should be proportionately analysed to demonstrate the achievability of associated tasks and to identify design requirements.
Analysis should be undertaken to identify and understand the human actions impacting safety and HBSCs in their task context. 
Associated task demands, including requirements for perception, decision making and action should be assessed. Physical and psychological factors which could affect human performance should also be evaluated to demonstrate timescales and performance standards expected by the safety case are achievable. Opportunities to improve human performance should be identified and addressed.
The analysis should identify design requirements for workspaces and work environments, tools, equipment and user interfaces, personnel competence, procedures, staffing concept, and fitness for duty, which underpin task performance.
EHF.6 – Workspaces and work environment
Workspaces and work environments should support safe and reliable task performance.
Task analysis and ergonomics good practice should be used to inform the design and ensure workspaces support safe and reliable completion of operations and maintenance activities. 
Account should be taken of the physical and psychological characteristics of intended users. Where practicable, any negative impacts on human performance arising from foreseeable environmental conditions (for example, visual, thermal, auditory) should be minimised.
EHF.7 – Tools, equipment and user interfaces
Suitable and sufficient tools, equipment and user interfaces should be provided to support safe and reliable task performance.
Task analysis and ergonomics good practice should be used to:
a) inform the design/selection of tools, equipment and user interfaces;
b) optimise human performance; and
c) minimise human failure potential.
Compatibility between the following should be ensured: 
a) task demands, including the workspace and environment where the task is completed; and
b) physical and psychological characteristics of those charged with task completion.
EHF.8 – Personnel competence
A systematic approach to the development and maintenance of necessary personnel competence should be applied.
A systematic approach to competence management (including applying a systematic approach to training) should be employed, which ensures only competent persons undertake actions impacting safety and HBSCs. Task analysis and ergonomics good practice should inform this approach.
The competence of all individuals whose actions could affect safety should be considered. This should include employees and contractors and extends to those who may influence the behaviour of personnel directly interacting with plant and equipment, such as managers and supervisors.
Close supervision and monitoring should be maintained until individuals are demonstrably competent to perform their tasks.
EHF.9 – Procedures
Procedures should support users to complete actions impacting safety and HBSCs in a safe and reliable manner.
The task analysis and safety case content should be used to ensure procedures are accurate and designed/presented so they:
a) meet the needs of all intended users;
b) meet the demands of the task, in the environment the procedure is to be enacted; 
c) facilitate the safe and effective completion of tasks; and
d) ensure compliance with the safety case.
The production of procedures should be controlled and their design should align with ergonomics good practice.
Fault and accident response procedures should take account of the additional physical and psychological stressors which users may experience during their use.
EHF.10 – Staffing concept
Suitable organisational arrangements and competent staff should be in place to ensure the safety of the facility in all operational states.
The task analysis, safety case content, and ergonomics good practice, should be used to inform staffing levels and the organisational design for normal operation, fault and accident conditions.
The workload of personnel required to undertake human actions impacting safety and HBSCs should be analysed and demonstrated to be achievable.
EHF.11 – Fitness for duty
A management process should be in place to ensure the fitness for duty of personnel who perform actions impacting safety and HBSCs.
Controls should be established to manage factors, which may negatively impact an individual’s ability to fulfil their duties. This should include fatigue, injury/illness, stress or cognitive impairment arising from drugs/alcohol use.
EHF.12 – Human reliability analysis
Human actions impacting safety and HBSCs should be substantiated using proportionate human reliability analysis.
Proportionate qualitative and, where required quantitative human reliability analysis (HRA), should be conducted as part of the fault analysis, for example DBA, PSA and SAA, to substantiate the claims and assumptions regarding human behaviour made in the safety case.
Quantitative HRA should be conducted using appropriately justified techniques and underpinned by qualitative analysis and/or operational experience data.
The HRA should give due consideration to task characteristics, the potential for human failure and the impact of performance shaping factors on task performance (refer to EHF.5).
Consideration should be given to the impact of dependency on reliability. 
The potential impact of within-person, between-persons and human-system dependency should be assessed, to ensure HBSCs remain realistic and common cause failures considered. Measures to avoid unrealistically low single or combined human error probabilities being propagated through the fault analysis should be enacted.
Chemical (process) engineering
Chemical engineering (known as process engineering) links the underpinning science of processes to the engineering that delivers the required plant functionality. Whilst it is primarily focussed on fuel cycle facilities there are principles which can also be applied to ancillary processes on power reactors and to mechanical processing facilities.
The nature of fuel cycle facilities is different to power reactors in that the radioactive material is often deliberately placed in a mobile form in order to allow separation and physical changes. As a consequence, one of the major drivers will be to control the energy within the process in order to minimise potential challenges to containment. Another major difference between a fuel cycle facility and a power reactor is that there can often be a greater choice of processes to deliver safe and effective outcomes. This means there will be greater focus on the extent to which the optioneering (for example, in the safety case) achieves the underpinning intent of the key principles (KP). 
Chemical engineering is also concerned with designing facilities to achieve appropriate levels of throughput. Whilst clearly an economic matter, throughput can also be a significant safety issue at radioactive waste processing facilities and at facilities being decommissioned, particularly where there are degradation mechanisms for the radioactive contents, the process equipment or the facility structure.
Although SAA has traditionally been focused on power reactors, the hazards posed by some fuel cycle facilities mean that these meet the SAPs criteria defining a severe accident and so should also be subject to SAA and then assessed as per principles SAA.1-3.
EPE.1 – Design and operation
The design and operation of nuclear chemical processes and facilities should be fault tolerant and ensure safety functions are delivered with suitable capability and sufficient reliability.
The process design should be developed in tandem with the safety case to ensure they are mutually consistent. In line with the inherent safety key principles (refer to KP.5), operations should aim to be as close to being inherently safe as possible, for example:
a) sources of energy within the process should be minimised; 
b) processes should be tolerant of the widest range of feedstock (in terms of physical, chemical and radiochemical properties) and throughputs justified by the safety case; 
c) design documents such as flow sheets should be based on normal expected operating conditions, but also include the most restrictive conditions justified in the safety case, including during fault conditions and foreseen subsequent faults;
d) chemical reactions should be controllable, and either be endothermic, or have reaction properties that change relatively slowly in terms of equipment response times. The thermodynamics and kinetics should be analysed for all normal operation and fault conditions identified in the safety case. 
Side reactions, interactions with adventitious materials and the potential for cliff edge effects should also be considered in the analysis; 
e) the design should tolerate the effects of process degradation or malfunction for example, side reactions, accumulation of by-products, degradation products, and accumulation of solids; and 
f) circumstances leading to significant deviations from the original design intent should be identified and suitably analysed to evaluate their effect on safety. The design intent may need to be revised to account for these. 
EPE.2 – Process stability 
Nuclear chemical processes should be designed and operated so as to maintain suitable and sufficient stability.
Systematic techniques such as Hazard and Operability Study (HAZOP) should be used to improve operability as well as for fault identification.
Safe, stable, reliable and predictable operation should be promoted by:
a) process choices made according to the degree of confidence in their safety and effectiveness; 
b) design and operation of individual processes that are integrated with other processes in the facility, applying suitable interstage buffering;
c) minimising the need within the design for manual interventions into the process or workarounds;
d) a design which is tolerant of differing plant availabilities, this may also involve interstage buffering (refer to above);
e) simplifying plant and equipment design with due regard to the required functionality for example, minimising penetrations, avoiding dead legs, minimising the number of instruments in contact with radioactive materials, minimising the need for EMIT;
f) appropriate consideration of facility start up, shutdown, restart and maintenance; and 
g) minimising or controlling process drift.
EPE.3 – Process design and commissioning
The process design and commissioning should provide inputs to operational safety parameters defining limits and conditions necessary in the interests of safety (operating rules).
Limits or conditions necessary for the safe operation of the facility from a chemical engineering perspective should be identified in the safety case. These may include:
the feedstock specification used for the process design specification;
operational limits derived from the design, for example, temperatures, pressures, chemical compositions; and
time dependent conditions or limits based on transient modelling, relevant operational experience or commissioning for example, for the degradation of feedstock, reagents or process materials, the build-up of undesirable by-products or energetic reactions.
Chemistry
The safety assessment principles described in this sub-section are concerned with how chemistry can affect nuclear safety, radiological protection or radioactive waste management. In the principles that follow, the term ‘chemistry’ should be interpreted to mean chemical or radiochemical parameters or effects. 
Chemistry can affect materials, systems and processes and their associated hazards in a variety of ways. For example, it can have an influence on reactivity, radioactivity, radioactive waste and radiation doses to the public and workers; it can influence the performance of SSCs, for example the integrity of vessels and fuel cladding; and it can lead to the generation of undesirable products, such as combustible gases. Adequate control of chemistry, therefore, needs planning in design, consideration in safety cases, and may demand rigorous controls over certain operations. The effects of chemistry may be important throughout the full lifecycle of the facility.
This section is not intended to be used standalone; chemistry will be important to safety in a wide range of areas. 

ECH.1 – Chemistry
All chemistry effects important to safety should be systematically reviewed, with demonstration that an appropriate balance for safety has been achieved.
All chemistry effects important to safety should be systematically analysed, across normal operations, fault and accident conditions. This should encompass a thorough and structured review of all relevant chemical reactions involving the facility’s materials and their environment, and the safety consequences of these. The breadth and depth of the analysis should be in proportion to the complexity of the system and the nuclear safety risks. The analysis should distinguish between chemistry limits and conditions (operating rules) that need to be applied in the interests of safety, and that needed to be applied for other reasons, such as asset protection or commercial benefit. Where conflict may arise between chemistry parameters, an appropriate balance should be demonstrated.
ECH.2 – Control of chemistry
Suitable and sufficient systems, processes and procedures should be provided to maintain chemistry parameters within the limits and conditions identified in the safety case.
Consideration should be given to the safe and effective addition and/or removal of chemicals to/from the system. This should include chemical quality assurance and control. The safety, effectiveness, and reliability of the system to control the chemistry should be demonstrated in all normal operational, fault or accident conditions where the system provides such a safety function. The system design should incorporate appropriate levels of redundancy, diversity and segregation.
ECH.3 – Monitoring, sampling, and analysis
Suitable and sufficient systems, processes and procedures should be provided for monitoring, sampling and analysis so that all chemistry parameters important to safety are properly controlled.
In conjunction with chemical addition and removal, an adequate chemistry surveillance programme should be in place. This should verify both the effectiveness of chemistry control in systems and that SSCs are being operated within specified limits (operating rules). The chemistry surveillance regime should include consideration of alarms, be performed to a clearly defined scope and periodicity, and adopt an appropriate balance between on-line and laboratory analysis. 
Chemistry monitoring should also be taken under appropriate conditions to ensure representative sampling and utilise appropriate processes and procedures.
Containment, pressure and ventilation systems
ECP.1 - Containment systems and structures
Containment systems and structures should be designed to adequately confine and prevent release of radioactive material during normal operations, fault and accident conditions. 
Radioactive material should be appropriately contained, and the release of radioactive contamination should be prevented, except under authorised discharge or a planned transfer. Containment and associated systems should be designed to minimise radioactive releases in normal operation, fault, and accident conditions. Containment includes a wide range of structures, from reactor buildings to gloveboxes and containers, and their supporting systems, like cooling and sprays. 
Suitable measures should be made to control the pressure, temperature and composition of the containment atmosphere. Suitable and sufficient monitoring devices with alarms should be provided to detect and assess changes in the conditions, materials and substances within the containment.
Appropriate sampling and monitoring systems should be provided outside the containment to detect, locate, quantify and monitor for leakages or escapes of radioactive material from the containment boundaries.
The need for access by personnel to the containment should be minimised. 
Where appropriate, remote handling devices and means to facilitate their operation, decontamination and repair should be provided.
Where appropriate, plant items that act as containment for radioactive material, should be provided with further containment barrier(s) that have sufficient capacity to deal safely with the leakage resulting from any design basis fault. For example, the provision of containment cells for waste storage and process vessels, piping, and ducting.
ECP.2 – Pressure Systems
Where pressure systems contain radioactive material, or where there is the potential to affect systems that contain radioactive material, the design should be appropriately substantiated.
The design and operation of any pressure system should be cognisant of the requirements of the Pressure Systems Safety Regulations. 
Where a removable closure is present, the failure of a removable closure to a pressurised component or system that could lead to a significant release of radioactivity should be prevented. In such situations: 
a) adequate redundancy and, where appropriate, diversity of the closure method should be provided; and 
b) provision should be made to ensure closures cannot be removed when it is unsafe to do so.
ECP.3 – Pressure relief
Adequate pressure relief systems, consistent with any pressure-temperature limits of operation, should be provided for pressurised systems and provision should be made for periodic testing.
Pressure discharge routes should be provided with suitable means to ensure that any release of radioactivity or toxic material from the facility to the environment is minimised. The potential to create an explosive atmosphere from the discharge should also be considered.
The design should consider potential faults in the pressure discharge route which could prevent it delivering its safety functions. These might include blocking of or bypassing of filters, leakages and escapes and the reliability of the system in fault or accident conditions.
ECP.4 – Ventilation systems
Ventilation systems should be provided, as appropriate, to manage air flow within a facility to ensure that potentially airborne radioactive material is contained and managed. 
Ventilation systems use pressure gradients to direct airflow from low to high radioactive contamination zones, allowing radioactive material to be safely managed. Ventilation system should include appropriate treatment/filtration to remove and contain airborne radioactive material. 
The risk of fire within a facility can impact the design and function of ventilation systems and this should be considered during design and operation. For example, the position, type and number of fire and smoke dampers. 
The location of ventilation filters should minimise the dose rates to facility personnel, where necessary shielding should be provided. There should be provision for the safe replacement of filter elements and the safe storage of contaminated filters. Provision should also be made to enable filters to be changed, in accordance with a defined replacement regime, while maintaining the effectiveness of the ventilation system.
Reactor core
The principles in this sub-section apply to the reactor core as an assembly and to its main elements (including the fuel, moderator, coolant, neutron absorbers, core restraints/supports, and also breeder assemblies in fast reactors). 
ERC.1 – Design and operation of reactors
The design and operation of the reactor should ensure the fundamental safety functions are delivered with an appropriate degree of confidence.
This principle covers normal operation for permitted operating modes, refuelling, testing, shutdown, and design basis fault conditions. The fundamental safety functions are: 
a) control of reactivity (including re-criticality following an event); 
b) removal of heat from the core; and
c) confinement of radioactive material.
There should be suitable and sufficient margins between the normal operational values of safety parameters and the values at which safety functions are challenged.
The design for a reactor facility shall include provisions for the safe handling and storage of new and irradiated fuel and core components. Fuel handling and storage systems should ensure that the integrity and properties of the fuel are maintained whilst outside of the reactor. Appropriate core management and fuel handling procedures should be established.
The requirements for core monitoring and the criteria and strategy for dealing with fuel failures should be specified.
ERC.2 – Shutdown systems
At least two diverse and independent systems should be provided for shutting down a civil reactor.
A suitable and sufficient shutdown margin should be maintained at all times. 
The margin should be chosen to maintain sub-criticality in the most reactive conditions permitted by the safety case and should include appropriate allowances for uncertainties. 
The effectiveness, speed of action and shutdown margin for each shutdown system should be such that acceptable fuel safety conditions are maintained. Each system should, by itself, be sufficient to ensure that the process of shutdown is completed in a timely manner and under the positive control of the operators.
At least one of the two different shutdown systems should be capable, by itself, of maintaining the reactor subcritical by an adequate margin and with high reliability, even for the most reactive conditions of the reactor core.
Reactor shutdown and subsequent hold-down should not be inhibited by mechanical failure, distortion, erosion, corrosion of plant components, or by the physical behaviour of the reactor coolant, under normal operation, fault or accident conditions.
ERC.3 – Stability in operations
The core should be stable in normal operation and should not undergo sudden changes of condition when operating parameters go outside their permitted range.
An increase in reactivity or reduction in coolant flow, caused by unplanned: 
a) movement within the core; 
b) loss from the core; or 
c) addition to the core; 
of any component, object or substance should be prevented.
Changes in temperature, coolant voiding, core geometry, or the nuclear characteristics of components that could occur in normal operation or fault conditions should not cause uncontrollably large or rapid increases in reactivity.
The effects of changes in coolant condition or composition on the reactivity of the reactor core should be identified. The consequences of any adverse changes should be limited by the provision of protective systems or by reactor core design parameters.
There should be suitable and sufficient design margins to ensure that any reactivity changes do not lead to unacceptable consequences. Limits (operating rules) should be set for the maximum degree of positive reactivity.
The design of the core and its components should take account of any factors that could affect safety, including but not limited to: 
a) irradiation; 
b) chemical and physical processes; 
c) static and dynamic mechanical loads; 
d) thermal distortion; 
e) thermally induced stress; and 
f) variations in manufacture.
The core should be securely supported and positively located with respect to other components in the reactor to prevent gross unplanned movements of the structure of the core or adverse internal movements.
The incorrect location of any core components should be physically inhibited where practicable.
ERC.4 – Monitoring of parameters important to safety
The core should be designed so that parameters and conditions important to safety can be monitored in all operational and design basis fault conditions and appropriate recovery actions taken in the event of adverse conditions being detected.
Fuel assemblies should be designed to permit suitable and sufficient inspection of their structure and components before loading into the core. Provision should be made for in-service monitoring and post-irradiation inspection to confirm fuel behaviour and performance.
The design should allow fuel to be removed from the reactor, despite any in-service damage such as bowing or swelling, or other damage occurring, in normal operation and design basis fault conditions.
Heat transport systems
This principle applies to the systems required to transport heat within nuclear facilities, both in normal operation and fault conditions. It is intended to cover the full range of facilities where heat transfer is important to safety.
EHT.1 – Heat transport system design
Where heat transport systems are required to deliver a safety function, they should have the necessary capacity, availability, resilience and reliability. 
The capacity, availability, resilience and reliability of heat transport systems and their support systems should be analysed and justified in the safety analysis. 
Where required by the safety analysis back up heat transport systems should be provided, including the ability to make up inventory to the heat transport systems in the event of fault conditions to ensure that safety functions are delivered.
The implementation of this principle should consider the following: 
a) sufficient coolant inventory and flow should be provided to maintain cooling within the limits (operating rules) derived for normal operational and design basis fault conditions; 
b) a suitable and sufficient heat sink should be provided; 
c) prevention of failures of the heat transport system that could adversely affect the heat transfer process; and
d) the heat transport system should be designed to minimise radiological doses.
Criticality safety
Criticality safety principles apply to the processing, handling or storage of fissile materials in significant quantities with respect to the minimum critical mass, and in locations where criticality is not intended. 
ECR.1 – Criticality safety measures
Wherever a significant amount of fissile material may be present, there should be safety measures to protect against unplanned criticality.
The hierarchy of controls (refer to KP.5) gives preference to minimising the amount of fissile material present, consistent with the process requirements. The principal means of passive engineering control of criticality should be via inherently safe measures such as geometrical constraint.
Where sub-criticality cannot be maintained via inherent safety alone, the criticality risk should consider using additional engineered (or administrative) safety measures, such as fixed/soluble neutron absorbers. Reliance on neutron absorbers requires assurance of their continued presence and effectiveness.
Safety measures may need to be provided, for example, to: 
a) control the mass and isotopic composition of the fissile material present; 
b) control the concentration of fissile material in solutions; and 
c) control the amount of neutron moderating and reflecting material associated with the fissile material.
The design and operation of plant and equipment dealing with fissile material should be able to facilitate the termination of a criticality incident should one occur.
ECR.2 – Double contingency approach
The criticality aspects of the safety case should employ the double contingency approach.
The double contingency approach involves a demonstration that unintended criticality cannot occur unless at least two unlikely, independent, concurrent changes in the conditions originally specified as essential to criticality safety have occurred.
For long-term storage of radioactive waste containing fissile materials, traditional deterministic criticality assessments can lead to very conservative limits on fissile materials. Consideration should therefore be given to a risk-informed approach that balances the risks from an unplanned criticality against other factors, such as the dose accrued as a result of the preparation of waste packages.
[bookmark: _Toc235711327][bookmark: _Toc212630697][bookmark: _Toc219748176]Maintaining design intent through life 
Construction, manufacturing, installation, and commissioning
CMI.1 – Construction Assurance
Construction activities should be planned, executed, and assured in a manner that ensures the design intent and functional performance are met, with appropriate communication of design information and application of validated techniques and practices.
The design should incorporate practical construction methods, sequencing, and access requirements to ensure that SSCs can be safely and efficiently built. Consideration of future dismantling and demolition should be embedded early in the design process. Where practicable, the design should incorporate sufficient flexibility to accommodate future modifications or operational changes without compromising safety or structural integrity.
Design documentation should clearly convey critical assumptions, constraints, tolerances, and performance expectations to avoid misinterpretation or deviation from the intended design. Quality expectations – including testing, verification, and validation – should be explicitly defined to ensure functional performance is achieved during construction phases. Effective coordination between disciplines is essential to prevent unintended risks or conflicts during implementation.
The design should account for access routes, lifting points, temporary works, and laydown areas required throughout construction and deconstruction activities. 
The use of digital tools can enhance understanding of complex design elements, support planning and sequencing, and improve coordination and control throughout construction phases. 
Lessons learned from previous construction activities should be captured and fed back into the design process to facilitate continuous improvement. Enhanced site supervision, record-keeping, and EMIT strategies may be appropriate to establish a baseline for future performance evaluation and operational experience collection.
Construction methods should preserve the structural, safety, and operational characteristics defined in the design, including tolerances, load paths, and containment functions. Activities should be planned and controlled to minimise risks to nuclear safety, including inadvertent damage to SSCs, uncontrolled releases, or compromise of functional performance. Where specialist techniques are used (such as, explosives, post-tensioning, heavy lifting, diamond wire cutting, hydro-demolition) they should be justified, qualified, and carried out by competent personnel with appropriate supervision.
For complex construction techniques and challenges such as specialist grouting works or construction of intricate configurations the use of mock-ups to test and validate construction methodologies and assumptions should be considered.
Sequencing of construction processes should maintain structural stability, facilitate access, and avoid clashes with other disciplines or systems. Techniques should incorporate provisions for real-time structural monitoring, inspection, and verification to confirm that works progress in accordance with design and quality requirements. Plans should allow for adaptation to site-specific challenges such as weather, ground conditions, and radiological constraints, with contingency measures in place to manage deviations or unexpected conditions.
All activities should be appropriately documented (refer to MS.3), including as-built records, deviations, and lessons learned, to support design substantiation, future operations, maintenance, and periodic reviews.
CMI.2 – Manufacturing and Installation
Manufacture and installation of engineering materials should achieve the design intent and provide a sound basis of pre- and in-service inspections, operation, and maintenance. Manufacture and installation should also be consistent with the claims and assumptions that are contained in the safety case.
Manufacture and installation should use techniques and procedures that are properly controlled and minimise the occurrence of defects that might affect the safety function of SSCs. Accordingly, measures should be in place to establish the existence of defects of concern.
Materials employed in manufacture and installation should be shown to be suitable for the purpose of enabling an adequate design to be manufactured, operated, examined and maintained throughout the life of the facility. 
The potential for contamination of materials during manufacture and installation should be controlled to ensure the safety function of the SSC is not compromised.
To confirm that processes and procedures are being followed, it may be appropriate to subject manufacturing and installation activities to third-party independent inspection. The classification of the SSC will be a key factor in determining whether this level of assurance is appropriate.
Detailed records of manufacturing, installation and testing activities should be made and be retained in such a way as to allow review at any time during subsequent operation (refer to MS.3). Materials identification, storage and issue should also be closely controlled.
Changes in design, manufacture and installation should be carefully controlled through a formal procedure for change. Communication and control of the effects of change across organisation or technical interfaces warrant particular attention.
Pressure vessels, pipework, and systems require a pressure test at completion of manufacture and after installation. This is an important test of the strength of the materials and section thicknesses. It should not, however, be relied upon as a significant argument for the absence of defects.
CMI.3 – Type testing
SSCs should, where appropriate, be type tested before installation under conditions at least as demanding as their design limits.
Type testing is a set of tests applied to equipment to:
a) confirm it has no design faults affecting performance, lifespan, or reliability;
b) verify the manufacturer's production and quality processes are adequate;
c) ensure stability under conditions like voltage changes, temperature, humidity, and electromagnetic interference; and
d) evidence that the equipment meets its specification.
Where components cannot be tested under the most onerous conditions, additional analysis using available test data should justify their performance and reliability.
CMI.4 – Proof Testing
SSCs should, where appropriate, be subjected to proof testing to verify their integrity and validate their functional performance.
SSCs should, where appropriate, be subjected to proof testing to validate that the as-built SSC will meet its design intent. Proof testing may be conducted during commissioning, following modifications or repairs or periodically throughout the lifecycle as specified by the safety case.
In service proof testing should be carried out in such a way that nuclear safety is not compromised. Proof testing during operation should be done in a manner that does not affect wider operations (for example, that could induce a spurious trip of a reactor) and ensures that sufficient protection remains in service (refer to EDS.19).
CMI.5 – Commissioning
Commissioning tests should be carried out to verify the safety measures meet the safety and operational requirements placed on them.
Commissioning goes beyond proving functionality; it is crucial for verifying the facility meets the safety case design intent, in line with LC21. In addition, it should:
a) collect baseline data for future reference;
b) validate operating instructions under representative conditions; and
c) help operators become familiar with the facility or process.
Dutyholders should have arrangements to ensure commissioning testing is undertaken to: 
provide part of a comprehensive substantiation and qualification of the safety measures;
verify correct design, manufacture, construction, installation, and delivery of safety functions, including calibration of relevant equipment;
ensure safety measures and accident mitigation equipment are appropriately tested; and
demonstrate their performance for future operating life, including preventing the introduction of latent defects.
Commissioning testing should start with individual components and systems before full SSC integration to demonstrate performance and operation. 
Commissioning testing should occur in stages, with as much non-radioactive ("inactive") testing as possible done before introducing radioactive materials. 
Results of commissioning testing, including deviations, should inform or trigger updates to the safety case and any relevant design or operational changes. Commissioning testing should support the development and validation of operating instructions.
Prior to active commissioning, operational readiness needs to be considered, and all required arrangements should be in place; including operating rules, accident management arrangements, and emergency preparedness. 
CMI.6 – Experimental processes
Where an experimental process is proposed, the safety case should establish an appropriate degree of confidence in the safety of the process and that it will deliver as intended.
Where experiments are used to underpin a new process, these need to be pertinent to the design of the final facility and demonstrate that the underpinning design intent will be maintained over all reasonably foreseeable conditions. The proposals should include the following:
a) the experiment should show sufficient similarity to the intended design for example, kinetic, thermodynamic, dynamic and geometric similarity. 
Where this is not possible, then the critical parameters should be modelled in greater detail;
b) any experimental devices should be designed so that they will not adversely affect safety;
c) the experiments should simulate all reasonably foreseeable transients with an appropriate degree of realism;
d) where it is not possible to conduct full scale active experiments then an acceptable demonstration may involve full scale inactive work and/or small-scale active work;
e) the experiments should provide an input into the definition of the parameters needed to ensure safe and effective operation; 
f) the experiment should simulate possible faults (malfunctions); and 
g) where experiments show process uncertainties such as instability, the design should make allowance for these, or an alternative design should be selected.
Experiments on production facilities should be closely controlled (refer to LC22). Where these are carried out, there should be no production pressures, and the facility should be suitably instrumented to ensure safety is appropriately monitored. All the facility’s existing safety measures should continue to deliver their safety functions under the experimental conditions and the need for additional safety measures should be explicitly considered.
Examination, maintenance, inspection and testing
EMT.1 – Identification of requirements
The safety case should identify safety requirements for testing, inspection and maintenance procedures and frequencies.
Testing, inspection, and maintenance should follow procedures and apply codes and standards appropriate to the class of the SSC (refer to ECS.7) in line with the requirements of the safety case.
Suitable on-site locations should be provided for temporarily storing process materials, plant items, and construction materials to enable EMIT activities and to assess contamination levels, properties, and ease of decontamination or repair.
The frequency of EMIT activities should be in line with designers’ or manufacturers’ guidance and appropriately specified in the safety documentation. 
EMT.2 – Examination
Where practicable, provision should be made for examination that is capable of demonstrating with suitable reliability that the SSC is fit for purpose and meets the requirements of the safety case.
Geometry and access arrangements should have regard to the need for examination at all phases of lifecycle from the design stage onwards.
Personnel, equipment and procedures should be qualified to an extent consistent with the overall safety case.
Methods of examination of components and structures should be appropriately redundant and diverse, according to the classification of the SSC.
EMT.3 – Inspection Procedures
In-service inspection and test procedures should ensure ongoing quality and reliability.
Inspections should be frequent and thorough enough to detect degradation before safety function is compromised. 
Modifications, maintenance, inspection, or testing should not compromise qualification of structures, systems, or components
Procedures for maintenance, installation and other invasive works should include the prevention, detection, and removal of foreign material like debris or tools.
EMT.4 – Assurance of claimed reliability 
SSCs (including portable equipment) should be tested, maintained, monitored, and inspected throughout their life, to assure the reliability claimed in the safety case.
Documented programmes of SSC EMIT should ensure that their availability, reliability, and functionality remain in accordance with the design intent over the lifetime of the plant
Test equipment used for inspections should demonstrate its ability to detect safety-related failures and be regularly tested to maintain reliability.
EMT.5 – Functional testing
In-service functional testing of structures, systems and components should prove the complete system and the safety function of each functional group.
EMIT should not compromise the delivery of required safety functions. If safety equipment is taken offline, continued operational safety should be appropriately justified, and risks of faults from these activities should be analysed and managed. 
Where complete functional testing is claimed not to be reasonably practicable, an equivalent means of functional proving should be adopted.
EMT.6 – Continuing reliability following events
SSCs should be inspected and/or re-validated after any event that might have challenged their continuing reliability.
EMT.7 – Repairs and modifications
Repairs and modifications should be carefully controlled through a formal procedure for change.
For physical changes to plant, the principles of design, manufacture and installation should be used. Changes to defined limits of operation, monitoring, examination, testing and maintenance should be dealt with as modifications. 
Incidental consequences of a change should be considered for their overall significance, not just the direct consequences of the change.
EMT.8 – Material compatibility
Materials compatibility for components should be considered for any operational or maintenance activity.
Any equipment that may contact SSCs should be made from compatible materials, which requires knowledge of the SSC's chemical, physical, and corrosive properties. For example, during maintenance periods, equipment that comes in contact with metallic SSCs should not induce galvanic corrosion. 
Ageing and degradation
EAD.1 – Safe working life and lifetime margins
The safe working life of SSCs should be evaluated at the design stage and adequate margins should exist throughout the life of a facility to allow for the effects of ageing and degradation processes on SSCs.
The safe working life of SSCs that are important to safety should be evaluated and defined at the design stage and maintained through life.
The effects of, and interactions between the mechanical, thermal, chemical, physical, biological and radiation environment on materials properties, material ageing and degradation processes should be considered. Where appropriate, the testing of materials aged under representative conditions should be undertaken and the results reviewed against safety case expectations.
EAD.2 – Periodic measurement 
Where conditions, material properties or assumptions could change with time, that could affect safety, provision should be made for periodic measurement.
The applicable ageing and degradation mechanisms of SSCs important to safety should be evaluated and defined at the design stage.
Material property data should be obtained from representative samples especially when the component or structure performs a principal role in ensuring nuclear safety.
Plant parameters should be recorded for trending purposes and used to inform proactive and reactive EMIT activities. Data captured during the commissioning phase can provide a baseline for later evaluation of degradation through life.
The extent and frequency of measurements should be justified at the design phase and be commensurate with the safety classification of the SSC.
EAD.3 – Obsolescence
A process for reviewing the obsolescence of SSCs important to safety should be in place.
On expiry of SSC design lifetime (refer to EAD.1), or earlier in the case of unanticipated failure modes/rates, replacement may be necessary. Regular EMIT activities may also require suitable spares. Over the relatively long lifetime of a nuclear facility, obsolescence may make it difficult to obtain replacements or spares, resulting in a need to source suitably qualified alternatives or to re-design. 
For example, C&I system lifetimes are generally significantly shorter than the plant lifetime, and arrangements should be in place to ensure that replacement equipment with the necessary attributes can be sourced, installed, and commissioned whilst maintaining adequate safety.
EAD.4 – Ageing management programme
An ageing management programme should be implemented to ensure that safety functions are delivered throughout the lifetime of a facility. 
Ageing management programmes should use a systematic approach to managing the effects of ageing that provides a framework for coordinating all activities relating to the understanding, prevention, detection, monitoring and mitigation of ageing effects on the plant’s SSCs. Consideration should be given to the effects of ageing and degradation of SSCs on their ability to fulfil their safety functions over their operating life, and any implications for operating limits and margins to cover uncertainties. This may include, if appropriate, changes in material condition such as dimensional change.
Inspectors should consider whether suitable provision has been made for monitoring and inspection of relevant SSCs. Particular attention should be given to SSCs for which replacement is difficult or impossible, and whether the extent and frequency of monitoring and inspection are commensurate with their safety significance and the difficulty of replacement. Representative specimens or surveillance samples may be needed to support the validation of material properties.
Ageing management should integrate with other relevant programmes, these may include: periodic review, equipment reliability, asset management, risk management, and so on. 


[bookmark: _Toc235711328]Radiological protection
Radiological Protection of workers and the public are primarily implemented in GB by IRR17 and the Radiation (Emergency Preparedness and Public Information) Regulations 2019 (REPPIR). These are made under the HSW Act and are consistent with international guidance [3].
The main aim of these Regulations, and the supporting approved code of practices (ACoP) [8, 9], are to establish frameworks for ensuring that all exposures to ionising radiation arising from work activities are restricted SFAIRP, utilising the constraints, dose limits and reference levels specified in the Regulations.
Providing adequate protection for members of the public and for workers against exposure to ionising radiation and radioactive contamination is required both in normal operations (including anticipated operational occurrences) and fault conditions. All facilities must be operated, inspected, maintained and decommissioned in compliance with regulations relating to the safe use of ionising radiations. 
Adequate radiological protection is that level which ensures compliance with the reasonable practicability requirements of all relevant legislation, taking the latest modern standards into account.
Radiological protection is based on the principles of justification of practices, modifications and interventions; optimisation of protection and individual dose limitation. Justification of practices is not regulated by ONR and so is not considered herein.
The dutyholder should have a strategy to restrict radiation exposure. 
Optimisation of protection and limitation of doses to individuals should be adequately managed. Personnel exposures in normal operation and in fault and accident conditions (planned and emergency exposure situations) should be optimised considering the:
resources available for protection;
distribution of individual and collective exposures among different groups of workers, and between workers and members of the public;
probability and magnitude of potential individual and collective exposures; and
potential impact of protection actions on other (non-radiological) risks to workers or members of the public.
RP.1 – Optimisation and limitation of radiation exposures
Adequate protection against exposure to ionising radiation and radioactive substances should be provided in those parts of the facility to which access is permitted during normal operation and needed during faults to ensure occupational and public radiation exposures are restricted SFAIRP. This should include measures for prevention or mitigation of accident consequences.
RP.2 – Risk and dose assessment
Suitable and sufficient assessments of the risks and potential doses should demonstrate the adequate restriction of exposures of both workers and the public to ionising radiations from normal operations and fault conditions.
RP.3 – Hierarchy of control measures
The dutyholder should establish a hierarchy of control measures to optimise protection that prioritises minimisation of the source of ionising radiation over the most reliable physical controls over human-dependant procedural controls. 
In any work with ionising radiation, employers should take action to minimise/ eliminate sources of radiation and control doses received by their employees and other people by engineered means. Only after these have been applied should consideration be given to the use of supporting arrangements and systems of work, and lastly, only where required, employers should use personal protective equipment to further restrict exposure where this is reasonably practicable. 
Risk Indicators for normal operation exposures
People may be exposed to risks from ionising radiation during the normal operation of the facility. The radiation doses may arise from direct radiation, inhalation, injection or ingestion of radioactive material, including for persons off site, through the food chain as a result of discharges and disposals of radioactive waste.
Risk Indicator 1: Normal operation – any person on the site 
The indicator and a legal limit (LL) under IRR17 for effective dose in a calendar year for any person on the site from sources of ionising radiation are: 
Employees working with ionising radiation: 
    BSL (LL): 20 mSv 
    RFL: 1 mSv 
Other employees on the site: 
    BSL: 2 mSv 
    RFL: 0.5 mSv 
Note: There are other legal limits on doses for specific groups of people, tissues and parts of the body (IRR17). 
Risk Indicator 2: Normal operation – any group on the site
The measures for average effective dose in a calendar year to a group of employees performing similar tasks within controlled areas working with ionising radiation are: 
    BSL: 10 mSv 
    RFL: 0.5 mSv
There should be appropriate management controls in place for other people who may be in the facility or on the site, for example trainees under 18 years of age and members of the public visiting the site, to restrict their exposures in accordance with IRR17. Persons under 16 years old should be prevented from working with ionising radiations (International Labour Organisation (ILO) Convention 115 (1960) Article 7.2).
Risk Indicator 3: Normal operation – any person off the site
The measures and a legal limit under IRR17 for effective dose in a calendar year for any person off the site from sources of ionising radiation originating on the site are: 
    BSL (LL): 1 mSv 
    RFL: 0.1 mSv 
Note: There are other legal limits to tissues and parts of the body (IRR17).
Where there are multiple sites in close proximity, a dose constraint should be applied to each site to ensure that the overall dose to a person off the site is below the relevant dose limit. The IRR17 guidance advises constraining the dose to members of the public from a single new source to less than 0.3 mSv pa. ONR’s view is that a ‘single source’ should be interpreted as a site under a single dutyholder’s control, in that it is an entity for which radiological protection can be optimised as a whole. 
ONR leads on ensuring compliance of off-site exposures via the direct shine pathway, whilst the environmental agencies lead on discharges and disposals from civil nuclear sites by means of permits or authorisations granted under the Environmental Permitting Regulations (EPR16) in England and Wales, or the Environmental Authorisations (Scotland) Regulations 2018 (EA(S)R) in Scotland.

[bookmark: _Toc235711329]Accident management and emergency preparedness
The objective of accident management and emergency preparedness is to take reasonably practicable measures to prepare for possible accidents at nuclear sites, and to mitigate their consequences should they occur. Accident management and emergency preparedness are part of levels 4 and 5 of the defence in depth hierarchy (refer to KP.4). For facilities with the potential for a severe accident, the accident management and emergency preparedness arrangements should be designed to mitigate these
FP.7 states that arrangements must be made for emergency preparedness and response in the case of nuclear and radiological incidents. These arrangements are regulated through various LCs, including LC 11, and REPPIR where applicable. 
REPPIR and its supporting guidance provides a framework for the protection of workers and the public through emergency preparedness for radiation emergencies. The regulations place specific duties on both operators and local authorities. Operators of sites to which REPPIR applies are required to carry out a hazard evaluation and consequence assessment (HECA) and provide a consequences report to the local authority that summarises the HECA. The HECA may be informed by site safety cases if they are suitable and sufficient and available for the purpose. The operator's consequences report may recommend a minimum distance for a detailed emergency planning zone (DEPZ) and/or an outline planning zone (OPZ), or it may recommend no planning zone at all. Where a planning zone is required the lead local authority must develop an off-site emergency plan in conjunction with the operator and all off-site responders, including neighbouring local authorities where relevant. The off-site emergency plan must be tested at regular intervals. The local authority also has responsibility to provide information to the public both before and during emergencies.
LC11(4) expects operator consultation with the relevant local authority, hence there could be support to the on-site plan from off-site services such as the ambulance service. In addition, REPPIR places duties on relevant operators of nuclear facilities and on local authorities and wider responders in regard to emergency preparedness. Consultation and co-operation with the relevant local authority in the making of the emergency arrangements is a duty under REPPIR.
The REPPIR ACoP describes further duties and information that is relevant to both on-site and off-site emergency preparedness [9]. The National Nuclear Emergency Planning and Response Guidance, published by the UK Government, provides further information focusing on off-site emergency arrangements [8].

AM.1 – Planning and preparedness
Strategies and plans should be in place to prepare for and manage accidents at the installation and/or site.
Accident management strategies should be developed to manage the escalation of accidents and to restore control of the safety functions. The strategies and plans should identify all the procedural support requirements that will be needed during an accident. The procedures should define all the roles and responsibilities needed for an effective accident response. Effective storage arrangements should be in place to ensure the timely availability of these procedures in accident conditions.
The procedural support requirements should include emergency operating procedures and accident management guidelines. The accident management guidelines should be based on the facility's accident analysis and be written to facilitate timely and well-informed decision making during accidents. The emergency operating procedures should be written recognising the potential practical difficulties (for example, degraded state, radiation levels, poor lighting, access issues and communication system failures) that could reasonably be encountered by operators working in accident conditions.
The emergency operating procedures and accident management guidelines should be tested during emergency exercises to confirm their accuracy and effectiveness and should also form part of operator training.
The strategies should include the provision of suitable and sufficient instrumentation for monitoring the facility and site in accident conditions. The design and location of in-situ instrumentation should be informed by SAA, if appropriate (refer to SAA.2). The instrumentation should:
a) support implementation of the emergency operating procedures and accident management guidelines;
b) facilitate decision making;
c) indicate the facility/plant status;
d) support the estimation of quantities, and the location of released radioactive material; and
e) record important parameters.
The plant, equipment and supplies needed for the accident management strategy should be identified and then tested, maintained and inspected in accordance with their safety significance (refer to EMT.1 and ECS.4). 
The plant and equipment identified for accident management should be of appropriate reliability, allowing for its intended operating conditions. Where such plant or equipment is located within the facility that is subject to the accident conditions, it should be resilient to those conditions and accessible during those accident conditions. The requirements of all plant and equipment needed for accident management should be informed by accident analysis.
Provision should be considered for off-site logistical and technical support, for example for the delivery of materials and supplies that might be needed when responding to an accident and for strategic (regional or national) stores of plant, equipment and other supplies. Timescales for how long the site might need to be self-sufficient should be identified and justified. These should be used to set detailed requirements for the materials and supplies to be held on, or local to the site. 
The accident management strategy should identify the number of operators and other site staff needed to address different types of accidents, the skills they need and how they would be deployed to and within the site or facility in accident conditions. Deployment plans should cater for long-lasting accidents, including those where there is severe local infrastructure disruption. On multi-facility sites the plans should consider how resources will be shared across the site (refer to ST.4).
Provision should be made for training personnel (including from local emergency services) in the accident management procedures and implementing the accident management strategies. The training should include periodic exercising of the site's emergency arrangements, including multi-facility exercises where relevant. 
The exercises should be chosen so that in total they test the full scope of the site's arrangements and activities within the plans, for example, the deployment of mobile equipment such as pumps and generators.
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The term nuclear matter is used as a general term to refer to any substance on a nuclear licensed site which is radioactive, including fissile material (uranium or plutonium metal, alloy or chemical compound), nuclear fuel (including spent fuel), radioactive material (including radioactive sources) and radioactive waste, unless indicated otherwise. This is to reflect that it is the inherent radioactive properties of such substances that determine the principles for their safe management. It should be noted that this does not strictly align with the legal definitions of nuclear matter, radioactive material and radioactive waste as defined in NIA and LC1. There are cases where it is important for legal reasons to be clear whether radioactive substances on a site fall within specific legal definitions of nuclear matter, radioactive material or radioactive waste. In these cases, specialist advice should be sought when considering the legal and regulatory requirements for specific substances. 
Nuclear matter should be managed safely throughout its lifecycle in a manner that is consistent with relevant good practice. These SAPs provide generic principles for the safe management of all nuclear matter based on their inherent hazardous properties. It should be recognised that there may be specific requirements or considerations for safe management of specific types of nuclear matter dependent on its type and particular properties, for instance for spent fuel or plutonium, as covered in relevant standards and guidance. 
No nuclear matter should be generated or brought onto a site unless sufficient and suitable arrangements are in place for its safe management. The generation and accumulation of nuclear matter should be avoided or minimised as much as possible (recognising that it may be appropriate to maintain an inventory of nuclear matter to support operations, where justified), and any such nuclear matter on site should be documented, adequately characterised and stored in a safe condition. 
The principles in this section apply to nuclear matter on a site unless the wording makes it clear that limited application is intended, or unless the total amount of nuclear matter concerned is sufficiently small (where the quantities involved are out of scope, for instance, as defined in EPR16) or it is in such a chemical or physical form as to make application of the principles disproportionate. Other considerations include safeguards requirements when the nuclear matter is qualifying nuclear material, and Government policy in relation to management of plutonium or spent fuel and if they can be declared as waste.

NM.1 – Strategies for managing nuclear matter
A strategy (or strategies) should be produced, kept up to date, and implemented for the management of nuclear matter on a site.
The strategy should underpin the management of nuclear matter over the lifetime of the site, in line with pertinent SAPs and relevant good practice. It should:
be consistent with relevant Government policies and be integrated with other national and site strategies, such as those for decommissioning, radioactive waste and spent fuel management, as appropriate; and
cover the optimised management of all nuclear matter on site, including: 
expected future arisings and nuclear matter that may be categorised as radioactive waste in the future. It should show how radioactive waste, and nuclear matter to the extent it could become waste, is managed in line with the waste management hierarchy;
demonstrate how nuclear matter will be managed safely over its lifecycle (from generation to disposal), including justification and provision for any required further processing (such as conditioning to a disposable form or repackaging) and adequate storage until disposal; and
be compatible with the requirements of permits or authorisations granted by the environmental regulators.
NM.2 – Generation and accumulation of nuclear matter
The generation and accumulation of nuclear matter should be avoided or where this is not possible it should be minimised.
The generation and accumulation of nuclear matter on site should be minimised in terms of both quantity and activity. Relevant aspects to consider include:
facility design to minimise unintended generation and accumulation of nuclear matter;
optimisation of processes to minimise secondary waste generation;
recycling and reuse of materials;
decontamination and segregation of materials;
timely disposal of radioactive waste;
timely consignment of nuclear matter off the site where appropriate;
avoiding or minimising the generation of radioactive waste for which there is no current disposal route.
The management of the generation of nuclear matter on site, through site activities or by being brought onto site, should be in line with site arrangements for compliance with LC4, LC32, and LC34 in relation to preventing leaks and escapes which could generate radioactively contaminated material. Consignment of nuclear matter off the site should be in line with arrangements for compliance with LC5.
NM.3 – Characterisation and segregation
Nuclear matter should be characterised and segregated at an appropriate stage in its lifecycle wherever reasonably practicable to underpin and facilitate its subsequent safe and optimised management.
Nuclear matter should be characterised at appropriate stages in its lifecycle, ideally as early and close to the point of generation as reasonably practicable, to generate sufficient representative information to inform decisions to its subsequent management and, in particular, decisions about the appropriate classification for radioactive waste (for example, low-level waste or intermediate-level waste), routes for final disposal or reuse/recycling and so on. The characterisation should reflect the specific nature of the nuclear matter and determine relevant properties such as physico-chemical, radiological and fissile properties. There should be visibility on characterisation uncertainties which should be considered by the safety case.
Segregation of nuclear matter should be used where reasonably practicable to prevent the mixing of materials with different physico-chemical, radiological and fissile and any other properties where such mixing might compromise subsequent optimal management, especially where the different materials could have different disposal routes. Segregation can be achieved through processes such as sorting or decontamination. Any intent to mix compatible nuclear matter/waste streams should be justified and demonstrated to provide a net benefit. Mixing of incompatible material should be prevented. Dilution of radioactive waste solely to change or lower its category should be avoided.
NM.4 – Storage of nuclear matter and passive safety
Nuclear matter should be stored safely in accordance with relevant good practice with provision for appropriate condition monitoring and inspection whilst in storage and operational management including retrieval from storage.
The storage of nuclear matter should always be covered by an adequate safety case and be managed in line with relevant good practice over its entire planned storage period. The safety case, or other appropriate safety justification, should define operating rules (conditions and limits) and other requirements needed for safe storage. This includes defining relevant constraints such as the maximum capacity of the store and definition of waste acceptance criteria that is justified by the safety justification, required store environmental control (in terms of temperature, humidity and contamination control, ventilation, and so on) and availability of required safety measures.
Nuclear matter should be immobile or immobilised and conditioned into a passively safe condition as soon as reasonably practicable. Where processing into a passively safe condition is deferred, the basis of this should be clearly articulated and justified in the management strategy covering that material. There should be a clear plan and timeline for its processing into a passively safe condition. 
Packages in store should be subject to an appropriate in-situ and ex-situ condition monitoring and inspection regime over the entire storage period, sufficient to detect any degradation or deviation from assumptions or expectations in a timely manner to prompt mitigative actions; this may be based on a justified sampling approach. 
The store design should incorporate this requirement accordingly.
Appropriate and sufficient capacity should be provided for the temporary storage of nuclear matter and radioactive waste. This should include allowance for waste resulting from incidents. Planning should be in place for the provision of any further storage needs identified in the site’s accident management strategies.
NM.5 – Making and keeping of records
All records and information needed for the current and future safe management of nuclear matter should be maintained in a secure and accessible form for an appropriate period of time.
Records on the inventory of nuclear matter held on site and its specific nature, composition, radiological properties and details of conditioning and packaging and any incidents and excursions should be maintained to inform the safe management and future management decisions for this material. The records should be retained for an appropriate period of time (refer to MS.3), which for those records relating to decommissioning, waste management and disposal may be in excess of 100 years in many cases.


[bookmark: _Toc219206152][bookmark: _Toc219748179][bookmark: _Toc235711331]Decommissioning
Decommissioning is the last stage in the lifecycle of a facility but should be considered throughout the lifecycle, in terms of design and during operations, to help facilitate and minimise risks during decommissioning. There should be a decommissioning strategy and associated plans covering how a facility will be decommissioned and when, with the level of detail proportional to where a facility is in its lifecycle. 
Decommissioning involves activities such as deplanting, decontamination, radioactive material or waste retrieval and its subsequent management, dismantling and demolition to progressively reduce the remaining hazards and achieve a defined end-state for the facility. There can be cases where such activities may necessarily increase risks in the short term in order to achieve overall hazard and risk reduction, such as making penetrations in primary containment to retrieve radioactive waste. Any period of elevated risk should be appropriately justified (refer to RF.2). 
During the course of decommissioning, the nature of a site and activities being carried out will change considerably from when the site was operational and there may be considerable change in the organisation, for example in terms of funding, staffing, organisation structure and nature of activities carried out. The organisation should maintain an appropriate management structure, resources and capability to ensure that decommissioning is carried out safely and in accordance with good nuclear industry decommissioning practices. 
Decommissioning should be carried out in line with site arrangements for compliance with LC35 and 36. Specific decommissioning activities are typically justified through LC22 arrangements.
DC.1 – Design and operation
The design and operation of facilities should incorporate features and aspects that facilitate effective and safe decommissioning where appropriate and with due consideration of how these would impact on safety over the facility lifecycle.
Decommissioning should be considered during the planning, design, construction and operational stages of a new facility or modifications of an existing facility to help facilitate and manage risks during decommissioning. The introduction of any features or aspects to help facilitate decommissioning should take due consideration of how these would impact on safety over the facility lifecycle.
Learning from decommissioning experience should be used to consider ‘design for decommissioning’ aspects, including:
Design features to facilitate decommissioning activities, such as: provision of export routes for equipment and waste, provision of adequate space for activities such as dismantling plant, installation of required equipment and management of waste arisings, use of modular designs where possible and limiting embedding pipework, ducts, tanks and equipment in floors and walls.
Design measures to minimise generation of radioactive waste such as use of materials to minimise production of activation products, design of pipework/ducts to minimise accumulation of crud and contamination and controls to prevent or minimise the spread of radioactive contamination.
DC.2 – Decommissioning strategies
A site decommissioning strategy should be produced and kept up to date, which describes and justifies the approach to decommissioning the site to a defined end-state and the associated timescales, with a level of detail commensurate with where the site is in its lifecycle.
The decommissioning strategy should describe the approach to decommissioning the site to a defined end-state and the associated timescales. It should:
be consistent with relevant Government policies and be integrated with other relevant strategies, as appropriate;
provide the justification for the decommissioning approach (such as immediate or deferred decommissioning or use of interim states such as care and maintenance), the site end-state and the associated timescales. A site should be decommissioned as soon as is reasonably practicable;
be comprehensive, covering the decommissioning of all facilities on the site and management of radioactively contaminated land and all of the radioactive waste arising during decommissioning; and
indicate how the site will be maintained in a safe state during decommissioning (particularly in the case of deferred decommissioning), for example through the safety case and with an appropriate ageing management strategy (refer to EAD.4).
DC.3 – Planning for decommissioning
A decommissioning plan or programme should be prepared for each facility on a site that sets out how the facility will be safely decommissioned in line with the overall site decommissioning strategy.
The decommissioning plan or programme should provide up to date information on how a facility will be decommissioned safely to a defined end-state in line with the decommissioning strategy, with the level of detail commensurate with the nature and lifecycle status of the facility.
DC.4 – Passive safety
Facilities should be made to maximise inherent and passive safety before entering a care and maintenance phase.
Where the decommissioning strategy involves deferred decommissioning, efforts should be made to maximise inherent safety (eliminating or reducing hazards - see KP.5) and passive safety (removing or reducing the dependence on external power sources, moving parts or human intervention). This helps to ensure there is minimal need for any active safety systems, monitoring, asset management or prompt human intervention, during any period of care and maintenance. This will typically include aspects such as:
removal of bulk hazardous materials, including fissile material, radioactive material and radioactive waste and immobilisation of any material that cannot be removed;
decontamination of plant, equipment and pipework through post-operational clean out and similar activities to remove residual radioactive material;
implementation of an adequate safety case for the care and maintenance period, with arrangements in place for monitoring and inspection and prompt intervention when required.
DC.5 – Records for decommissioning
Documents and records that may be required for decommissioning purposes should be identified, prepared, updated and retained so that they will be available when needed throughout the whole lifecycle of the facility. 
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Land quality management refers to the prevention of contamination of land and groundwater, and the assessment and remediation or clean-up (including control and monitoring) of radioactive and non-radioactive contamination. It covers implementing measures to prevent contamination to identify and control any contamination that occurs and to ultimately remediate it to achieve the site’s target end-state.
Radioactively contaminated land is considered to be an accumulation of nuclear matter. Land quality management does not cover radioactive waste that is present in a disposal authorised by an environmental permit (such as in on-site disposals). 
The remediation of radioactively contaminated land will typically generate radioactive waste that should be managed in accordance with the NM SAPs.
RL.1 – Land quality management
Dutyholders should take all reasonably practicable measures to prevent radioactive contamination of land or groundwater and to ensure that if it occurs, or if it has already occurred, it is managed safely and unacceptable risks to people or the environment are mitigated.
A land quality strategy, supported by a risk informed implementation plan, should consider the control and remediation of any radioactively contaminated land on the site, or arising from the site, through to the site end-state. The strategy and plan should provide the objectives and justified basis for how radioactively contaminated land will be managed to achieve the site end-state. It should cover both known areas of contaminated land and the approach to identification and control of any future findings of areas of contamination. 
The strategy should ensure that an adequate safety case is in place at all times to demonstrate that the radioactively contaminated land is being managed in an adequately safe condition, informed by the conceptual site model (refer to RL.2). 
The strategy should ensure appropriate records needed for the safe and effective control and remediation of radioactively contaminated land, now and in the future, are made and retained (refer to MS.3).
Where possible, any radioactively contaminated land should be remediated to appropriate standards prior to construction commencing upon it, unless it can be justified that no alternative options are reasonably practicable. The land quality strategy should ensure that any new construction is adequately informed by the conceptual site model to ensure control and remediation of radioactively contaminated land on the site is not adversely affected.
RL.2 – Conceptual site model
An up-to-date conceptual site model should be maintained to support the safe management of radioactively contaminated land and associated control and remediation activities
There should be an on-going programme of work to develop and maintain an up-to-date conceptual site model identifying known and potential sources of contamination and the linkages to at risk receptors to inform decisions on its management and remediation. This should include an appropriate programme of surveys, investigation, monitoring and characterisation to characterise known areas of radioactively contaminated land and to detect and characterise any new areas of radioactive contamination that may have resulted from migration from areas of existing contamination or arising from leaks and escapes from other sources etc. This regime should be used to monitor the migration of contamination and effectiveness of remediation methods, as appropriate.
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	Acronym/abbreviation
	Description

	ACoP
	Approved code of practice

	ALARP
	As low as reasonably practicable

	BSL
	Basic safety level

	BSO
	Basic safety objective

	CCF
	Common cause failure

	COMAH
	Control of Major Accident Hazards Regulations 2015

	DBA
	Design basis analysis

	DNSR
	Defence Nuclear Safety Regulator

	EA(S)R
	Environmental Authorisations (Scotland) Regulations 2018

	EMIT
	Examination, maintenance, inspection and testing

	EPR16
	The Environmental Permitting (England and Wales) Regulations 2016

	GB
	Great Britain

	HAZOP
	Hazard and Operability study

	HBSC
	Human Based Safety Claim

	HECA
	Hazard evaluation and consequence assessment

	HRA
	Human Reliability Analysis

	HSE
	Health and Safety Executive

	HSWA/The HSW Act
	The Health and Safety at Work etc. Act 1974

	IAEA
	International Atomic Energy Agency

	ILO
	International Labour Organisation

	IRR17
	Ionising Radiations Regulations 2017

	LC
	Licence Condition

	LL
	Legal Limit

	the Management Regulations
	The Management of Health and Safety at Work Regulations 1999

	NIA
	The Nuclear Installations Act 1965 (as amended)

	NRW
	Natural Resources Wales

	ONMACS
	ONR Nuclear Material Accountancy, Control and Safeguards Assessment Principles

	ONR
	Office for Nuclear Regulation

	Pa
	Per annum

	PSA
	Probabilistic safety analysis

	PSR
	Periodic safety review

	R2P2
	Reducing risks, protecting people: HSE’s decision making process

	RFL
	Regulatory Focus Level

	RPV
	Reactor pressure vessel

	REPPIR
	Radiation (Emergency Preparedness and Public Information) Regulations 2019

	SAA
	Severe Accident Analysis

	SAP
	Safety assessment principle(s)

	SFAIRP
	So far as is reasonably practicable

	SEPA
	Scottish Environment Protection Agency

	SSC
	Structures, systems and components

	Sv
	Sievert 

	SyAPs
	Security Assessment Principles

	TAG
	Technical assessment guide

	TOR
	The tolerability of risk from nuclear power stations


Table 4 - List of acronyms/abbreviations referenced in this document
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