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[bookmark: _Toc112163288]Executive Summary
This report presents the findings of the assessment of the civil engineering aspects to inform and support the Office of Nuclear Regulation’s (ONR) decision whether to grant a nuclear site licence to NNB Generation Company (SZC) Ltd (NNB GenCo (SZC)) to construct and operate a nuclear power station at Sizewell C.
The scope of this assessment has been to consider whether:
the site is of a sufficient size to accommodate all necessary systems to ensure safe operation;
there is adequate cooling capability for all normal and fault conditions;
the environmental conditions would not preclude the use of the site with respect to external hazards;
the geology of the site will provide a secure long term support to the necessary structures, systems and components; and
that operations of the site will not adversely affect the safety case for any adjoining nuclear licensed site.
This assessment of NNB GenCo (SZC)’s nuclear site licence application and supporting documentation has been undertaken on a sampling basis and in accordance with ONR’s procedures. Based on my assessment, I conclude that, from a civil engineering perspective, all the above expectations have been adequately addressed. 
Whilst this assessment highlighted areas requiring further work, I do not consider that any preclude the use of the Sizewell C site. Areas requiring further work are captured as ONR regulatory issues to track their resolution.
I recommend that, from a civil engineering perspective, a nuclear site licence should be granted to NNB GenCo (SZC) to construct and operate a nuclear power station at Sizewell C.
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[bookmark: _Toc112163291]Introduction
[bookmark: _Toc112163292]Background
NNB Generation Company Sizewell C (SZC) Ltd (NNB GenCo (SZC)) applied to the Office for Nuclear Regulation (ONR) on 30 June 2020 for a nuclear site licence (NSL) to construct and operate a nuclear power station comprising two UK EPR™ reactors at Sizewell C (SZC) in Suffolk.
The outcome of ONR’s activities from the NSL assessment will be a project assessment report (PAR), which will draw together the views of ONR’s specialist assessors on NNB GenCo (SZC)’s readiness to become a nuclear site licensee. This will result in a recommendation to the Chief Nuclear Inspector (CNI) on granting a licence. This civil engineering licensing assessment report (AR) is one of a number that will inform the PAR.
ONR’s licensing assessment has followed the guidance in Licensing Nuclear Installations [1]. The approach to this assessment project was elaborated in the ONR SZC assessment strategy [2], with guidance on the production of licensing assessment reports set out in the ONR SZC assessment framework [3].
NNB GenCo (SZC) aims to intelligently replicate the design of Hinkley Point C (HPC) reference configuration 2 (RC2) at SZC. Reference has been made to assessments undertaken as part of the HPC project where applicable within this report.
[bookmark: _Toc112163293]Scope of this Report
This report presents my findings of the assessment of civil engineering for NSL, as presented in the Justification of Site Suitability Report (JSSR) [4], Site Data Summary Report (SDSR) [5] and supporting documentation provided by NNB GenCo (SZC) as part of its NSL application. My assessment was focused on considering whether the NSL application provides adequate justification of the suitability of the site from a civil engineering perspective. I have also considered compliance with three licence conditions (LC) in my assessment (LC6, 10 and 12). 
[bookmark: _Toc112163294]Methodology
[bookmark: _Hlk99462744]The methodology for assessment follows ONR’s guidance on the mechanics of assessment, NS-TAST-GD-096 [6].
The assessment was undertaken in accordance with the requirements of the ONR Management System. The ONR Safety Assessment Principles (SAPs) [7], together with supporting Technical Assessment Guides (TAGs) [6], were used as the basis for this assessment. Further details are provided in Section 2.
[bookmark: _Toc112163295]Assessment Strategy
The intended assessment strategy for civil engineering is set out in this section and the civil engineering task sheet [8]. This identifies the scope of the assessment and the standards and criteria that have been applied.
[bookmark: _Ref101280963][bookmark: _Toc112163296]Assessment Scope
ONR has developed seven key expectations which NNB GenCo (SZC) has then developed claims in its JSSR to address; see Table 5. These expectations are similar to those from the licensing of HPC. In order to ensure full assessment coverage, but to also be targeted and proportionate, the expectations were linked to specific topic streams (that is, technical disciplines). This alignment was outlined in the ONR SZC assessment framework [3]. My assessment therefore addresses those expectations relevant to civil engineering.
In addition, I have considered further licensing expectations, as explained below:
Due to the coastal flooding aspect being reliant upon a civil structure to prevent flooding, I have considered the conceptual design of the sea defences under “the environmental conditions would not preclude the use of the site with respect to external hazards”. Assessment of the detailed design of the sea defences will be considered as an item post any licensing. 
Aspects of the licensing expectation “That operations of the site will not adversely affect the safety case for any adjoining nuclear licensed site” also fall within civil engineering through the site construction works that may interact with the adjacent site. 
[bookmark: _Ref98315561]Table 5: ONR Nuclear Site Licensing Expectations
	Licensing Expectations
	JSSR Claim
	Topic Stream

	[bookmark: _Toc100562018][bookmark: _Hlk99454538]The site is of a sufficient size [to accommodate all necessary systems to ensure safe operation]
	1
	[bookmark: _Toc100562019]Civil Engineering
[bookmark: _Toc100562020]External Hazards 
[bookmark: _Toc100562021]Internal Hazards

	[bookmark: _Toc100562022]The site can be connected to [electricity] grid supplies.
	2
	[bookmark: _Toc100562023]Electrical Engineering

	[bookmark: _Toc100562024]There is adequate cooling capability for all normal and fault conditions
	3
	[bookmark: _Toc100562025]Mechanical Engineering
[bookmark: _Toc100562026][bookmark: _Toc100562027]Civil Engineering
Internal Hazards
[bookmark: _Toc100562028]External Hazards 

	[bookmark: _Toc100562029]The environmental conditions would not preclude the use of the site with respect to external hazards.
	4
	[bookmark: _Toc100562030]External Hazards

	[bookmark: _Toc100562031]The geology of the site will provide a secure long term support to the necessary structures, systems and components.
	5
	[bookmark: _Toc100562032]Civil Engineering
[bookmark: _Toc100562033]External Hazards

	[bookmark: _Toc100562034]The [NSL] submission would also need to provide a schedule for submission of further pre-construction safety report (PCSR) updates or revisions to support subsequent construction milestones
	N/A
	[bookmark: _Toc100562035]Safety Case

	[bookmark: _Toc100562036]That operations of the site will not adversely affect the safety case for any adjoining nuclear licensed site
	6
	[bookmark: _Toc100562037]Internal Hazards (main)
[bookmark: _Toc100562038]External Hazards


My civil engineering assessment for NSL focuses on the geotechnical capability of the site to support the nuclear facility. As the project intends to modify the geotechnical conditions of the site, my focus has been on the viability of the proposed engineering methodology, along with assessing the geotechnical profile. This includes the viability of the proposed ground improvement works and engineered materials for this stage of the project. 
[bookmark: _Ref98854371][bookmark: _Toc112163297]Sampling Strategy 
My assessment has focused on the civil engineering aspects of the JSSR [4] with particular focus on the references identified as supporting the major claims associated with civil engineering. In addition to the references highlighted within the JSSR, further sampling of sub-references has been undertaken based on the areas that have the greatest nuclear safety risk and/or nuclear safety significance. 
[bookmark: _Hlk103265812]The SZC design aims to intelligently replicate the design of HPC where possible and therefore my assessment has taken account of previous assessments undertaken as part of the HPC project where appropriate. Due to site conditions, several design changes have been required and therefore my sampling strategy has focused on these areas. 
Engagement Strategy
I have engaged with NNB GenCo (SZC), to discuss technical areas and the resolution of technical queries originated from the assessment of the safety case. Engagement has included:
technical meetings – these are routine meetings and workshops, allowing for technical discussions and query resolution; 
meeting actions/queries/focus areas – these were technical queries, actions or focus areas that were raised during ONR and NNB GenCo (SZC) engagement, typically closed out by document submissions, technical meetings and/or written communication;
technical meetings with senior attendance – this meeting was convened to propose a resolution to a regulatory issue (RI) on the seismic design basis earthquake (DBE). Civil engineering support was given due to the structural effects of the DBE; and
interventions and site visits – these include:
LC6 intervention on SZC geotechnical records [9];
intelligent customer intervention [10]; and
training and suitably qualified and experienced personnel intervention [11].
The above interventions supported my assessment of LC6, 10 and 12 in Section 4.6. 
[bookmark: _Toc112163298]Out of Scope Items
The following items are outside the scope of this civil engineering assessment.
Detailed analysis of the replication processes for SZC: this is part of ongoing design with the replication principles assessment undertaken [12] as part of a separate workstream in 2021. Where appropriate, confidence has been drawn from the HPC design.
[bookmark: _Hlk99527901]Detailed design of sea defences: NNB GenCo (SZC) does not yet have a detailed sea defence design. For NSL, ONR has assessed the characterisation of the SZC flood hazards and outline design of the sea defence. The detailed sea defence design will be considered as part of future submissions post NSL grant. Consideration of the flood hazard is covered within the external hazards assessment [13]. The outline design of the sea defences is covered within this report in Section 4.3.
Dynamic properties of the site: this is covered by the external hazard workstream as part of considering the probabilistic seismic hazard analysis and DBE [13]. 
Turbine disintegration: consideration of the turbine disintegration hazard is included in the internal hazards assessment report [14] and is therefore excluded from this assessment. Optioneering in this area continues and future assessment of civil engineering barriers may be required post any licensing. 
Pumping capability of the heat sink system: this has been considered by the mechanical engineering assessment [15]. 
Compliance with the Construction (Design and Management) Regulations 2015: conventional health and safety has considered this as part of its assessment [16].
Assessment findings which were raised during the Generic Design Assessment and are relevant to SZC have been discussed with NNB GenCo (SZC) through this phase of work; however, there is no requirement for these to be closed for licencing and engagements will continue post any licencing. These are therefore excluded from this report.
Assessment of LC14 arrangements as this is covered by the safety case assessment [17]. 
[bookmark: _Toc480980386][bookmark: _Ref98854526][bookmark: _Ref106187050][bookmark: _Toc112163299]Standards and Criteria
The relevant standards and criteria adopted within this assessment are principally the SAPs [7], internal TAGs [6], relevant national and international standards and other relevant good practice (RGP) informed from existing practices adopted on UK nuclear licensed sites. The key SAPs and any relevant TAGs are detailed within this section. National and international standards and guidance have been referenced where appropriate within the assessment report. Further RGP, where applicable, has also been cited within the body of the assessment.
[bookmark: _Toc480980387]Safety Assessment Principles (SAPs)
The SAPs constitute the regulatory principles against which ONR judge the adequacy of the safety case. The key SAPs applied within the assessment are included within Appendix A of this report.
Technical Assessment Guides (TAGs)
The following TAGs have been used as part of this assessment [6]:
NS-TAST-GD-005, ONR Guidance on the Demonstration of ALARP (Rev 11)
NS-TAST-GD-017, Civil Engineering (Rev 4)
NS-TAST-GD-013, External hazards (Rev 8)
NS-TAST-GD-051, The Purpose, Scope and Content of Nuclear Safety Cases (Rev 7)
[bookmark: _Ref104809326]National and International Standards and Guidance
The following national and international standards and guidance have been used as part of this assessment (non-exhaustive):
International Atomic Energy Agency (IAEA), Geotechnical Aspects of Site Evaluation and Foundations for Nuclear Power Plants, NS-G-3.6, 2016. [17]
IAEA, Site Survey and Site Selection for Nuclear Installations, SSG-35, 2015. [18]
IAEA, Site Evaluation for Nuclear Installations, SSR-1, 2019. [19]
AFCEN, EPR Technical Code for Civil Works with additions and amendments for the United Kingdom, ETC-C – 2010 Edition + UK Companion Document, 2010. [20]
Building Research Establishment, Concrete in Aggressive Ground, Special Digest 1 (third edition), 2005. [21]
British Cementitious Paving Association, Stabilisation of sulphate-bearing soils – Guidelines for best practice, BP/51, 2019. [22]
British Cementitious Paving Association, Soil improvement and soil stabilisation – Definitive industry guidance, BP/62, 2019. [23]
BSI, Eurocode 7: Geotechnical design – Part 1: General rules, BS EN 1997-1:2004+A1:2013, 2004. [24]
BSI, Eurocode 7. Geotechnical design – Ground investigation and testing, BS EN 1997-2:2007, 2007. [25]
BSI, Code of practice for ground investigations, BS 5930:2015+A1:2020, 31 May 2020. [26]
BSI, Code of practice for earthworks, BS 6031:2009, 31 December 2009. [27]
Highways Agency, Design Manual for Roads and Bridges, Volume 4, Section 1, Part 6 (HA 74/07), Treatment of fill and capping materials using either lime or cement or both, 2007. [28]
Highways Agency, Specification for Highway Works, Volume 1 of the Manual of Contract Documents for Highway Works, May 2014. [29]
Highways England, Design Manual for Roads and Bridges, CD 622 - Managing geotechnical risk, March 2020, Rev. 1. [30]
Standard Test Methods for Crosshole Seismic Testing, ASTM D4428-07, American Society for Testing and Materials, 2007. [31]
Standard Test Methods for Downhole Seismic Testing, ASTM D7400-08, American Society for Testing and Materials, 2008. [32]
Seismic Analysis of Safety-Related Nuclear Structures, ASCE 4-16, American Society of Civil Engineers, January 2017 [33]
[bookmark: _Toc480980388][bookmark: _Toc112163300]Use of Technical Support Contractors
It is usual for ONR to use technical support contractor(s) (TSC) to provide access to independent advice and experience, analysis techniques and models, and to enable ONR’s inspectors to focus on regulatory decision making.
Section 2.5.1 defines the area where I have used a TSC to support my assessment. I required this support to provide additional capacity, to enable the sampling of additional topics, and access to independent advice and experience.
Whilst the TSCs undertook detailed technical reviews, this was undertaken under my direction and close supervision. The regulatory judgment on the adequacy, or otherwise, of the SZC NSL application in this report has been made exclusively by ONR.
[bookmark: _Ref99454342]Technical support 
Ove Arup & Partners Ltd (Arup) was commissioned by ONR to undertake a technical review, against RGP, of the suite of geotechnical investigations, groundwater studies and engineered fill studies undertaken by NNB GenCo (SZC) in support of Claim 5 (see Table 5).
Arup’s review centred around the documents identified in the JSSR as supporting the justification for Claim 5 and identified below with further sampling of referenced documents. 
EPRTM UK – SZC – onshore geotechnical pre-application report (basic stage) [34]
EPRTM UK – Sizewell C – Phase 2 Ground Investigation Report (includes engineering interpretation) [35]
Re-use of excavated material – Interpretative report and strategy of backfilling on main site [36]
UK EPRTM Sizewell – Detailed Groundwater Level Assessment [37]
Safety Case Study – Ground Water Level [38]
EPRTM UK – SZC – Settlement Detail Study [39]
The technical review considered these documents in particular detail with a sampling approach used on the referenced information within the reports. The focus was on site characterisation activities, the technical feasibility of the foundation and engineered fill properties proposed by NNB GenCo (SZC), and the approach taken to manage geotechnical risk on the project.
NNB GenCo (SZC)’s three-dimensional (3D) ground model was interrogated as part of reviewing the geotechnical information provided. A literature review was also undertaken in relation to the engineered fill material. 
[bookmark: _Toc480980389]The details of the TSC assessment are presented in Arup’s report [40]. 
[bookmark: _Toc112163301]Integration with Other Assessment Topics
Civil engineering interfaced with several technical disciplines as part of the SZC NSL assessment. The topic streams most relevant to the civil engineering assessment, and the main interface areas, are:
External hazards: I engaged with the external hazards inspector in relation to seismic hazards, ground conditions, ground water and sea defences. ONR’s assessment of the seismic hazard is reported in the external hazard report [13]. The assessment of the ground conditions, ground water and sea defences are reported in Section 4.
Internal hazards: I engaged with the ONR internal hazards inspector in relation to turbine disintegration as the proposed barriers considered were civil engineering measures. Any detailed proposed civil engineering barriers will be assessed post any licensing through regulatory hold points.
Mechanical engineering: I supported the mechanical engineering inspector in floor response spectra engagements. The detailed consideration of this will continue post site licensing as the detailed design is developed.
Organisation capability: I engaged with the ONR organisation capability inspector in relation to intelligent customer, training and suitably qualified and experienced personnel (SQEP) interventions. Those are reported in [41].
Conventional health and safety: I engaged with the conventional health and safety inspector as part of engagements with the prospective licensee on site size and constructability [42]. Their report is captured under [16].
[bookmark: _Toc112163302]NNB GenCo (SZC) Submission
NNB GenCo (SZC)’s NSL application consists of the JSSR and a number of supporting references. The JSSR is intended to fulfil the role of a site justification report for NSL, as outlined in ONR’s Licensing Nuclear Installations [1]. The structure and intention of the documents relevant to the civil engineering safety case are set out in the subsequent sections. 
[bookmark: _Toc112163303]Justification of Site Suitability Report
[bookmark: _Ref95736683]The purpose of the JSSR is to provide the overall justification for the suitability of the site. It is a top tier report that intends to summarise and consolidate the claims and evidence to provide the required confidence that the SZC site is suitable to host a twin UK EPRTM nuclear power station.
As outlined in Section 2, ONR has developed seven key expectations based on an interpretation of Licencing Nuclear Installations [1] and ONR’s SAPs [7]. NNB GenCo (SZC) has addressed these questions in the JSSR [4] as specific claims. 
Previous versions of the JSSR were shared with ONR in order to facilitate early engagement, but for NSL application revision 3 was submitted which captured the latest work that had been undertaken. 
The JSSR is split into sections, each making a specific claim and pointing to further supporting ‘primary references’. The sections are as follows:
Section 2 – Claim 1: The site is of sufficient size to accommodate all necessary systems to ensure safe operation; 
Section 3 – Claim 2: The site can be connected to electricity grid supplies; 
Section 4 – Claim 3: Adequate cooling capability can be provided for all normal and fault conditions; 
Section 5 – Claim 4: There are no external hazards that would preclude the use of the site (including the external hazards presented by Sizewell B (SZB) to SZC); 
Section 6 – Claim 5: The geology of the site provides secure long term support to the necessary structures, systems, components; and
Section 7 – Claim 6: Operations on the SZC site will not adversely affect the ability to maintain an adequate safety case for the adjoining nuclear licensed site (SZB). 
[bookmark: _Toc480980392]Figure 1 is taken from the JSSR which shows the layout of the claims and the key primary references.
Claim 1, 3, 4, 5 and 6 are relevant for the civil engineering assessment, with Claim 5 being of particular significance. The primary references for the civil engineering related claims are identified in the JSSR (Figure 1). Figure 1: Diagram taken from JSSR summarising the claims, and the primary references [4]

[bookmark: _Toc112163304]Key Primary References
The supporting references of the JSSR for the Civil Engineering related claims are outlined in Table 6. 
[bookmark: _Ref100138848]Table 6: Primary supporting references for civil engineering claims
	Claim
	Primary Supporting Reference
	Revision
	CM9
	Reference

	Cross Claim
	Site Data Summary Report
	4
	2021/72600
	[5]

	
	

	Claim 1
	SZC Plot Plan Summary Report
	4
	2021/72610
	[43]

	
	SZC Site Layout Drawing
	A
	2022/21956
	[44]

	
	Sizewell C - SZC Permanent Site Plot Plan – Identification and Positioning of the Main Buildings on the Plot Plan
	B
	2022/21955
	[45]

	
	Construction Site Plot Plan
	2
	2022/21953
	[46]

	
	

	Claim 3
	SZC Heat Sink Summary Report
	4
	2021/72607
	[47]

	
	

	Claim 5
	EPRTM UK – Sizewell C – Phase 2 Ground Investigation Report
	C
	2021/83162
	[35]

	
	Site Specific DBE Spectra for Sizewell C Project
	A
	2021/68147
	[48]

	
	UK EPRTM Sizewell – Detailed Groundwater Level Assessment
	B
	2021/72613
	[37]

	
	SZC onshore geotechnical pre-application report (basic stage)
	B
	2021/14525
	[34]

	
	EPRTM UK – SZC – Settlement Detail Study
	A
	2021/72612
	[39]

	
	UK EPRTM – SZC – Liquefaction and earthquake induced settlements
	A
	2021/72650
	[49]

	
	

	Claim 6
	Preliminary Arguments and Evidence Supporting JSSR Claim 6
	2
	2021/72593
	[50]


NNB GenCo (SZC) aims to intelligently replicate the design of HPC RC2 at SZC. Reference has been made to assessments undertaken as part of the HPC project where applicable. Due to site conditions several design changes have been required. The design change process has been used to facilitate this, which is outlined within NNB GenCo (SZC) documentation as ensuring that:
potential design changes are categorised and thus receive an appropriate level of governance; 
design change options for SZC are identified and compared appropriately; 
impact analysis of any proposed change (including in terms of nuclear safety) is performed. At the current stage of the project, analysis is usually preliminary and, in many cases, records the need for detailed analysis to be performed on the proposed design change at a later stage; and 
preferred design change options are justified and can be demonstrated to reduce risk as low as reasonably practicable (ALARP). 
The design change process has been considered through interventions on LC20 arrangements, which is summarised in the safety case assessment report [51].
[bookmark: _Ref103075382][bookmark: _Toc112163305]ONR Assessment
As outlined in the assessment scope section, I have considered the licensing expectations related to civil engineering.  
The SZC design aims to intelligently replicate the design of HPC where possible and therefore my assessment has considered previous assessments undertaken as part of the HPC project where appropriate. Due to differing site conditions, several design changes have been required and therefore my sampling strategy has focused on these areas. 
[bookmark: _Toc112163306]The site is of a sufficient size [to accommodate all necessary systems to ensure safe operation]
The JSSR outlines the key arguments in relation to this claim, with further evidence presented within the referenced documents captured in Table 6 [5] [43] [44] [45] [46] and engagements held [42]. I have considered the evidence provided within these documents and supporting references to form my assessment judgement, taking cognisance of the similarities to the HPC site in relation to layout of the nuclear safety structures. My assessment of this area from a civil engineering perspective has considered the following key topics: 
feasibility of civil engineering aspects of the layout – consideration of the functionality of the civil engineering layout in providing the required safety functional requirements and access requirements; 
classification of structures – due to movement of some structures, the classification may be altered; 
the site is of sufficient size to allow construction – that sufficient area is available to support construction of the plant; and
aircraft impact assessment (AIA) – consideration of the layout for aircraft impact protection (as claimed on HPC).
The predominant SAPs I have considered as part of my assessment are SAPs ST.4, ST.5, ST.6, ECE.1, EKP.4, EKP.5 and ECS.2. 
[bookmark: _Ref103167818]Feasibility of civil engineering aspects of the site layout
NNB GenCo (SZC) aims to utilise the learning from HPC through intelligent replication of the design and safety case from HPC and therefore has aimed to replicate the plot plan of HPC RC2. The proposed SZC licenced site has a footprint of 30.2 ha which is significantly smaller than that of HPC (66.1 ha) However, all the nuclear safety structures related to operation are spatially located identically to HPC [43]. The units at the SZC site run east to west (pumping station – turbine building – nuclear island) with the pumping station nearest the shoreline; this mimics the HPC orientation in relation to the shore. The southern boundary of the proposed SZC licenced site boarders the SZB site and access to the site is via a bridge on the north side of the site during both construction and operation. The SZC site requires the relocation of some non-safety ancillary structures related to the SZB site in the southwest corner (training centre – off licenced site). 
The decreased available area has resulted in changes to the positioning of ancillary structures that do not provide the main safety functions, the spent fuel storage and intermediate level waste storage facilities. The effects of relocating these structures are discussed in [43]. Figure 2 and Figure 3, from [46], show (orange shading) the areas that are identical spatially (orientation changed). Structures marked with a coloured circle indicate structures that have been moved. 
[image: ]   [image: ]
	[bookmark: _Ref103177246]Figure 2: HPC RC2 Plot Plan [46]
	[bookmark: _Ref103177248]Figure 3: SZC Plot Plan [46]


[bookmark: _Hlk103161752]The SZC plot plan summary report [43] provides a summary of the design change processes undertaken in the development of the SZC plot plan and the safety analysis of re-locating facilities on a facility-by-facility basis, as well as overall access consideration. As previously stated, this design change process has been sampled through interventions on LC20 arrangement development [51]. The safety analysis has considered the functional requirements of the buildings and the hazards and concluded that there are no significant safety disbenefits from the modified plot plan compared to the HPC design. Open points (formal points raised by the project requiring closure) have been identified where further development of the design is required to confirm the safety analysis. An example would be the hydrogen storage structure; this is an area that is subject to further ongoing internal explosion analysis.
As mentioned above, the nuclear safety structures are spatially located identically to HPC and therefore, taking consideration of past assessment of this as part of the HPC safety case [52], I am content that the layout of these structures is appropriate. Where facilities have been relocated, having sampled [43] and [45], I am content with the safety analysis undertaken to underpin the spatial locations taking consideration of the project maturity and formal open points used to manage future design development. NNB GenCo (SZC) has acknowledged the ability to re-locate or design structures to a different classification if further design development identifies further safety requirements, and this is one of the aspects captured through the open points to be resolved at a later stage. In these instances, ONR would need to be engaged through the LC20 modification arrangements. ONR will continue to engage in this area post any licensing through routine oversight and subsequent regulatory hold points. 
Classification of structures
Classification of the structures is currently replicated from the HPC design, and therefore, I consider this to be adequate based on previous assessments undertaken during the HPC design [52]. Where structures have been relocated or additional structures introduced, the classification of these structures are to be re-visited post any licensing and has been raised as a formal open point. This work will be based on further hazard analysis work, for example, if the new plant location poses a new hazard to surrounding safety class 1 or 2 structures, this will therefore require further substantiation. ONR engagement will continue post any licensing in this area with the development of the SZC pre-construction safety report (PCSR). 
The site is of sufficient size to allow construction
As with the plot plan, NNB GenCo (SZC) has stated that intelligent replication also includes replication of the construction methodologies employed at HPC. The construction site plot plan [46] identifies the extent of the greater construction site, outlining the various construction areas on the site. Due to the smaller plot plan, several of the pre-fabrication, material processes and storage areas are based a relatively significant distance from the licensed site in comparison to HPC. 
Engagements [42] have been held with NNB GenCo (SZC) on the construction methodologies and conventional health and safety considerations of the site, including material transport. Here it was highlighted that the aim was to replicate construction methodologies from HPC; however different logistical difficulties existed. An example was presented in the form of the placement of the inner containment rings:
the smaller site size compared to HPC has resulted in the pre-fabrication bunkers being located off the main construction area (MCA), requiring over-land transport to the heavy lift crane across the access bridge; and
the heavy lift crane cannot have movement rails and therefore requires a larger radius from one position between both nuclear islands compared to HPC. 
These do not change the construction methodology but relates to logistical challenges of the smaller site. Engagements included NNB GenCo (SZC) presenting the 3D model used for determining crane locations, as well as an overall construction sequence. The development of the construction sequence is ongoing and ONR will continue to sample this through future hold points. To date, I judge that sufficient confidence has been provided that the site is of sufficient size to allow construction based on the above engagements and experience taken from HPC. NNB GenCo (SZC) has provided evidence, at a conceptual level, that the construction challenges can be resolved. Therefore, I will monitor the construction challenges through normal business. 
Construction impacts on SZB is discussed in Section 4.5 which relates to the licensing expectation “That operations of the site will not adversely affect the safety case for any adjoining nuclear licensed site”. 
[bookmark: _Hlk103168191]Aircraft impact assessment 
I have worked alongside the external hazards inspector as the layout of buildings, which is claimed as a protection against aircraft impact, is predominantly a civil engineering consideration, while the change in hazard to individual structures due to the plot plan changes is part of the external hazards scope. The aircraft impact hazard frequency at SZC has been confirmed as equal to HPC. 
[bookmark: _Hlk113882105]As discussed in Section 4.1.1, the SZC plot plan aims to replicate the HPC plot plan and safety case. The nuclear safety structures, including those that require resilience against aircraft impact, on the SZC plot plan are spatially located identically to the HPC structures and therefore the safety case assessment relating to spatial location undertaken for HPC remains valid [53] [54]. In addition, [45] presents a study undertaken relating to collapse analysis of non-classified structures which identifies no significant safety concerns. NNB GenCo (SZC) has identified that further studies are required once the design is further developed; this is captured as a formal open point. 
The plot plan summary report [43] confirms that SZC plot plan changes will have limited impact on the aircraft impact hazard – “it is not expected that there will be any significant change in the risk of aircraft crash at SZC as a result of plot plan changes versus that assessed at HPC”. Further, the JSSR [4] states “Although there are changes to the SZC plot plan versus that of HPC, the spacing of the units and the key nuclear safety important buildings belonging to SZC and HPC are identical. Additionally, SZC has the same redundancy within its overall design as HPC and therefore it is not expected that there will be any significant change in the risk of aircraft crash at SZC as a result of the plot plan changes”. 
I consider that the above confirmations and submitted documents confirm that the assessment undertaken at HPC remains valid. I have sampled the collapse analysis report of non-classified structures [45] due to aircraft impact and concluded that the movement of non-classified structures does not pose a safety concern to safety class 1 structures. I therefore judge that this provides adequate confidence to support the NSL application. ONR will sample AIA as part of future permissioning post any NSL grant.
Conclusion
I judge, based on the above sections, that the prospective licensee, NNB GenCo (SZC), has provided sufficient confidence that the site is of sufficient size to accommodate all necessary systems to ensure safe operation, while also being adequately sized to allow construction within the greater construction site.
I am satisfied that the relevant expectations derived from SAPs ST.4, ST.5, ST.6, ECE.1, EKP.4, EKP.5 and ECS.2 are met for this stage of the project.
[bookmark: _Ref103675338][bookmark: _Ref106019926][bookmark: _Toc112163307]There is adequate cooling capability for all normal and fault conditions
The JSSR outlines the arguments for this under Claim 3, referencing the SZC heat sink summary report [47]. The proposal put forward is to use an open circuit heat sink system using seawater as the cooling water. Alongside my assessment, this claim has also been assessed by mechanical engineering [15], internal hazards [14] and external hazards [13]. My assessment is based on the viability of the proposed civil structures in achieving the required cooling capability. Detailed design of these structures and hazard studies are ongoing, and engagement will continue in this area post any site licensing in the development of the PCSR. My assessment of this area from a civil engineering perspective has considered the following: 
general arrangement and location of the heat sink structures – to ensure the heat sink structures have access to sufficient cooling water through their design and positioning;
sufficient head of water in the intake structure location – to ensure the intake heads can obtain sufficient water during low water level events; and
sea water temperature and re-circulation of water consideration – as the location of the heads could be influenced by water temperature.
The predominant SAPs I have considered as part of my assessment are SAPs ST.4, ST.5, ST.6, ECE.1, EKP.4, EKP.5 and ECS.2.
Fault conditions in this context relates to conditions requiring the safe shutdown of the reactor. 
General arrangement and location of the heat sink structures
As the SZC project aims to intelligently replicate the HPC design, the HPC design has been used to form the basis for the design of these structures, with modifications required to meet the different site conditions, mainly the platform height, tidal variation and geotechnical profile. My assessment therefore takes cognisance of the HPC design and previous ONR assessments and considers the viability of the sampled modifications. Modifications continue to be developed through the SZC design change process, which has considered optioneering and operational experience in the documents I have sampled [47] [55].  
The heat sink system for each unit consists of two submerged intake heads that feed water through a 3.2 km, 6 m diameter intake tunnel to the pumping station (HP). The HP supplies cooling water to safety classified and commercial water systems, after which it is sent to the outfall building (HCA) before being ejected through the outfall shaft (HCT) that connects both units to the single 3.5 km, 8 m diameter outfall tunnel to the two outfall heads. The overall arrangement replicates the HPC safety functions and design concept. The diversity route for providing cooling to the ultimate cooling water system (SRU) through HCT and HCA exists as per the HPC design. 
The heat sink provides cooling to the following safety classified cooling water systems:
essential service water system (SEC); and
ultimate cooling water system (SRU).
To provide sufficient cooling water for commercial operation, approximately 65.6 m³/s is required per unit. Of this volume, SEC requires approximately 2 m³/s and SRU requires approximately 0.4 m³/s per unit. I consider that the modifications to the structures described below will provide, as a minimum, the volume required for these nuclear safety systems.
Pumping Station
The design of the pumping station (HP) (safety class 1) has required modification from the HPC design, mainly due to the platform level and tidal variation. The SZC heat sink summary report [47] provides an overview of these changes, which has included decreasing the structure height through removal of a five-meter section out of the civil structure used at HPC. Figure 4 and Figure 5 provide an illustration of the modification to the civil structure to accommodate the site-specific changes. 
[image: ]
[bookmark: _Ref103247002]Figure 4: Illustration of the HPC HP Building design and the 5m “slice” to be removed from it [47]
[image: ]
[bookmark: _Ref103247003]Figure 5: SZC (left) and HPC (right) Trains 2 and 3 view showing civil level modifications (and some systems changes) [47]
[47] provides an outline of the safety case impacts and forward items of work. The required safety functions and classification of systems remain as per the HPC design assessed for the pumping station hold point [56]. I have sampled the design change [55] and, whilst the height of the building has decreased, it can continue to provide enough cooling water for normal and fault conditions. The structural change requires modification to the equipment layout, effecting internal hazards within the pumping station. This continues to be developed and will be monitored through future engagement and hold points. Internal hazards [14] and mechanical engineering [15] have considered the changes as part of their assessments. I am content, on the basis that the safety functional requirements are as previously assessed for HPC [56]. I have also preliminarily assessed the modifications, which appear feasible and provide sufficient cooling water for normal and fault conditions. 
Outfall Building and Outfall Shaft
[bookmark: _Hlk103267575]The design of the outfall building (HCA) (safety class 1) and outfall shaft (HCT) (safety class 1) has required modification from the HPC design due to the change of the pumping station (HP) height. These design modifications are due to the interfaces with the pumping station and lower platform height, resulting in a shallower basin design. Although there are modifications to the structures, I consider that the proposed changes do not alter the contribution to safety functions and how they are delivered is essentially unchanged between HPC and SZC. The SZC heat sink summary report [47] discusses this, providing an overview of the studies to date. In addition, the prospective licensee has included modifications to simplify the structural form, based on experience from the HPC basin design, while also incorporating modifications due to the platform height and tidal range. 
These modifications require further development as part of detailed design which may be sampled as part of future hold points. I have considered the modifications outlined in [47] and I am content that sufficient confidence has been provided for site licensing that the HCA and HCT safety functions will be supplied by the modified design. 
Intake and Outfall Tunnels and Heads
The intake (safety class 1) and outfall (safety class 1) tunnels and heads are site specific due to the variances in site specific parameters, for example, tidal range and geotechnical profile. The SZC heat sink summary report [47] discusses the intake and outfall tunnels and heads. The general arrangement of the intake and outfall systems are maintained as per the HPC design to ensure the safety functional requirements are met in the same way. 
The intake tunnel length and diameter are maintained as per the HPC design, with the outfall tunnel being modified to ensure that it lies east of the Sizewell-Dunwich bank. This has been proposed as the bank migrates landward and therefore could pose a hazard to the outfall structures through, for example, sediment smothering. The result is a 3.5 km tunnel of 8 m diameter for the outfall instead of the 1.8 km length and 7 m diameter tunnel at HPC. The increased diameter is to accommodate the head losses of a longer tunnel. I judge that this modification is feasible and appropriate for the conditions of the SZC site. 
The intake tunnel layout for SZC has been altered for constructability purposes to allow tunnel boring to commence perpendicular to the cut-off wall. The modified layout creates a curved section of tunnel for 750 m before aligning with the previous layout. I am content that the modified layout does not affect the safety functional requirements of the structures. 
The intake head structure has been re-designed for SZC to take account of local biofouling conditions, change in water current conditions and the constructability challenges faced at HPC related to congestion of rebar and in placement of the head on the seabed. The intake head structure continues to progress through design; however, the safety functional requirements placed on the head align with HPC. A concept design has been presented in [47], having undertaken optioneering and learning from the experience of HPC. I am content that the intake head retains the safety functional requirements as per the HPC safety case and engagement on the intake heads detailed design will continue post any licensing. 
Sufficient head of water in the intake structure location
Extreme low water level has been considered as part of the external hazards assessment report [13]. 
The SZC heat sink summary report [47] states that a minimum clearance of 1 m of water head will comfortably be maintained at the location of the intake heads with combinations of extreme low water level and wave conditions, with an annual probability of exceedance of 1 in 10,000. Geomorphology and bathymetry scenarios have been considered as part of the external hazard assessment [13]. Based on the intake structure location and the site characteristics, I judge that there is sufficient head of water available to provide adequate cooling capability for all normal and fault conditions. 
Sea water temperature and re-circulation of water consideration 
Extreme sea water temperature has been considered as part of the external hazards assessment report [13]. Consideration of the controls in relation to re-circulation through the heat sink system has been considered as part of the mechanical engineering assessment [15]. 
The SZC heat sink summary report [47] provides an overview of the re-circulation modelling undertaken. The document states that the SZC outfall has been positioned to ensure that re-circulation does not occur and states that the modelling undertaken has confirmed this. In addition, the document states that consideration of the SZB heat sink system has also been considered as part of the analysis, with minimal impact on the cooling water temperatures due to the significant differences in tunnel lengths between SZB and SZC. I consider this to provide sufficient confidence for site licensing with the future pre-construction safety case expected to capture further substantiation post site licensing. Engagement will continue in this area as the detailed design develops. 
Conclusion
Modifications, compared to the replicated HPC RC2 design, to the heat sink structures have been required due to site specific conditions. These modifications have been developed using the design change process which has been subject to interventions on LC20 arrangements [51]. The sampled documentation provides sufficient confidence that the safety functional requirements from the replicated HPC RC2 design are maintained with the proposed modifications. Further detailed design development and forward engagement is required on the heat sink which will continue post licensing through normal business and future hold points. I am therefore content that sufficient confidence has been provided for site licensing in demonstrating that there is adequate cooling capability for all normal and fault conditions. 
I am satisfied that the relevant expectations derived from SAPs ST.4, ST.5, ST.6, ECE.1, EKP.4, EKP.5 and ECS.2 are met for this stage of the project.
[bookmark: _Ref106000125][bookmark: _Toc112163308]The environmental conditions would not preclude the use of the site with respect to external hazards
It is noted that a sea defence is required at the site to prevent flooding by wave overtopping. The detailed structural design of the sea wall is not considered necessary prior to site licensing; however, the coastal flooding aspect has been assessed. Coastal flooding has been considered as part of the external hazard assessment report [13]. I have assessed the outline design of the sea defence, focusing on the safety classification and seismic requirements. I have predominantly considered SAPs ECE.1, ECE.9, SC.4, EKP.4 and ECS.2 in my assessment.
[bookmark: _Hlk103351063]The outline design of the sea defence has been discussed in routine engagements and presented within the sea defences calculation report [57]; however, the crest height has since been increased as seen in [5] and assessed in [13]. The classification and safety functional requirements of the sea wall have been considered as part of engagements and through the submitted evidence [58]. 
The sea wall has been designated a safety class 2 structure and seismic class 2, which I believe is appropriate considering the structural form and safety functions of the structure. Seismic class 2 allows damage to the structure while preventing global collapse. I am content that this is appropriate for an embankment structure where complete elastic behaviour (class 1) in a seismic event will be challenging to demonstrate. The detailed structural design continues to be developed, with further coastal modelling planned post licensing and captured as a regulatory issue in the external hazard assessment [13]. I am content that the evidence sampled [57] provides sufficient confidence in the feasibility of the structure. Engagement on the detailed design of the sea wall will continue post licensing 
[bookmark: _Ref103672056][bookmark: _Toc112163309]The geology of the site will provide a secure long term support to the necessary structures, systems and components
The JSSR outlines the arguments for this under claim 5, referencing the documents outlined in Table 6. To underpin this claim, the licence applicant has undertaken a significant ground investigation campaign [35] over multiple phases. Due to the significant amount of data provided, and to provide technical expertise, ONR obtained technical support from a technical support contractor (TSC) [40]. Whilst the TSC undertook detailed technical reviews, this was undertaken under my direction and close supervision. The regulatory judgment on the adequacy, or otherwise, of the SZC NSL application in this report has been made exclusively by ONR. My assessment has been split into four main areas:
site characterisation – this covers the geotechnical properties of the site;
ground improvements – the current upper geotechnical layers are considered not sufficient for supporting the proposed structures and ground improvement is required;
feasibility of foundation arrangements for safety critical structures – this includes the ability of the site to support the structural load placed upon it based on the proposed ground improvements; and
management of geotechnical risks – identification and management of geotechnical risks as part of the project.
Any outstanding technical matters raised in the assessment were sentenced by ONR into items that required responses within the licensing assessment and items that required forward commitments. NNB GenCo (SZC) provided responses to these [59] which have been used to form the judgements below.
The requirements for site characterisation have been derived from TAG 17 Annex 3, SAPs, IAEA guidance and relevant British and International Standards as outlined in section 2.4.3. 
The predominant SAPs I have considered as part of my assessment are SAPs ST.4, ST.5, ST.6, EKP.4, EKP.5, ECS.2, ECS.3, ECE.1, ECE.4, ECE.5, ECE.7, ECE.9, ECE.10, ECE.11, ECE.14, ECE.19 and ECE.24.
Introduction
1. The SZC site and near area has been subject to 25 geotechnical investigation campaigns since 1957, which has included 1657 exploratory positions that were drilled or excavated. NNB GenCo (SZC) has undertaken seven campaigns since 2010, with past investigations being used to supplement and verify information where possible [35]. 
2. The site consists of near horizontal layers of geological strata, the top layers of which consist of weak material which includes made ground from the construction of Sizewell A and SZB. Figure 6 is provided for a visual representation of the site, while Appendix B provides a description of general stratigraphy and layers at the SZC site. Appendix C provides a detailed cross section of the site based on the ground investigations. 
[bookmark: _Ref103592928][image: ]Figure 6: Geological cross-section of Sizewell C site trending East North East – South South West, extract taken from BGS geological map [35]
To provide sufficient ground bearing for the proposed design, remove potentially liquifiable soil and improve seismic behaviour to aid replication, NNB GenCo (SZC) intends to remove the weak material by excavation to below -10 m above ordnance datum (AOD). This is achieved using a cut-off wall (COW), a civil engineering structure that will retain soil and prevent groundwater ingress during the construction phase; a similar wall was used at SZB. The COW is intended to provide no ongoing safety function. The excavated material is to be replaced with engineered fill material to foundation levels. There are risks with this methodology relating to ensuring all the weak material has been removed, as well as meeting the design assumptions for the engineered material that is placed and, therefore, I have paid particular attention to these aspects as part of my assessment. 
Site Characterisation
Site characterisation identifies the geological profiles of the site and the properties of these materials to provide information to designers. As the geology provides founding material to the entirety of the nuclear power plant, the site characterisation is fundamental in supporting the future safety case. Site characterisation is achieved through appropriate desk study, ground investigations and groundwater monitoring, which are discussed for the SZC site in this section. 
I have also included in this section my assessment of the modelling tools used to represent the ground conditions on the site.
Desk Study
A geotechnical desk study is typically prepared at the start of a project, covering a wide range of topics related to the site and its surrounding area, geology and site history. It is used to identify key aspects and risks requiring further, more detailed, consideration and informs the design of ground investigations that provide geotechnical information for design. It also identifies target features of interest.
I have sampled the desk study: geology, geotechnics and hydrogeology [60] as part of the review. This document has been developed using BS 5930:2015 [26] and when considered alongside the ground investigation report (GIR) [35], I consider that provides a good coverage of: 
site description/use;
geology;
topographical/bathymetric surveys (within scope of external hazards assessment);
coastal processes (within scope of external hazards assessment); and
extreme events (Within scope of external hazards assessment).
The geology of the site is formed by made ground and coarse and weakly cemented sands (crag layer) up to approximately -10 m AOD, followed by material such as more competent crag and highly consolidated clay (Thames and Lambert groups). A chalk layer can be found at depth. As shown in Figure 6, the site is characterised as homogeneous.
One of the risks identified by the desk study is the potential for dissolution features (karst) within the chalk layer. NNB GenCo (SZC) outlined that 60 boreholes and a number of cone penetration tests had penetrated the chalk layer with no evidence of dissolution or karst features. In addition, NNB GenCo (SZC) discussed this issue with the British Geological Society (BGS) having considered its regional memoirs. The BGS advised that dissolution features may exist when a specific geology sequence occurs; where superficial deposits or gravels and sands (such as the crag group) are found directly overlying the chalk. BGS advised that at the SZC site, there are clay deposits (Thames, Lambeth and Montrose Groups) between the crag and chalk layers, which effectively protected the chalk during the last glaciation. In addition, the BGS regional memoirs indicate that dissolution and karst features occur where the chalk is shallow; at SZC it is situated at depth, -77 to -82 m AOD. For this reason, I am content that dissolution features and karst do not pose a risk to nuclear safety. 
Under coastal processes, it was identified that the offshore banks dissipate the energy of waves approaching the shoreline. The Dunwich Bank, as an example, is noted to be stable but migrating towards the shoreline and, therefore, wave conditions may change over the design life of the plant. This has a potential impact on the location of the heat sink structures. I consider this to have been sufficiently considered in locating the intake and outfall heads. I have discussed this further in Section 4.2.
The geotechnical desk study has been assembled based on BS 5930:2015 [26] which is considered UK RGP. Therefore, I am content that the desk study has considered UK RGP and it provides an overarching picture of the ground conditions, including identifying the primary geotechnical risks. 
Ground Investigation
The ground investigation report has been carried out in accordance with Eurocode 7 [25] and BS5930:2015 [26]. The ONR TSC provided technical support to ONR in reviewing this information, which is captured within [40].
At the Sizewell site, several ground investigation campaigns dating back to the 1950s have been undertaken. The assessment of the quality and coverage of those campaigns and comparison against design requirements have informed the need for further ground investigation campaigns for the SZC project at each stage. Nine ground investigation campaigns have been carried out since 2010 when EDF took ownership of the SZC site, as recorded in the geotechnical desk study report [60]. Collection of data has been focused on the locations of safety related structures, with the areas of less data being on the peripheries of the site. This includes the 2019 detailed ground investigation for the main construction area, which is discussed in the GIR [35]. I have sampled this document as part of my assessment, which includes the information from all previous ground investigations.
Lessons learnt from the HPC ground investigation were discussed with SZC and were considered during the development of the specification for the detailed ground investigation.  
Based on the level of coverage and the type of tests which include standard laboratory testing and on-site tests, I am content that the ground investigation provides sufficient information for the design of civil structures.
A geotechnical design report (GDR) which provides design values for the geotechnical materials has not yet been developed; however, the GIR provides suggested properties. NNB GenCo (SZC) stated that each designer will develop its own GDR for use in design, using the most relevant information in proximity to the designed structure. NNB GenCo (SZC) stated that the geotechnical specialist (TEGG), who have overseen the ground investigation, will be retained to ensure the geotechnical design reports produced by various contractors are consistent and align with the information provided in the GIR. In addition, TEGG will produce a master GDR to consolidate all the information from the designers’ GDRs to support the safety case. I am content that this approach will ensure that the data provided is used appropriately and consistently in forming design information, as well as identifying where additional information is required. 
[bookmark: _Ref113882998]Cementation within the crag deposits has been discussed while reviewing the GIR, as this could affect its behaviour on loading. Cementation relates to the material binding together naturally, which has the potential to introduce horizontal stiffness which would also affect seismic behaviour. NNB GenCo (SZC) has stated that all the samples/cores taken in the crag layer have identified only very weak cementation, which would not be sufficient to alter the performance of the layer. Although I accept this position based on the information available to date, NNB GenCo (SZC) has provided a commitment to check the material that is excavated to provide further validation. I am content that sufficient confidence will be provided that cementation of the crag will not significantly alter performance of the layer prior to placement of engineered material. I have captured this commitment as part of the following regulatory issue: 
RI-10836: NNB GenCo (SZC) should ensure, through testing, that the geotechnical parameters of excavated material, including the founding material at the bottom of the excavation, meet the assumptions made in the design.

The GIR includes a significant volume of information relating to the geotechnical and groundwater conditions of the site, which are reported in the upcoming sections. This includes the chemical composition (Section 4.4.5.2).
Overall, I am content, from the information provided and reviewed, that the ground investigations provide suitable and sufficient data to characterise the site and sufficient understanding of the ground conditions has been presented. NNB GenCo (SZC) has provided commitment to further validate these conditions during excavation through inspection and testing. I support the retention of TEGG to support development of the geotechnical design reports, as this ensures the data is used correctly and consistently by designers. Overall, this provides sufficient confidence to support licensing and continued design development, which will be subject to future regulatory hold points.
[bookmark: _Ref100763848][bookmark: _Ref103862663]Ground model 
The GIR has used Leapfrog 3D software to model the distribution of strata using the levels of strata boundaries at exploratory holes and interpolation. I consider the use of such 3D ground models to be RGP as identified in Annex 3 of NS-TAST-GD-017 [6]. 
When building a geotechnical 3D model, the amount of data points is key. For example, if the density of datapoints is too low to ‘fix’ the top level or thickness of a stratum, this inevitably results in less control and potential for some inaccuracy in modelling and the plotting of contours. Extrapolation beyond the areas of borehole coverage can give a false impression of knowledge/accuracy. There are areas of less data within the model; however, the site at SZC is characterised as homogonous with a general absence of significant geological discontinuities. For these reasons, I am content that sufficient information is available to inform the model; however, part of regulatory issue 10836 discussed in paragraph 103, includes confirming that the areas of extrapolation meet design assumptions when excavated. 
There is a lack of data for the upper part of the Norwich crag in the site of special scientific interest area in the northwest of the MCA due to its status and current site conditions (marshland). This introduces uncertainty in the ground conditions in this area, which should be validated by the excavation inspection and testing referred to in regulatory issue 10836.
Overall, I am content that the ground model is appropriate to support the geotechnical understanding of the site for the following reasons:
the use of a 3D ground model is considered RGP in relation to displaying geotechnical information; and
there is sufficient data to support the development of the 3D models. Where there is less data, extrapolation has been used and this is appropriate due to the homogeneity of the site and absence of geological discontinuities. In addition, the assumptions made during the development of the ground model will be validated during excavation.
Groundwater
[bookmark: _Ref100821016]Groundwater Model
The design groundwater levels up to year 2190 are predicted using a numerical simulator – Sizewell C groundwater flow model. The groundwater model is based on the proposed building layout using the data collected from the current site; this would appear reasonable. 
The technical review undertaken by ONR with the support of the TSC has focused on the high-level modelling methodology, assumptions and inputs used in derivation of design groundwater levels. The technical review has considered the following reports:
UK EPRTM Sizewell – detailed groundwater level assessment for the design [37];
Safety case study – groundwater level [38];
Sizewell Site C: conceptual site model of the hydrogeological regime [61]; and
Sizewell C groundwater and surface water: numerical modelling report [62].
A detailed review of the groundwater (GW) model itself was out of scope of this review. It is understood that the original model, developed in FEFLOW, has been calibrated and verified to the existing surface and groundwater monitoring datasets, which have been collected since 2012 and continue to be collected. The modelled projections have been used to inform environmental impact assessment and various other assessments.  
The GW model was developed based on simplification and assumptions. The appropriateness of the assumptions and hypotheses are fundamental to the quality of the groundwater predictions. The outcome of my assessment of the assumptions and hypotheses used in the GW model are summarised below:
Rainfall/infiltration, and recharge to the crag layers. An assumption is made in relation to 10% recharge area from the platform, with the remaining area considered imperviable. Utility leakage is not discussed within the documentation considered and could contribute to groundwater levels. Also, the construction of a cut-off wall places sensitivity on the infiltration.
Engineering fill and aquifer properties. For infiltrated water to be effectively recharged, it needs to reach the phreatic table (or zone of saturation). Percolation properties of the engineered fills needs to be determined. It is understood that these tests have not yet been undertaken, so there are uncertainties associated with rainfall recharge.
Cut-off wall properties. The SZC main site is encircled by a cut-off wall (COW) to prevent significant water ingress and to retain the surrounding soil around the construction area during deep excavation (see Figure 7). The COW protrudes into the low permeability Thames Group (around -48 m AOD) to minimise water ingress. Following construction, the COW will remain in place, creating a ‘bathtub’ situation where recharge will take a long time to flow out. This places increased sensitivity on the infiltration.
Climate change projections. It is understood that a recommendation has been raised on the climate change adjustment factor for rainfall within the external hazards assessment [13]. Climate change could affect rainfall infiltration values. 
Geological windows (that is connection between boreholes). Geological windows were discussed with NNB GenCo (SZC) due to the piezometric head of the chalk formation being +6.5 m AOD on average, which could affect the structural design if windows through the impermeable clay existed. NNB GenCo (SZC) stated that there has been no evidence of geological windows during the ground investigation and groundwater monitoring, with all manual connections (boreholes) decommissioned and filled. I am content that this is appropriate, as any existing windows would already alter the monitored groundwater level; however, any possible construction initiated windows should be considered. 
Tidal influence. A fixed head of +0.16 m AOD was assigned on the west model boundary, which indicates that tidal influence is not considered within the model.
Groundwater level prediction timeframes. For deriving the characteristic and accidental groundwater levels, storm hydrographs of 100-year and 10,000-year events were used. However, no groundwater level predictions are available after day 13. Among the predictions for the characteristic levels, one of the 2036s scenarios exhibit an upward trend, indicating a further increase post day 13.
It is noted that the site hydrogeological conditions will be significantly different post-construction. The assumptions and hypotheses should be reviewed in future iterations, including recharge from rainfall, upward flow from chalk, cut-off wall, fills and sea level.
[bookmark: _Ref113883242]In response to the above observations, NNB GenCo (SZC) has provided a commitment to re-run the groundwater model when detailed design information is available to validate the inputs and assumptions made in support of defining the design water levels, including the possibility for leakage effects, for example, utility leakage and sensitivity in relation to geological windows. I therefore raised a regulatory issue to ensure future resolution of these aspects. As part of the external hazards assessment [13], a regulatory issue 10838 has also been raised on the rainfall climate change adjustment factor, which should also be considered during this update. 
RI-10838: NNB GenCo (SZC) should re-run the groundwater model using detailed design information and validate the assumptions and simplifications made in the preliminary design. 

Use of SZB data to supplement the groundwater modelling and provide improved confidence in the SZC groundwater regime was discussed with NNB GenCo (SZC). NNB GenCo (SZC) has provided a commitment to review the available SZB data to provide improved confidence. I will track this commitment as part of the regulatory issue referred to in paragraph 115. 
Overall, I am content that the prospective licensee has provided sufficient confidence in its understanding of the groundwater based on the available data, while acknowledging and providing a commitment to improve the groundwater model as further detailed design information and further studies become available.
Definition of groundwater levels for design
Four design groundwater levels have been assessed for use in design as part of the safety case during the operational phase between 2032 and 2190. There are two absolute groundwater levels (permanent and accidental levels), and two variable water levels (recurrent variable and characteristic variable levels). These design groundwater levels are in agreement with ETC-C [20]. ETC-C does not explicitly consider climate change and its impact on sea level and precipitation. NNB GenCo (SZC) has stated that UK climate predictions 2018 (UKCP18) is used within the flood modelling report to capture climate change, which feeds into the groundwater levels. UKCP18 is considered relevant good practice for consideration of climate change and therefore I am content that climate change has been considered as part of the groundwater level derivation. The flood modelling and inclusion of climate change has been considered in detail in the external hazards assessment [13]. 
Summary of site characterisation
The site characterisation has identified that weak material exists in the upper layers that is not sufficient to support the designed nuclear structures, including liquefaction potential which is discussed in Section 4.4.3.2. For this reason, significant ground improvement is required. The extant site ground conditions would also likely to lead to significant settlement, which is discussed in Section 4.4.5. Due to aspects requiring detailed design input and validation of assumptions with construction input, I have raised regulatory issues to ensure these are appropriately controlled and followed up post licensing. 
Ground Improvement
The ground improvement involves the removal of weak and/or liquifiable material based on the lowest excavation levels established using the following criteria:
a geological criterion which considers the removal of all the recent deposits and non-competent upper Norwich crag in the main construction area (stratigraphy criteria); and
a geotechnical criterion which considers the absence of risk of liquefaction under seismic conditions within the Norwich crag layer (liquefaction criteria).
In different areas of the site the criterion that is governing varies; however, generally, this results in a depth of -10 m AOD requiring excavation across the main construction area to reach competent material. Further detail is provided in the sections below. Following removal of the material by excavation, engineered fill material is built from the level where competent material is reached to foundation levels.
Cut-off Wall (COW)
The (COW) is installed for construction purposes only and has been designed to provide no ongoing safety function. For construction, the COW provides an earth retaining function to allow the deep excavation, while also preventing significant groundwater ingress into the main construction area. In order to minimise groundwater ingress, the COW is embedded into the clay layer which requires an embedment to roughly -48 m AOD. The COW is to facilitate the excavation to below -10 m AOD where competent crag material exists. At present, the COW is to be constructed of concrete panels, with soil anchors in the excavation. However, this continues to develop and will be subject to further engagement post licensing. 
Embedment of the COW into the Thames Group is undertaken to maintain a high groundwater level outside of the main construction area, thereby limiting settlement effects on the SZB area and remaining within DCO limits. 
[bookmark: _Ref101279811][bookmark: _Ref106110883]Excavation within the cut-off wall
The ‘proposed bottom of excavation’ within the Norwich crag has been established to remove the potentially liquefiable soils and weaker material identified in the geotechnical criterion, as shown in Figure 7 extracted from the report on liquefaction [49].
This level is based on design considerations but is also subject to practical consideration of construction issues, for example, slope stability and access. The report on liquefaction [49] states this is not finalised, but provides an example zonation called the practical base of excavation (PBOE) as shown in Figure 8, which takes into consideration some of the practical considerations.
[image: ]
[bookmark: _Ref100825656]Figure 7: Minimum excavation levels required within the Cut-off Wall for geotechnical conditions criteria only [34]
[image: ]
[bookmark: _Ref103863297]Figure 8: Practical Base of Excavation definition from Basic Design stage (m OD) from [34]
The PBOE levels propose deeper excavation into the Norwich crag, providing further confidence in the removal of the possibly liquifiable layer. However, there may be areas where the thickness of weak crag removed is limited. The top of the Norwich crag should be surveyed during excavation to ensure removal. NNB GenCo (SZC) has provided a commitment to survey and test the founding material to confirm the properties. Considering the significance of these checks, this is captured as part of regulatory issue 10836
Plate load testing has been identified as the possible testing method for verifying the performance the material at the bottom of the excavation. It is unclear whether testing by plate load tests as planned would be sufficient to identify all areas where some of the weaker and/or liquefiable materials remains. The development of a methodology for inspection and testing will be captured as part of regulatory issue 10836 to ensure regulatory oversight.
Dewatering will be required during the excavation works. Embedment of the cut-off wall into the Thames Group is proposed to maintain a high groundwater level outside of the MCA, thereby limiting settlement effects on the SZB area and remaining within DCO limits. 
Liquefaction checks
I sampled the liquefaction report [49] and assessed the liquefaction checks. My assessment is summarised below.
Liquefaction checks [49] have been undertaken by NNB GenCo (SZC) using 0.2 g as a peak ground acceleration (which bounds its DBE). This has been correlated to a standard penetration test (SPT) of 15 with a 1.38 factor of safety. NNB GenCo (SZC) plotted this SPT data on the ground model area as shown in Figure 9. [image: ]
[bookmark: _Ref103867322]Figure 9: Spatial repartition of SPT values in the onshore ground model area [40]
SPT data has been used for liquefaction checks; however, cone penetration test (CPT) data could also be used to provide further data. I consider that CPT data should also be used to provide further data to supplement the findings of the SPT-based assessment; this will be tracked through regulatory issue 10836.  NNB GenCo (SZC) has provided a commitment to update the report with CPT data to provide further validation of the results from the current liquefaction assessment based on SPT data. 
Static shear stresses in soils may also make the soil more prone to liquefaction. Application of a static shear stress correction factor may therefore be appropriate where shear strength is mobilised around the edges of heavily loaded rafts. This is only likely to affect the pumping station, which sits directly on the natural ground. This should be considered in the liquefaction checks at the top of the crag deposits and this will be tracked as part of regulatory issue 10836. NNB GenCo (SZC) has committed to review the buildings that sit directly on crag deposits (pumping station) and review whether the liquefaction checks are still valid. 
I am content that the liquefaction studies undertaken provide sufficient confidence that the excavation levels are defined to result in the removal of liquefiable material. In addition, with the appropriate development of the surveying and testing methodologies, I am content that this can ensure an appropriate founding material, which will be followed up through regulatory issue 10836. The additional liquefaction checks will also be captured as part of regulatory issue 10836.
[bookmark: _Ref101279859]Fill Studies
As stated in the introduction, an engineered fill material is to be used to replace the excavated material to support nuclear safety structures, with further fill used to create the final platform height. The engineered fill will provide improved bearing capacity and seismic behaviour of the site to improve the applicability of replication. Various fills are proposed for use on the site, depending on their function, and therefore fill studies have been undertaken to determine appropriate fill constituents. 
I have reviewed the interpretative report and strategy of backfilling on the main site [36] and the laboratory tests results report [63], along with material presented within the workshop undertaken in January 2022 [64]. The fill studies have been undertaken to provide confidence that the fill material properties are suitable to support design. Further development of the fill materials is expected post licensing through further large-scale trials, which ONR will continue to engage on.
The R1++ and R1 fill types are important elements of the construction that support safety related structures. The exact thicknesses of the R1++ and R1 fill layers is to be determined at the site-specific design stage. However, it is expected that the thicknesses will vary depending on the site properties and depth of foundations; as an example a 4m fill layer beneath the common raft. The R2 fill type is also important in that its design affects loads applied to buried safety critical structures and this fill type is included in soil structure interaction (SSI) models, from which the results of analyses also support the safety case. R3 and R4 are general fills proposed to achieve the platform height and are not considered to interact with nuclear safety structures. The exact areas and volumes of fill are still in development and engagement will continue in this area post any site licensing.
[bookmark: _Ref95411326]Table 7: Composition of different fill types [64]
	Fill Type
	Aggregate Details
	Cement Details

	R1++ bound
	70% imported fill
30% crag
	5% by weight of fill mix

	R1 bound
	50% imported fill
50% crag
(Alternative of 40% imported fill + 60% crag)
	2% by weight of fill mix
(3% cement for alternative fill mix)

	R2 bound
	100% crag
	2% by weight of fill mix

	R1 unbound
	100% imported fill
	Not applicable

	R2 unbound
	100% imported fill
	Not applicable

	R3
	100% crag
	Not applicable

	R4
	100% imported fill
	Not applicable


Crag aggregate is generally being won from excavation of made ground and Norwich crag from within the MCA, although borrow pit areas in the site vicinity were investigated as a source of additional material if required. It is understood that the borrow pit materials would be used in the R3 fill. 
The NNB GenCo (SZC) team is due to prepare an overall report that covers the stages of testing and documents the development of the fill mixes and the assessment of their suitability against the SZC project’s design and construction requirements, as given in the report [65]. As part of the work to be undertaken after the licensing phase, ONR will review this document and others that underpin the engineering characteristics of the proposed fill materials.
Fill Properties
Bound fills
Given the intention to use bound material for the R1++ fill and for the R1 fill beneath safety related structures, the NNB GenCo (SZC) team has undertaken laboratory testing to support the design of the bound fills. R1++ and R1 will need to be validated by the construction of trial embankments post site licensing, which will remain a topic of ONR engagement. 
The NNB GenCo (SZC) team compared the results of phase 2 laboratory tests against design and construction requirements, generally showing that the average of the results exceeded the requirement. NNB GenCo (SZC) has provided a forward commitment to create a summary report which will capture all laboratory testing, as well as the site trials, to provide substantiation that the fill material can meet the design requirements in support of the safety case.
A principal concern relates to the very high seismic shear wave velocity (Vs) requirements of 1,800 m/s for the R1++ fill used as a best estimate. Although this Vs requirement has been met in cyclic triaxial laboratory testing on small samples, in my opinion there is a risk that this may not be achievable in the large scale of site trials and construction. 
I, with the support of the TSC, undertook a literature review [40] on bound fill materials and was unable to identify literature that supported a Vs of 1800 m/s. The literature was based on the use of site won material; no examples that included imported fill material were available or presented by NNB GenCo (SZC). NNB GenCo (SZC) stated that the Gravelines nuclear plant in France had achieved fill properties in this range; however, it was unable to provide the document. NNB GenCo (SZC) has since altered the lower bound Vs used for design to 1000 m/s, to provide margin to the design assumption. This is due to the design being progressed prior to the large-scale site trials that are intended to validate the small scale tests undertaken to date. The literature review undertaken supports a Vs of over 1000 m/s as being achievable and therefore I am content that achievable properties are being taken forward in design. 
Based on the testing undertaken to date, a workshop held in January 2022 and information documented in the reports provided, I am content that sufficient confidence has been provided on the engineered fill materials in being able to provide the required material properties to support the structures. However, it is clear that further work is required to provide further substantiation of the material and its properties. Regulatory issue 10839 has been raised to maintain regulatory oversight of the fill design development, due to its safety significance. A significant number of onward actions have been captured under this regulatory issue 10839 as a result of my technical review with the support of the TSC [40] relating to further development and testing of the material. The topics (non-exclusive) for these forward areas of interest are:
re-use of site won materials and the processing of these materials – there may be limitations in the volume of material that can be re-used;
imported fill materials – NNB GenCo (SZC) has stated use of imported fill will be tested during site trials, as well as specification of performance requirements developed;
cracking behaviour of the material and its effect on stiffness and seismic input – NNB GenCo (SZC) has stated that zero horizontal stiffness will be used in design, assuming cracking of the fill occurs; 
heave potential of bound fills – further development of this will be undertaken post any site licensing;
long term durability of the bound fill materials, including ground aggressiveness – this will form part of future large-scale trials;
earthworks trials – the earthworks trials to provide further data are part of NNB GenCo (SZC) planned forward work. ONR will continue to engage in this area to ensure the material provides sufficient support to the structures;
material management and construction logistics – the management and categorisation of material logistics are aspects to be developed after any licensing;
further testing of the material – NNB GenCo (SZC) has stated that further testing is required in relation to other properties of the material for example, durability; and
development of the construction validation methods – the development of validation methods to ensure the as-built properties are still in development. 
RI-10839: NNB GenCo (SZC) should undertake further testing and complete the characterisation of the engineered fill material supporting nuclear safety structures. This includes the validation of the design assumptions in support of the safety case.

Unbound/granular fills
The NNB GenCo (SZC) team has indicated that R1 and R2 unbound fills are to be interchangeable with the bound fills dependant on the strategic and commercial considerations. NNB GenCo (SZC) identified an example of their possible use, as given at the workshop in January 2022 [64], as when weather conditions prevent placement of bound fills (that is in cold temperatures). 
Test results or other justification was not provided for the properties of R1 and R2 unbound fills for site licensing. Site trials will therefore need to confirm that design and construction requirements for unbound R1 and R2 fills can be met for the selected source of imported fill for the main earthworks post any site licensing. I have therefore captured this as part of regulatory issue 10839.
Feasibility of foundations
Generally, the foundation methodology is as employed on the HPC design, with the use of raft foundations. The majority of SZC nuclear island structures are supported by a common raft foundation (as per the HPC approach) which will be substantially thicker than the HPC design due to the settlement effects. To date, only preliminary design of this raft has been undertaken. The design of this raft is ongoing and ONR will continue to be engaged post any site licensing. My focus to date has been on gaining confidence that there is sufficient bearing capacity, consideration of settlement and the aggressivity of ground conditions (including groundwater).
Bearing Capacity
Safety related structures are to be founded on R1++ or R1 fill layers, which will probably be the critical layer of ground for bearing capacity checks, given the thickness of the fills which is around 4 m below the common raft. The continued development of the fills is therefore vital for ensuring sufficient bearing capacity going forward. To date, the testing data for the fill material has provided confidence in this fill being developed to provide the required bearing capacity. However, further confidence is required post any site licensing and engagement will continue in this area through regulatory issue 10839. If found insufficient, alternative fills or increased binding could be employed.  
The documentation sampled [34] states that the bearing capacity for the support of structures is sufficient based on the shear resistance of the competent crag layer. I am content that this is reasonable, providing the weak top layer of crag is removed by excavation as planned. Regulatory issue 10836 aims to ensure that appropriate measures are taken to ensure this through inspection and testing.
In summary, the engineered fill layers are likely to be the critical layers for bearing capacity checks. I am content that a design solution based on engineering fills is feasible and can be developed to ensure that the safety functional requirements of the structures are met for the SZC site. However, the development of these fills (which will be tracked by regulatory issue 10839) is vital to demonstrating this as part of onward design. 
[bookmark: _Ref106109437]Settlement
Preliminary studies on settlement 
I sampled the settlement study report [39] as part of my review. The settlement model has included a retrospective analysis of the SZB settlement for calibration, which is reported in [39]. Further development of settlement calculations is expected in the future, with NNB GenCo (SZC) currently undertaking studies into construction sequencing to reduce settlement. 
The settlement studies provide preliminary values of the total and differential settlements of all the nuclear safety structures on the site. The settlement of the structures is a key aspect of the feasibility of the foundations and, therefore, I have focused my assessment on the definition of loadings used in the settlement calculations and predicted differential and total settlement values. 
Loads
The heaviest loading is expected during the latter stages of construction when dewatering is still being undertaken, removing buoyancy effects. This is confirmed by settlement-time curves that show a rebound in settlements following recharge of the groundwater when buoyancy forces apply. The amount of rebound is considered to be high, and settlement predictions will be affected by the use of a linear-elastic model for the studies, which should be explored further as part of regulatory issue 10840  
NNB GenCo (SZC) has confirmed that the loads created by fixed equipment, that are usually classed as variable loads, have been included as part of the permanent loading within the settlement calculations, which provides explanation for the low variable loads. 
The settlement study report [39] shows that the common raft uses non-uniform loads based on the initial structure-soil interaction (SSI) studies undertaken; this accounts for the stiffness of the raft. All other structures use a uniform load across the foundation (rigid foundation) which will need to be re-visited following SSI analysis undertaken as part of the detailed design. I have raised regulatory issue 10840 in order to monitor updates in the settlement analysis. 
RI-10840: NNB GenCo (SZC) should undertake further settlement studies, taking consideration of the engineered fill material as it develops through continued material testing.

Differential settlement 
Whilst many of the nuclear safety buildings will be located on the common raft, there are some nuclear safety systems that span across buildings outside of the common raft. Differential settlement is one of the factors that requires consideration in these situations. The settlement study report [39] states that the design is not sensitive to the differential settlements predicted, with a maximum predicted of 11 mm between structures. I am content that this level of differential settlement is not significant and can be managed through design processes. Further settlement studies are due to be undertaken to optimise the construction sequencing to reduce settlements as much as possible. ONR will continue to monitor the development of settlement calculations, along with gaining confidence that the necessary information is passed to system designers through regulatory issue 10840 and through interactions on the development of the safety case and design.  
A formula is used by NNB GenCo (SZC) to factor or adjust the settlements for use in design, which makes some allowance for uncertainty. For differential settlement, the margin is generally made by applying a uniform factor of 1.5. If this factor were applied to low estimated differential settlements, the design differential settlement would be correspondingly low. NNB GenCo (SZC) provided a commitment to increase this factor or apply a minimum differential settlement between structures. This will be tracked through regulatory issue 10840.
Settlement Study
NNB GenCo (SZC) has used 3D finite element (FE) analysis for estimation of settlements, using a linear-elastic soil constitutive model. Other soil models may more accurately reflect soil behaviour, especially when account is taken of time dependent settlement in the Thames, Lambeth and Montrose Group strata.
The results in [39] indicate that compression of these low permeability strata (Thames, Lambeth and Montrose Group) at depth accounts for a high proportion (approximately 75%) of the total settlement. These strata are modelled as a 36 m thick layer, which tends to the upper bound thickness of these materials from the GIR. This suggests that ‘on average’ this modelling assumption alone tends to increase settlement estimates, which is conservative. 
The model assumes completely horizontal strata, with no variability of properties within the strata itself. However, spatial variability in the thickness or compressibility of the more compressible strata is observed from figures in the GIR Revision C [35]. This spatial variability is relevant, in the layers that will remain in place after excavation, for example, the observed variation in thickness of the Lambeth and Montrose Group strata could increase differential settlement. 
As mentioned below, the model conservatively assumes the upper bound thickness of the materials, increasing predicted settlement values. I consider the liner-elastic model to provide an appropriate estimate of settlement sufficient for site licensing. Further engagement will continue in this area. 
The maximum settlement calculated is 150 mm, located within backfills near the common raft foundation (CRX). The maximum settlement under a structure (CRX) is 140 mm. Figure 10 below provides a visual representation of the settlement expected across the site, with all nuclear safety structures included. The common raft is the structure surrounded by the red area. 
[image: ]
[bookmark: _Ref104382527]Figure 10: Settlement at platform level (+7.3 m AOD) [39]
Design measures to accommodate these settlements are still being developed through further studies. Items include ensuring the retention of door thresholds to prevent internal flooding. 
I am content that the settlement analysis to date provides sufficient confidence. However, I would expect either substantiation of any simplifications made to be clear in the future development of such models and/or a more representative model to be developed as part of the actions resulting from regulatory issue 10840. 
Conclusion
Further work is expected on settlement, which will include consideration of construction sequencing and mitigations required to ensure settlement is managed sufficiently. To date, in my judgement, sufficient confidence has been provided that settlement on the site is understood and will continue to be developed as part of the ongoing design. Regulatory issue 10840 is raised to capture areas where further development is required. ONR engagement will continue on settlement analysis development post any licensing as part of the ongoing design. 
[bookmark: _Ref106022315]Aggressive ground conditions and implications for durability considerations
Chemical agents within groundwater can be destructive to concrete surfaces in contact. In the UK, sulphates and acids, naturally occurring in soil and groundwater, are the agents most likely to attack concrete placed in the ground. In addition, coastal sites experience seawater ingress which contains sulphate, chloride and magnesium as part of the groundwater regime. It is therefore important to categorise the aggressivity of the ground and groundwater to ensure adequate design provisions are specified to protect structural concrete in embedded parts of structures. The crag group materials found on the SZC site contain pyrite nodules, which confirms the likelihood of sulphates being present. 
A report on the aggressivity of the ground [66] has been provided which covers the soil and groundwater sulphate conditions, including the significance of oxidisable sulphates that are present in the crag deposits. The report has used BS EN 206 and BRE Special Digest 1 [21]; I consider these codes to be RGP in this area. 
Further fill testing and groundwater modelling is planned to provide additional information to supplement the preliminary recommendation on concrete classes for buried structures. To categorise the aggressivity of the local conditions, BRE Special Digest 1 [21] assigns aggressive chemical environment for concrete (ACEC) classification. The ACEC classification (AC) allows specification of concrete protection design chemical (DC) classes and additional protective measures. Depending on the ACEC class and DC class, the buried structures may need protection measures such as protective coatings.
As discussed in previous sections, the made ground and peat layers are to be removed to the competent crag, with the fill materials containing the same crag. The crag material layer therefore determines the required DC class for design within the MCA. Within the COW, NNB GenCo (SZC) has considered that the maximum ACEC class is AC-4, due to the amount of groundwater sulphates. This relates to a DC class of DC-4, which I consider reasonable. This is covered by the HPC concrete requirements. 
Outside the cut-off wall area, the recent deposits (peat) are indicated as having an ACEC class of AC-5, which will significantly influence engineering solutions in these areas, as protective coating will be required
The report on aggressivity of the ground [66] shows more onerous conditions for the offshore tunnels, with an ACEC class of AC-5 requiring surface protection by either a coating or water resisting barrier in addition to DC-4 concrete.
The geotechnical desk study [60] also notes that elevated chloride concentrations probably reflect significant saline intrusion within the crag group aquifer, which may be important to buried steel components that are in contact with groundwater. This effect may be limited by the COW within the main construction area, although breaches are likely to occur in the future. I am content that test results for the existing groundwater conditions provide a suitably representative data set for understanding the aggressiveness of the groundwater. 
The designation of the above AC and DC classes provides sufficient confidence of NNB GenCo (SZC) providing adequate protection to civil engineering structures at this stage. Continued engagement will occur post any site licensing. 
Management of geotechnical risks
Geotechnical risk registers are widely used on major and safety critical projects and provide evidence of adherence with the Construction (Design & Management) Regulations 2015 [67]. They are of most benefit in managing geotechnical risks when they are initiated in the first stage of a project and updated as the project progresses through ground investigations, design and construction. TAG17 Annex 3 includes information on their generation. 
A geotechnical risk register has been provided [68]; this risk register needs to be further developed, with the document remaining a live record of the risks and mitigations for continued management. The risk register has been developed in line with RGP, mainly BS 5930:2015. Currently, the risk register does not include items where verification checks from the onshore geotechnical pre-application report are marginally acceptable or sensitive to assumptions regarding uncertainty. I believe these details should be added to the risk register to ensure the assumptions are validated in the future. NNB GenCo (SZC) has provided a commitment [59] to undertake this and keep the risk register a live document alongside other risk registers. As the risk register has been developed using RGP, I am therefore satisfied with the risk register developed for site licensing. Through regulatory issue 10836, I will sample the processes in place and ongoing management of the risk register.
Conclusion – the geology of the site will provide a secure long term support to the necessary structures, systems and components
Significant site characterisation has been undertaken by the site licence applicant to ensure the geotechnical conditions of the site are well understood. The conditions currently present at the site have required the development of significant engineering works, by means of ground improvement, to ensure that the site will provide secure long term support to the necessary structures, systems and components. Whilst further work is required to develop the ground improvement and foundation design, I judge that, for site licensing, NNB GenCo (SZC) has demonstrated a detailed understanding of the current site conditions and identified an adequate means for deployment of the design based on these conditions. I have identified forward topics requiring future engagement as part of my recommendations. 
Forward engagement, assessment and hold points will be used to ensure the design takes sufficient consideration of the geotechnical conditions and the required ground improvement is sufficiently developed prior to related activities on the site. 
I am satisfied that the relevant expectations derived from SAPs ST.4, ST.5, ST.6, EKP.4, EKP.5, ECS.2, ECS.3, ECE.1, ECE.4, ECE.5, ECE.7, ECE.9, ECE.10, ECE.11, ECE.14, ECE.19 and ECE.24 are sufficiently met for this stage of the project.
[bookmark: _Ref103173574][bookmark: _Ref103173600][bookmark: _Toc112163310]That operations of the site will not adversely affect the safety case for any adjoining nuclear licensed site
Operations during construction could present a hazard to SZB or affect some of the claims in its safety case. Examples of these are the sea defence during construction, the cut-off wall, dewatering, settlement effects and crane collapse considerations. Most of these aspects are still in development; however, I have sampled to ensure that open dialogue is occurring between both sites to ensure the safety case is maintained at the SZB site. This has included ensuring that SZC is aiming to eliminate or minimise any effect on SZB.
NNB GenCo (SZC) provided cross-site agreements / forum terms of reference for SZB and SZC interfaces [69]. From sampling these documents, they indicate that relevant routes are available to ensure open discussions between both sites to ensure safety is maintained. 
NNB GenCo (SZC) provided minutes from an interaction between the sites in relation to the maritime and geotechnical interfaces [70]. The minutes themselves do not contain significant details of the discussion; however, it is clear that the sites are working together, with actions being clearly defined to ensure alignment. 
Taking consideration of the above, I am content that the information provided supplies sufficient confidence that both sites are communicating risks for site licensing. However, I have raised regulatory issue 10841 to monitor the checks and controls being put in place by SZC to ensure that no adverse effect occurs on the SZB site from the civil construction, while also ensuring SZB is content with the measures. 
RI-10841: NNB GenCo (SZC) should provide further evidence that the construction activities do not adversely affect the Sizewell B nuclear power plant.

[bookmark: _Toc112163311][bookmark: _Toc100760644][bookmark: _Ref103074137]Comparison with Standards, Guidance and Relevant Good Practice
3. During my assessment recorded in the sections above, I have referenced the standards and guidance used by NNB GenCo (SZC) and my judgement of whether this accords with RGP. I have noted some examples where improvements or refinements could be made, but I do not judge these to be significant and these have been captured in my recommendations. Overall, for the purpose of the NSL, I am satisfied that NNB GenCo (SZC) has followed RGP as detailed in Section 2.4. 
[bookmark: _Toc112163312]Licence Condition Compliance 
The ONR SZC assessment framework [3] highlighted LC10 and 12 as LCs related to the civil engineering NSL assessment. These are considered in the subsequent sections. I also comment on LC6 compliance, given my related intervention. LC14 arrangements have been considered as part of the safety case assessment [51] but I have commented on the adequacy of the civil engineering documentation submitted to ONR.
LC6 – Ground investigation Records (Documents, records, authorities and certificates)
I conducted a civil engineering and external hazards LC6 intervention on geotechnical records, which included borehole records. This intervention was undertaken to underpin Claim 5 of the JSSR that “The geology of the site provides secure long term support to the necessary structures, systems, components”. This was one of several interventions in this area, with the organisational capability specialism leading on procedural development. To this end, the intervention focused on the technical records and the adequacy of those and the storage conditions of physical records, such as borehole logs.
This intervention provided confidence in the readiness of the future licensee regarding LC6 compliance from a civil engineering perspective. 
LC10 (Training) and LC12 (Duly authorised and other suitably qualified and experienced persons)
I have supported ONR’s assessment on organisational capability, through two interventions [10] [11]. These interventions focused on intelligent customer, training and SQEP arrangements for SZC. These interventions have informed my consideration of LC10 and 12.
Overall, for civil engineering, based on the discussions held and the evidence sampled, I am content that the individuals undertaking civil engineering roles are SQEP and understand the processes in place to undertake training role profile assessments. 
Improvements were identified during these multi-discipline interventions, which have been captured within the organisational capability assessment [41]. 
LC14 (Safety documentation)
4. My civil engineering NSL assessment has considered the adequacy of the safety case (NSL application and supporting documents) in terms of alignment with the expectations with TAG 51 [6] and SAPs SC.4 and SC.5. The assessment of LC14 arrangements is outside the scope of this report.   
5. As set out in Section 3, NNB GenCo (SZC)’s NSL application uses high level claims supported by evidence. For civil engineering, my assessment has shown that the golden thread through the safety case is clear, with a link from the JSSR claims to the supporting references. 
6. Overall, for civil engineering, I consider that the suite of documents provides a suitable structure for demonstrating site suitability, thereby, meeting its intended purpose. Given this, I consider that NNB GenCo (SZC)’s NSL application meets the intent of SAP SC.4 for NSL purposes. Furthermore, I consider that the NNB GenCo (SZC) NSL application broadly meets the intent of SAP SC.5 for NSL purposes. 
7. In summary, I consider that NNB GenCo (SZC) has a suitable safety case structure for licensing. 
[bookmark: _Toc100760645]Assessment of NNB GenCo (SZC) Organisation and Systems’
With respect to civil engineering, I have considered LC6, 10, 12 and 14 compliance, as documented above. From my assessment, I am content that the level of maturity of the prospective licensee with regards to civil engineering is adequate for NSL. For a full NSL assessment of NNB GenCo (SZC)’s organisation and systems, please refer to the ONR organisational capability assessment report [41].
[bookmark: _Toc480980396][bookmark: _Toc112163313]ONR Assessment Rating
My assessment of the civil engineering aspects of the Sizewell C licensing application has been assigned an ONR assessment rating of green. I have used guidance on assessment ratings provided by Appendix 1 of NS-TAST-GD-096 [6] to form my judgement. 

[bookmark: _Toc480980397][bookmark: _Toc112163314][bookmark: _Hlk99459328]Conclusions and Recommendations
[bookmark: _Toc480980398][bookmark: _Toc112163315]Conclusions
This report presents the findings of my assessment of the civil engineering aspects to inform and support ONR’s decision to grant a nuclear site licence to NNB GenCo (SZC) to construct and operate a nuclear power station at Sizewell C.
The scope of my assessment has been to consider whether:
the site is of a sufficient size to accommodate all necessary systems to ensure safe operation;
there is adequate cooling capability for all normal and fault conditions;
the environmental conditions would not preclude the use of the site with respect to external hazards;
the geology of the site will provide a secure long term support to the necessary structures, systems and components; and
that operations of the site will not adversely affect the safety case for any adjoining nuclear licensed site.
My assessment of NNB GenCo (SZC)’s nuclear site licence application and supporting documentation has been undertaken on a sampling basis and in accordance with ONR’s procedures. Based on my assessment, I have concluded that, from a civil engineering perspective, all the above expectations have been adequately addressed. 
Whilst my assessment highlighted areas requiring further work, I do not consider that any of them preclude the use of the Sizewell C site. I have captured the areas requiring further work post any licensing as regulatory issues to track their resolution:
RI-10836: NNB GenCo (SZC) should ensure, through testing, that the geotechnical parameters of excavated material, including the founding material at the bottom of the excavation, meet the assumptions made in the design.  
RI-10838: NNB GenCo (SZC) should re-run the groundwater model using detailed design information and validate the assumptions and simplifications made in the preliminary design. 
RI-10839: NNB GenCo (SZC) should undertake further testing and complete the characterisation of the engineered fill material supporting nuclear safety structures. This includes the validation of the design assumptions in support of the safety case.  
RI-10840: NNB GenCo (SZC) should undertake further settlement studies, taking consideration of the engineered fill material as it develops through continued material testing.  
RI-10841: NNB GenCo (SZC) should provide further evidence that the construction activities do not adversely affect the Sizewell B nuclear power plant. 
[bookmark: _Toc480980399][bookmark: _Toc112163316]Recommendations
My recommendation is as follows:
I recommend that, from a civil engineering perspective, a nuclear site licence should be granted to NNB GenCo (SZC) to construct and operate a nuclear power station at Sizewell C.
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[bookmark: _Ref99628219][bookmark: _Ref99628212][bookmark: _Toc112163318]Appendix A – Relevant Safety Assessment Principles (SAPs) considered during the assessment 
	SAP No.
	SAP Title
	Description

	Engineering principles: Civil Engineering

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

	ECE.4
	Natural Site Materials
	Investigations should be carried out to determine the suitability of the natural site materials to support the foundation loadings specified for normal operation and fault conditions.

	ECE.5
	Geotechnical Investigation
	The design of foundations and sub-surface structures should utilise information derived from geotechnical site investigation.

	ECE.7
	Foundations
	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.

	ECE.9
	Earthworks
	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.

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

	ECE.11
	Naturally occurring explosive gases
	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.

	ECE.14
	Sensitivity Studies
	Studies should be carried out to determine the sensitivity of analytical results to the assumptions made, the data used, and the methods of calculation.

	ECE.19
	Inspection during construction
	Provision should be made for inspection and testing during construction to demonstrate that appropriate standards of workmanship etc have been achieved.

	ECE.24
	Settlement
	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.

	The regulatory assessment of safety cases

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

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

	Siting

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

	ST.5
	Effect on other hazardous installations
	The safety case should take account of any hazardous installations on or off the site that might be affected by an incident at the nuclear facility.

	ST.6
	Multi-facility sites
	On multi-facility sites, the safety case should consider the site as a whole to establish that hazards from interactions between facilities have been taken into account.

	Engineering principles: key principles

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

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

	Engineering principles: safety classification and standards

	ECS.2
	Safety classification of structures, 
systems and components
	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.

	ECS.3
	Codes and standards
	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.
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[bookmark: _Ref104991303][bookmark: _Toc112163320]Appendix C - East-West cross section along axis of the outfall – between both units (Left West, Right East) [36]
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[bookmark: _Toc112163321]Appendix D – Regulatory issues
	RI Number
	Title

	10836
	SZC – Post Licensing – Civil Engineering – Validation, through testing, of the geotechnical parameters of excavated material, including the founding material at the bottom of the excavation, meet the assumptions made in the design

	10838
	SZC – Post Licensing – Civil Engineering – Re-run the groundwater model using detailed design information and validate the assumptions and simplifications made in the preliminary design

	10839
	SZC – Post Licensing – Civil Engineering – Further testing and characterisation of the engineered fill material supporting nuclear safety structures. This includes the validation of the design assumptions in support of the safety case.

	10840
	SZC – Post Licensing – Civil Engineering – Further settlement studies, taking consideration of the engineered fill material as it develops through continued material testing

	10841
	SZC – Post Licensing – Civil Engineering – Further evidence that the construction activities do not adversely affect the Sizewell B nuclear power plant
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