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[bookmark: _Toc222215925][bookmark: _Toc233199948][bookmark: _Toc234835255]Introduction
This annex to the civil engineering Technical Assessment Guide (TAG) [1] provides high‑level guidance on ONR’s assessment of construction arrangements for nuclear facilities. It offers general advice to inspectors on construction assurance, highlighting key considerations for regulatory assessment and illustrating how the Safety Assessment Principles (SAPs) [2] apply to civil engineering works and structures during construction. 
Civil engineering construction assurance encompasses the processes, arrangements and behaviours needed to ensure works are delivered in line with the design intent and safety case. Materials and construction methods must not undermine design assumptions, which must be complied with through construction. Construction is therefore as integral to the safety case as the design itself. 
The Construction (Design and Management) Regulations 2015 (CDM2015) apply to all construction work and should be considered by inspectors. 
While this annex highlights some key interfaces and overlaps, it is not exhaustive; inspectors should refer to CDM2015 for further detail.
This annex applies to both the pre‑construction and construction stages of new nuclear facilities, as well as to the modification, refurbishment or demolition of existing facilities where residual safety functions remain. It also covers proportionate oversight of verification tests that demonstrate continued functionality. Inspectors should note that significant interfaces and overlaps often occur between different stages of the site lifecycle.
[bookmark: _Toc222215926]Structure of this annex
Civil engineering nuclear safety assessment of construction assurance encompasses the following topics:
Design Authority (DA) and Intelligent Customer (IC) functions,
‘As Low as Reasonably Practicable’ (ALARP) principles,
Safety culture,
CDM2015,
Generic Design Assessment (GDA) and site licensing phases,
Codes and standards,
Building Information Management (BIM) and other computer tools,
Categorisation and classification,
Security,
Construction readiness,
Pre-construction stage,
Construction stage,
OPEX and lessons learnt.
[bookmark: _Toc44935034][bookmark: _Toc149036427][bookmark: _Toc222215927]Applicable SAPs to this annex
The following areas of SAPs considered most relevant to civil engineering construction assurance are: 
ECE.3: It should be demonstrated that structures important to safety are sufficiently free of defects such that their safety functions are not compromised; that any identified defects are tolerable; and that defects with the potential to affect safety can be detected throughout the structure’s lifecycle.
ECE.15 provides assessment principles in relation to verification activities,
ECE.16 Civil construction materials should comply with the design methodologies used and be demonstrated as suitable to enable the design to be constructed, operated, inspected and maintained throughout the facility’s life.
ECE.17 Construction should employ appropriate materials, proven techniques and approved procedures to minimise defects that could affect the required structural integrity.
ECE.18 Provision should be made for inspection during construction to demonstrate that the required standard of workmanship has been achieved.
ECE.19 Where construction non-conformances are judged to have a detrimental effect on integrity or significant defects are detected, remedial measures should achieve the original design intent.
ECE.24 Arrangements should be in place to monitor civil engineering structures during and after construction to verify performance against design predictions and to provide feedback into design reviews.
Other ECE SAPs relating to civil engineering principles; investigations; design; structural analysis and model testing; in service inspection; testing and monitoring may all have relevance to construction activities.
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Other relevant SAPs include but are not limited to:
MS.1-4 for Leadership and Management for Safety, 
DC.6 establishes the expectation for documents to be kept for the whole life cycle,
ECV.1-3 for containment, 
EMC.5 and EMC.6 advises as to the identification and management of defects to metal components and structures,
EMC.19 for non-conformities or significant defects on metal components and structures to be remediated.
When assessing high‑integrity metal civil structures, the inspector should also consider the relevant principles in the Integrity of Metal Components and Structures subsection—particularly SAPs EMC.13, EMC.14, EMC.20, EMC.27 and EMC.30—especially where supply‑chain assurance is required for offsite manufacture of metal components,
EQU.1 establishes the expectation that qualification process and procedures are required to ensure structures will perform their safety functions in line with the design intent,
EHF.1, EHF.5 and EHF.6 consideration of constructability and construction tasks and activities on site, regarding construction sequencing, working environment and access,
Where a structural component also forms part of containment, the principles in SAP paragraph 519 ff. will also be relevant. 
[bookmark: _Toc44935035][bookmark: _Toc149036428][bookmark: _Toc222215928]Exclusions
The commencement of construction while design work is still ongoing can give inspectors assessing the design additional factors to consider, including increased interfaces with the construction site. For further guidance on managing design and construction activities in parallel, refer to [3].






[bookmark: _Toc222215929][bookmark: _Toc233199949]
[bookmark: _Toc234835256]Construction assurance
This section provides inspectors with general advice on construction assurance and outlines key considerations for both the pre‑construction stage and the subsequent construction stage.
1.1. [bookmark: _Toc149036430][bookmark: _Toc222215930]Design maturity
For major projects, such as construction of a new nuclear facility, some aspects of design are likely to continue in parallel with construction activities. Design activities prior to construction should reach sufficient maturity for the design to be ‘fit for construction’ or ‘frozen’ before construction begins. 
As construction progresses, a key construction assurance activity is to assess the evolving relationship between design and site construction, identifying any gaps or inconsistencies.
The inspector is reminded that the communication of risks is a key consideration in CDM2015 (for more guidance on CDM2015, refer to [4]).
For the assessment of the compatibility of design maturity against civil engineering construction, refer to [3].
1.2. [bookmark: _Toc44855304][bookmark: _Toc149036431][bookmark: _Toc222215931]Design Authority and Intelligent Customer functions
It is recognised that the dutyholder may appoint external design and / or construction organisations to carry out specific functions at various times. The dutyholder retains overall responsibility for both the design and the construction process as an IC. 
For considering construction assurance in relation to DA and Intelligent Customer arrangements, the inspector may wish to consider:
· identification and implementation of organisational arrangements and core competencies to understand and manage the design of its plant and the safety functions that need to be provided,
· the use of contractors as ‘Responsible Designers’ to provide authoritative advice to the DA,
· the retention of design knowledge in a form that is practically and easily available to the dutyholder over the full lifetime of the facility,
· if suitably qualified and experienced personnel (SQEP) resource is available with sufficient time to adequately undertake the DA and IC function.
For guidance on DA and IC functions, refer to Section 5 in [3], [5] and [6], SAP ECS.1 and IAEA safety guidance [7]
1.3. [bookmark: _Toc149036432][bookmark: _Toc222215932]Demonstration of ‘As Low as Reasonably Practicable’ (ALARP)
To demonstrate that risks are reduced in line with ALARP principles, continuous improvement is essential in construction assurance. 
The inspector should expect construction reviews, including lessons learnt, to be carried out during both the pre‑construction and construction stages. 
For guidance on ALARP principles, refer to [8].
1.4. [bookmark: _Toc149036433][bookmark: _Toc222215933]Safety culture
SAPs MS.1-4 set clear regulatory expectations for effective leadership and management for safety and discuss the importance of safety culture.
Establishing and maintaining an appropriate safety culture is a priority for nuclear site dutyholders. The inspector may wish to consider how safety culture evolves throughout the construction phase to gain confidence that the culture supports and promotes delivery of the safety functions of the permanent works. 
For further information about safety culture, refer to [9] and [10].
1.5. [bookmark: _Toc149036434][bookmark: _Toc222215934]The Construction (Design and Management) Regulations 2015 (CDM2015)
CDM2015 place specific legal requirements on organisations and individuals, assigning the roles of Client, Principal Designer and Principal Contractor as CDM dutyholders. Inspectors assessing construction assurance should consider compliance with these regulations, particularly the responsibilities associated with each role.
Sharing appropriate information between dutyholders at all stages of a construction project is a key consideration for construction assurance. 
For more guidance on CDM2015, refer to [4].
1.6. [bookmark: _Toc149036435][bookmark: _Toc222215935]Design
In the construction of a nuclear facility, UK Government policy establishes the sequential phases of GDA and Site Licensing before construction begins. Inspectors assessing construction assurance should remain aware of, and informed by, these earlier stages. 
Generic design and site licensing
When assessing construction assurance, the inspector should consider whether GDA assessment findings have been adequately addressed in both design and construction. For general ONR guidance on GDA and site licensing, refer to [11], [12] and [13].
In the site licensing phase, inspectors will already have considered the adequacy of civil engineering activities such as geological investigations, ground and groundwater models, and borehole data prior to granting a licence. Conditions will likely have been applied to manage data gaps, uncertainties and assumptions. When assessing construction assurance, the inspector should consider how these assumptions are validated and data gaps closed as design progresses into construction, and how effectively the construction and design teams communicate at this stage. SAPs ECE.15 and ECE.24 support this aspect of construction assurance. 
For more information on validation of assumptions in the ground model, refer to [12].
For guidance on site licensing generally, refer to [13].
Design codes and standards
A range of national and international standards apply to the UK nuclear industry. Inspectors assessing construction assurance should consider the applicability and compatibility of the standards adopted across all aspects of design, manufacture and construction. The inspector should be cognisant of the potential additional challenges when imperial designs are ‘converted’ into metric and non-UK specifications for quality, testing and materials are proposed.
For more information on codes and standards, refer to [3]
1.7. [bookmark: _Toc149036436][bookmark: _Toc222215936]Building Information Modelling 
The UK Government has established guidelines for utilising BIMs in construction projects [14].
BIM is used to present design information in sufficient detail to enable conformant construction, using a range of 2D and 3D techniques. 
The inspector assessing construction assurance may seek confidence that BIM tools are being used appropriately and effectively to convey design intent into construction. 
The inspector should be aware of the expectation for validation and verification (ECE.15 and ECE.24) of such tools when assessing nuclear safety significant activities.
1.8. [bookmark: _Toc149036437][bookmark: _Toc222215937]Categorisation and classification
SAP ECS.1 establishes the expectation that the safety functions delivered by civil engineering SSCs should be categorised according to their significance to safety. The IAEA Safety Glossary refers to a ‘graded approach’ for categorisation and classification of items based on their nuclear safety significance. This graded approach should also extend to the supply chain, including manufactured items important to safety. 
The inspector may wish to consider the implications of categorisation and classification when assessing the graded approach to construction assurance, including the categorisation of non‑conformances and associated design changes. 
The inspector may wish to seek assurance that onsite decision‑making processes adequately consider categorisation and classification when determining appropriate actions.
1.9. [bookmark: _Toc149036438][bookmark: _Toc222215938]Nuclear security aspects
In addition to ensuring works are constructed in accordance with the design intent and safety case, civil engineering assets also provide security functions. Construction assurance of these functions can be considered in the same way as safety functions.
When assessing construction assurance, the inspector should be aware of the nuclear security arrangements in place on sites with existing nuclear facilities, or where new‑build projects involve operating units alongside continued construction of other unit(s).
For further information relating to security aspects on a nuclear construction site, consult with a Sabotage, Target Analysis and Review Inspector or refer to:
· Security Assessment Principles (SyAPs) [15],
· CNS-TAST-GD-7.1 ‘Effective Cyber & Information Risk Management’ [16],
· CNS-TAST-GD-7.2 ‘Information Security’ [17],
· CNS-TAST-GD-6.6 ‘Nuclear Construction Sites’ [18],
· CNS-TAST-GD-5.2 ‘Examination, Inspection, Maintenance and Testing of Physical Protection Systems [19],
· CNS-TAST-GD-4.3 ‘Oversight of Suppliers of Items or Services of Nuclear Security Significance’ [20],
· CNS-TAST-GD-7.4 ‘Physical Protection of Information’ [21].
1.10. [bookmark: _Toc149036439][bookmark: _Toc222215939]Construction readiness reviews
The inspector may wish to seek assurance in the readiness of major construction activities by observing the dutyholder’s construction readiness review, including consideration of construction progress and readiness for subsequent stages (e.g., first‑of‑a‑kind activities, handovers, commissioning).
The inspector should be aware of the IAEA Construction Readiness Review (CORR) guidelines [36], which provide objectives for preparing and conducting regulatory readiness reviews for construction assurance:
· assess strategy, organisation, leadership, management vision, goals, methods and processes,
· identify project management, engineering, procurement, quality management, human resources, construction readiness, and construction completion assurance related issues or concerns related to the project under review,
· identify issues, make observations, and identify good practices related to the project under review,
· facilitate personal exchanges of experience.
The inspector should apply experience and judgement when determining intervention scope and ensure a proportionate approach. In setting the scope, the inspector may also consider interfaces with other site disciplines.
The IAEA CORR guidelines [22] refer to the following nine themes:
· project management,
· engineering readiness (Engineering deliverables required to support construction),
· procurement / material / supply chain readiness (material available to support construction activities,
· quality management and records,
· human resources and training,
· construction readiness,
· construction installation completion assurance/system turnover process,
· targeted area reviews (including project delays and corrective actions),
· technical visits.
To assess adequacy against the above themes, Appendix II of the CORR guidelines provides checklist tables for inspectors to consider [36]. The inspector should note that the ‘specific references’ column should be adapted to include ONR‑specific guidance, such as SAPs, TIGs and TAGs. 
Although the nine CORR themes apply to both pre‑construction and construction stages, their relevance and application differ. For example, Theme 7—construction installation completion assurance / system turnover process—focuses on confirming that adequate processes exist during pre‑construction, but during construction it emphasises reviewing how effectively those processes are implemented. The IAEA CORR guidelines [36] reflect this distinction by defining these as Phase 1 (pre‑construction) and Phase 2 (construction).
The checklists in Appendix II of the IAEA CORR guidelines [36] provide useful prompts for inspectors when assessing adequacy against the nine themes during both the pre‑construction and construction phases.
Table 1 provides example readiness review target areas and evidence that an inspector may sample. It is not exhaustive and should be tailored to suit the specific readiness review.
1.11. [bookmark: _Toc149036440][bookmark: _Toc222215940]Pre-construction phase
Prior to constructing or modifying an existing nuclear facility, the inspector may verify that key preparatory tasks and activities have been completed. This includes considering whether the arrangements, procedures and quality assurance programmes for implementing or modifying the design are sufficiently mature to control the works. For smaller projects, alternative safety case documentation may be used instead.
The inspector should expect the design organisation to provide an adequate and buildable design solution before construction begins. The design organisation is responsible for preparing the detailed design, which involves multiple elements; for guidance, refer to [3] and [23].
When early earthworks or preparatory works begin, information from initial excavations can help verify and validate the ground model used in the design. The inspector may wish to assess whether such verification and validation activities are undertaken as actual ground conditions are revealed and how effectively the site and design teams communicate at this stage.
For more information on earthworks and validation of assumptions in the ground model, refer to [12]. For more information on working in excavations, refer to [24].
Scope and Sample for pre-construction phase
As part of the sample, the inspector may proportionately select specific on‑site activities to observe or test aspects of construction, particularly before irreversible steps of safety significance are taken. The inspector may also seek assurance that the construction organisation’s preparations for progressing to the next stage are adequate.
Quality Management
SAP ECE.17 expects an integrated management system for construction, given its significant impact on the future safety of a nuclear facility. 
The inspector should expect this system to minimise defects (ECE.3, ECE.19) and ensure that construction related safety matters are considered holistically across all activities and in the context of facility lifetime requirements. 
The inspector may seek assurance that the safety case claims, civil engineering design substantiation, design specifications, and the construction competency of the selected contractors are aligned and demonstrate a consistent purpose. 
The inspector may seek assurance regarding the adequacy of quality management arrangements and processes during the development and pre‑construction stages. The inspector may also wish to confirm that the civil engineering designers’ intentions are specified clearly and can be delivered by competent contractors employing suitably qualified and experienced personnel. (SQEP). 
For more information on quality management, refer to NS-TAST-GD-111 [25].
Early contractor involvement
As contractors’ construction methods can potentially undermine design assumptions, the inspector should expect early dialogue between the designer and contractor(s) on construction methods, design intent, contractor optioneering, residual risks, and any novel or unusual design aspects. Early communication supports design requirements being clearly understood and delivered.

The inspector should expect contract drawings, schedules and construction specifications to set out all design, workmanship, inspection and testing requirements for the construction process. The inspector may also seek assurance that the designer highlights any risks arising from the design, including areas that fall outside normal practice, to confirm the practicality of the proposal and ensure the contractor fully understands the requirements. 
Early construction meetings between the designer and contractor are encouraged to discuss these issues, which may lead to requirements for early test panels or mock-ups.
Pre-Construction Safety Report (where applicable)
Prior to submission of the Pre‑Construction Safety Report (PCSR), the inspector should focus on the standards and principles being applied. 
The assessment may include visibility of optioneering to demonstrate that risks have been reduced in line with ALARP principles, as well as the adequacy of the proposed construction assurance processes and associated arrangements. 
The inspector should expect the PCSR to document how operational and safety functional requirements (SFRs) have been communicated to the civil engineering constructor in a clear manner.
Following submission of the PCSR but prior to permissioning, the inspector may wish to seek assurance in the adequacy of construction assurance processes by reviewing documentation for the proposed activities. 
Activities subject to an ONR permission or hold point should be fully defined. At this stage, the inspector may also seek demonstration that processes and arrangements can deliver the requirements of the design and safety case, supported by examples and evidence of procedural adherence.
Design changes
The inspector should expect changes in design or materials after design completion to be kept to a minimum, as assessing their implications often requires multidisciplinary expertise and numerous changes risk loss of oversight through change aggregation.
For more discussion on design changes, refer to Section 5.9.5 – ‘Modification’ in [1] and [3].

Competent contractors and the IC
The inspector should be aware of the specific civil engineering nuclear safety training required for contractors. The inspector should expect the key message—that future nuclear safety depends on the quality of on‑site work—to be clearly communicated. As training is often procured, it should include input from the IC function. 
[bookmark: _Int_H0BpPRgO]The inspector should expect the IC to understand the importance of communication from the designer to the contractor regarding construction workmanship, quality, and their impact on nuclear safety. The dutyholder should also make arrangements for the contractor (or, if not yet appointed, the Intelligent Customer) to attend design reviews during the preconstruction phase.
The commencement of construction while design work is still ongoing may result in changes to the IC function. Inspectors should consider situations where design is not fully complete before construction starts.
For guidance on procurement of services and IC capabilities, refer to [5] and [26].
For guidance on assessment of competence of SQEP contractors, refer to [27] and [28].
1.12. [bookmark: _Toc149036441][bookmark: _Toc222215941]Construction stage
Appropriate and sufficient tests should be identified by the dutyholders to confirm that structures, systems and components have been constructed, manufactured and installed in accordance with the design specifications.
Scope and sample area for construction stage
Major nuclear related construction projects are expected to include regulatory hold points. Following permissioning and the start of construction, the inspector may wish to focus on the management and technical control arrangements to demonstrate that the completed works conform to specified requirements. This may include assurance that:
· the documented inputs to an assured construction process are suitable and sufficient;
· organisations responsible for construction activities fully understand the documented construction information;
· construction is proceeding in a controlled, proven and validated manner;
· appropriate action is taken in the event of non‑conformance; and
· civil engineering structures are being constructed as specified, without undermining any design assumptions.
The inspector is reminded to focus on on‑site inspections in areas of highest nuclear safety significance, where proportionately higher standards are required, and on any novel or innovative construction techniques being used in accordance with the graded approach.
The inspector should implement a proportionate oversight programme that aligns with the dutyholder’s construction plan or programme. The inspector should regularly cross‑check the intervention plan against the construction programme to ensure compatibility of timings, recognising that programme timescales may change. 
Safety culture
Even if the design and commissioning comply fully with safety requirements, a high level of safety can only be achieved when construction is carried out with quality and nuclear safety in mind, as commissioning cannot test all aspects of the construction. The inspector may seek assurance that the dutyholder recognises that all construction activities can potentially impact nuclear safety, even when no nuclear material is present.
The inspector may wish to seek assurance regarding the adequacy of the site safety culture, as this can affect the quality of construction. 
The inspector may consider whether contractors are encouraged to report potential non‑conformances openly, regardless of cause, and whether a general ‘questioning attitude’ and ‘no blame culture’ is adopted within the construction team.
For guidance on assessment of safety culture, refer to [9].
Nuclear safety claims
As part of the assessment scope, the inspector may wish to seek assurance that the contractors and subcontractors are sufficiently aware of the safety significance of the work that they have been contracted to do. Such awareness of safety should be ensured for all tasks, including more conventional construction tasks, since contractors may not have experience of working in the nuclear industry. 
The inspector should expect a contractor proposed material approval system to be in place. When assessing this, the inspector could confirm that the construction team’s material selections are verified by the original designer against the design intent, ensuring the specification aligns with the design and supports the safety case. 

Developments in construction may arise from advances in technology, research or experience. Inspectors should be familiar with ONR’s Approach to Regulating Innovation [29], which sets out principles and behaviours to support an enabling regulatory approach. While innovation is not discouraged, first of a kind or novel methods and technologies may increase the likelihood of non-conformances and rework, and should therefore be subject to proportionate substantiation and controls. The inspector should expect activities—such as mock ups, tests and trials—to demonstrate that new concepts or technologies will not increase error rates and that safety functional requirements can be achieved before their use in permanent nuclear safety significant civil engineering SSCs. 
Confirmation of quality
The inspector should consider observing contractor defined witness points during surveillance or inspection of quality for significant construction works (ECE.18). Testing requirements and acceptance criteria should be clearly stated in the specification and should reflect the categorisation and classification of the SSC in a graded manner. The inspector may wish to consider whether these requirements are incorporated into agreed quality management systems, including Inspection Test Plans or Quality Management Plans. The inspector may also review witness point control plans and how they are integrated into overarching risk management processes. The inspector should be aware that approved contractor method statements may also function as witness points and define controls for on‑site work. 
As an example, when assessing site checking activities, the inspector is reminded of the details in IAEA NS-G-3.6 ‘Geotechnical Aspects of Site Evaluation and Foundations for Nuclear Power plants’ [30] specifically:
· Section 2, site investigation,
· Section 4, consideration for foundations,
· Section 7, monitoring of geotechnical parameters, for further details relating specifically to site investigation.
Under a graded approach, the inspector should expect self-certification by the work originator for civil engineering SSCs whose failure would have no nuclear consequence. This can provide adequate assurance of structural safety, provided appropriate systems are in place to ensure competence.

For safety critical items of plant, SSCs or nuclear related construction processes whose failure would have high consequences, the inspector should expect third party independent certification to provide additional assurance of quality and nuclear safety (ECE.15 and ECE.24 may apply). The inspector may also assess, at appropriate levels throughout the supply chain, whether checks and certification are applied proportionately between these two extremes, in line with the graded approach.
During commissioning, the inspector may wish to seek assurance regarding the adequacy of engagement with, and input from, SQEP responsible designers, dutyholder design teams and the construction organisation.
For information relating to specific functions and responsibilities in commissioning related to construction, the inspector should refer to [31].
Temporary works
The inspector may wish to seek assurance that the temporary works arrangements for civil engineering SSCs are adequate, particularly where temporary works could impact the permanent construction of nuclear safety significant SSCs.
Temporary works should be coordinated on site in accordance with the latest CDM regulations, currently CDM2015. The inspector may seek assurance that the required CDM roles are assigned, and their responsibilities are being fulfilled, supported by appropriate procedures. The dutyholder’s use of a Temporary Works Register can also provide assurance, as it should set out the categories of temporary works and the corresponding design check requirements in line with British Standard (BS) BS5975:2024 [32]. 
A key function of CDM2015 is to encourage cooperation between the permanent and temporary works teams. The inspector may seek assurance in the arrangements that manage the interface where permanent works support loadings from temporary works. The inspector may also consider the potential impact of temporary works on the permanent structure if they are poorly conceived or executed. As temporary structures often rely on propping, the inspector may wish to assess the arrangements in place to ensure correct levels and positioning of props—whether in excavations or supporting adjacent structures—to gain confidence that temporary works and loading scenarios will not adversely affect existing or newly constructed civil SSCs.
The inspector should note that other temporary structures may be used to support construction activities; for example, temporary retaining structures are commonly installed in excavations to protect adjacent structures and services.
The inspector should be mindful of the implications of propping arrangements on access, egress, and working conditions, and the potential impact these may have on the contractor’s ability to achieve the required quality of work. (EHF.1, EHF.5 and EHF.6).
The inspector should note that the removal of temporary structures can require as much consideration as their installation, particularly regarding potential impacts on the permanent structure.
For other considerations for foundation or sub-surface structure construction, refer to [12].
Reinforcement and embedded items
Early contractor involvement in the design may be an important aspect of constructability. CDM2015 constructability considerations suggest that such matters should be recorded in Designers’ Risk Assessments or equivalent documents. For embedded items or other metals cast into concrete, the inspector may seek assurance—through mock ups, site trials or other demonstrations—that accurate positioning of cast in items can be achieved. 
The same applies to highly congested reinforcement areas, where mock ups or site trials can demonstrate that the required concrete quality is achievable. As these regions—particularly in foundations and underground structures—are often inaccessible once the facility is operational, construction records providing evidence of achieved quality form an important part of the safety case justification that the structure will meet its design requirements for its full design life.
The inspector may seek assurance that processes for achieving correct reinforcement placement and kicker levels are adequate, and that the detailing for lapping or the use of couplers is clear to the contractor. 
The inspector should be aware that the accumulation of individual tolerances can result in top level deviations and may wish to confirm that the dutyholder has arrangements in place to prevent this.
The inspector may seek assurance that the contractor’s achievement of reinforcement levels, together with the dutyholder’s surveillance arrangements, ensures that reinforcement is placed in accordance with the original design intent. This may include phased surveillance for very deep foundations, where accuracy checks are carried out on sections of reinforcement during installation. Without a parallel installation and surveillance process, errors may only be identified after additional layers have been placed, making them difficult or impossible to rectify; therefore, early consideration is essential.

The inspector should be aware that reinforcement placement may require reference to 3D models where de‑clashing has been undertaken as part of the design. In such cases, 2D drawings are produced with average centres, while the de‑clashed 3D model may show slightly different spacing that remains within allowable tolerances. De‑clashing can reduce the need for lapping or couplers and can simplify the installation of embedded items. 
The inspector should also note that this approach requires consistent understanding across the site regarding the processes to follow and the sequence in which the drawings or 3D model take precedence. 
· Related to this, the inspector may wish to consider which source of data is regarded as the ‘single source of truth’ and seek assurance that appropriate levels of review, approval and verification have been applied,
· The inspector may wish to consider how the dutyholder controls versions of 2D drawings and 3D models, and how site changes—
such as spacing adjustments to accommodate clashes—are captured,
· The inspector may wish to consider how the as‑built data will be confirmed for foundations, particularly regarding the use of couplers or other means to avoid clashes,
· As part of clarifying between two sources of information, the inspector may wish to seek assurance in the adequacy of the processes for raising design queries, as well as how minor design changes are approved and accepted prior to implementation. This may interface with organisational capability inspectors regarding procedural adherence.
The inspector may wish to seek assurance in the adequacy of arrangements for managing surveillance and other inspections that confirm quality has been achieved and the works can be accepted as complete (ECE.18). 
The inspector may check that these processes clearly indicate where inspections have taken place and where errors have been identified and resolved. The inspector may also seek assurance that the inputs to this process—such as drawings—clearly identify the reinforcement levels being inspected and any layers omitted for clarity of illustration.

The inspector should be aware of the availability and adequacy of on‑site storage areas for materials, particularly reinforcement and other items that should not be subjected to cyclical wetting and drying, such as membrane insulation. The inspector should also consider civil SSCs manufactured off‑site, including reinforcement bars, and may assess the value of undertaking supply chain inspections. Where civil SSCs are delivered to site, the inspector should be aware of the dutyholder’s inspection and acceptance processes, including how items that do not meet the required quality are handled. During earthworks, limited storage areas may lead the dutyholder to adopt ‘just‑in‑time’ delivery; the inspector may wish to consider the risks associated with this approach and seek assurance of how these risks are being managed.
The inspector may wish to consider the arrangements in place for lifting prefabricated reinforcement cages or other pre welded or part installed assemblies, given the potential for damage during lifting. The inspector may seek assurance that lifting methods use engineered lifting points, account for reinforcement welding, and minimise lifting distances. Relevant operational experience on dropped reinforcement cages should also be considered. 
For further guidance, refer to [33] and [34].
Concrete production and site readiness
As foundations and sub‑surface structures are often the first elements constructed on a site, the inspector should be aware that their ‘first‑of‑a‑kind’ nature may be used, in part, to validate processes, procedures and methods on first use. For other aspects of foundation or sub surface structures, refer to [12]. 
Due to the reliance on quality for underground structures that cannot be re‑inspected during their design life, the inspector may wish to focus on the methods of construction, including extensive use of mock ups and site trials to demonstrate that enhanced construction assurance is achieved.
The inspector may seek assurance of the dutyholder’s ability to produce and quality assure the concrete mixes required on site. Multiple mix types are likely to be needed for different applications and to accommodate variations in constituent materials from different suppliers. At the early stages of first concrete pours, the full suite of approved mixes may not yet be available; therefore, the inspector may wish to seek assurance that sufficient testing and trials have been undertaken to demonstrate that the mixes required at that time are adequate and consistent. 

The inspector may wish to seek assurance of the adequacy of the management arrangements for concrete pours, including that workmanship requirements are clearly articulated and understood by all parties. 
The specification requirements and quality should be achieved on the first nuclear safety significant pour. To support this, mock ups and trials may be used to demonstrate quality, and non-nuclear safety significant structures may be constructed using the nuclear grade mix to allow contractors to practise workmanship and curing techniques without affecting nuclear safety.
[bookmark: _Int_haZ4Hn0Y]The inspector may wish to seek assurance in the adequacy of the site’s readiness for concrete pours of structures significant to safety. Larger pours require consideration of contingency supplies, and the inspector may assess the arrangements in place to ensure continuity of production and consistent quality. Additional attention may be given to smaller first-of-a-kind pours, as these may test site processes for the first time. Awareness of issues and resolutions from previous non-nuclear significant pours using the same mix can also help build confidence that the first nuclear significant pour will be completed without significant defects, in line with ECE.17. For information on concrete for nuclear construction, refer to [35].
Non-conformances and changes
The inspector should be aware of activities that review the ‘as‑built’ civil engineering SSCs against the original design parameters during construction and commissioning. The inspector should expect adequate arrangements to address non-conformities in design, manufacturing, construction and operation. SAP ECE.19 requires dutyholder processes to investigate and correct (or accept) non-conformances using a graded approach, including categorisation and classification where appropriate. The inspector should expect any resolutions that alter the original design to be recorded as design changes. The inspector may also assess whether such changes are accurately recorded and whether their impacts are evaluated in line with quality assurance and management requirements.
Design changes that could impact safety should be minimised once construction begins, and any changes that do occur should be managed through a well-defined change process. The inspector should recognise that design changes and non-conformances may arise from various sources during construction and should expect the dutyholder to maintain a coordinated approach between the design and construction teams, operating rigorous systems to capture, record, justify and implement any proposed changes or non-conformances, however they arise.

The inspector may wish to seek assurance in the adequacy of the arrangements and processes for investigating non‑conformances, including whether root causes are established to prevent recurrence. Non‑conformances of safety significance should be addressed through a corrective and preventive action programme applying the graded approach. 
The inspector may wish to seek assurance in the adequacy of the decision‑making processes following the identification of a non‑conformance, including the effectiveness of any delegated authorities from the DA. 
The inspector may consider whether the arrangements allow SQEP personnel sufficient time and information to assess the implications of each proposal, and whether decisions are fed back to the relevant design team members for consideration, agreement or challenge, with design documentation updated as necessary. The inspector may also consider the formal and informal communication routes between the site and design teams, and whether non‑conformances or design changes follow the due categorisation and classification processes. The inspector may wish to seek assurance that decisions on non‑conformance or design‑change acceptance have undergone appropriate challenge in line with their categorisation and classification.
The inspector should be aware that processes used to manage the design prior to construction may change as construction progresses. This may include processes for requesting information or seeking clarification from the design house. The inspector may wish to seek assurance that such processes—originating in the design phase—remain appropriate and effective for the construction phase.
The inspector should be aware of the differences between the terms ‘non-conformity’ and ‘non-conformance’; the first is a Quality Management term explicitly defined in the BS ISO 9000 series of Standards, whilst the second is a more general term that could relate to any construction defect.  
Contractor handover 
The inspector should be aware that handover requires dutyholder oversight and acceptance through the IC function. The Inspector may seek assurance that handover activities are supported by IC and DA surveillance to confirm that completed areas meet the requirements of the works information or technical specification. For example, once earthworks contractors complete their scope, a handover occurs to demonstrate compliance before the structural contractor accepts the area to begin foundation or sub‑surface construction. Similar handovers may occur where preparatory works pass to the construction team, or where structural completion is handed over for mechanical or electrical fit‑out. 
There may be occasions where a contractor‑managed area is only partially handed over, allowing another party to begin work while construction continues elsewhere. The inspector may wish to sample the handover plans or other arrangements used to manage multi‑party access within a contractor‑managed area. (EHF.1, EHF.5 and EHF.6). 
The inspector may wish to seek assurance of the adequacy of the processes in place for handover once construction is completed, including aspects of commissioning the construction, such as as‑built records and the resolution of defects and non‑conformances. The inspector should also consider the wider handover arrangements when an area transitions from a contractor‑managed environment to an operating facility, which typically occurs after inactive commissioning is complete. 
For earthworks contractor and early construction considerations, where handover arrangements may be immature, refer to [12].
Records
IAEA SSG-38 states: 
“Comprehensive photographic records and, where appropriate, video records and computer simulations should be compiled, particularly for areas that will later be inaccessible or will be subject to high levels of radiation. Such information will facilitate the planning of work in these areas during commissioning, operation and decommissioning. 
Such visual records of as-built conditions made during construction should show identification marks and should be comprehensively catalogued with descriptive captions. This will ensure that visual records made during subsequent inspections or maintenance work can be easily compared and will help in any preparation for work”. [7]
The inspector may wish to seek assurance in the adequacy of the processes in place for producing records at the end of the construction project, to form the ‘as‑constructed’ or ‘as‑built’ records. The inspector should be aware that records management and retention is often an area of poor practice, with records sometimes unavailable due to production delays. The inspector should expect as‑constructed records to provide a fully referenced account of the works and to be produced in a timely manner as information becomes available, in line with SAPs EMC.20 and DC.6.

SAP ECE.1 establishes the expectation that the safety functions and structural performance of civil engineering SSCs will be specified. 
The inspector may wish to consider the traceability of quality evidence for items important to safety across all civil engineering SSCs, including records of materials, procedures and other quality‑management documents, to demonstrate that such items are constructed to the appropriate quality level for their required safety function. 
The inspector should be aware of the expectations of SAPs MS.2, ECE.20, EQU.1 and DC.6 when assessing accurate record keeping and storage in line with Licence Condition 6. Records may be required to support future modifications to civil engineering SSCs or to justify continued use following identification of ageing effects or damage. The inspector may therefore wish to seek assurance that records are sufficiently detailed for use by future parties with no involvement in the construction phase, and that they are stored appropriately to ensure their long‑term preservation.
For more information on record keeping, refer to [36] and [37].
For more information on ageing effects and damage, refer to [38].
Asset management 
During the construction stage, the inspector may wish to seek assurance in the adequacy of the asset‑management arrangements in place to protect and maintain nuclear‑safety‑significant constructed items, especially if construction is delayed or paused. The inspector may consider whether appropriate preventive or corrective maintenance is undertaken under a plan that maintains functionality in line with the original design intent. 
The inspector may also seek assurance that this plan continues into commissioning and feeds into the maintenance programmes for operation.
1.13. Replication
When a nuclear facility design is replicated at another site, Inspectors should recognise that replication does not remove the need for site‑specific assessment. Each site has unique characteristics that must be evaluated alongside the replicated design. 
Inspectors should be alert to any pressure from the dutyholder to assume adequacy based on similar facilities and should maintain a proportionate, risk‑informed approach. It may be proportionate to maintain regulatory oversight over specific high risk SSCs in a replicated design. 
Inspectors should be aware of dutyholder resistance to deviating from a replicated design, and should ensure ALARP considerations are included in decision making.
Inspectors should also consider whether differences in construction methods or techniques at the new site introduce additional risks.
1.14. [bookmark: _Toc149036442][bookmark: _Toc222215942]Operating experience and lessons learnt
For the purposes of this annex, lessons learnt range from formal workshops and operational experience to smaller on‑site decisions aimed at preventing the recurrence of non‑conformances.
SAP MS.4 establishes the expectation that lessons are learned from both internal and external sources. Numerous sources of operational experience and lessons learnt—within and beyond the nuclear industry—are relevant to construction. ONR’s goal‑setting regulatory framework, and the dutyholder’s requirement to reduce risks in line with ALARP principles, necessitate demonstrable continuous improvement. 
The inspector should expect that construction reviews, including lessons learnt, are undertaken after significant project milestones, following mock‑ups or trials, and regularly as part of normal business to support continual improvement. 
The inspector should expect lessons‑learnt exercises to follow any significant non‑conformances or defects to prevent recurrence (MS.4). These activities should identify root causes and determine whether early indications or near‑misses were missed as warnings.
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[bookmark: _Toc234835257]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 ensure 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: _Ref505780155][bookmark: _Toc39999072][bookmark: _Toc44855307][bookmark: _Toc149036445][bookmark: _Toc222215945]UK regulations
· Construction (Design and Management) Regulations 2015 (CDM2015),
· UK Building Act 1984 and Building Regulations 2010,
1.15. [bookmark: _Toc44855308][bookmark: _Toc149036446][bookmark: _Toc222215946][bookmark: _Toc39999073]Licence Conditions
This TAG does not specifically address a single licence condition (LC) or group of SAPs but concerns an area of activity which is of regulatory interest.
It should be noted that the Nuclear Installations Act 1965 makes specific reference to construction and modification as activities which may be subject to licence conditions and places duties on a dutyholder to ensure that the conditions of the site licence are complied with.
· LCs 14; 17; 19; 20; 22 are the most relevant licence conditions requiring the dutyholder to make and implement adequate arrangements.
· LC14, relating to safety documentation, requires that the dutyholder “shall make and implement adequate arrangements for the production and assessment of safety cases consisting of documentation to justify safety during the design, construction, manufacture, commissioning, operation and decommissioning stages of the installation.”
· LC17, relating to management systems, requires the dutyholder to “make and implement adequate quality management arrangements in respect of all matters which may affect safety”.
· LC19, relating to construction or installation of new plant, requires that where the dutyholder “proposes to construct or install any new plant which may affect safety”, the dutyholder “shall make and implement adequate arrangements to control the construction or installation.”
· LC20, relating to modification to design of plant under construction, requires that the dutyholder “shall ensure that no modification to the design which may affect safety is made to any plant during the period of construction except in accordance with adequate arrangements made and implemented.”
· LC22, relating to modification or experiment on existing plant, requires that the dutyholder “shall make and implement adequate arrangements to control any modification or experiment carried out on any part of the existing plant or processes which may affect safety.”
By the very nature of the subject and potential effect on safety there are many other possible relevant licence conditions including LC 26 - control and supervision of operations; LC 25 operational records; LC 12 duly authorised and other suitably qualified and experienced (SQEP) persons and LC 11 emergency arrangements.
[bookmark: _Toc222215949][bookmark: _Toc39999076][bookmark: _Toc44855312][bookmark: _Toc149036449]International guidance 
IAEA standards and guides
IAEA documents provide guidance on quality management, assurance aspects and management systems which are applicable to construction activities. These include, but are not limited to:
· GSR Part 2 ‘Leadership and Management for Safety’ [39],
· GS-G-3.1 ‘Application of the Management Systems for Nuclear Power Plants’ [40]
· GS-G-3.5 ‘Management System for Nuclear Installations’ - Appendix V [41].
Other relevant IAEA guidance can be found within:
· SSG-38 ‘Construction for Nuclear Installations’ [7],
· SSG-28 ‘Commissioning for Nuclear Power Plants’ [31].
· SSR-2/1 ‘Safety for Nuclear Power Plant (NPP) Design’ [42],
· SSR-1 ‘Site evaluation for nuclear installations’ (Section 6 on quality control) [43],
Western European Nuclear Regulators Association (WENRA)
· Safety Reference Levels for Existing Reactors [44].
United States Nuclear Regulatory Commission Guidance
· Regulatory Guide 4.7, ‘General Site Suitability Criteria for Nuclear Power Plants’ [45],
· Regulatory Guide 1.132, ‘Site Investigations for Foundations of Nuclear Power Plants’ [46],
· Regulatory Guide 1.138, ‘Laboratory Investigations of Soils and Rocks for Engineering Analysis and Design of Nuclear Power Plants’ [47],
· Review of Safety Analysis Reports for Nuclear Power Plants NUREG-0800 [48].
1.16. [bookmark: _Toc39999077][bookmark: _Toc44855313][bookmark: _Toc149036450][bookmark: _Toc222215950]Design standards and industrial guidance
[bookmark: _Toc44855314]Temporary works
· BSI, BS 5975:2024 Code of practice for temporary works procedures and the permissible stress design of falsework [32],
· Peter Pallett's article "a viewpoint on temporary works procedures" [49] gives readers a summary of the terms and procedures adopted by BS5975:2024,
· Eurocode 0: Basis of Structural Design [50],
· ICE Forensic Engineering Volume 167 Issue FE2, ‘Revisiting Bragg to keep UK’s temporary works safe under EuroNorms’ [51],
· HSE – Sector Information Minute (SIM) 02/2010/04 - The management of temporary works in the construction industry [52].
[bookmark: _Toc44855315]Reinforcement 
Concrete Society - Concrete on site 2 – Reinforcement http://www.concrete.org.uk/publications-concrete-on-site.asp [49],
BS 4449:2005 +A3:2016 - Steel for the reinforcement of concrete - Weldable reinforcing steel - Bar, coil and de-coiled product – Specification [53],
· BS 7973–1:2001 - Spacers and chairs for steel reinforcement and their specification. Part 1 - Product performance requirements. Part 2 - Fixing and application of spacers and chairs and tying of reinforcement [54],
· BS8000-2.2 - workmanship on building sites – in-situ and pre-cast concrete [55],
· BS8666:2020 - Scheduling, dimensioning, bending and cutting of steel reinforcement for concrete – Specification [56],
Eurocode Standarrd (BS EN) - BS EN ISO 17660:2006 Welding of Reinforcing Steel: Part 1- Load-bearing welded joints; Part 2 – Non- load-bearing welded joints [57],
· CIRIA SP118 (1995) - Steel Reinforcement – a handbook for young construction professionals [58],
· IStructE - Standard method of detailing structural concrete (Fourth Edition) June 2021 and associated Technical Guidance Notes [59].
Operational experience (OPEX)
The below list is illustrative only and not exhaustive but incorporates some useful prompts for inspectors with respect to relevant OPEX events and lessons learnt. 
Guidance on best practice: concrete [32],
Engineering the Future, Nuclear Lessons Learned, Guidance on best practice: nuclear safety culture [10],
Engineering the Future, Nuclear Construction Lessons Learned, Guidance on best practice: concrete [35],
Engineering the Future, Nuclear Lessons Learned, Overarching lessons learnt report [51],
OECD, First Construction Experience Synthesis Report [60],
Second Construction Experience Synthesis Report [61],
Guidance on Best Practice: Welding [62],
Project Management in Nuclear Power Plant Construction: Guidelines and Experience [63],
Construction Technologies for Nuclear Power Plant Construction [64].
Table 1 - Construction readiness review target areas and example evidence
	Target area
	Example sample evidence

	Management and control
	· evidence of defined roles, responsibilities, ownership, accountabilities and escalation routes
· suitably qualified and experienced resource
· holdpoint control plan defined (as necessary) and process understood by all key stakeholders 
· evidence of clear expectations and pre-requisites to support readiness and/or holdpoint release
· overview of evidence and records of decision-making process required to support readiness and/or holdpoint release

	Engineering design
	· evidence of early contractor engagement 
· evidence of design status and due-process completion and closeout:
· contractor led design aspects (e.g., temporary works)
· open/outstanding areas of design
· change requests 
· technical queries 

	Engineering readiness
	· evidence of timely completion of associated design, drawings, schedules and specifications to allow sufficient time to ensure the quality of instructions and for contractor(s) to make appropriate preparation for the works
· evidence of designer’s risk assessment being shared and that controls are in-place to mitigate any identified residual risks
· contingency planning and backup arrangements for potential failures/unexpected occurrences

	Quality assurance
	· graded approach to assurance
· testing and acceptance requirements to be clearly identified within the quality documentation (e.g., specification, quality management plans, inspection and test plans etc.)
· surveillance/witness inspection checks to be fully defined and planned
· third party independent certification requirements identified

	Safety cultures and behaviours
	· learning from previous issues embedded
· open reporting of non-conformances
· ‘questioning attitudes’ and ‘no blame’ culture

	Material selection and control
	· evidence of planned material and certification checks 
· demonstration that material specification meets the original design intent and design assumptions are validated

	Trials/mock-ups
	· trials to demonstrate set-up and constructability of critical elements (e.g., joints, reinforcement, anchors, embedment’s, concrete, grouting) and QA against predefined success/acceptance criteria.

	Records 
	· objective evidence requirements defined for materials, procedures and related quality management documents
· timely recording of information 
· format of information (e.g., electronic etc.) and suitability of storage and arrangements for sharing, (Building information modelling?)

	Asset Management 
	· arrangements in place for the protection of nuclear safety related items
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[bookmark: _Toc234835259]Glossary of terms
To be read in conjunction with glossary in [1]. 
	Term	
	Description
	Definition from

	Care and Maintenance
	A phase within the decommissioning stage of a facility, for which the deferral of further decommissioning has been substantiated, and for which safety is maintained by passively safe means and an appropriate examination, inspection, maintenance and testing programme.
	derived

	Containment / Confinement
	IAEA guidance refer to confinement (rather than containment) of nuclear material. IAEA define the containment as the physical structure that confines the nuclear material.  
Methods or physical structures designed to prevent the dispersion of radioactive material
	IAEA Safety Glossary


	Contractors
	All references to 'contractors' include proportionate consideration of the whole contracting and supply chain, whether for the provision of goods and services to the dutyholder or on the licensed site. This includes designers, vendors, suppliers, manufacturers etc. as appropriate.
	SAPs definition


	Decontamination
	The complete or partial removal of contamination by a deliberate physical, chemical or biological process.
	WENRA DSRL


	Demolition
	Removal of the buildings, structures and plant and disposal of the arising materials.
	derived

	Design intent
	The fundamental criteria and characteristics (including reliability levels) that need to be realised in a facility, plant or SSC in order that it achieves its operational and safety functional requirements. 
	SAPs definition

	Dutyholder
	For the purpose of this annex, the dutyholder is any organisation or person that holds duties under legislation that ONR regulates. ‘Dutyholder’ includes Licensees, Requesting Parties, Potential Future Licensees, Operational Licence Dutyholders, Decommissioning Site Licensees, New Build Site Licensees, budget holders, vendors and supply chain members.
	For the purposes of this TAG and the associated annexes

	Ground Model
	Outline of the understanding of the disposition and character of soil, rock and groundwater under and around the site 
	BS5930:2015 

	Management system
	A set of interrelated or interacting elements (system) for establishing policies and objectives and enabling the objectives to be achieved in an efficient and effective manner. The management system integrates all elements of an organization into one coherent system to enable all the organization’s objectives to be achieved. These elements include the organizational structure, resources and processes. Personnel, equipment and organizational culture as well as the documented policies and processes are parts of the management system. The organization’s processes have to address the totality of the requirements on the
organization as established in, for example, IAEA safety standards and other international codes and standards.
	WENRA DSRL


	Operation
	All activities performed to achieve the purpose for which an authorized facility was constructed.
	WENRA DSRL


	Quality Management
	Co-ordinated activities to direct and control an organisation with regard to quality (i.e. ensuring that requirements are fulfilled).
Direction and control with regard to quality generally includes quality policy, quality objectives, quality planning, quality control, quality assurance and quality improvement. Licence Condition 17 requires adequate quality management arrangements in respect of all matters which may affect safety. Such matters include those derived from the safety case, facility design and licence conditions.
	SAPs definition

	Risk
	The chance that someone or something is adversely affected in a particular manner by a hazard (R2P2).
	SAPs definition

	Safety Assessment
	Assessment of all aspects of the site, design, operation and decommissioning of an authorized facility that are relevant to protection and safety.
	WENRA DSRL


	Safety function 
	A specific purpose that must be accomplished for safety
	IAEA Safety Glossary
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