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1. [bookmark: _Toc234585905]Introduction
This annex to Technical Assessment Guide NS-TAST-GD-017 – ‘Civil engineering’ (‘TAG 17’) [1] provides guidance to advise and inform ONR inspectors in the exercise of their regulatory judgement on the topics of civil engineering design, design management and related assurance in relation to civil engineering Structures, Systems and Components (SSCs). This annex is not intended to provide detailed guidance on the design process but to highlight certain salient areas for inspectors to consider as part of their regulatory assessment. It aims to highlight the application of the Safety Assessment Principles (SAPs) [2] to aid the assessment of civil engineering works and structures and signpost links to other relevant good practice. 
This annex focusses on nuclear safety functions provided by civil engineering SSCs, but the guidance herein is equally applicable to any security, safeguarding or environmental protection functions provided by civil engineering SSCs.
Scope
This annex focusses on the assessment principles for inspectors to use when assessing civil engineering designs. The inspector is advised to consult Annex 3 for further guidance regarding geotechnical design information, and foundation and other sub-surface structure design [3].
[bookmark: _Toc173225667]Structure of this annex
This annex consists of the following sections covering the key phases of civil engineering design:
Section 2 – civil engineering design phases
Section 3 – for civil engineering principles regarding safety case claims and hazard derivation
Section 4 – for civil engineering principles regarding design assessment as an activity that is undertaken, independent of the construction
Section 5 – for specific civil engineering principles to consider in addition to the above where design activities are in parallel to construction or site works
[bookmark: _Toc45178847][bookmark: _Toc173225668]Applicable SAPs to this annex
It is expected that design meets the expectations of the SAPs. In particular for this annex, the relevant SAPs are noted in Appendix A. 
Further SAPs are referenced in the following annexes of TAG 17 when considering the wider civil engineering considerations of design, construction and decommissioning:
Construction, in Annex 4 ‘Civil Engineering - Construction Assurance’ [4]
EIMT, in Annex 5 ‘Civil Engineering – Ageing Management and Damaged Structures’ [5]
Decommissioning, in Annex 6, ‘Civil Engineering - Post operation’ [6]
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The Inspector should be cognisant of the broad intent of the SAPs, namely that it is not the level of conservatism assigned to one element of the civil engineering analysis and design process, but the (overall) level of conservatism, applied to the design and within the design process. 
The Inspector should recognise that the primary aim is to reduce risks so far as is reasonably practicable (SFAIRP) and understanding the margins within the whole design can be an effective to achieve it without adding unnecessary conservatism. 

[bookmark: _Toc234585906]Civil engineering design phases
The phases of civil engineering design overviewed in this section of the annex are:
Generic Design Assessment (GDA),
Siting / site selection,
Site licensing (if not on an extant Licensed Site),
Detailed design,
Detailed design (alongside construction activities in parallel),
Design and commissioning,
Design during operation and post-operation
Generic Design Assessment
ONR inspectors involved in the GDA process should consult the following guidance: 
Guidance to Requesting Parties on the GDA process for safety and security assessments of new Nuclear Power Plants (NPPs) [7]
Civil engineering specific guidance is in section 3.2 of “New Nuclear Power Plants: GDA Technical Guidance” [8]
Site licensing
ONR inspectors involved in the licensing process should consult the following internal guidance: 
Civil Engineering and External Hazards Licensing Guidance [9]
Detailed design (before construction)
The Inspector may wish to seek assurance in the adequacy of the processes in place to effect design change, alongside the roles of different designers and the authority held regarding making design decisions.
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Detailed design (during construction)
The key assessment principles for the consideration of civil engineering design when construction of the design is occurring in parallel to design works are presented in Section 5 of this annex, to be read alongside the guidance of:
Annex 4 ‘Civil Engineering – Construction Assurance’ [4]
For further information, refer to:
‘Licensing Nuclear Installations’ [10], ‘Step 6A - Regulation under the licence – construction / installation’
Design and commissioning
The commissioning of a civil engineering structure occurs as the construction continues, and as such falls somewhat outside the standard commissioning guidance. It is expected that a high standard of record keeping will be maintained throughout the construction phase, to provide supporting evidence for construction inspection, quality assurance and commissioning (EQU.1). The amount of design and construction information available develops over time. The Inspector may wish to consider whether the dutyholder arrangements ensure that :
the design intent is met during design and construction 
defects or non-conformities, which consist a modification or relaxation to the design, are suitably addressed,
any ongoing LC28 requirements ahead of commissioning are adequate,
that any testing (leak tightness, usually) is complete and adequate,
the dutyholder has presented this as part of formal commissioning documentation.
Some elements of civil engineering may require testing and mock-ups to demonstrate the adequacy for design, the testing of which could fall under the definition of ‘commissioning’. 
Design during operation and post operation
Ageing effects and structural degradation can occur before, during and post operation. Designs of modifications / alterations should be cognisant of these effects and the existing condition of the structure under modification. 
If the start of operations is delayed post- or part-way through construction, these effects could undermine the safety functions provided by civil engineering SSC and should be considered during the design.
The Inspector should be aware of the LC22 considerations for modifications or experiments on existing facility. The Inspector should appreciate the potential impact of any civil engineering modification works on any nuclear safety SSCs that are contained within that structure, for example, the impact on controlled internal environments when weatherproofing materials are removed. 
For more information on design during operations, refer to:
Annex 5 ‘Civil Engineering – Ageing management and damaged structures’ [5]
Annex 6 ‘Civil Engineering – Post Operation’ [6]
‘Licensing Nuclear Installations’, ‘Step 6C - Regulation under the licence – operation’ and ’Section 4 - Delicensing’ [10]


[bookmark: _Toc234585907]Key assessment principles for civil engineering aspects of safety cases
Civil engineering aspects of safety cases
The civil engineering safety case should be an essential component of the overall safety case, demonstrating accuracy, objectivity, and completeness in accordance with SAP SC.4 and IAEA SSR 2/1, Requirement 3 [11].
The civil engineering safety case should:
Clearly define its relationship to the overall safety case; 
Provide specific references and full traceability to relevant upstream activities; 
State the safety claims and functional requirements for civil engineering works; 
Categorize and classify civil engineering works according to their safety significance; 
Demonstrate substantiation that the design meets all specified requirements.
Upstream activities establish the safety case requirements for civil engineering elements and the conditions they will encounter throughout their lifecycle. These considerations should encompass temporary construction states, pre-operational testing, and EIMT during operation, as defined by fault studies, internal and external hazard analyses, and probabilistic safety assessments and include activities that derive:
analysis of fault sequences,
internal and external hazard identification and quantification,
hazard combinations / coincident hazards / consequential hazards,
beyond design basis (design extension) considerations,
safety functions, safety measures and safety functional requirements,
plant layout.

The Inspector may wish to seek evidence of a clear demonstration that the structures, systems or components (SSCs) within the scope of the civil engineering works  have been designed and can be constructed, commissioned and maintained in such a way as to enable it to fulfil its safety functions for its projected lifetime. In line with the expectations of ECE.12, ECS.3 and SC.4, the Inspector should expect this to be achieved through a clearly presented structure of documents supporting the civil engineering safety case, most likely to be organised and presented in terms of claims, argument and evidence.
For information about the ONR assessment of safety cases, refer to:
NS-TAST-GD-001, ‘Safety Cases’ [12]
Golden Thread
SAP FA.5 expects the safety case to list all initiating faults in the design basis analysis. SAP ECE.1 requires specifying safety functions and structural performance of civil structures under normal, fault, and accident conditions.
When reviewing the safety case, the Inspector should understand the documentation that forms the ‘golden thread’: a clear line of information from the hazard identification through to the claims on the civil engineering structure and how these claims will be met.
The Inspector should ensure that hazard loading from upstream activities is accurately reflected in the civil engineering design, maintaining the golden thread. Relevant fault, hazard, or event identification numbers should be clearly referenced in the safety case documentation.
A thorough assessment of civil engineering activities requires a clear grasp of the “golden thread” of safety, which links all levels of safety documentation and design. The structure of claims, arguments and evidence, as outlined in paragraphs 79-81 of the SAPs, underpins this approach. While some safety cases explicitly present these elements, the Inspector should always identify the key claims, typically derived from Safety Functional Requirements (SFRs). For existing nuclear facilities, safety cases often involve multiple complementary elements known as “multi-legged” cases, where strengths in some areas compensate for weaknesses in others. For example, if part of a structure cannot be inspected directly, any degradation may be reliably detected by alternative methods.

Design Authority
[bookmark: _Toc473642919][bookmark: _Ref485108197][bookmark: _Ref485112275][bookmark: _Toc519072432][bookmark: _Toc521510829][bookmark: _Toc141358369]The dutyholder manages design and its connection to the safety case, assigning clear responsibilities for civil engineering works. The Design Authority (DA) ensures that claims, arguments and evidence in the safety case remain robust throughout design development and construction, covering outputs from designers, consultants, contractors and the supply chain.
The DA should also act as the Intelligent Customer (IC) for externally procured civil engineering activities related to nuclear safety when these are not directly carried out by the dutyholder. This is addressed in the following section. .
SC.8 states ownership of the safety case should reside within the dutyholder organisation with direct responsibility for safety.
MS.2 states the responsibilities associated with the dutyholder understanding of the safety of the facilities and their design, operation and safety cases. For civil engineering this responsibility is related to SAPs ECE.1 and ECE.2 regarding the functional performance and use of independent argument in the safety case. This responsibility also relates to SAPs ECS.1 and ECS.2 regarding the appropriate identification of safety functions through hazard and fault analysis, with appropriate categorisation and classification of civil engineering works and structures.
The key civil engineering principles for the assessment of the DA function are to establish:
that the role of DA includes ensuring that the safety case requirements are met by the design intent,
whether the design intent is consistent with the safety function and performance requirements,
whether the dutyholder has appropriate person(s) in place to undertake the role of DA,
that the hazard identification, fault analysis and subsequent categorisation and classification processes are duly followed and presented in the safety case and safety schedules,
the overall point of responsibility to make decisions,
where multiple standards are used in the design, their compatibility should be ensured to support robust safety case claims, arguments and evidence; and if optional code provisions are adopted, their suitability should be justified within the safety documentation,
whether a subsequent specification has been produced (construction or otherwise) for civil engineering works, and whether the DA function has had involvement in its production to ensure compliance with the safety case,
whether there are procedures in place (involving the DA) to ensure that design changes and modifications are assigned safety significance based on their potential impact on the safety case,
whether dutyholders understand the scope and limitations of their authority for decision making regarding changes to design and their potential impact on the safety case and design intent, with an appropriate protocol around escalating issues,
whether the procedures for design changes are implemented correctly, including consideration of examination, inspection, maintenance, testing, modification, decommissioning and demolition to ensure design intent is consistently met throughout the lifecycle of the site,
whether the design changes or modifications are adequately incorporated into the safety case with the output accurately reflected in the as-built records.
Further guidance is available:
NS-TAST-GD-079, ‘Licensee Design Authority Capability’ [13]
NS-TAST-GD-033, ‘Dutyholder Management of Records’ [14]
Design basis considerations
The design basis for civil engineering SSC should be defined for normal operational and fault / abnormal cases. Depending upon the purpose of the facility, the design basis might include a range of demands, resulting in different outcomes for the same civil engineering SSC.
The Inspector should expect recovery risks to be reduced so far as is reasonably practicable, with any adjacent ongoing operational risks adequately managed.

Inputs to civil engineering design basis
Fault studies, internal (including fire) and external hazards mainly determine the scenarios that establish the civil engineering design and SFRs to be met. However, radiation protection, construction, maintenance and decommissioning requirements may also influence the SFRs. The Inspector may wish to confirm that these requirements and hazard loadings have appropriately informed the civil engineering design.
Civil engineering structures essential for safety or incident response, even if located outside the nuclear licensed site, should be given appropriate consideration, including during beyond design basis fault conditions.
To ensure appropriate inputs to the civil engineering design basis, the Inspector should clearly understand the required outputs, especially for structures demanding the highest reliability. SAP ECE.2 requires that the resilience of such civil engineering SSCs is quantified and defined in the safety case.
Analysis of Fault Sequences
The fault analysis results in a set of SFRs and other functional needs, such as serviceability, for civil engineering SSCs. These design basis demands should be systematically derived from fault analysis (SAPs FA.1–25) and a comprehensive assessment of internal and external hazards (SAPs EHA.1–19). Security and safeguard requirements may also influence civil engineering SSCs, and this thorough approach is subject to review by security, fault studies, and internal hazards inspectors.
The Inspector should ensure that the civil engineering design incorporates the results of a systematic process for identifying all relevant postulated initiating events. In accordance with requirement 16 of IAEA guidance SSR 2/1 [11], the Inspector may wish to confirm that the analysis outcomes are properly reflected in the design, covering all credible events with potential for serious consequences or significant likelihood.
The Inspector should recognise that the following analyses inform the civil engineering safety case:
Postulated initiating events for the facility
Essential protective measures to deliver the required safety functions
The Inspector may wish to confirm, in line with SAP FA.4, that the dutyholder has adequately managed design basis events covering frequent faults, infrequent faults, and beyond design basis events (design extension conditions) and that these inputs are clearly distinguished in the civil engineering structures design.
The fault studies discipline is expected to evaluate postulated initiating events, fault sequences and consequences, as well as fault barriers and protection schedules. The civil engineering assessment should focus on identifying faults that impact civil engineering design and ensure it meets these requirements.
The Inspector should be aware that all plant states of the facility need to be considered, including anticipated inspection and maintenance activities, and the need to include post-fault conditions and recovery.
For more guidance on fault studies, refer to:
NS-TAST-GD-006, ‘Design Basis Analysis’ [16]
Annex 2 of the SAPs [2], in conjunction with SAP NT.1 and NT.2
Probabilistic Safety Analysis
For major projects, if provided, the Inspector should be aware of the Probabilistic Safety Analysis (PSA). This systematic assessment identifies all significant fault sequences that could result in radiological consequences, evaluating their contribution to the facility's overall risk. The Inspector should note that PSA findings may prompt adjustments to the civil engineering design. The Design Basis Event (DBE) is derived using deterministic methods, with the PSA used to check risk balance. The DBE scope extends beyond external hazards. The Inspector may wish to seek assurance that a proportionate approach is taken to demonstrate adequate facility safety against various challenges, and the PSA outcomes appropriately inform the civil engineering design.
For more guidance on PSA, refer to:
NS-TAST-GD-030, ‘Adequacy of Probabilistic Safety Analysis (PSA) Modelling and Supporting Analysis’ [17] 
Section ‘Probabilistic Safety Analysis’ of the SAPs [2]
Internal and external hazard identification and quantification
The Inspector should expect that all foreseeable internal and external hazards, including the potential for human induced events directly or indirectly to affect the safety of the facility, have been identified and their effects evaluated. This is in line with the requirement 17 of the IAEA guidance SSR 2/1 [11].
For civil engineering assessment, these analyses inform the load, shielding, and containment requirements for SSC design. Inspectors should consider whether design basis and beyond design basis events for civil structures are clearly distinguished and substantiated.
It is expected that the internal and external hazards disciplines will assess the hazard screening (SAP EHA.19). Hazards may be excluded from consideration if their probability is low or their impact minimal. Inspectors should recognise that some hazards are screened out pending site-specific data, and consider how this screening influences civil engineering decisions both before and during site assessment.
The Inspector should confirm that hazard data is sufficient during screening, particularly regarding uncertainties in assumed loadings, analysis methods, structural capability, and material properties affected by degradation.
The Inspector may wish to check that any assumptions are appropriately checked, reviewed or carried forward into civil engineering design at the appropriate time in the design (SAP ECE.13).
The Inspector should recognise that civil engineering structures provide Safety Functional Requirements (SFRs), such as acting as barriers to protect SSCs and personnel from hazards. Hazard definitions, shielding, and barrier requirements are typically assessed by other disciplines. 
The Inspector may require access to hazard schedules to understand hazard analysis communication and how resulting loads are determined for civil engineering design. The main civil engineering assessment tasks for hazard identification and fault analysis are to judge whether:
all consequences of faults and subsequent accidental loads on structures are considered, for example, internal flooding pressure on walls to withstand horizontal water pressure,
the justification for the screening out of external hazards or proposed changes to the expectations of SAP EHA.4 regarding the annual frequency of exceedance of non-discrete hazards are understood and have been appropriately justified and applied to the civil engineering design
the loading output is understood, i.e. conservatisms and optimisms are stated,
where relevant, hazard-structure interactions effects are captured
the loading output is adequately catered for in design,
the design is fit for purpose and provides adequate protection against hazards,
the design considers risk management by ‘designing out’ interfaces related to layout or workspace that could cause avoidable consequences for example, an accident or fault scenario, including layout of adjacent structures/ personnel walkways,

the design of the site against flooding should consider the climate change predictions and the design should allow for managed adaptable solutions, for example, potential future modification in response to uncertainties in the design phase,
all foreseeable events have been included, (or knowingly omitted),
If no safety claims are made on a structure under external hazard loading, the safety case should address the possible consequences of significant structural collapse, including impact loads on SSCs and post-event recovery needs. The Inspector should verify how the dutyholder has considered suitably qualified escape routes for workers who may be trapped by the failure of non-qualified structures, especially where such routes are required for LC7 emergency arrangements.
For more guidance on external and internal hazards, refer to:
NS-TAST-GD-013, ‘External Hazards’ [18]
NS-TAST-GD-014, ‘Internal Hazards’ [19]
Hazard combinations
SAP EHA.6 requires that the analysis of internal and external hazards considers combinations of hazards, simultaneous and common cause events, and consequential effects. Inspectors should ensure these combinations are treated as design basis accidents or included in beyond design basis (design extension) conditions, primarily based on their likelihood, as also specified in Requirement 20 of IAEA SSR 2/1 [11].
Severe Accident Analysis
For a major project, a Severe Accident Analysis (SAA) should be used in the development of further risk-reducing measures, including informing the beyond design basis considerations. 
The Inspector may wish to seek assurance that the output of the SAA has been appropriately included in the civil engineering design, including effects such as elevated temperatures. Additionally, failure modes of civil engineering structures and systems may need to be fed into the SAA for example, understanding how containments breach can be useful in validating SAA assumptions. 
For more guidance on SAA, refer to:
NS-TAST-GD-007, ‘Severe Accident Analysis’ [20]
Beyond design basis / design extension considerations
The expectations for the Inspector to consider potential events beyond (more severe than) the design basis are established in the following:
Requirement 17, clause 5.21 of the IAEA guidance SSR 2/1 [11]  states the design of the plant shall provide for an adequate margin to protect items important to safety against levels of external hazards to be considered for design, derived from the hazard evaluation for the site, and to avoid cliff edge effects
WENRA guidance for Design Extension Conditions (DEC), Issue F of Safety Reference Levels for Existing Reactors [21]
SAP EHA.18 sets out expectations for beyond design basis which should be analysed applying an appropriate combination of engineering, deterministic and probabilistic assessments. ECE.1 requires clear definition and justification of the engineering function of civil structures and their ability to perform under all relevant conditions, including beyond design basis loads. ECE.12 requires appropriate analysis methods, validation, and modelling capability to justify structural response, including deformation, ductility, and load paths that become important for beyond design basis. As such, inspectors should ensure that design margins should ensure civil engineering structures maintain their residual safety function after beyond design basis loads, either through sufficient margins or by failing in a way that limits radiological consequences.
EHA.7 requires that facility designs maintain sufficient margins to ensure that minor changes in design basis fault or event assumptions do not cause a disproportionate rise in radiological consequences - these are known as ‘cliff edge’ effects. Consistent with ECE.6, failure modes should be gradual, ductile, and detectable for slowly developing loads, with load assumptions accounting for uncertainties in fault or hazard specifications.
During the GDA phase, specific site hazard values are not usually established, so any inherent margin between design values and actual site values cannot be claimed. However, cliff edge effects should still be considered. A generic site envelope outlines the hazards assessed at GDA, and the Inspector may reference the GDA case when reviewing site-specific cases.

When evaluating the design and associated design basis events, it may be evident that a specific hazard determines the maximum demand on a structure. If this logic is applied to beyond design basis scenarios, the Inspector should note that hazard magnitudes may not increase at the same rate—what is a bounding hazard at a 10–5 annual probability of exceedance may differ from that at 10–4. This complexity is heightened when comparing hazards of continuous and discrete types. Additionally, when best estimate methods are used, the Inspector should consider both epistemic and aleatory uncertainties. The Inspector should ensure that any identified bounding case genuinely covers all relevant scenarios for the civil engineering safety case.
The potential for beyond design basis (BDB) demands should be considered for all design basis events that could be exceeded. For example, if seismic or flooding events are included in the design basis, BDB demands would be more severe versions, such as a larger earthquake causing collapse or a greater flood resulting in overtopping defences or electrical failure. 
Residual safety function(s) (for example, to resist collapse) following the application of beyond design basis loads could be demonstrated by either having sufficient design margins, or by failing in a manner that suitably limits the radiological consequences.
For assessing beyond design basis analyses, in addition to those considerations highlighted in the design basis analysis, the Inspector may wish to seek assurance that:
the cliff edge effects are sufficiently unlikely to occur (SAP EHA.7), such that a small change in design basis fault or event assumptions should not lead to a disproportionate increase in radiological consequences,
the civil engineering SSC are suitably robust (by consideration of factors such as design margins, redundancy, alternate load-paths, post-yield ductile failure, prevention of disproportionate or progressive collapse, compliance with ductile detailing rules and high confidence in the predicted failure mode),
a suitable margin assessment has been undertaken. Some dutyholders have historically applied a fixed margin to their design basis loading. The Inspector should be aware that this approach may result in overly conservative designs, or in the case of high uncertainties in loading or behaviour, it may be non-conservative,
the safety performance of civil engineering structures that are required for managing and controlling actions in response to an accident, including plant control rooms, on-site emergency control centres and off-site emergency centres, are defined,
the schedule of load combinations has been used for design, and the beyond design basis loadings have been considered, including the considerations of cliff edge effects and margins to failure,
appropriate consideration of whether the uncertainties in estimating the effects of faults or hazards have been adequately adopted in the design,
the behaviour under beyond design basis loadings have been considered before the plant design is fixed, with consideration given to the behaviours of the structures (for example, elastic, ductile or brittle). Progressive and disproportionate collapse should be avoided in design (SAPs ECE.2, ECE.6, EMC.11),
the safety functional requirements on the structures for beyond design basis are established and the acceptance criteria are met by the design,
residual safety function(s) (for example, to resist collapse, limit pounding) following the application of beyond design basis loads could be demonstrated by either having sufficient margins, or failing in a manner that suitably limits radiological consequences.
When assessing the dutyholders approaches to demonstrate consideration of beyond design basis, the Inspector may expect demonstration that:
high strain (for example, deflection) and overstress effects (for example, cracking, delamination, spalling) are tolerable;
leak or radiological release acceptance criteria are appropriate,
residual safety functional requirements (for example, to avoid collapse) are satisfied,
localised plastic deformation absorbs the input energy, but a collapse mechanism has not been formed and the overall stability is maintained,
a number/diversity of lines of defence which are not vulnerable to common cause failure are provided,
ductile failure modes precede brittle failure modes,
the structure is suitably robust, possibly using non-codified design methods such as yield line or push over analysis.

The Inspector should recognise that merely following codes, such as applying partial safety factors, is insufficient for beyond design basis assessments. These factors account for material variability, construction quality, and load or response uncertainties. Instead, it is acceptable for the dutyholder to use a best estimate of structural performance in line with SAP FA.16 and paragraphs 246–334, setting partial factors to unity if it is shown that the worst credible loading has been considered (for example, flooding overtopping a wall).
Confidence in predicting the physical behaviour of materials and structures under beyond design basis loads may be limited, particularly with complex or novel construction. In such cases, the Inspector may consider use of physical modelling or extrapolation from in-situ tests, and research to validate modelling assumptions, to enhance confidence in predictions.
The outcomes of beyond design basis assessments can be used to shape SAA response plans (SAP FA.15, FA.16, FA.25). Some iteration between BDB assessments and SAA is acceptable to achieve a cost-effective, practical approach that reduces risks as far as reasonably practicable.
The Inspector may request development of a strategy of how the Beyond Design Basis considerations are to be included in the civil engineering design, to understand the scenarios considered for each case. For more guidance on beyond design basis, refer to:
NS-TAST-GD-006 ‘Design Basis Analysis’ [16]
Safety functions
The following SAPs are particularly applicable to the assessment of safety functions: 
SC.8 highlights that the responsibility for defining the nuclear safety functions of a structure will reside with appropriately qualified persons within the dutyholder organisation, and the ownership of the safety case should reside with those who have direct responsibility for safety,
EKP.2 and EKP.3 sets the expectations around fault tolerance and defence in depth to prevent fault progression with independent barriers,
ERL.1 and ERl.2 sets the expectations that a claim of reliability of SSCs will be made, and that these are stated, 
ERL.4 sets the expectations that there will be margins of conservatism to allow for uncertainties,

EKP.4 establishes the expectation that the safety function(s) to be delivered within the facility should be identified by means of a structured analysis, where the identification of safety functions is based on an analysis of normal operation and all significant fault sequences arising from possible initiating faults determined by fault analysis,
EKP.5 states that the measures will be identified by which the safety function is delivered, with a hierarchy around safety provision.
Safety Functional Requirements
Safety cases should specifically articulate SFRs for civil engineering SSCs. Each SSC might have a number of different design basis demands, reflecting the fact that it may need to perform more than one SFR. 
Generally, the civil engineering SFRs might include:
structural support (to structures, systems or components),
containment and / or confinement (including leak prevention and detection),
radiological shielding,
protection from hazards (including external and internal hazards),
provision of a required internal environment (HVAC/weatherproofing etc.),
for future decommissioning requirements, including waste management.
Civil engineering SSCs with a safety role will need to meet one or more SFRs. The Inspector may wish to consider the degree to which the protection hierarchy has been applied to civil SSCs. This can be related to protection from hazards (including leaks) and can be provided by protection and mitigation, for example by: 
Arranging the layout so that a hazard is separated from people,
providing a civil engineering element (cover, shell or liner) that resists the hazard (internal, external or impact hazards) to prevent impact or leakage,
designing the civil engineering SSC itself to inherently resist the hazard, without requirement of additional elements, to protect nuclear safety SSCs, 
mitigating the consequences from the impact of hazards.
Where the civil engineering SSCs are required to meet SFRs, the Inspector may wish to consider how the civil engineering design substantiation considers the strength, stability, durability, serviceability and / or water / air tightness as demonstration that applicable SFRs are met.
When assessing beyond design basis considerations, the Inspector should be aware that a civil engineering SSC may be required to perform elastically under certain loading, when otherwise this duty is not called upon in normal operations.
When assessing sites with prolonged operational life, extended structural demands post-closure, or changes in use beyond the original design, it is essential to demonstrate sufficient durability of structural elements and materials. The Inspector should consider the EIMT arrangements—including repairs and replacements—needed to maintain SFRs throughout the required lifetime. Further details on ageing management and post-operation issues are provided in Annexes 5 and 6 [5, 6] (including SAP DC.1).
When reviewing SFRs, the Inspector may:
determine that the result of the design basis demands being placed upon the SSC is proportionate to the probability (frequency) of the event leading to the demands,
seek assurance that all fault conditions and internal / external hazards which could challenge safety functional requirements have been considered,
consider if reasonably practicable measures to minimise the potential safety consequences of the design basis demand being placed upon the SSC have been implemented,
establish that the potential safety consequences are based upon conservative assumptions regarding the frequency of the event and the performance of the civil engineering SSC,
seek assurance that there is a link from fundamental safety functions to SFRs, alongside the justification as to which safety functions and SFRs have been screened as not applicable to civil engineering SSCs.
[bookmark: _Toc141358373]Safety measures
EKP.5 outlines the expectations for assessing safety measures. Inspectors should recognise where safety measures are identified to achieve the required safety functions. While safety measures can include active systems, most civil engineering SSCs providing safety functions are passive in nature.

Non-passive civil engineering elements considered as safety measures include doors, gates, windows designed to withstand fire, blast, impact, or flooding, as well as blow-out panels to relieve internal pressures. 
These features are typically installed to mitigate the radiological or other consequences of fault events and are addressed in both design basis and beyond design basis analyses.
Schedules
Engineering schedules are frequently used to identify items important to safety and the safety functional requirements placed upon them. Ideally, these should include the Safety Functional Requirement (SFR) placed upon each SSC, and the plant operational states when these could occur.
SAP ECE.6 requires that a schedule of load combinations and their frequencies forms the foundation of structural design, incorporating loadings from normal operation, testing, and fault or accident conditions. Inspectors should ensure that the loading schedule aligns with the declared safety functional requirements for the SSC. Where design loading meets the SFR, substantiation should be provided using appropriate civil engineering codes.
The Inspector should anticipate that a systematic process has been used to identify those components critical to safety, which are essential for meeting the fundamental safety functions and the safety functional requirements assigned to the SSCs.
Based on the assessment, the Inspector should be able to pinpoint the intrinsic features that support or influence the achievement of fundamental safety functions across all operational states of the plant. The Inspector may also consider whether the dutyholder’s methodology provides complete traceability.
Categorisation and classification
For more guidance on categorisation and classification, refer to:
NS-TAST-GD-094 – ‘Categorisation of safety functions and classification of structures, systems and components (SSCs)’ [22]
Seismic performance classification
International guidance on seismic performance classification is provided by the IAEA:
IAEA Specific Safety Guide No. SSG 67, Seismic Design for Nuclear Installations [23]

Seismic classification is assigned (supplementary to a safety classification) to a SSC based on required performance. They are summarised below: 
Seismic class 1 – remains fully functional during and after a design basis event,
Seismic class 2 – failure does not affect functionality of seismic class 1 SSC,
Seismic class 3 – SSC not covered by seismic class 1 or 2.
Seismic classification schemes can also include containment functions relating to water and/or air tightness during and following an earthquake. Seismic safety functions applicable to civil engineering structures may be generated by other disciplines.
Structures often have mixed classifications; for instance, the main enclosure may be class 1 and seismic class 1, while internal sub-structures could be assigned lower classifications. Inspectors should ensure that the design and safety case address the potential for different behaviours in connected items. It is important to confirm, as required by SAP ECS.2, that failure of a lower-classified item cannot compromise a higher-classified one (refer to SAPs paragraph 167).
The Inspector should ensure that all safety-significant items are identified and classified according to their function and safety importance. 
Seismic classification should reflect both the hazard level (annual probability of exceedance) and required performance of each structure, including those not directly containing a nuclear hazard but whose failure could compromise adjacent structures. This aligns with IAEA guidance SSR 2/1, Requirement 22 [11].
Arguments and passive safety
The following SAPs are particularly applicable to the assessment of safety functions: 
ECE.1 establishes the expectation that the required safety functions and structural performance of a structure should be quantified and specified,
ECE.2 establishes the expectation that for structures requiring the highest levels of reliability, multiple independent and diverse arguments should be provided in the safety case,
EKP.3 establishes the requirement for defence in depth against potentially significant faults.

In civil engineering, structures typically fulfil their safety function passively, without depending on control systems, active safety mechanisms or human intervention. This does not diminish their role as safety measures in their own right (SAP EKP.5). Wherever possible, safety should be ensured by passive means, prioritising reliable inherent barriers so that subsequent defences are less likely to be needed. Inspectors should recognise the importance of inspecting and maintaining these passive features to ensure SSCs perform as expected during fault conditions.
SAP EKP.3 requires defence in depth to be achieved through multiple independent barriers against significant faults or failures. Civil engineering SSCs, typically functioning passively, may serve as some of these barriers. In line with IAEA SSR2/1 [11], Level 1 barriers are designed to prevent abnormal operations and failures, and should be conservatively engineered, constructed and maintained to appropriate standards.
Where civil engineering SSCs act as barriers, ECE.2 requires their robustness and resilience to be clearly quantified and specified. Justification should be multi-layered, using diverse and independent arguments so that weaknesses in one defence are balanced by strengths in others. If an SSC is the sole barrier as multiple barriers cannot be implemented, the Inspector should ensure that reliability and justification are appropriate, considering the single failure criterion. Typical supporting arguments are outlined in SAPs paragraph 337.
If a civil engineering SSC is required to deliver a function with the highest reliability, arguments should be presented in line with the approach used for structural integrity or pre-stressed concrete pressure vessels.
Structures with significant containment safety functions, such as spent fuel ponds and active waste stores, should have multiple protective barriers. Designs for liquid containment should include leak detection measures.
For less ductile structures, a sufficiently high margin can be shown by demonstrating that failure is extremely unlikely under credible initiating events.
The Inspector should assess whether conservatisms and safety margins are identified and maintained during normal operation, design basis events, and accidents, and consider if these margins could be reduced by multiple independent factors occurring at once. The same approach applies to cliff edge effects, where SAP ERL.4 requires margin to be demonstrated.

Defence in depth
SAP EKP.3 requires defence in depth through multiple independent barriers to fault progression. SAP SC.5 expects safety cases to highlight optimism, uncertainty, and claimed conservatism. The Inspector should ensure the civil engineering SSC’s role in controlling plant conditions during and beyond design basis events is clearly defined, with adequate safety margins to address uncertainties, as outlined in SAPs ECE.1 and ERL.4.
If a civil engineering SSC essential for safety cannot be designed for future EIMT, such as buried structures, additional measures should be implemented to ensure the SSC meets the SFRs throughout its intended design life. These measures may themselves require an SFR. Inspectors should expect clear technical justification at the design stage, demonstrating that the structure’s safe operational life has been evaluated, defined, and substantiated in accordance with IAEA SSR 2/1 Requirement 29 and SAP EAD.1.
Safety case documents
Once the prerequisites for the civil engineering aspects of safety case are established, a clear document structure should be provided to illustrate how information is integrated into civil engineering and developed into a compliant design. Safety case, design, and substantiation documents should collectively give the Inspector a complete understanding of the design and its safety justifications. The Inspector should trace the logical link from hazard identification to design substantiation, as outlined in section 3.2 of this annex.
During assessment, the Inspector should consider unresolved decisions due to insufficient information and whether choices made limit future options. 
The extent of safety case documentation should reflect the current design stage.
For more information on expectations regarding safety case documentation, refer to:
NS-TAST-GD-001 ‘Safety Cases’ [12]
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The Inspector should ensure the design approach reflects the nuclear safety significance, with appropriate governance, and oversight by the DA and IC. Plant design adequacy, including tools and inputs/outputs, should be independently verified and validated, in accordance with IAEA SSR 2/1, Requirements 2 and 18 [11].
Design philosophy
The Inspector should expect a clear and concise written design philosophy to be maintained throughout all stages of a facility and include (where applicable) but not limited to:
function of the structure (including functions subject to accident conditions), for the lifetime of the structure,
key materials to be adopted,
modelling and analysis approach
form of structure (including method of ensuring lateral stability),
key assumptions,
design codes to be applied,
design tools and processes to be adopted,
design verification processes to be applied, 
clarity on approach to construction sequencing and commissioning activities.


Design codes and standards
ERL.1 states that the reliability of a structure should reflect its novelty, relevant operational experience, and uncertainties in conditions, data, and design approaches. This can be addressed by confirming the appropriateness of the chosen codes and standards to deliver adequate reliability. For Class 1 and 2 civil engineering SSCs, designs should follow applicable codes or recognised guidance, aligning with IAEA SSR 2/1 [11] Requirement 9 and SAPs ECS.1 and ECS.2. Further details are provided in the Categorisation and Classification section.
The structural design of almost all civil engineering structures should follow a recognised codified approach. Due to the wide range of materials, structural forms, and design codes, detailed guidance is beyond the scope of this guide. SAP ECS.3 outlines the fundamental principles and indicates what is considered as good practice.
The principal civil engineering assessment requirements regarding use of codes and standards are:
if the design uses several standards, the Inspector may wish to consider whether the codes are compatible with each other to adequately support a robust safety case. The Inspector should consider how the integration of guidance from multiple codes ensures that the overall design remains conservative.
where optional parts of the codes are used, the Inspector may wish to consider whether the design decisions to use or exclude optional parts of the code are appropriate and have been justified in the safety documentation,
whether the structural concept lies within the boundaries / limitations of code assumptions,
when using non-UK codes and guidance, to demonstrate that material standards and material availability in the UK do not undermine confidence in the application of the code,
whether the approach proposed constitutesrelevant good practice, considering that design codes used historically do not necessarily reflect current thinking or knowledge. The Inspector should expect justification for particular use of design codes  which may be valid even if they are not contemporary, 
where use of withdrawn codes (for example British Standards that have been withdrawn and replaced by structural Eurocodes) the Inspector should be satisfied that this has been justified and that the codes used are not undermined by more recent relevant good practice,
whether the most up to date version of a design code is being adopted, unless the use of an older code can be demonstrated to be appropriate.
Reliability
Reliability is commonly defined as "the probability of a device performing its purpose adequately for the period of time intended under the operating conditions encountered". There are four elements to the definition that the Inspector may wish to consider:
Probability refers to the likelihood that a device or structural component will work properly. 
The second element refers to adequate performance. In order to determine whether a component has performed adequately, a standard is needed to define what is meant by adequate performance (i.e. ULS, SLS).
The third element is the intended period of time. This is the mission endurance or lifetime of the structure under consideration. 
The final element of the definition is the operating conditions. 
These terms imply acceptance of some degree of uncertainty. Until recently, structural reliability was not routinely analysed or quantified in the design process. Reliability was accounted for tacitly by the factor-of-safety approach to design and the structural designer / analyst does not perform a formal risk analysis on newly designed structures. 
Where code compliance cannot be clearly demonstrated, or explicit reliability claims are made, dutyholders may use formal reliability analysis. In such cases, the Inspector may consider why a standard or code-based approach is unsuitable, given that code-based deterministic design methods are generally robust. If detailed reliability assessments are considered appropriate, the Inspector may review the use of First or Second Order Reliability Methods (FORM / SORM), noting these require specialist expertise. The Inspector should also ensure clarity on the last three points of paragraph 116, as this is essential for progressing with the analysis details.
Conservatism in design
Conservatism is applied at all stages of civil engineering lifecycle. 
The Inspector may consider where the conservatisms are applied and what impact such conservatisms may have on the civil engineering design. Demonstration of an appropriate level of conservatism for some design activities may require the consideration of upper and lower bound values for design parameters. The use of sensitivity studies can assist in understanding of the influence of design parameters. The Inspector should consider SAPs SC.5 and ERL.4 within the context of conservatism in design.
The SAPs require that data used in structural analysis is chosen to ensure the analysis remains demonstrably conservative. However, excessive conservatism may mask the significance of potential safety issues. Statistical methods and techniques can supplement the design process, by providing an improved understanding of failure modes, margin and sensitivity to input parameters and assumptions. This can be of particular value in supporting beyond design basis assessments and supporting demonstration of an ALARP position. The Inspector should be mindful of the extent of reliance on such methods, and that they are not a substitute for designing against deterministic engineering rules and presenting a demonstrably conservative design. The inspector should also review the adequacy of statistical methods and any associated verification and validation activities.
SAP SC.5 establishes the need for clarity around the areas of optimism and uncertainties in:
the design of facilities, including material properties, defects or dynamic behaviour;
the basis of safety case, including the analytical methods and codes, underlying assumptions and data with margins and factors of safety.
The Inspector may wish to consider whether the safety case is clear about optimism, uncertainty and conservatism, so that the risks are understood and can be managed appropriately throughout the life of the facility. With clear identification of safety significance of the claims being made and the uncertainty around them, the Inspector can assess the aggregation of issues against how much margin remains. 
The extent of conservatism and associated margins to failure can in some cases be evaluated and calibrated using explicit risk based analysis and direct consideration of the ONR risk targets.
The Intelligent Customer function
The Inspector should note that many dutyholders outsource large parts of civil engineering design. The IC role ensures that the specifications align with the design intent and the outputs from the designers, consultants, contractors, supply chain and the dutyholder meet the specifications and are of adequate quality. The following SAPs are especially relevant when evaluating the IC function:
ECE.18 establishes the expectation that inspection and testing during construction is undertaken to demonstrate quality,
ECS.3 establishes the expectation that civil engineering works should be completed to the appropriate codes and standards,
MS.2 regarding the expectations around a capable organisation, specifically IC function described in SAPs paragraph 66,
ECS.4 and ECS.5 establishes the expectation that if there are no appropriate codes or standards, an appropriate alternative approach is adopted, with the use of experience, tests or analysis applied as necessary,
EQU.1 establishes the expectation that there will be qualification procedures to demonstrate the required quality has been achieved.
The key areas to consider when assessing a dutyholders IC function related to civil engineering are:
confirm that the dutyholder has suitably qualified individuals to fulfil the IC role and understands recognised good practice,
whether the IC function has been involved with design and assessment undertaken by organisations and persons who have demonstrable capability in undertaking such designs, and whether the IC function has assessed whether they are engaged at an appropriate stage and have sufficient capacity so that the design can be completed prior to execution of the works,
whether IC function has had involvement in ensuring that sufficient time is included in the design programme to allow appropriate consideration of the design substantiation, including activities undertaken by regulatory organisations,
whether the IC function has been involved to ensure that organisations undertaking or procuring design or assessments apply appropriate quality verification processes to all substantiation, and whether verification processes will be sufficiently independent of the originator to ensure impartiality of consideration, 
whether performance requirements have been produced and are consistent with the design intent, and whether the IC function has been involved in the production of the performance requirements documents,
whether a subsequent specification has been produced (construction or otherwise) for civil engineering works, and whether the IC function has had involvement in its production to ensure compliance with the stipulated performance requirements,
whether the IC has had involvement in the compilation of the tender pack produced, whether there is sufficient information for planning and pricing of the design works or construction phase, with adequate specification and requirements, and whether the consultants, contractors or manufacturers arrangements include provision of clear lines of responsibility and authority. Clear reporting protocols and clear routes for escalation of issues into the dutyholder should be apparent,
whether the IC function is involved in surveillance arrangements of the outputs once contracts have been awarded, to demonstrate that the appropriate quality and standards of deliverables have been achieved.
For more guidance on aspects of IC throughout the other civil engineering phases, which link back to design decisions, refer to [1].
Further guidance is available in:
NS-TAST-GD-079 ‘Licensee Design Authority Capability’ [13]
NS-TAST-GD-049 ‘Licensee Core Safety and Intelligent Customer Capabilities’ [24]
NS-TAST-GD-077 ‘Supply Chain Management Arrangements for the Procurement of Nuclear Safety Related Items or Services’ [25]
Use of independent review
Depending on the significance and quality assurance grading there might be a need for independent review of design, supplementary to the numerical checks, validation and verification activities. This is to ensure that the codes have been applied appropriately and that safety case claims are met. This is often undertaken by Independent Technical Assessment (ITA), Independent Nuclear Safety Assessment (INSA) or Independent Peer Review (IPR). 
The Inspector should expect these arrangements to be independent of the DA and IC functions as these functions are not independent and are performing different roles, even though they may identify the same issues.
Where appropriate  independent review may implement diverse methods or analytical models (SAPs paragraph 683). Where the independent review has utilised the same analysis model as the designer, this should be justified and sufficient evidence provided that the model has been independently validated.  
Conducting single-discipline design reviews at key stages of the project, involving experienced independent civil engineers, is also recognised as good practice for ensuring adequate independent oversight of designs. 
Concept design and design optioneering stages
In the initial stages of civil engineering design, key decisions are made regarding the design concept and approach. To ensure these choices are justified, the Inspector may seek assurance regarding the underpinning evidence. This is typically achieved through an optioneering process, where the merits and drawbacks of each option are considered before selecting the preferred design.
The Inspector may seek assurance in the process by engaging early in optioneering and concept design decisions, while remaining independent of the design process.
Evaluation of site layout
The layout and orientation of features on the site or within a facility should minimise risks to nuclear safety so far as is reasonably practicable. This is an area for multidisciplinary assessment with consideration from civil engineering alongside inspectors from, for example, the internal and external hazards, human factors, mechanical, control and instrumentation, conventional health and safety disciplines. Civil engineering design decisions are made to accommodate these varied and, sometimes conflicting, requirements. 
The Inspector should be aware that layout, designs and construction should be such that dismantling can be undertaken using proven and safe working practices (ECE.26 and DC.1, refer to Section 4.20 of this annex).
The Inspector should expect the safety case to include or make specific reference to the associated parts of the overall safety case that have determined the plant layout.
IAEA SSR 2/1 [11] places requirements on the regulation of the decisions regarding civil engineering. The Inspector should expect evidence of consideration of the following aspects in relation to the site layout:
shielding barriers (requirement 5),
internal and external hazards (requirement 17),
physical separation of safety systems (requirement 21),
plant layout for facilitating activities associated with calibration, testing, maintenance, repair or replacement, inspection and monitoring (requirement 29),
plant layout for optimal operator performance (requirement 32),
fire protection barriers (requirement 17 and 74),
features to facilitate the movement, transport and handling of radioactive waste (requirement 78).
proximity to facilities off the licenced site and out of the control of the dutyholder.

The key civil engineering assessment principles regarding site layout design are:
the layout of features should also consider security, nuclear safeguarding and other requirements of the facility,
site access to buildings in emergency situation, for example, proximity of emergency response facilities to the potential causes of accidents,
the positioning of embankments, natural and excavated slopes, river levees and sea defences close to the facility should not jeopardise the safety of the facility,
the potential for interactions during seismic events or accident conditions (such as reflected pressure waves) between adjacent structures should be considered.
In line with The Construction (Design and Management) Regulations 2015 (CDM2015), there is a requirement for the design layout to include for the ability to construct, decommission and demolish structures without causing undue hazards for example, sequencing of construction. This should be considered at all phases as the design develops. Considerations include:
collapse radius of temporary features, such as construction cranes, or permanent features for example, stacks and towers, 
proximity of construction activities to existing high hazard or vulnerable facilities or activities, including construction planned to occur adjacent to an operating unit, 
provision of temporary openings in structures to allow installation of plant and equipment, etc.
Layout of buildings / spatial configuration
The Inspector may wish to review the civil engineering layout, with consideration for the size of rooms concordant with proposed activities therein, and whether inputs to architectural design have been adequately considered and interpreted.
The key civil engineering assessment considerations for the civil engineering layout of buildings are:
a robust, clearly demonstrable load path, with appropriate degrees of redundancy and resistance to disproportionate collapse,
protection of high hazard materials and activities from aircraft impact or missiles,
segregation of high hazard materials and activities from potential sources of fire or explosion,
the overall resilience to flooding, applying appropriate safety classification to the structures, employing suitable redundancy and diversity and avoiding single barriers where possible (SAP EHA.12),
the potential fire loading on a structure and the protection provided by barriers and partitions,
over-pressurisation of compartments, following a failure of plant for example, high energy pipe break, and how the compartments will react to the initial, instant pressures and subsequent pressure loadings,
means of access for emergency responders and egress for persons at risk within the facility,
the potential for the ingress of naturally occurring gases and vapours for the design of underground structures (refer to Annex 3 “Civil Engineering – Ground investigations, Geotechnics and Underground Structure Design” [3]),
provision to complete adequate EIMT for the entirety of the required lifetime.
The Inspector should note that the IAEA SSR 2/1 [11] makes specific mentions of the following for civil engineering design decisions regarding layout. The Inspector should expect evidence of consideration of the following aspects:
safeguards against unauthorised entry of persons and goods (requirement 38),
sufficient flow routes between separate compartments inside the containment for pressure equalization considerations during accident conditions (requirement 17),
Control Room and Supplementary Control Room designed with consideration of suitable barriers to the external environment (requirement 65 and 66),
control of containment conditions (requirement 58).
For more information on layout and workplace spaces, refer to:
NS-TAST-GD-062, ‘Workplaces and work environment’ [26]
For wider guidance, refer to:
L24 “Workplace (Health, Safety and Welfare) Regulations 1992, Approved Code of Practice and guidance [27]
Eccentric heavy plant layouts and structural asymmetry or irregularity 
(in stiffness, load paths, or geometry) can increase both the magnitude and complexity of a building's seismic response. The Inspector may seek assurance that these factors have been properly considered in the layout of new facilities.
Shielding
The Inspector may wish to look ‘upstream’ to the internal hazard and radiological protection evaluation which is expected to identify shielding requirements for civil engineering SSC. The evaluation is intended to prevent or reduced exposure to radiation as part of design. The IAEA guidance SSR 2/1 [11] Requirements 5 and 81 makes specific mention of design considerations for radiation protection, as does SAP RP.6, including: 
the design of a nuclear facility shall be such as to ensure that radiation doses to workers at the facility and to members of the public do not exceed the dose limits, that they are kept as low as reasonably achievable in operational states for the entire lifetime of the facility, and that they remain below acceptable limits and as low as reasonably achievable in, and following, accident conditions,
shielding shall be provided so that radiation exposure is prevented or reduced,
materials used in the manufacture of structures, systems and components shall be selected to minimize activation of the material as far as is reasonably practicable.
For more information on layout and workplace spaces, refer to:
NS-TAST-GD-002 ‘Radiation shielding’ [28]
ALARP optioneering
SAP SC.4 establishes the expectation that a safety case should: (a) explicitly set out the argument for why risks are ALARP; and (b) link the information necessary to show that risks are ALARP, and what will be needed to ensure that this can be maintained over the period for which the safety case is valid.
The ALARP principle applies at a high level in terms of radiological consequences. For civil engineering assessment, ALARP principles also relate to reducing all other hazards and risks as low as is reasonably practicable.

The ECE safety assessment principles provided in the SAPs should be considered when judging whether risks have been reduced to a level that can be considered as ALARP. The Inspector should consider whether the dutyholder has achieved an overall balance of safety, rather than satisfying each individual principle, when making an ALARP judgement. The principles themselves should be met so far as is reasonably practicable, but there is no specific hierarchy in the civil engineering SAPs.
During an ALARP optioneering exercise, the Inspector may wish to consider whether the designer has a clear appreciation of the concept they are trying to achieve. This could be articulated through a design philosophy or basis of design document. For the Inspector to have confidence in the process of optioneering, the optioneering process should be transparent and all options considered should be clearly documented including the following:
principal SFRs,
design lifetime,
performance specification (loading, reliability, durability),
resilience and robustness requirements,
design codes,
analysis methods,
operational constraints,
commissioning acceptance requirements,
EIMT strategy,
decommissioning approach,
quality requirements,
interfaces,
legislative requirements.
For some structures, or modifications to structures, it may not be immediately obvious that the solution adopted is ALARP. In such cases, it is expected that some form of formalised optioneering or equivalent process has been undertaken to give confidence in the design choice. The selected approach / design / option, sometimes referred to as ‘the ALARP decision’, should be supported by an adequate justification and suitably underpinned by evidence.

The Inspector should be aware that there is a risk that ALARP justifications have been written with a predetermined outcome in mind. Where the Inspector suspects this could be the case, the Inspector should consider the full implications of the choices made, including:
weightings applied appropriately to the scoring,
scorings are underpinned by substantiation,
costs (time, trouble and financial) are applied appropriately,
arguments presented consider all the relevant and applicable factors,
options are all equally adequate to meet the needs of the original design intent,
Undue conservatism is not applied to particular options to artificially inflate the cost,
Undue optimism is not applied to lower cost options to ensure they emerge as the preferred option.
The ALARP principle can also be used when assessing time at risk and the Inspector is reminded also of SAP paragraph 759ff. and NT.2 which explain the expectations regarding time at risk considerations.
For more information on ALARP Optioneering, refer to:
NS-TAST-GD-005 ‘Regulating duties to reduce risks to ALARP’ [29]
Novel, innovative and unproven design features
The expectation is that items important to safety shall be of a design that has previously been proven in equivalent applications. If not, items shall be of high quality and of a technology that has been qualified and tested with appropriate qualification procedures (EQU.1). This is in line with Requirement 9 of the IAEA guidance SSR 2/1 [11] and ERL.1. This can mean that design decisions are not fully substantiated at the early design stages, with a reliance on site specific information, mock-ups or trials. 
In these situations, the Inspector may have expectations for future works, and to identify commitments the dutyholder has made to fulfil these in the future.
Loading
SAP ECE.6 establishes the expectation that loads development and load combinations, together with their frequencies, should be used as the basis for structural design. Loadings during normal operating, testing, design basis fault and accident conditions should be included.
The Inspector should seek assurance that the derivation of structural loading is adequate. Following fault and hazard studies, loading values and associated factors should be defined and presented clearly—such as in schedules or drawings—in line with SAPs ECE.2 and ECE.6. Guidance on linking hazards, loading, and engineering schedules is available in section 3.9.1. This requirement also applies to model loading, with justification needed for any discontinuities in load paths.
After hazard identification and fault analysis, structural loading functions should be clearly defined for straightforward application in design, with a traceable record of their derivation.
The key civil engineering principles for assessment of loading in design include:
whether numerous loading combinations may be rationalised to a smaller set for design purposes and all relevant loads are accurately identified and applied. While global loads might determine overall building stability, local loads, such as wind loading, may be critical for specific features like doors or cladding and should not be neglected.
where structures are claimed to have withstand capability, the Inspector should ensure that all internal and external hazard loadings are addressed in the design and that these loads are substantiated within civil engineering limits. A comprehensive schedule of load combinations—including construction, normal, accidental, and test conditions—should be developed and applied to all relevant civil engineering components.
ensuring attention is not solely given to beyond design basis loads; for instance, a 1 in 50 year wind load (with Eurocode load factors) may encompass the 1 in 10,000 year event (without load factors) due to hazard frequency saturation,
horizontal loadings, especially from all fault scenarios, including internal flooding through the total flood paths,
whether dynamic actions are likely and have been adequately characterized.
whether the structural resistance mechanisms and associated load paths are robust i.e. direct load paths where possible, as direct load paths lead to robust structures.
whether all foreseeable events have been included, (or knowingly omitted), including sampling the inputs, understanding the golden thread and where the loading inputs have been derived from,
whether all potential causes of overloading have been considered, for example, overfilling or over-pressurisation of fluid containing structures or earth retaining SSC,
all relevant load combinations, with suitable load factors, should be assessed to reflect the likelihood of exceeding each load and to account for uncertainties in fault or hazard assessment.
The design basis event for civil engineering structures is one that does not compromise the safety function. The Inspector may consider the durability and serviceability limit state to determine if some structural distress post-event is acceptable, and ensure that any such distress is clearly identified. Additionally, the Inspector may consider any cumulative damage from subsequent loading after the design basis event.
To preclude cliff edge effects, margins to failure should extend beyond the design basis fault (or hazard) load by an amount consistent with assumptions in the severe accident analysis. Beyond design basis load considerations should be included before the structural design is finalised. The Inspector may consider such load cases when assessing existing structures not designed in accordance with current standards or codes, taking into account any damage or ageing mechanisms (refer to [5]). 
The Inspector may wish to seek assurance that the derivations of loads are demonstrably conservative. Where site specific data is incorporated into the schedule of loads (for example, measurements of actual imposed load), partial load factors may be reduced, but the Inspector may wish to seek assurance that the source of the information is identified and robust.
Finite Element modelling and numerical analysis
Finite Element Analysis (FEA) is a mathematical simulation method used to predict how a physical structure, such as a building or its components, will behave under various conditions. This approach creates a Finite Element model (FEm) to represent the structure and its interactions.
A FEm represents the body's geometry, materials, and loadings, dividing it into a mesh of elements anchored by boundary conditions. Loadings—such as forces, pressures, temperature gradients, impulses, or accelerations—are applied and categorised as either static or dynamic.
The aim of FEA is to provide assurance regarding the body's performance under specified load conditions, either by accurately predicting its response or, when this is not feasible, by showing a conservative outcome. 
Verification is necessary to ensure the mathematical model functions correctly, and validation confirms the model realistically reflects the physical entity and its limitations. Sensitivity studies help assess modelling assumptions and address uncertainties in parameters such as geometry, loading, and material properties. Inspectors may seek confirmation that critical elements, such as boundary conditions and connections, are properly defined and validated.
For further guidance on Finite Element Analysis, refer to:
Finite Element Analysis for Engineers - A Primer [30]
FEA modelling strategy
The Inspector may wish to seek assurance that the modelling strategy aligns with the design intent and is suitable for the structure, loadings, and analysis purpose.
The purpose of the model is of particular importance, and the Inspector should be clear on the overall modelling strategy being adopted for design, validation, verification and sensitivity.
In assessing the model strategy, the Inspector should give due consideration to:
the family of Safety Functional Requirements and Engineering Requirements against which the structure(s) is/are being evaluated,
the nature and complexity of the structure(s) being evaluated and, in the case of a large, complicated structure such as a building, the nature of the individual constituent structural components that make up the whole,
the main load paths (vertical and lateral) of the structure, and how these tie in with the proposed modelling strategy. Where concrete is being used to provide biological shielding, this may result in structural elements that are notably thicker than would otherwise be required, and this may influence the load path in the local vicinity.
Each Engineering Requirement, as it applies to the constituent structural components, should be suitably represented by a model to enable the evaluation of the structural performance. A diverse combination of requirements, and / or a varied structure will require a more expansive modelling strategy comprising multiple FEm's and non-FEA models, (for example, plastic behaviour models including strut and tie, yield line analysis and soil slip plane analysis).
For each model, the Inspector may wish to consider:
the purpose of the model and the alignment of this to the Engineering Requirements, 
the desired outputs from the model and how these will be used in the design justification or substantiation,
the boundary conditions including, where relevant, the representation of the soil.
the geometrical fidelity,
the material models,
the meshing (density and shape) and element types,
the use of non-linear constraint equations between node-points,
the nature and application of the loads, and the combination of loads,
the approach to capturing imperfections in the construction,
the data handling and post-processing,
the interface with other electronic representations of the structure, 
the statistical variability of the load and material and approach to achieving reliability (for example, use of codified partial safety factors or strength reduction factors).
The Inspector should have an appreciation of how models used within civil engineering interact with those used by other disciplines. This includes:
thermal and structural analysis of equipment, such as large vessels,
internal and external hazard loads,
fire loading,
pressure and thermal loading associated with steam line ruptures.
For the civil engineering analysis, it is common for different models to be used for:
soil-structure interaction,
seismic analysis,
global stability,
structural stress analysis,
analysis of prestress,
analysis of thermal behaviour,
assessment of structural behaviour at significant discontinuities,
analysis of beyond design basis scenarios,
other dynamic actions including aircraft impact, pipe failure, or equipment vibration.
The inspector may wish to consider the interfaces between models, including convergence of behaviours (for example, soil springs) and transfer of data (for example, seismic response).
Reinforced concrete (RC) is an inherently nonlinear material, and there are a number of features for reinforced concrete the Inspector may wish to consider in the modelling approach being adopted. These include (not restricted to):
consideration of the multi-axial stress state of the concrete, including the non-linear effect of cracking under tension and the confining effect of compression. How this is considered in both the analysis, and any subsequent processing of FEm results to inform the structural design,
consideration of creep in assessing the structural performance,
some structures may include post-tensioning. Particular attention should be paid to the influence of the construction and load sequences on locked in strains and stresses and age-dependent material properties,
squat elements with short spans, sensitive to the modelling of connections (for example, the ‘overlap’ regions at slab-wall joints), typically subject to shear deformations where plane sections do not remain plane,
slender elements may be more sensitive to second order effects,
the nature of the load, whether it applies a through-thickness tension (for example, a suspended load) or through-thickness compression (for example, a bearing or pressure),
for thermal loads, whether there is any self-relief of the loading due to concrete cracking.
Within any model, loads are conventionally applied as accelerations, displacements or forces. It is critical that the manner in which individual loads are applied is compatible with one another when multiple loads are combined. For example, in most software a displacement should not be applied coincidently with a force. Superposition of results from different load cases can also only be used when the models are linear.
The inspector may wish to consider whether the substantiation covers the following SAPs appropriately:
assumptions and simplifications used in the development of the model (ECE.12),
conservatisms expected from the model (ECE.13),
suitable means for verification (ECE.14),
suitable methods to verify and validate the model and demonstrate that it accurately represents the behaviour of the structure (ECE.15),
a description of the proposed modelling methodology; including how they are applied to design (EKP.3, EKP.4, EKP.5).
Verification
The SAPs define verification as “The process of confirming, for example, by use of objective evidence, that an activity was carried out as intended, specified or stated”.
The Inspector should expect appropriate verification of the FEm to be demonstrated in line with SAP ECE.15 and the AV series of SAPs. For the FEA this requires checking that the mathematics and processes underpinning the FEm are functioning correctly. The Inspector may wish to seek clarity on the verification activities that have been undertaken for the following:
construction of the model including basic characteristics of the model including geometry, applied loads, masses, element types, element connectivity, boundary conditions and restraints etc.,
the FEm input parameters,
the FEm outputs, particularly the force balance, the displacements, the reactions, the connectivity, and the resultants,
the process for ensuring consistent boundary conditions when using sub-models derived from the main FEm or separate local FEm’s,
modelling errors related to numerical discretisations, methods, algorithms and solution procedures,
software and hardware Issues related to bugs within operating system and hardware configurations, in particular parallel processing. 
This requires thorough verification of the software,
the process of transferring and post-processing results from the FEm to the pre- and post-processing software (the Inspector should pay particular attention to the verification of proprietary in-house software).
The Inspector should note that numerical checks can be performed using alternative FEA programmes or simpler models to verify overall results. Major FEA software typically includes standard routines provided by the developer to confirm correct functioning. It is reasonable to expect that broadly used FEA programmes have been validated for common element types, unlike specialised programmes or rarely used elements, which require separate demonstration of correct behaviour. This can be achieved by benchmarking models against known analytical solutions or existing physical test data; if unavailable, physical testing may be necessary.
Validation
The SAPs define validation as “The process of confirming, for example, by use of objective evidence, that the outputs from an activity will meet the objectives and requirements set for that activity.
The Inspector should expect appropriate validation of the FEm, consistent with SAP ECE.15 and the AV series. Validation should cover both the overall model and its individual components, and will depend on the chosen modelling strategy and the analysis objectives.
Validation is typically tailored to the FEm and relies on expert judgement and practitioner experience and knowledge, guided by FEm results. For large or complex analyses, the inspector should expect the dutyholder to produce a verification and validation plan at the outset and note that simple models are often preferable for validation purposes.
The Inspector may wish to consider the following themes when assessing the validation of a FEm:
validate the overall modelling methodology by comparing it with alternative approaches or assumptions, such as cross-checking sub-structuring and direct SSI methods, assessing simplifications, or using non-linear models for beyond design basis claims.
ensure the model geometry reflects actual conditions. Further analysis may be needed if as-built dimensions. For older structures with uncertain details, site surveys or intrusive testing may be necessary.
validate boundary conditions by examining their type, position, and influence of nearby structures. Demonstrate satisfactory iteration and convergence, especially for boundary conditions of SSI analysis.
check that the selected material models and parameter values align with the modelling approach and, where possible, validate them against test data, particularly for complex non-linear models.
independently validate model simplifications using refined or local models.
verify the finite element mesh by reviewing results with mesh refinements and, if applicable, comparisons with local models. 
Ensure assumptions on damping and stiffness are maintained, and confirm elastic response if superposition is used with elastic materials.
validate initial conditions, particularly for geotechnical analyses, against test data where available (refer to [3]).
check that derived inputs, such as time histories or load functions, comply with design code requirements.
ensure calculation phases reflect the actual construction loading sequence.
validate analysis results against expected outcomes using benchmarks, case histories, alternative methods, design charts, and practitioner expertise.
For complex, very large FEms, such as Prestressed Concrete Pressure Vessels (PCPVs), validation thorough testing of such large structures clearly cannot be carried out. In such cases, a combination of testing small sections that are representative and the use of a different software package for comparison should be considered.
The Inspector should be aware that the geotechnical aspects of the model are of particular importance with respect to validation; further information on this is provided in [3].
Sensitivity analysis
The Inspector should note the importance of founding judgements based on interpolation of analysis results rather than extrapolation. 
Sensitivity analyses are a key exploration tool for supporting this aim (SAPs ECE.14 and AV.6 apply) that complement, but are separate to, the validation of the model. 
The Inspector should be clear that the primary purpose of sensitivity studies is to explore the impact of uncertainties and assumptions associated with the FEm parameters or analysis approach to understand if changes produce disproportionate changes to the results that could undermine design basis intent.
Sensitivity studies should ordinarily investigate individual parameters in order to gain understanding of the influence the parameter has. The Inspector may wish to consider the adequacy of the parameters investigated. Whilst all parameters could be considered for sensitivity studies, this is usually not practical. 
If analysis results are highly sensitive to changes in multiple parameters, the inspector should assess whether it is appropriate to analyse combinations of these parameters—such as one at its upper bound and another at its lower bound. This decision should consider the uncertainty in parameter values and the required confidence in the results.
Disproportionate sensitivity may be an artefact of the modelling (for example, mesh size) or an indicator of the true behaviour. The latter may be true when changing a parameter leads to an abrupt change in failure mode 
(for example, from a ductile flexural mode to a brittle shear mode).

The Inspector should note that sensitivity studies are of particular importance when understanding SSI analysis where modelling is reliant on multiple input parameters which are subject to varying levels of uncertainty. 
Multiple parallel sensitivity studies may be required to investigate the input parameters in turn.
Static analysis
Most safety critical civil structures are built from reinforced concrete (RC). Although RC exhibits non-linear and composite behaviour, FEA commonly assumes it is a linear elastic isotropic material, simplifying the analysis. Occasionally, parts of a structure may be modelled in a quasi-nonlinear manner; in such instances, the Inspector may verify that the FEA programme accurately reflects the material’s behaviour, noting that mathematical formulations can differ between software packages.
FEA is commonly used to assess static SSI effects, such as bearing pressures and deflection or consolidation in large, complex foundations, typically with specialist software. If elastic behaviour is assumed, edge bearing stresses are generally higher than the average. Redistribution may be a reasonable assumption for symmetric loading. However, for unsymmetrical loading—such as overturning on sea walls and retaining walls—a nonlinear analysis may be required to demonstrate resistance to bearing failure.
The Inspector should be aware of other specialist applications that may require detailed consideration including:
the use of piles may need special consideration because of the strong interaction with the soil usually through a combination of friction and end bearing. Under seismic loading it is likely that the piles will undergo bending, developing reduced and in some cases zero, contact intermittently near the surface (post holing),
for the analysis of retaining walls traditionally utilises failure surfaces to determine the load applied by the retained material, usually soil. Standard FEA programmes do not incorporate elements to model failure surfaces and resort has to be made to forming a surface from general slip elements. For some cases, the use of recognised specialised geotechnical FEA packages is recommended,
water retaining structures and membranes are usually designed to be elastic under load so as to minimise crack openings. Where structures contain water bars, it may be necessary to consider explicitly modelling them.
requirement for leak prevention for water retaining structures with due allowance for the range of operational temperatures and load cycles.

The Inspector should be cognisant of the following special conditions:
Fracture mechanics is more commonly associated with structural integrity, but it is also relevant to some civil engineering components. Examples include diagrids, pipe supports and structural connections subjected to fatigue inducing loading. Some FEA programmes have the facility to model the growth of cracks and are useful when the component does not conform to the standard solutions.
Fire can lead to a rapid degradation in the strength capacity of structures particularly on unprotected steelwork structures. 
Treatment of fire requires specialist software, otherwise an approach using a standard FEA programme with lower bound conditions could be considered.
The effects of radiation, including embrittlement, may be a consideration for the civil engineering parts of the internals of a reactor pressure vessel and any tendons passing near to the inner surface, so variations in the material properties due to irradiation needs to be taken into consideration in any FEA of those parts.
Dynamic analysis
For static analysis, the dynamic response of the structure is not explicitly taken into consideration. For dynamic analysis it is considered. As for static analysis, both linear and nonlinear material properties can be implemented.
Generally, seismic design of nuclear safety-related structures will require dynamic analysis. Other sources of dynamic loading include wind, blast, impact, sea loading and machinery vibration. It is important to distinguish between dynamic loads applied directly to the structure as forcing functions and seismic motion, which moves the base and consequently affects the structure’s masses. The Inspector may seek to confirm that the analysis appropriately addresses either applied loading or base input, as these result in different dynamic responses.
The Inspector should be aware of the following applicability and limitations of the use of modelling for dynamic (seismic) analysis (Table 1). It is recognised that other model types exist and depending on the analysis method chosen, a variety of model combinations are possible. Hence, this table is for guidance only and the Inspector may need to obtain specialist advice during the assessment. 

The Inspector should note that seismic analysis can be performed using either a fixed base model, which assumes rigid soil, or an SSI model that accounts for soil compliance. Fixed base analysis is straightforward and suitable for rock sites, but its accuracy decreases for softer soils as the structure’s mass increases relative to soil stiffness. On softer ground, structures experience both rotational and translational movements, with tall structures—especially those with a low centre of mass—being subject to significant rotational accelerations. Representing the soil system in FEA is essential for softer sites, and several modelling options are available for this purpose.
Other types of dynamic loading are typically simpler to model and analyse. They are generally represented by a force time history applied to the relevant part of the structure. Wind and sea loads require a sufficiently long time history to assess potential resonance with the structure’s natural frequency. Vibrating machinery should be modelled using a periodic forcing function. Blast and impact loads are brief and require a small time step to accurately capture the rapid force changes and energy input; most FEA programmes can verify this. Various dynamic analysis and response assessment methods are available, and analyses may be divided into stages, potentially using different FEA programmes. While these approaches suit linear analysis, not all are appropriate for nonlinear cases. Inspectors may seek assurance that the chosen analysis method is suitable for the problem under consideration.
Further guidance on SSI is provided in:
NS-TAST-GD-013 ‘External Hazards’ [18], Annex 1 ‘Seismic Hazard’ .
ASCE/SEI 4-16 ‘Seismic analysis of safety-related nuclear structures’ [31]
The Inspector is reminded of the following areas that often require consideration:
Structural damping should align with the structure’s stress state and safety requirements. Material and radiation damping from the soil should also be included and justified in the analysis. Where relevant, potential degradation of soil properties should be considered, possibly through sensitivity analysis.
The input motion should be derived and applied in a manner consistent with the analysis methodology.
The FEm mesh needs to be capable of accurately predicting the required parameters across the entire frequency range of interest and adequately validated.
Assumptions regarding the stiffness (or extent of cracking) of the structure should be clear and compatible with the stress state of the structure and the safety functional requirements.
The derivation of hydrodynamic effects from, for example, sloshing fluids in tanks or spent fuel ponds. This can potentially generate cyclic loadings with low levels of associated damping. 
[bookmark: _Toc31798261]If the overturning force causes foundation uplift, the analysis shifts from linear to nonlinear dynamics. The base contact area changes, affecting both soil response and compliance due to altered contact shape and possible variations in soil properties. This raises the risk of bearing failure through several mechanisms. While unlikely at the Design Basis, such scenarios may arise under Beyond Design Basis conditions, potentially creating a cliff edge.
If sliding cannot be ruled out, it should be recognised as a nonlinear response requiring consideration of friction and gap formation at the foundation sides where tension occurs. Ignoring side actions is often considered conservative but fails to capture frequency changes in the response. In practice, dynamic sliding typically results in small displacements, usually combined with overturning, necessitating complex nonlinear dynamic analysis.
Assuming vertical seismic input as compression waves means the presence and fluctuation of a water table can influence results. 
The behaviour of the soil-water matrix, which varies with soil type, should therefore be assessed, considering both maximum and minimum water table levels.
Analyses often contain implicit assumptions, such as how mass and stiffness proportional damping are applied, the threshold for participating mass, treatment of missing mass, timesteps in time history analysis, and the solution algorithm—where, for instance, some codes convert acceleration time histories to displacement time histories for modelling.

[bookmark: _Ref234584009]Table 1 - General acceptability of some commonly used structural models for dynamic analysis.
	Model type
	Suitability
	General applicability
	Limitations

	
	
	Class 1
	Class 2
	Class 3
	

	Single lumped mass model
	Validation purposes on simple structures designed using equivalent static methods
	Not suitable
	Not suitable
	V&V Only
	Inaccurate prediction of high frequency responses - inaccuracies amplified in the presence of soft soil.
Unable to model shear walls/frames.
Can lead to excessively conservative results in the vertical direction.
Unable to predict localised effects

	Beam model / 1D finite element model with soil springs
	Validation purposes 
Frame type structures
Simple symmetrical structures
Benchmarking and sensitivity studies
	V&V
Only
	Suitable
	Suitable
	Inaccuracies in predictions of high frequency responses - inaccuracies amplified in the presence of soft soil.
Unable to represent local effects (for example, roof bending, basemat flexibility)
Unable to predict out-of-plane responses of floors and walls.
Structures with shear walls need to be modelled with shell elements and are subject to wide variations in results.
Torsional effects from eccentricity between the centre of mass and centre of rigidity require special consideration.

	3D finite element model
	Suitable for modelling of all safety related nuclear structures 
Expected for modelling of structures in new nuclear facilities
Large asymmetric complex structures on soil sites
SSI analysis
	Suitable
	Suitable
	Suitable
	Requires greater amounts of computing power, simulations can take long periods of time to undertake each run, can take longer to produce the model.
Simulation results produce large amounts of data.
Technically complex requiring more robust V&V and SQEP resources. 


Note: Classes 1,2 & 3 are based on the Safety functions and Safety Classification of SSCs as defined in the SAPs ECS.1 and ECS.2.
The Inspector should be aware that two structure types that are particularly challenging from a dynamic analysis perspective are piles and graphite cores (the latter are covered by structural integrity graphite specialists but are supported by and interface with the civil structure).
Except for end-bearing piles, most piles depend on surrounding soil for vertical support via friction and for resistance to buckling. 
During seismic events, piles may bend and lose surface contact with the soil (post holing), especially near the surface. Inspectors should confirm that pile stability is assessed under conditions of maximum soil contact loss. Given that piles are often used in poor soil, it is also advisable to check for soil degradation, such as liquefaction or cyclic mobility, which may necessitate further stability assessments.
Graphite cores are constructed from layers of discrete blocks that form an approximate circular disc on plan. The blocks are interlocked with vertical keys that sit in vertical slots in each brick on each of the faces. For further guidance on this topic, refer to NS-TAST-GD-029 ‘Graphite Reactor Cores’ [32].
Empirical methods of analysis
In many common design scenarios involving dynamic loading, simplified analysis methods are sufficiently supported by research and can yield appropriately conservative results. More complex finite element analysis is only necessary if these methods produce load effects that cannot be accommodated in the design.
Typical design situations where there is extensive use of empirical methods are:
Missiles 
Dropped loads
Blast 
Pipe whip
The inspector should ensure that empirical methods have proven application in the nuclear or other high hazard sectors, or are accepted by national or international codes and standards. If newer analysis methods are used, their justification and evidence of peer review, verification, and validation should be provided.

A frequently used nuclear industry procedure for the assessment of dynamic loads and structural response on steel and concrete structures is the R3 Impact Assessment Procedure [33].  The methods used in R3 are mostly based on an accepted interpretation of experimental data, supported in part by theoretical and numerical studies. For blast effects, a widely used approach is that provided in UFC-3-340-02 [34], which provides design methods based on the results of small-scale and full-scale tests using a range of materials. 
The inspector should confirm that the scope and limitations of the adopted methods are understood and that the analysis parameters are not outside the range for which the method has been validated. The methods adopted should be capable of producing a design with adequate reliability.
The key feature of impact, shock or blast loadings is that they occur over a very short time period, particularly in the case of impacts, and in almost all cases cause nonlinear behaviour.
Impact loading
Impact loading is categorised as either hard or soft. Hard impacts typically result in rebound and occur over a very short time, generating higher forces; for example, the corner of a dropped fuel flask striking the floor. 
Soft impacts, such as an aircraft fuselage hitting a shielded building, generally do not rebound and take place over a longer duration. The impact duration, together with the mass involved, determines the force produced—the shorter the impact time, the greater the force.
The Inspector may wish to consider the following key aspects of hard and soft impacts:
Hard impacts occur when both the impactor and the target are stiff and non-crushable, such as steel striking steel. Deformation in these cases is highly localised, so a very fine mesh is needed in the contact area, along with small time-steps to capture the progressive deformation. Consequently, explicit solvers are typically used, as they handle the large number of time-steps more efficiently than implicit solvers.
Apart from very low velocity impacts, the contacting materials will locally undergo both material and geometric nonlinearity. It is likely that an adaptive mesh approach will be used, which is where the mesh is adjusted to the shape of the deformed body rather than remain fixed in space. 

For these types of impact, strain hardening becomes important as it stiffens the material, reduces deformation, and increases force, adding further nonlinearity. Friction between the contact surfaces is also a key factor and should be defined using an appropriate coefficient, as local heat generation alters its value from standard figures. This, too, introduces additional nonlinearity. Although friction produces Coulomb damping, the brief duration of impacts means damping effects are negligible.
Sensitivity studies would be expected to be presented for the strain hardening and the friction and bounding approaches may be appropriate.
Soft impacts arise from the involvement of soft materials or crushable structures, such as thin-walled components. For example, an impact mat beneath a flask lift area protects the underlying structure during a flask drop, while an aircraft fuselage progressively crushes during impact in nuclear civil engineering scenarios. These impacts occur over a longer duration than hard impacts, with forces generated by significant deformation across large areas rather than being localised. As a result, highly nonlinear analyses using adaptable meshes are typically required.
Crush behaviour will vary depending on orientation, so multiple analyses are typically necessary to cover different scenarios. Sometimes, the impacting body is represented by a force-time function reflecting the crush mode over time, which is commonly used for aircraft impacts. This approach simplifies the analysis by avoiding explicit modelling of the aircraft and treats the event as a shock loading problem.
For impact mats, whether custom-designed or commercially manufactured, it is important to establish their properties—typically through testing—to ensure the modelling accurately captures the overall behaviour and significant deformations. Testing is often preferable to modelling each component in detail, as it allows the gross behaviour to be represented. The same overall behaviour should be documented for proprietary products.
Blast and shock loading
Blast loading typically results from the rapid expansion caused by an explosive chemical reaction. It generally lasts longer than impact loading, except when an explosion occurs close to a structure, in which case it resembles shock loading.

The pressure pulse, determined via CFD analysis or other methods, should be applied to all loaded elements. Blast loading becomes particularly complex in congested structures, and if structural elements fail, loading may affect both internal and external surfaces. In such cases, specialist advice should be sought.
Sea wave loading and jetting from a Loss of Coolant Accident (LOCA) can be treated as blast loading. These loads may affect various parts of the structure and often require CFD analysis, or specialised software, to determine load histories at different locations—particularly important when structural responses are not simultaneous.
Shock loading refers to a rapid, intense force impacting a structure over a brief period. At high loading rates, materials like reinforced concrete may show increased strength, so the inspector should check if strain rate effects are considered in the analysis.
When a load is applied suddenly to an elastic structure, the resulting deflection is twice the static value. As ductility increases, the peak dynamic deflection approaches the static deflection. Inspectors can use these established principles to assess and bound the behaviour of the SSC in question.
In some instances, shock loading is represented by a shock spectrum, which describes the response of a single degree of freedom system to a transient event. This allows the loading pulse to be analysed similarly. Inspectors should ensure that the affected component's response remains within the linear range.
Prestressed designs
There are three time-dependent components which will reduce the pre-stressing load in a structure, which continue to occur decades after the initial losses during construction. These are: 
concrete shrinkage,
concrete creep,
pre-stressing tendon creep (relaxation of the pre-stressing steel).
The Inspector should be aware there are multiple influencing factors to the concrete shrinkage and creep, and they are difficult to predict reliably, whereas tendon creep is generally characterised much more accurately. 
Annex 2 of TAG 17 requires that designs assess how tendon failure is considered. Inspectors may seek assurance that the approach accounts for lifetime hazard loadings, validates design assumptions, and that substantiation for tendon breaks is documented in the relevant safety case reports.
For more information on pre-stressed design and regulation refer to:
Annex 2 ‘Civil Engineering - Containment structures’ [34]
USNREG Regulatory guide 1.35.1 
Investigation and data collection 
SAP ECE.13 requires that structural analysis data be chosen to ensure the analysis is clearly conservative. Inspectors should question the use of codified options if they are not conservative.
When design and construction information is limited, non-intrusive or invasive inspection and testing may be necessary. The Inspector should be cognisant of the number and physical distribution of data points when determining how much confidence can be attributed to the results. It is unlikely that the sample size / distribution will be sufficient to allow a meaningful statistical analysis to be undertaken. Hence, design decisions made on the basis of collected data should be demonstrably conservative.
The Inspector should consider both the quantity and distribution of data points when assessing confidence in the results. As sample size and spread are generally insufficient for statistical analysis, design decisions based on this data should clearly be conservative.
Design for hazard combinations
The Inspector should ensure that civil engineering SSCs are assessed for simultaneous loading demands (coincident loading, multiple demands developing as a result of an internal / external hazard), with confidence that appropriate combination factors—reflecting their likelihood—have been used. The Inspector should also confirm that the design analysis accurately addresses hazard combinations identified in the loading schedule, fault studies, and hazard schedules.
Design for construction
CDM2015 outlines designers’ responsibilities for conventional health and safety. SAP ECE.25 requires that safety-critical items are designed for manufacture, construction, assembly, installation, and erection using established processes to meet design and safety requirements. Inspectors should pay particular attention to the impact of construction hazards on nearby safety-related SSCs.

The Inspector may seek confirmation that the design addresses these factors and that the dutyholder is ensuring the civil engineering structure will fulfil its required safety function. The Inspector may consider:
design actions taken to mitigate against risks resulting from construction activities and details of residual risks (preferably by the use of Designers Risk Assessments (DRAs), or similar documentation),
accessibility for construction, considering already constructed elements of the project or existing facilities,
availability of off-site manufactured items, their delivery, storage and installation (SAPs EMC.13 and EMC.14),
installation of large items, after construction of civil engineering SSCs, including for any planned modularisation and prefabrication, lifting and jacking,
management of temporary or permanent confined spaces (limited ventilation, egress restrictions, naturally occurring and man-made gases, flooding etc.) (SAPs ECE.11 and EHA.1),
EIMT expectations specified by the designer. These should be clearly identified in the records provided by the designer, for example, settlement monitoring,
early contractor involvement (ECI) to understand construction task analysis for example, how reinforcement will be installed and inspected in deep foundations,
temporary construction scenarios, for example, dominant openings may result in a temporary increase in internal wind pressures, temporary structural stability or incomplete load paths, through propping restrictions or wind loading on temporary works for short duration activities.
If the design includes novel or unusual materials, components and construction methods, sufficient evidence (for example, mock-ups or demonstrations) shall be provided to demonstrate confidence in the buildability of the design.
For further information on guidance for designers for construction considerations, refer to:
Annex 4 ‘Construction Assurance’ [4]
NS-TAST-GD-033 ‘Dutyholder Management of Records’ [14]
L153 ‘Managing health and safety in construction’ [35]
Design for operation and EIMT
The design should address ageing and degradation that could compromise the SSC’s safety function. Material choices and design should minimise foreseeable effects, use conservative assumptions for known degradation, and, as far as reasonably practicable, guard against unforeseen mechanisms. Specific attention should be applied if the structure is intended to contain hazardous (for example,, aggressive or corrosive) fluids.
The safety case should clearly specify requirements and claims for long-term inspection of structures. If a safety-critical item cannot be fully tested, inspected, or monitored as desired, the Inspector should assess whether a sound technical justification demonstrates that it will reliably fulfil its safety function throughout its operational life, in accordance with Requirement 29 of IAEA SSR 2/1 [11]. This may include:
designing in additional safety margins,
providing additional lines of protection,
demonstrating that the system would be tolerant of any potential ageing or degradation effects,
the use of reference items exposed to similar environments for testing (coupons).
SAPs EMT.1 and SC.6 paragraph 106(c) establish the expectation that the safety case should justify how the EIMT requirements identified within it will be implemented effectively. The means of implementation considered should include the required examination, inspection, maintenance and testing regimes specified in or assumed by the safety case.
SAP EMT.2 expects that structures will receive regular and systematic EIMT as defined by the safety case. The key civil engineering principles for the Inspector to consider when assessing design decisions that impact operations and EIMT are:
provision for safe facility operation. SAPs ECE.8 and ECE.20 require arrangements for examination, inspection, maintenance, and testing of key civil engineering load-bearing and safety-related elements during normal operation and after a design basis event, to confirm the structure maintains its safety functions,
potential hindrances to inspection such as radiation, burial and access difficulties,
loads applied by access equipment required for inspection and maintenance. Load restrictions should be clearly identified in the designers’ record documentation provided for the operational stage,
whether appropriate consideration has been made to reduce risks during future maintenance and repair or replacement activities, for example, harness systems, access and egress, edge protection, brittle finishes, unprotected openings, lighting, ventilation, etc.,
whether enhancing the material specification or detailing—such as by using robust waterproofing, reducing movement joints, increasing concrete cover in aggressive environments, or specifying higher-grade corrosion protection—could lower future maintenance requirements,
whether cast-in corrosion and strain monitoring devices have been considered (SAP ENC.2), whether instrumentation is required and adequate for inspection, whether installation is planned during construction or after defects arise, and whether installed instrumentation is safety classified and replaceable if defective.
implement measures to limit activation or contamination of surfaces (for example, concrete in contact with radioactive fluids), contain spills and accidental releases (such as using bunds and sumps), and prevent contaminant migration. Where drainage pipes are embedded in concrete, install a leak detection system,
whether details avoid potential traps, voids or non-accessible areas where unmonitored nuclear material or contamination could accumulate.
The Inspector may wish to consider whether there are sufficiently redundant and diverse inspection techniques proposed for safety critical SSC, and whether EIMT procedures should be validated before they are incorporated into the design.
SAPs ECE.21 and ECE.22 require that the performance of containment structures is demonstrated, potentially through repeated testing during operation. This aligns with Requirement 55 of IAEA SSR 2/1 [11] on controlling radioactive releases. The Inspector may seek assurance that the design provides for proof pressure and leak tightness tests, including consideration of loads from these tests.
The Inspector may wish to seek assurance by assessing how the design proposes to identify any failures in containment during operation for example, by the provision of leak detection and collection pathways and sumps, monitoring and sampling points etc.
SAP EMC.11 establishes the expectation that the predicted failure mechanisms of SSCs should be gradual and predictable. SAP ECE.2 and SAPs paragraph 337 establish the expectations for the justification of design and safety cases of civil engineering SSCs. 

The Inspector may wish to seek assurance that the design allows for timely detection of deterioration or distress during EIMT, and may assess whether enough time exists between issue identification and implementation of remedial actions.
For more on design considerations relating to operation and EIMT, refer to:
Annex 2 ‘Civil Engineering - Containment structures’ [34]
Annex 5 ‘Civil Engineering – Ageing Management and Damaged Structures’ [5]
Design for decommissioning 
SAPs ECE.26 and DC.1 establish the expectation for special consideration at the design stages to consider waste management and future decommissioning and dismantling of the civil engineering SSCs. This is in line with Requirement 12 of the IAEA guidance SSR 2/1 [11].
The Inspector may wish to seek assurance that the design has made due consideration of decommissioning and demolition and how this information is recorded. 
The Inspector may wish to consider:
whether arrangements exist to ensure accurate records of the as-built structure, including any design modifications, with clear identification of load paths—especially for lateral loads—and explicit documentation of any limitations in supporting demolition equipment and resulting materials,
limitations on the order and method of dismantling. This should be clearly identified in the records provided by the designer for example, sequence of destressing,
methods to minimise activation of civil engineering materials,
measures to aid post operation clean out and decontamination (for example, surface finishes and treatments to prevent embedded contamination or activation),
whether the design facilitates the radioactive waste management (including removal),
whether materials and construction methods have been selected which can be dismantled and disposed of in a safe manner,
whether any specific health and safety control measures have been identified and documented in the health and safety file for use at the decommissioning and dismantling phase.
For more information on design for decommissioning and demolition, refer to:
Annex 6, ‘Civil Engineering – Post operations’ [6]
NS-TAST-GD-033 ‘Dutyholder Management of Records’ [14]
NS-TAST-GD-026 ‘Decommissioning’ [36]
NS-INSP-GD-035 ‘Decommissioning’ [37]
Learning from previous experience
SAP MS.4 highlights the importance of learning from experience to enhance arrangements. The Inspector may wish to confirm that the designer has properly considered relevant lessons from the construction, operation, and decommissioning of similar facilities, including both international and non-nuclear industry experience.
Where practice from other industries is adopted, the Inspector may wish to seek assurance that such practices are adopted appropriately to the specific application. This is in line with the Requirement 11 from IAEA guidance SSR 2/1 [11].
The Inspector is reminded of previous experience from the wider civil engineering industry that may be applicable to the sample of their assessment:
structures have been designed so that the mode of failure is ductile and sufficient warning signs would be evident to allow action to be taken to prevent failure (for example, single members in tension should avoided),
changes undertaken after completion of the initial design are considered for their potential structural implications (for example, changes should be subject to a multi-disciplinary design review),
sufficient care has been taken to ensure that movement joints are suitably detailed and positioned to avoid creation of a potential collapse mechanism.
Information control and document management
The Inspector may wish to confirm that processes for managing information and document revisions are adequate and appropriate for the current design phase, particularly regarding model and drawing revision numbers or outputs from 3D automated design tools.

For more information, refer to:
Annex 4, ’Civil Engineering – Construction Assurance’ [4]
The Inspector may wish to seek assurance that the most up to date and coordinated information gets issued throughout the supply chain, including to sub-contractors. This can be a particular issue where there are several layers of contractors beneath the designer.
The Inspector should be aware of the information storage tools that the designer has access to and whether there are any limitations this computer tool imposes on the designer’s access to information.
Change control
The Inspector should be aware of changes to the design as the design progresses. The Inspector may wish to seek assurance that adequate dutyholder arrangements are in place to ensure that design changes do not compromise the design intent or undermine any claims made in the safety case.
The Inspector may wish to seek assurance that the process for the decision making around design changes fully considers the impact of the change on the design, and that each change is given due consideration, according to the categorisation and classification of the element being changed. 
Where there are many design changes, the Inspector should be aware these may be collated and presented to a decision committee. The Inspector may wish to seek assurance that the decision-making meetings / committees are undertaken with adequate scrutiny and challenge with the appropriate and suitably qualified and experienced personnel (SQEP) actively involved in the meetings. 
For more information regarding challenge in decision making meetings, refer to:
NS-TAST-GD-080 ‘Nuclear Safety Advice and Independent Challenge’ [38]
Interfaces between design disciplines
There is an interface between civil engineering design and mechanical, electrical, and HVAC (heating, ventilation and air conditioning) (MEH) installation, as well as embedment and control and instrumentation design. This is both to consider the equipment that is to be installed within the structure, and how the performance of the structure (including seismic and settlement) are managed by the design. 

The Inspector may wish to seek evidence from appropriate multi-disciplinary design reviews (including inputs from independent representatives) that demonstrate the designs have been reviewed and challenged, and that interfaces between engineering disciplines have been addressed.
The Inspector may wish to seek assurance that tolerances for supporting equipment that is embedded into the civil engineering design are adequately managed, and whether such tolerances are achievable during construction. This may need demonstration through mock-ups or other trials to prove the design can be constructed.
Interfaces with procurement
The Inspector should be aware of the contractual arrangements between those working on the design and the dutyholder, as the commercial arrangements may have an impact on the deliverables, communication or quality of the design (EQU.1). For example, contractual requirements may demand the design is delivered out of sequence, with a civil engineering design being delivered before the designs of systems which interface with the civil engineering are sufficiently developed.
Safety case production and design interface
As the design progresses, the safety case production will also be developing. The Inspector may wish to seek assurance that the design and the safety case interface is being managed, that the teams are interacting and how developments across the teams are communicated. 
Substantiation and design substantiation reports
The aim of the design substantiation reports (DSR), also referred to as design justification reports (DJR), are to provide a clear narrative for each Safety Functional Requirement provided in the Basis of Safety Case (or similar) and the Basis of Design (or similar). 
A clear narrative explained in the DSR/DJRs (or similar) can reference Engineering or SFR Schedules to demonstrate the golden thread.  Maturity of these reports (DSR/DJR or similar) should be appropriate for the design phase being assessed. 
The Inspector may wish to seek assurance that these documents are referenced clearly to signpost the full suite of documents that form the safety case.

The Inspector is reminded that the DSR/DJR or similar reports would be expected to include design information (or reference out to separate reports) regarding the following topics:
assumptions and conservatisms that ensure the civil engineering designs are robust, including sensitivity studies and consideration of BDB and cliff edge effects,
evidence to support the claims and arguments made in the higher-level documents,
demonstration of adequate validation and verification activities,
substantiation of any commitments made during earlier design stages,
evaluation of topics of interest for example, lifetime or maintenance requirements on elements providing key safety functions,
relevant information on construction, EIMT and decommissioning,
visibility of design elements that are not completed and will be undertaken at a later phase, for example, site-specific considerations,
the extent of the civil engineering scope for example, crane support structures but not the crane substantiation.

[bookmark: _Toc234585909]Key assessment principles for civil engineering design undertaken in parallel with construction activities
This section is intended to cover the areas of interface that the Inspector assessing design should consider in addition to section 4, when construction of a project has started, and design activities are ongoing in parallel. 
The introduction of construction activities alongside design work on a project can introduce new areas of consideration for the Inspector.
Design handover
It is expected that design will be completed as far as reasonably possible before the date that construction activities start on site and that there is a handover process of full packages of design information to the site. 
The dutyholder arrangements for the handover process should allow sufficient time for the site to accept and understand the site information in order to adequately prepare the site for the construction to begin. This is an area of interface between the Inspector assessing design, and the Inspector assessing construction assurance. The scope of assessment should cover this handover, whichever Inspector undertakes the assessment.
Design maturity
For major projects, such as construction of a new facility, it is likely that some aspects of design will be undertaken in parallel with the construction activities. This section focuses on considerations for the Inspector who is assessing the design in this scenario, in addition to those presented in section 4 of this annex. 
The design activities prior to construction usually achieve a level of maturity that is sufficient for a design to be ‘fit for construction’ (or similar) or ‘frozen’ prior to the date for construction start. There are several possible scenarios the Inspector may encounter, including (but not limited to):
A standard project, where only the construction detailing and addressing late design changes remains outstanding at the start of construction, post design freeze.
A project where the design programme has been compressed or when construction is being incrementally awarded, resulting in different aspects of the structure being at a different level of design development, ranging from fully designed to designed in outline only.
A major project such as a nuclear new build, where significant design elements are likely to remain outstanding and only design principles have been established at the start of the site construction.
As construction progresses, the Inspector(s) assessing the ongoing design are encouraged to liaise with those undertaking other regulatory activities on the construction site, to understand the potential changes that the site construction activities can impose on the design, and to avoid potential gaps in the regulation of construction. 
For the scope of the civil engineering regulatory activities undertaken for construction assurance on the construction site, please refer to:
 Annex 4 “Civil Engineering – Construction Assurance” [4]
Design Authority
The guidance provided in section 3.4 of this document applies also to situations where design and construction is undertaken in parallel, but the Inspector may wish to consider the following additional factors:
Defects and non-conformances relating to construction of structures with nuclear safety significance, and the role of DA in the decision of the categorisation and classification of such quality issues on the original design intent,
DA review and approval of Methodologies, works information or other contractual specifications to ensure that the desired output will meet the design intent,
DA review and approval of dutyholder processes and procedures (EQU.1) that allow the dutyholder to have confidence in the construction activities, including surveillance of site activities,
Delegation of DA authority, including to those permanently featured on a construction site,
Communication links to those who are in different locations, including communication routes and channels even if the offices are local to the site,
The efficacy of DA presence on site.

Intelligent Customer
The guidance provided in section 4.5 of this document also applies to situations where design and construction is undertaken in parallel, but the Inspector may wish to consider the following additional factors:
The IC function will need to change to provide oversight of design and construction activities simultaneously, resulting in additional demands on the IC function. The IC function may require different processes or site-specific arrangements that were not necessary for the design work before the construction activities began.
Contractual arrangements for site construction works may create additional barriers between the constructor and the IC, and if so, there is a risk that these may reduce the effectiveness of the IC role.
Construction programme and cost factors have the potential to result in the supply chain not involving the IC in decisions which could undermine the ability of the SSC to satisfy the intended safety function with the intended safety margins.
For further information on the importance of IC in construction, refer to:
Annex 4 “Civil Engineering – Construction Assurance” [4].
Interfaces between construction site and design team
The Inspector should note that established design processes may change once construction begins, to ensure they are suitable for both site and design teams. The Inspector should seek assurance that these changes do not compromise the quality of design deliverables (EQU.1).
The Inspector should seek assurance that the process for communicating design information to the construction site is adequate. It is also important to assess how site information is relayed back to the designers. Communication methods between the construction and design teams may evolve, involving both formal and informal channels. The Inspector should confirm that these communication routes are suitably developed for their purpose, as this can significantly affect information sharing and quality control.
The design reports should give the Inspector enough detail about safety case claims and safety requirements for civil engineering SSCs. 
The Inspector should then consider how this information is communicated to the construction team, as it is vital for ensuring construction quality and meeting the design intent.

The Inspector should recognise that the interface with the construction team is crucial which is often under significant pressure, as it enables site activities where multiple interactions occur. The Inspector may seek assurance that information from the construction team is effectively communicated to the design team, and consider how the quality of this communication may influence design decisions.
The Inspector may seek to confirm that the documents they reference are up to date and match those currently used in both the design office and on site.
[bookmark: _Toc43714289][bookmark: _Toc58237029]Design assurance 
The Inspector should ensure that design assumptions and data are suitable and accurately reflect site conditions. If actual site conditions differ from those assumed, there should be procedures in place to update design data and models accordingly.
When assessing design assurance for design assumptions in the absence of site specific information, for example, ground conditions, the Inspector may wish to seek assurance that information gleaned from the actual construction is reconciled with the interpretive site data used in the design, for more information, refer to: 
TAG 17 Annex 3 ‘Civil Engineering – Ground Investigation, Geotechnics and Underground Structure Design.
When considering design assumptions that are made in the absence of site specific information, for example, material specification, the Inspector may wish to seek assurance that information gained from site mock-ups, trials or other site tests are reconciled with the design ‘works information’ or ‘technical specification’ (or similar construction design documentation). The Inspector is reminded that the Intelligent Customer function is expected to be involved in this process. For more information, refer to:
Annex 4 ‘Civil Engineering – Construction Assurance’ [4]
NS-TAST-GD-049 ‘Licensee Core Safety and Intelligent Customer Capabilities’ [24].
NS-TAST-GD-077 ‘Supply Chain Management Arrangements for the Procurement of Nuclear Safety Related Items or Services’ [25]

Information management
The Inspector should monitor how information, particularly regarding design changes, is managed and communicated on site. As various computer tools are used across the UK supply chain, both 3D models and 2D drawings may be employed for the same construction area. The Inspector may wish to confirm that constructability information, such as Early Contractor Involvement (ECI) methodology diagrams, is clearly conveyed to the site team.
For more information on this, refer to:
Annex 4 ‘Civil Engineering – Construction Assurance’ [4]
Annex 2 ‘Containment structures’ [34]
Design change control
SAP ECE.19 requires that any defect or non-conformity with a significant impact on integrity is remedied to uphold the original design intent. Inspectors should be alert to changes arising from such issues, ensuring they are properly addressed in the process. In these cases, the Design Authority—supported by the Intelligent Customer function—should oversee the safety case and confirm the design intent is maintained.
SAP ECE.17 requires effective control arrangements, management systems, and supervision to ensure suitable construction materials and techniques are used to minimise defects. Proven methods, such as on-site mock-ups or trials, may inform design decisions. Inspectors should confirm when design choices depend on these trials and understand their impact on the final design.
Information about trending of quality issues and other constructability considerations may be communicated to the design team to make changes that are not necessarily recorded in the non-conformance process (EQU.1). 
The Inspector should expect the dutyholder to use a process to capture these changes. The Inspector may wish to seek assurance that the arrangements in place do not allow decisions to be made to change the design (for example, methodology) that may adversely impact construction quality. 
The Inspector may wish to seek assurance that the arrangements in place do not allow decisions to be made to change the design to accommodate inadequate quality that could adversely impact the original design intent. 

The Inspector should seek assurance that robust processes govern design change decisions. They should also recognise that multiple changes may be consolidated into a single design change form for discussion, and confirm that safety functions, as well as the categorisation and classification of civil engineering SSCs, are properly addressed in these meetings.
Processes suitable for the design phase may be adapted during construction to fit site needs. The Inspector should monitor any changes to design management processes during construction, such as design change management, and assess how the dutyholder addresses the consolidation of design changes.
Safety case production and interface
The Inspector should be aware a design team located on the site may have Design Authority responsibility. The Inspector should confirm that the designer’s on-site role is clear, that communication between site contractors, site-based designers, the safety case, and design office teams is effective, and that authority for design changes is properly delegated. The Inspector should also ensure the safety case team is appropriately involved in design change decisions.
Interface with procurement and design 
The Inspector should be aware of construction supply chain changes that may impact on the design intent. A design change may be requested because of a change to the supply chain. The Inspector should appreciate where the design could be compromised as a result of changes to the supply chain.
The Inspector should be aware that commercial contracts between designers and construction contractors may cause some issues with communication or delivery of full scope of work which may impact the quality of documentation or design delivery.
The function of Intelligent Customer (IC) is a key consideration for the dutyholder when procuring services. For more information on procurement and Intelligent Customer function, refer to:
Annex 4, ‘Construction Assurance’ [4]
NS-TAST-GD-049 ‘Licensee Core Safety and Intelligent Customer Capabilities’ [24]
NS-TAST-GD-077 ‘Supply Chain Management Arrangements for the Procurement of Nuclear Safety Related Items or Services’ [25]
Asset management and safety case
Once structures are constructed on site, asset management requirements apply. Civil engineering assets may face harsher environments before the weatherproof envelope is complete. The Inspector may assess how asset management needs are determined and communicated during construction. There should be clear arrangements for ongoing asset EIMT in line with Licence Condition (LC) 28, typically outlined in the safety case and managed through LC28 Maintenance Schedules on site.
For more information, refer to:
Annex 5 ‘Civil Engineering – Ageing management and damaged structures’ [5]
Interface with equipment installation
The construction sequence can affect equipment installation, which may not be finalised before building begins. Once a civil engineering asset is finished, it may require coordination with equipment installation or the creation of temporary openings for maintenance or outages. The design should anticipate how equipment will be installed and maintained, including plans for any large temporary openings and their closure. These decisions may only become clear during construction as site-specific factors emerge. Inspectors should consider how choices regarding temporary openings, such as using couplers or altering standard shuttering, could impact quality (EQU.1).
During construction, embedment plates or similar items may be installed to support nuclear safety significant equipment. Inspectors should consider how any changes to the installed or proposed equipment design could affect the durability or serviceability of the existing civil engineering structure.
Post design review
During construction, the team may need to carry out design work and manage design changes arising from the site. This can affect staff availability and create tight deadlines, potentially putting pressure on the design team. The Inspector may seek assurance that the design team has adequate time and resources to fulfil their duties in line with the Designer’s and Client’s responsibilities under CDM2015.
The Inspector should ensure post-design reviews capture lessons learned, including cross-discipline feedback on civil engineering issues affecting subsequent installation, to prevent recurrence in future projects.
[bookmark: _Toc58237037]Design verification and validation (including quality assurance and independent checks)
When construction and design activities run in parallel, it is essential to ensure that method statements, drawings, and related documents are clearly marked as ‘approved’ or ‘fit for construction’. This typically follows the completion of design substantiation or justification reports and occurs during the handover of design information to the construction team. Such information may be provided as ‘works information’, ‘technical specification’, or through supporting drawings and calculations. Inspectors with responsibilities for both design and construction should ensure that the scope of work is clearly defined and mutually agreed, so that regulatory oversight of the handover is properly maintained. This is particularly important for independent checks and quality assurance (EQU.1), especially if the design team faces time constraints or lacks sufficient resources for thorough checks before releasing information to site.
The Inspector may wish to engage with the on-site dutyholder internal regulator to seek assurance that there are independent reviews and checks of quality assurance with both physical work activities, as well as processes and procedures that control the works (EQU.1). 
[bookmark: _Toc43714296][bookmark: _Toc58237038]Design changes related to defects or non-conformances
There is an interface with the site construction when defects or non-conformances result in a significant compromise to nuclear safety design intent. There are several SAPs related to defects. The Inspector should expect the defects and non-conformances that arise to be recorded appropriately and communicated to the design team to make a decision about whether the defect requires remediation, with reference to the following SAPs:
SAP ECE.3 establishes the expectation that the civil engineering structures are sufficiently free of defects so that their safety functions are not compromised,
SAP ECE.18 establishes the expectation that there will be inspection and testing during construction to demonstrated workmanship standards etc. are appropriate,
SAP MS.3 establishes the expectation that decisions made at all levels in the organisation affecting safety are informed, rational, objective, transparent and prudent.

The Inspector may consider how many design decisions are made on site, particularly regarding whether to remove and replace defective items or leave them ‘as built’, as this could affect the design intent. Significant decisions about defect acceptance or design changes may need to be escalated from the construction site to the wider design team. The Inspector should verify that such decisions align with correct categorisation and classification under SAP ECS.2, and remain alert to the cumulative effect of previous derogations, as aggregated design changes could impact overall structural performance.
[bookmark: _Toc43714298][bookmark: _Toc58237039]Operational Experience (OPEX)
Requirement 11 of the IAEA guidance SSR 2/1 [11] states “in the provision for construction and operation, due account shall be taken of relevant experience that has been gained in the construction of other similar plants”.
Section 4 highlighted the importance of learning from experience at international sites, whether of similar or different design, that are being constructed alongside the design of a UK facility. This is also relevant when construction and design run concurrently on a UK site. Changes to construction methods or sequencing may be introduced to improve the original approach. The Inspector may seek information on such changes and consider their potential impact on design intent and construction quality assurance.

[bookmark: _Toc234585910]Relevant standards and good practice
This section provides a summary of the relevant guidance for inspectors to be aware of, along with sources for further information that provide useful background.
The Inspector is advised to check whether these guides are the most up to date, given the review period of the TAG.
Note the lists provided are not full and comprehensive lists. The Inspector should only use the guidance that is relevant to the scenario being assessed and seek other appropriate guidance to suit the circumstances.
[bookmark: _Toc43714301][bookmark: _Toc58237042][bookmark: _Ref505780155]UK regulations
The Construction (Design and Management) Regulations 2015 (CDM2015)
Section 34 of the Environmental Protection Act 1990
UK Building Act 1984 and Building Regulations 2010
The Electricity at Work Regulations 1989
The Control of Substances Hazardous to Health Regulations (as amended) (COSHH 2002)
The Working at Height Regulations 2005
The Confined Spaces Regulations 1997
The Waste (England and Wales) Regulations 2011 (as amended), the Hazardous Waste Regulations 2005 and the Controlled Waste Regulations 2012 and the Special Waste Regulations 1996 (for Scotland, SEPA)
[bookmark: _Toc43714302][bookmark: _Toc58237043]UK policy
[bookmark: _Toc58237044]A National Policy Statement for new nuclear power generation [39] 
Industry guidance series
[bookmark: _Toc43714303][bookmark: _Toc58237045]INDG411, A short guide for clients on the Construction (Design and Management) Regulations 2015 [40]

International guidance (IAEA, WENRA and USNRC)
IAEA guidance including, but not limited to:
SSR 2/1 Design of Nuclear Power Plants [11]
United States Nuclear Regulatory Commission guidance including, but not limited to:
Regulatory Guide 4.7, General Site Suitability Criteria for Nuclear Power Stations [41]
NUREG-0800 Review of Safety Analysis Reports for Nuclear Power plants [42]
[bookmark: _Toc58237046]Linear finite element analysis and modelling
The key guidance and standards that inspectors should be aware of are:
American Concrete Institute, ACI-349 and ACI-318.
American Society of Civil Engineers: ASCE 4-16 and ASCE 43-05.
ASME Boiler & Pressure Vessel Code, Section III, Code for containments.
NAFEMs provides a large collection of publications on FEA. 
[bookmark: _Toc58237047]Seismic design
[bookmark: _Ref454980782]Applicable codes and standards are:
American Society of Civil Engineers, Seismic Analysis of Safety- Related Nuclear Structures and Commentary, ASCE 4-16, 2017.
[bookmark: _Ref455049655]American Society of Civil Engineers, Seismic Design Criteria for Structures, Systems, and Components in Nuclear Facilities, ASCE 43-05, 2005.
AFCEN ETC-C: EPR, Technical Code for Civil Works, 2010
The key guidance that inspectors should be aware of are:
IAEA, Seismic Design for Nuclear Installations, Safety Standards Series, Specific Safety Guide No. SSG-67

[bookmark: _Ref455062664]IAEA, Evaluation of Seismic Safety for Existing Nuclear Installations, Safety Standards Series No. NS‑G‑2.13, (A revision of this publication is in preparation.)Nuclear Energy Agency, Proceedings of the CSNI Workshop on Soil Structure Interaction (SSI) Knowledge and Effects on the Seismic Assessment of NPP's Structures and Components, NEA/CSNI/(2011)6, October 2011.
U.S.NRC, Review of Safety Analysis Reports for Nuclear Power Plants, Section 3.7.2 Seismic System Analysis, Rev 4, September 2013.
A methodology for assessment of nuclear power plant seismic margin, NP-6041-SL Rev 1, Aug 1991.
[bookmark: _Toc58237048]Blast and impact loading and response
Applicable codes and standards are:
ASCE, Design of blast resistant buildings in Petrochemical Facilities.
UFC 3-340-02 Structures to resist the effects of accidental explosions, (which supersedes TM 5-1300, Structures to resist the effects of accidental explosion, Technical manual).
ACI 318M, Building code requirements for structural concrete.
ACI 349, code requirements for nuclear safety related concrete structures, special provision for impulsive and impactive effects.
UFC-023-03, Design of buildings to resist progressive collapse.
ASCE manual 42, Design of structures to resist nuclear weapons effect.
TM-855-1 Fundamentals of protective design for conventional weapons (Design and analysis of hardened structures to conventional weapons effects).
Eurocodes.


[bookmark: _Appendix_A_–][bookmark: _Toc234585911]Appendix A – SAPs applicable to civil engineering
	Safety case area
	Subject
	Identity 
	Wording

	Engineering principles: civil engineering
	
Functional performance
	ECE.1
	The required safety functions and structural performance of the civil engineering structures under normal operating, fault and accident conditions should be specified.

	
	Independent arguments
	ECE.2
	For structures requiring the highest levels of reliability, multiple independent and diverse arguments should be provided in the safety case.

	
	Defects
	ECE.3
	It should be demonstrated that structures important to safety are sufficiently free of defects so that their safety functions are not compromised, that identified defects can be tolerated, and that the existence of defects that could compromise safety functions can be established through their lifecycle.

	Engineering principles: civil engineering: investigations
	Loadings
	ECE.6
	Load development and a schedule of load combinations, together with their frequencies, should be used as the basis for structural design. Loadings during normal operating, testing design basis fault and accident conditions should be included.

	Engineering principles: civil engineering: design 
	Foundations
	ECE.7
	The foundations and sub-surface structures should be designed to meet their safety functional requirements specified for normal operation and fault conditions with an absence of cliff edge effects beyond the design basis.

	
	Inspectability
	ECE.8
	Designs should allow key load-bearing elements to be inspected and, where necessary, maintained.

	
	Earthworks
	ECE.9
	The design of embankments, natural and excavated slopes, river levees and sea defences close to the facility should not jeopardise the safety of the facility.

	
	Groundwater
	ECE.10
	The design should be such that the facility remains stable against possible changes in the groundwater conditions.

	
	Naturally occurring gases
	ECE.11
	The design should take account of the possible presence of naturally occurring explosive, asphyxiant or toxic gases or vapours in underground structures such as tunnels, trenches and basements.

	
	Structural analysis and model testing
	ECE.12
	Structural analysis and/or model testing should be carried out to support the design and should demonstrate that the structure can fulfil its safety functional requirements over the full range of loading for the lifetime of the facility.

	
	Use of data
	ECE.13
	The data used in structural analysis should be selected or applied so that the analysis is demonstrably conservative.

	Engineering principles: civil engineering: structural analysis and model testing
	Sensitivity studies
	ECE.14
	Studies should be carried out to determine the sensitivity of analytical results to the assumptions made, the data used, and the methods of calculation.

	
	Validation of methods
	ECE.15
	Where analyses have been carried out on civil structures to derive static and dynamic structural loadings for the design, the methods used should be adequately validated and the data verified.

	
	Materials
	ECE.16
	The construction materials used should comply with the design methodologies employed, and be shown to be suitable for enabling the design to be constructed and then operated, inspected and maintained throughout the life of the facility.

	
	Prevention of defects
	ECE.17
	The construction should use appropriate materials, proven techniques and a quality management system to minimise defects that might affect the required integrity of structures

	Engineering principles: civil engineering: construction
	Inspection during construction
	ECE.18
	Provision should be made for inspection and testing during construction to demonstrate that appropriate standards of workmanship etc. have been achieved.

	
	Non-conformities
	ECE.19
	Where construction non-conformities or identified defects are judged to have a significant detrimental effect on integrity, remedial measures should be applied to ensure the original design intent is still achieved.

	
	In-service inspection and testing
	ECE.20
	Provision should be made for inspection, testing and monitoring during normal operations aimed at demonstrating that the structure continues to meet its safety functional requirements. Due account should be taken of the periodicity of the activities.

	
	Proof pressure tests
	ECE.21
	Pre-stressed concrete pressure vessels and containment structures should be subjected to a proof pressure test, which may be repeated during the life of the facility.

	Engineering principles: civil engineering: in-service inspection and testing
	Settlement
	ECE.24
	There should be arrangements to monitor civil engineering structures during and after construction to check the validity of predictions of performance made during the design and for feedback into design reviews.

	
	Provision for construction
	ECE.25
	Items important to safety should be designed so that they can be manufactured, constructed, assembled, installed and erected in accordance with established processes that ensure the achievement of the design specifications and the required level of safety. The effects of construction hazards on any nearby safety related SSCs should be taken into account.

	
	Provision for decommissioning
	ECE.26
	Special consideration should be given at the design stage to the incorporation of features to facilitate radioactive waste management and the future decommissioning and dismantling of the facility.





[bookmark: _Toc234585912]Appendix B - SAPs applicable to civil engineering outside of the ECE suite of SAPs
	Safety case area
	Subject
	Identity
	Wording

	
	
	
	

	Leadership and management for safety
	Capable organisation
	MS.2
	The organisation should have the capability to secure and maintain the safety of its undertakings

	
	Decision making
	MS.3
	Decisions made at all levels in the organisation affecting safety should be informed, rational, objective, transparent and prudent.

	
	Learning
	MS.4
	Lessons should be learned from internal and external sources to continually improve leadership, organisational capability, the management system, safety decision making and safety performance.

	The regulatory assessment of
safety cases
	Safety case characteristics
	SC.4
	A safety case should be accurate, objective and demonstrably complete for its intended purpose.

	
	Optimism, uncertainty and
conservatism
	SC.5
	Safety cases should identify areas of optimism and uncertainty, together with their significance, in addition to strengths and any claimed conservatism.

	
	Safety case content and
implementation
	SC.6
	The safety case for a facility or site should identify the important aspects of operation and management required for maintaining safety and how these will be implemented.

	
	Safety case ownership
	SC.8
	Ownership of the safety case should reside within the dutyholder’s organisation with those who have direct responsibility for safety.

	Siting
	Development control planning advice
	ST.1
	Development control planning advice provided by ONR should align with siting criteria set by
Government policy.

	
	Suitability of the site
	ST.4
	The suitability of the site to support safe nuclear operations should be assessed prior to
granting a new site licence

	Engineering principles: key
principles
	Fault tolerance
	EKP.2
	The sensitivity of the facility to potential faults should be minimised.

	
	Defence in depth
	EKP.3
	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.

	
	Safety function
	EKP.4
	The safety function(s) to be delivered within the facility should be identified by a structured analysis

	
	Safety Measures
	EKP.5
	Safety measures should be identified to deliver the required safety function(s).

	Engineering principles: safety
classification and standards
	Safety Categorisation
	ECS.1



	The safety functions to be delivered within the facility, both during normal operation and in
the event of a fault or accident, should be identified and then categorised based on their significance with regard to safety.

	
	Safety classification of structures,
systems and components
	ECS.2

	Structures, systems and components that have to deliver safety functions should be identified and classified on the basis of those functions and their significance to safety.

	
	Codes and standards
	ECS.3
	Structures, systems and components that are important to safety should be designed, manufactured, constructed, installed, commissioned, quality assured, maintained, tested and inspected to the appropriate codes and standards.

	
	Absence of established codes and
standards
	ECS.4
	Where there are no appropriate established codes or standards, an approach derived from existing codes or standards for similar equipment, in applications with similar safety significance, should be adopted.

	
	Use of experience, tests or analysis
	ECS.5
	In the absence of applicable or relevant codes and standards, the results of experience, tests, analysis, or a combination thereof, should be applied to demonstrate that the structure, system or component will perform its safety function(s) to a level commensurate with its classification.

	Engineering principles:
equipment qualification

	Qualification procedures

	EQU.1
	Qualification procedures should be applied to confirm that structures, systems and components will perform their allocated safety function(s) in all normal operational, fault and accident conditions identified in the safety case and for the duration of their operational lives.

	Engineering principles: design
for reliability
	Failure to safety
	EDR.1
	Due account should be taken of the need for structures, systems and components to be
designed to be inherently safe, or to fail in a safe manner, and potential failure modes should
be identified, using a formal analysis where appropriate.

	Engineering principles: reliability
claims
	Form of claims
	ERL.1
	The reliability claimed for any structure, system or component should take into account its novelty, experience relevant to its proposed environment, and uncertainties in operating and fault conditions, physical data and design methods

	
	Measures to achieve reliability
	ERL.2
	The measures whereby the claimed reliability of systems and components will be achieved in practice should be stated.

	Engineering principles: reliability
claims
	Margins of conservatism
	ERL.4
	Where safety-related systems and/or other means are claimed to reduce the frequency of a fault sequence, the safety case should include a margin of conservatism to allow for uncertainties.

	Engineering principles:
maintenance, inspection and
testing
	Identification of requirements
	EMT.1
	Safety requirements for in-service testing, inspection and other maintenance procedures and
frequencies should be identified in the safety case.

	Engineering principles:
maintenance, inspection and
testing
	Frequency
	EMT.2
	Structures, systems and components should receive regular and systematic examination, inspection, maintenance and testing as defined in the safety case.

	Engineering principles:
maintenance, inspection and
testing
	Reliability claims
	EMT.6
	Provision should be made for testing, maintaining, monitoring and inspecting structures, systems and components (including portable equipment) in service or at intervals throughout their life, commensurate with the reliability required of each item.

	Engineering principles: integrity of non-metallic components and structures
	Examination through life
	ENC.2
	The design of non-metallic components or structures should include the ability to examine the item through life for signs of degradation.

	Engineering principles: ageing
and degradation
	Safe working life
	EAD.1
	The safe working life of structures, systems and components that are important to safety should be evaluated and defined at the design stage.

	
	Lifetime margins
	EAD.2
	Adequate margins should exist throughout the life of a facility to allow for the effects of materials ageing and degradation processes on structures, systems and components.

	
	Periodic measurement of material properties
	EAD.3
	Where material properties could change with time and affect safety, provision should be made for periodic measurement of the properties.

	
	Periodic measurement of parameters
	

EAD.4

	
Where parameters relevant to the design of plant could change with time and affect safety, provision should be made for their periodic measurement.


	
	Obsolescence
	EAD.5
	A process for reviewing the obsolescence of structures, systems and components important to safety should be in place.

	Engineering principles: layout
	Access
	ELO.1
	The design and layout should facilitate access for necessary activities and minimise adverse interactions while not compromising security aspects.

	
	Minimisation of the effects of incidents
	ELO.4
	The design and layout of the site, its facilities (including enclosed plant), support facilities and services should be such that the effects of faults and accidents are minimised.

	Engineering principles: external
and internal hazards
	Identification and characterisation
	EHA.1
	An effective process should be applied to identify and characterise all external and internal hazards that could affect the safety of the facility.

	
	Design basis events

	EHA.3
	For each internal or external hazard which cannot be excluded on the basis of either; low frequency or insignificant consequence (refer to Principle EHA.19), a design basis event should be derived.

	
	Frequency of initiating event
	EHA.4
	For natural external hazards, characterised by frequency of exceedance hazard curves and
internal hazards, the design basis event for an internal or external hazard should be derived to have a predicted frequency of exceedance that accords with Fault Analysis Principle FA.5.
The thresholds set in Principle FA.5 for design basis events are 1 in 10 000 years for external hazards and 1 in 100 000 years for man-made external hazards and all internal hazards (refer to also paragraph 629).

	
	Design basis event operating states
	EHA.5
	Analysis of design basis events should assume the event occurs simultaneously with the facility’s most adverse permitted operating state (refer to paragraph 631 c) and d)).

	
	Analysis
	EHA.6
	[bookmark: _Hlk39067317]The effects of internal and external hazards that could affect the safety of the facility should be analysed. The analysis should take into account hazard combinations, simultaneous effects, common cause failures, defence in depth and consequential effects.

	
	‘Cliff-edge’ effects
	EHA.7


	[bookmark: _Hlk39065749]A small change in design basis fault or event assumptions should not lead to a disproportionate increase in radiological consequences.

	
	Aircraft crash
	EHA.8
	The total predicted frequency of aircraft crash, including helicopters and other airborne vehicles, on or near any facility housing structures, systems and components should be determined.

	
	Earthquakes
	EHA.9
	The seismology and geology of the area around the site and the geology and hydrogeology of the site should be evaluated to derive a design basis earthquake (DBE).

	
	Electromagnetic interference
	EHA.10
	The facility design should include preventative and/or protective measures against the effects of electromagnetic interference.

	
	Weather conditions
	EHA.11
	Facilities should be shown to withstand weather conditions that meet design basis event criteria. Weather conditions beyond the design basis that have the potential to lead to a severe accident should also be analysed.

	
	Flooding
	EHA.12
	Facilities should be shown to withstand flooding conditions up to and including the design basis event. Severe accidents involving flooding should also be analysed.

	
	Use, storage and generation of
hazardous materials
	EHA.13
	The on-site use, storage or generation of hazardous materials should be minimised, controlled and located, taking due account of potential faults

	
	Fire, explosion, missiles, toxic
gases etc. – sources of harm
	EHA.14
	Sources that could give rise to fire, explosion, missiles, toxic gas release, collapsing or falling loads, pipe failure effects, or internal and external flooding should be identified, quantified and analysed within the safety case.

	
	Hazards due to water
	EHA.15
	The design of the facility should prevent water from adversely affecting structures, systems
and components

	
	Fire detection and fighting
	EHA.16
	Fire detection and fire-fighting systems of a capacity and capability commensurate with the worst-case design basis scenarios should be provided.

	
	Appropriate materials in case of
fires
	EHA.17
	Non-combustible or fire-retardant and heat-resistant materials should be used throughout the facility (refer to Principle EKP.1).

	
	Beyond design basis events
	EHA.18
	Fault sequences initiated by internal and external hazards beyond the design basis should be analysed applying an appropriate combination of engineering, deterministic and probabilistic assessments.

	
	Screening
	EHA.19
	Hazards whose associated faults make no significant contribution to overall risks from the facility should be excluded from the fault analysis

	Engineering principles: human
factors
	Integration within design,
assessment and management

	EHF.1
	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.

	
	Task analysis
	EHF.5
	Proportionate analysis should be carried out of all tasks important to safety and used to justify the effective delivery of the safety functions to which they contribute.

	
	Workspace design
	EHF.6
	Workspaces in which operations (including maintenance activities) are conducted should be designed to support reliable task performance. The design should take account of the physical and psychological characteristics of the intended users and the impact of environmental factors.

	Engineering principles:
containment and ventilation:
containment design
	Prevention of leakage




	ECV.1
	Radioactive material should be contained and the generation of radioactive waste through the spread of contamination by leakage should be prevented.

	
	Minimisation of releases
	ECV.2
	Containment and associated systems should be designed to minimise radioactive releases to the environment in normal operation, fault and accident conditions.

	
	Means of confinement
	ECV.3
	The primary means of confining radioactive materials should be through the provision of passive sealed containment systems and intrinsic safety features, in preference to the use of active dynamic systems and components.

	
	Leakage monitoring
	ECV.7
	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.

	Fault Analysis
	Fault tolerance
	FA.4
	DBA should be carried out to provide a robust demonstration of the fault tolerance of the engineering design and the effectiveness of the safety measures.

	
	Initiating faults
	FA.5
	The safety case should list all initiating faults that are included within the design basis analysis of the facility.

	
	Consequences
	FA.7
	Analysis of design basis fault sequences should use appropriate tools and techniques, and be performed on a conservative basis to demonstrate that consequences are ALARP.

	Numerical targets and legal limits
	Assessment against targets
	NT.1
	Safety cases should be assessed against the SAPs numerical targets for normal operational,
design basis fault and radiological accident risks to people on and off the site.

	
	Time at Risk
	NT.2
	There should be sufficient control of radiological hazards at all times.

	Decommissioning
	Design and operation
	DC.1
	Facilities should be designed and operated so that they can be safely decommissioned.

	Land quality management

	Identifying radioactively
contaminated land
	RL.2
	Steps should be undertaken to identify any areas of radioactively contaminated land on or adjacent to the site.
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[bookmark: _Toc234585913]Appendix C - Example ageing effects, potential results and direct effects
	Ageing effect
	Potential result
	Direct effects on safety function

	Dimensional change*:
· Thermal movement
· Moisture movement
· Post hardening concrete shrinkage
· Creep (concrete and cementitious materials)
· Swelling of masonry (moisture absorption)
	Shrinkage cracking
	Loss of containment.
Loss of shielding.
Rainwater or groundwater penetration into facilities.
Loss of water from ponds (potentially transporting contaminates).

	
	Overstress of adjacent structural components
	Cracking, deformation or failure to adjacent structural components.
Reduction in capacity of secondary load paths.
Unanticipated structural restraint.

	
	Opening of movement joints
	Losses of water from ponds (potentially transporting contaminants).
Rainwater or groundwater penetration into facilities.
Strain on sealants and waterproofing materials.

	
	Excessive deflection
	Water ponding or standing water.
Loss of serviceability.
Damage to supported services.
Damage to weatherproof envelope.

	
	Ground heave
	Damage to below ground services. Can lead to further ground movement.
Damage to groundwater or ground gas protection measures.
Loss of serviceability.
Damage to weatherproof envelope.

	
	Settlement of structures
	

	Cementitious chemical reaction (including biologically induced):
· Carbonation
· Conversion of high alumina cement
· Alkali aggregate reaction
· Sulphate attack on concrete
· Thaumasite sulphate on concrete
· Metallic component in aggregate reaction (pyrites and related reactions)
	Loss of corrosion protection to embedded reinforcement
	Corrosion of embedded reinforcement, leading to expansion of corrosion products and cracking and loss of reinforcement cross section.

	
	Loss of integrity
	Disintegration of structural component.

	
	Expansive cracking
	Strain damage to reinforcement.
Increased rate of moisture penetration effects.

	
	Spalling of concrete
	Conventional health & safety risks to personnel.
Damage to waterproof envelope.
Increased rate of moisture penetration effects.
Creation of debris in controlled environments.

	Material property change due to stress**:
· Relaxation
· Metal fatigue (due to load or temperature variation)
· Hydrogen embrittlement
· High strain crack migration
· Weld strain induced failure
	Loss of pre-stress to concrete
	Development of tensile cracks.
Unexpected deformation.
Reduced load resistance.

	
	Cracking of metallic components
	Brittle fracture leading to component failure.

	
	Loss of ductility.
Increased vulnerability to low temperature cracking.
	Brittle fracture leading to component failure with little evidence of distress before failure.

	
	Stress or strain corrosion
	Increased rate of ageing effects.

	Metallic corrosion***:
· Brown/red rust (oxygen rich environment)
· Chloride induced corrosion
· Anaerobic (black) corrosion (including organically induced)
· Bimetallic corrosion
	Loss of steel section
	Reduced load resistance.

	
	Formation of expansive corrosion products
	Cracking to surrounding materials (for example, concrete or masonry), spalling or unpredicted loads.
Increased frictional forces (bearings, moving components).

	
	Increase in surface roughness
	Increased frictional forces (bearings, moving components).
Increased rate of vegetation growth.

	Exposure to accidental loading ****:
· Impact
· Fire
· Operational excursion
· Excessive loads (for example, earthquake)
	Direct physical damage
	Surface spalling and/or projected debris from opposite face.
Partial or through thickness cracking.
Transfer of forces via unintended load paths.
Degradation of containment.
Leak path through waterproof barriers or flood defences.
Opening up of joints.

	· 
	Thermal induced dimensional change
	See above section on direct effects from dimensional change*

	
	Material property change due to stress
	See above section on direct effects from material property change due to stress**

	
	Reduction in material yield point
	Development of tensile cracks.
Deformation.
Reduced load resistance.

	
	Loss of material from surface
	Reduced load resistance.
Increased rate of ageing effects.

	Degradation of corrosion protection system:
· Lack of maintenance
· Impact or abrasion
· Fire
· Aggressive environmental factors

	Initiation of metallic corrosion
	See above section on direct effects from metallic corrosion***

	Exposure to in-service environment:
· Foot traffic
· Abrasive environments (including movement of beach deposits)
· Moving, breaking or accelerating wheel loads

	Loss of surface
	Increased rate of ageing effects (for example, by abrasion of protective coatings).
Exposure of embedded components.
Release of particulates (for example, asbestos, fibres).

	
	Compaction or deformation
	Loss of insulation properties, leading to condensation.
Settlement of finishes.
Rutting, leading to cranking or ponding of surface water

	Ground movement:
· Consolidation
· Ground water or leakage water induced volume change
· Coastal or river erosion
· Excess pour water pressure

	Ground failure
	Structural or slope instability.
Loss of flooding defence.
Inundation with wash out material.

	
	Settlement of structures
	Damage to below ground services. Can lead to further ground movement.
Damage to groundwater or ground gas protection measures.
Loss of serviceability.
Cracking to weatherproof envelope.

	Calcite or other unreacted cementitious product leaching:
	Surface calcite deposition
	Locking of movement joints.
Blocking of drains.
Hard to remove surface staining (which may contain radioactive elements).

	Freezing of entrained moisture in cold weather:
	Frost pop outs to concrete
	Increase in carbonation depth locally.

	
	Delamination to brickwork
	Loss of masonry face.
Increase in water absorption.
Creation of debris.

	
	Ground swell or heave
	Foundation movement.
Instability of slopes.
Cracking to flexible pavements.

	Exposure to in-service radiation:
· Ultraviolet radiation (sunlight)
· Ionising radiation
	Reduced ductility
	Brittle fracture leading to component failure.
Inability to accept in-service movements.

	
	Reduced tensile or bond strength
	Reduced load resistance.
Debonding with adjacent materials.
Brittle fracture.
Tensile cracking (for example, roofing materials).

	Lack of maintenance:
· Bird, mammal or insect infestation
· Establishment of vegetation (including roots)
· Rot (timber-based materials)
· Blocking of water outlets
	Direct physical damage
	Abrasion, erosion or consumption of material.
Leak path through or under flood defences.
Opening up of joints, cracks and other vulnerabilities.
Settlement of foundations or instability of slopes.
Inability for persons to access working areas for maintenance.

	
	Overloading (by standing water or groundwater
	See above section on direct effects of exposure to accidental loading ****.

	
	Creation of debris
	Blocking drains and rainwater outlets leading to standing water.

	
	Chemical damage (guano, decomposition products)
	Staining.
Increased rate of ageing effects.
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Figure 1 - Systematic approach to managing ageing of a structure or component.



[bookmark: _Appendix_C_–][bookmark: _Toc89268373][bookmark: _Toc140566577][bookmark: _Toc234585915]List of acronyms, abbreviations and initialisms
BIM		Building Information Modelling
BRE		Building Research Establishment
EIMT		Examination, Inspection, Maintenance and Testing
ENSREG	European Nuclear Safety Regulators Group
FEMA		Federal Emergency Management Agency
IAEA		International Atomic Energy Agency
IGALL		International Generic Ageing Lessons Learned
JRC		Joint Research Centre
LC		Licence Condition
NDT		Non-destructive testing
ONR		Office for Nuclear Regulation
PSR		Periodic Safety Review
RGP		Relevant Good Practice
SAP		Safety Assessment Principle(s)
SFR		Safety Functional Requirement(s)
SQEP		Suitably qualified and experienced person
SSC		Structure, System and Component
TAG		Technical Assessment Guide(s) (ONR)
WENRA	Western European Nuclear Regulators’ Association


[bookmark: _Toc234585916]Glossary of terms
To be read in conjunction with glossary in TAG overarching document and TAG 17 Head Document.
	Term	
	Description
	Source

	Ageing degradation
	Ageing effects that could impair the ability of a structure, system or component to function within its acceptance criteria.
	IAEA Nuclear Safety and Security Glossary

	Ageing management
	[bookmark: _Hlk120709281]Engineering, operations and maintenance actions to control within acceptable limits the ageing degradation of structures, systems and components.
	IAEA Nuclear Safety and Security Glossary

	Ageing management programme
	A set of plant activities relating to the understanding, prevention, detection, monitoring and mitigation of a specific ageing effect on a structure, component or group of components. Plant activities include maintenance, in‑service inspection, testing and surveillance, as well as technical support programmes.
	IAEA SR 82 Rev 0)

	Damage 
	An unfavourable change in the condition of a structure that can adversely affect current or future structural performance
	Reference [45]

	Design Life
	The period of time during which a facility or component is expected to perform according to the technical specifications to which it was produced.
	IAEA Nuclear Safety and Security Glossary

	Structural robustness
	Robustness is the ability of a structure to withstand events like fire, explosions, impact or the consequences of human error, (for example, design basis events) without being damaged to an extent disproportionate to the original cause
	BS EN 1991-1-7 ‘Actions on structures’
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