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This article presents a part of the Human Factors programme elaborated to support the UK EPR Hinkley Point C Nuclear Plant design. The focus on Human Factors is to ensure that a user-centred approach is applied to the design of equipment, systems, and mechanical and electrical components delivered by suppliers. The "user" is defined as those who operate, test, and contribute to the maintenance of nuclear safety related systems and equipment (e.g., reactor operators, field, or maintenance personnel).

I. OBJECTIVE

The purpose of this article is to give an overview of how the risk of Human Failure Events, and the safety and reliability of the equipment must be considered to ensure the safety of the Nuclear Power Plant. The Nuclear Island Designer (from EDF Edvance) approach must comply with the UK Regulator, the future licensee operates' specifications, and the Human Factors (HF) principles. The approach also defines the organisational arrangements to ensure that Human Factors considerations are effectively integrated with overall project processes, particularly during the detailed design phase, before the equipment manufacturing The following part will be presented in this article:

• The context with the main stakes of the HF integration programme for the UK Nuclear Power Plant, • The HF risk proportionate approach elaborated and its different parts regarding the HF risk significance assessment of the equipment, the HF equipment's programme, and its deliverables, and then, the surveillance programme to support the HF Integration with the supplier and intelligent customers, • The results in terms of the project's status, the surveillance activity, the design improvements, and the next step.

II. CONTEXT

Human Factors refer to the environmental, organisational, and job factors, and human and individual characteristics, which influence work behaviour in a way that can affect health and safety [START_REF]Reducing error and influencing behaviour[END_REF]. Regulatory expectations and international standards emphasise the importance of systematic consideration of Human Factors throughout the design process (see for example [START_REF]Technical Assessment Guide, Human Factors Integration[END_REF] and [START_REF]Human Factors Engineering Program Review Model[END_REF]). Minimising the potential for Human Failure Events and supporting the operator's roles is also fundamental in ensuring that risks are reduced to As Low As Reasonably Practicable. HF requirements integration to the equipment design is a safety challenge since it contributes to the global system reliability. Human Factors Integration (HFI) is a fundamental approach to the application of HF to systems development [START_REF]Technical Assessment Guide, Human Factors Integration[END_REF]. It provides:

• A framework to ensure that HF issues important to nuclear safety are addressed • A management strategy to support the effective integration of HF activities throughout the project.

In the context of the UK EPR (European Pressurised Reactor) project, a HF approach has been implemented. The primary phase of the project: The Generic Design assessment (GDA) highlighted differences between French approach and UK expectations (as in [START_REF]Generic design Assessment -New Civil Reactor Build, Step 4 Human Factors Assessment of the EDF and AREVA UK EPR Reactor[END_REF] and [START_REF]Technical Assessment Guide, Human Factors Integration[END_REF] ). Therefore, for the detailed design of EPR Hinkley point C (HPC), the HF programme has been adapted to include the UK regulator expectations ( [START_REF]ISO 9241: Ergonomics of Human-System Interaction[END_REF] and [START_REF]Human Factors Engineering Program Review Model[END_REF]). Regarding equipment design, the objective is to demonstrate that HPC equipment is designed to support the reliable performance of operation, maintenance & testing activities that are important to nuclear safety.

The Nuclear Island Designer's HFIP [START_REF]Human Factors Integration Plan (HFIP) for Hinkley Point C, ECESN130449[END_REF] describes the approach being implemented to integrate Human Factors. The design process for EPR HPC considers human elements involved in the operation to achieve safety and reliability [START_REF]HPC PCSR3 Sub Chapter 18.1 -Human Factors[END_REF] which include human errors (intentional and unintentional actions or inactions which fail to achieve their intended outcomes) or violations (intentional actions or inactions which violate known rules, procedures or norms, [START_REF]Human Factors Integration Plan (HFIP) for Hinkley Point C, ECESN130449[END_REF]) that can impact operational and safety goals. Subsequently, a high degree of analysis and engineering substantiation must be achieved before launching the manufacturing. The scope of the HF programme for EPR HPC includes:

• Addressing HF issues identified during the project phases, • Consideration of UK context and site, specific issues with Human Factors implications, • The HF activities required to complete the detailed design of HPC,

It is important to note that the global Human factors programme ensures the HF implementation into workstreams (such as HMI, safety analysis, civil work, and layout…). The approach presented is part of a historical HF integration strategy into the design developed over more than 20 years and centred initially on the Main Control Room [START_REF] Labarthe | The human factors evaluation program of a control room: The French EPR approach[END_REF]. Today, a new extensive scope is considered by integrating the HF into the equipment design. In this article, only the HFI programme for the equipment workstream is presented. The approach described in this article relates to mechanical and electrical Systems Structures and Components (SSCs) within the Nuclear Island. It applies to all elements of design within the Contractors scope that influence the performance of human tasks, i.e., where human interactions are expected during the installation, commissioning, operation, maintenance, replacement or decommissioning of the equipment. For instance, the equipment/contracts within this scope are the polar and auxiliary crane, the batteries, the pumps, the fire alarm system, the sensors, and the Emergency Diesel Generator …

III. METHOD

The HPC Human Factors programme was built on the extensive HF programme for the EPR FA3 Reference Design and the UK-specific HF programme for the Generic Design Assessment phase. A generic approach has been developed for HFI in the equipment workstream [START_REF]Human Factors Integration Plan (HFIP) for Hinkley Point C, ECESN130449[END_REF], which is based on the following principles:

• Applying a risk-proportionate approach to focus HF integration effort on aspects of the design that will benefit to nuclear safety,

• Applying good engineering practices and design guidelines to all plant areas to ensure that fundamental user requirements (e.g., access, space) are addressed as an integral part of the design process.

The definition of the main steps includes the procurement phase (from Invitation To Tender phase to the signature of contract), the execution of HF analysis by the supplier, the Edvance surveillance of supplier's deliverables. These steps are listed below and shown in Figure 1:

• Preparation of the Invitation To Tender (ITT): elaboration of HF requirements, development and implementation of the HF risk significance method. • ITT package / Bid elaboration and transmission:

HF Technical Lead (from EDF Edvance) of the equipment workstream participates in the HF risk significance final assessment. Then, HF Edvance team leads the assessment of the proposed bidders and support them [START_REF]Human Factors Integration Plan (HFIP) for Hinkley Point C, ECESN130449[END_REF],

• Signature Of the Contract,

• Detailed Design by supplier,

• HF Edvance surveillance of HF deliverables. The HF risk significance of the electrical and mechanical contracts/equipment included in the Nuclear Island scope aims to help the future supplier to define the relevant HF activities to be performed. The integration of HF into the design is based on a risk proportionate approach to focus the effort on aspects of the design which will significantly benefit the nuclear safety [START_REF]Human Factors Surveillance Plan for Electrical and BNI Mechanical Contracts in Procurement Workstream, D305115016793[END_REF].

The HF risk significance was determined with dedicated workshop involving engineering leads from EPR HPC Project, and technical leads from Mechanical equipment and Electrical Departments before the ITT. Where relevant, the operation department or the safety team were consulted to obtain more detailed information on operation and maintenance activities or on the safety case [START_REF]Human Factors Integration Plan (HFIP) for Hinkley Point C, ECESN130449[END_REF]. Some criteria were considered:

• The Safety classification of Structures, Systems or Components reflects the importance to nuclear safety that provides a particular safety function, both during normal operation and in the event of a fault or hazard accident. The safety class represents the level of robustness that will be required in the design, construction, and the operation phases, • Complexity of Operating, Maintaining, Replacing and Decommissioning tasks (including testing and calibration), • Hazard associated, the frequency of interaction between operators and the equipment, and the existence of HF Issues relative to GDA, Operating Experience, or Assessment Findings.

The following risk matrix has been used to guide the assignment of HF risk significance (the legend used in the evaluation scale is High, Medium, Low, Zero).

Figure 2. Evaluation Scale

The determination of HF Risk Significance is based on the Safety Classification and an understanding of the complexity of human tasks associated with the equipment (based on expert judgement). The matrix above is provided for guidance and reflects the risk significance rank regarding the complexity of the tasks and the safety classification of the equipment [START_REF]HF risk significance assignment for Balance of Nuclear Island mechanical and electrical contracts[END_REF].

However, some flexibility has been applied, for example, where the level of hazard associated with the equipment was known, then this understanding of potential consequences associated with errors/failures during operator tasks has been considered to refine further (increase or reduce as appropriate) the determination of HF Risk Significance. Where the level of hazard was unknown, the uncertainty has also been considered to increase the risk evaluation.

Where the risk evaluation is increased or reduced based on expert judgement, a level of confidence has been assigned regarding the information available.

Four levels of HF risk significance are identified, and consequently, the deliverables required, and the level of surveillance are specific to each level: Zero, Low, Medium, High.

2) Effort requested by the supplier HF specifications have been provided as part of the Invitation To Tender packages provided to the bidders for each of the equipment contracts The Human Factors program approach is risk-proportionate and includes four levels of effort for HF integration depending on the risk significance of each contract/equipment [START_REF]HF Requirements for Contract Technical Specifications (NI Scope), ECESN140071[END_REF].. a) Zero: No direct involvement and no surveillance. HF input through engineering/corporate good practice and communication of HF design guidelines. The HF deliverables outlined do not apply to equipment classified as Zero risk significance.

b) Low: No direct involvement required from HF specialists, HF input primarily through engineering/corporate good practice and communication of HF design guidelines with some review and verification against any prescriptive HF requirements (i.e. HF requirements specifying distances, size, weights, etc, that designers can apply to drawings or calculations). c) Medium: Some direct involvement of an HF specialist (e.g. attendance at relevant meetings such as design review meetings, and the HF tests and checks). Limited additional HF input such as the provision of data or other inputs, consultation on HF-related questions or issues that may arise during design development, review of findings and formal recommendations. d) High: One or more HF SQEP specialists are directly involved in the design process. Substantive input is provided to the design of the equipment. HF input includes special activities such as detailed task analysis, low fidelity mockups, simulator studies, interviews and walkthroughs with operators, independent HF review, HF verification and validation. In conclusion, the table below summarises the HF Deliverables expected from the supplier depending on the HF risk significance of the contract/equipment. 

3) Human Factors deliverables

In total, six deliverables are requested from Contractors depending on the risk significance of the contact and explained in [START_REF]HF Requirements for Contract Technical Specifications (NI Scope), ECESN140071[END_REF].

a) The Human Factors Integration Plan (HFIP): in his bid, the Contractor is requested to provide a specific HF Section, explaining how the Employers' expectations will be met, considering the HF activities that are requested for the level of risk significance assigned. The document should provide a clear description of the HF Technical Programme the Contractor intends to undertake, along with details of the Management Arrangements that will be in place to assure delivery of the Technical Programme.

b) The Human Factors Requirements Compliance Matrix (HFRCM): the supllier is requested to capture in a living document all prescriptive requirements related to the equipment and take into account codes, standards, applicable regulation; and outcome of HF analysis and review ( as in [START_REF]Target Audience Description for HPC[END_REF], [START_REF]Human-Machine Interface (HMI) Style Guide and Design Reference, ECESN140832[END_REF]). All Contractors must produce a HFRCM for Low, Medium and High Risk Significance equipment. The document must be updated all along the project, and the last revision shall provide all the evidence of compliance. In case of no compliance, the requirement shall be analysed and mitigated in the Issues ans Assumptions Register.

c) The Human Factors Issues and Assumptions Register (HFIAR): contractors are requested to identify, manage and address issues and assumptions arising from HF analysis. Isuues are defined as a deviation from a HF standard, guideline or recognised good practice that could adversely affect human performance and reliability. The assumption are defined as aspects of the design and operation that require confirmation. Issues and assumptions are collected in a living document to support their management. All Contractors are required to produce an HFIAR for Low, Medium and High Risk Significance equipment.

d) The Human Factors Worksheet (HFWS): the supplier shall identify all the future equipment users and tasks (e.g. installer, operator, maintainer). For each task identified, a list of all HMI components linked must be provided. An additional part expected concerns the finding related to the Operating Experience Feedback from incidents and events involving the type of equipment both within the nuclear industry or Internation Atomic Energy Agency, and from other industries. Moreover, the identification of the physical work environment elements that can affect the successful execution of user tasks will be provided. This document provides priliminary HF analysis, and it is requested for a medium risk significance contract.

e) The Human Factors Analysis Report (HFAR): the deliverable reports the analyse findings before the equipment manufacturing. HF analysis shall be performed by a Human Factors Suitably Qualified and Experienced Person (HF SQEP) from the supplier's team. The following parts are requested: allocation of function, task analysis, Operating Experience Review, and Human Error Identification. The task and human error analysis are the most important parts of the document. The task description and identification provide a baseline to identify and analyse human error (e.g. Systematic Human Error Reduction and Prediction Approach), there are many techniques that are multidisciplinary in nature and /or led by disciplines other than HF (e.g. Failure Modes and Effects Analysis, HAZard and Operability method). Suppliers shall justify the techniques used and ensure a comprehensive evaluation of potential human errors. This document is mandatory for a high risk significance contract.

f) The Human Factors Design Review (HFDR): The contractor shall undertake a formal design review involving a multidisciplinary team.. The deliverable will incorporate agreed outcomes from a formal design review into the equipment design, with the evidence of compliance. The reviews will be centred on the tasks carried out using supplied equipment and utilise agreed outputs and deliverables, layout drawings, 3D Models and operational knowledge of the equipment.

g) The Human Factors Tests and Checks (HFTC): all aspects of the design shall be validated using mock-ups, 3D Computer Aided Design models, prototypes or manufactured designs, where it is practicable and appropriate. The method used and results of related tests, checks and/or trials should be recorded in the deliverable.

B. The Human Factors surveillance programme 1) Level of surveillance

The human Factors surveillance process has been established following the HF risk significance assigned to the fifty-six contracts/equipment from Electrical and Mechanical scope at the beginning of the HPC project [START_REF]Human Factors Surveillance Plan for Electrical and BNI Mechanical Contracts in Procurement Workstream, D305115016793[END_REF].

The distribution of roles between the HF Edvance Team and the Contract Team also depends on the level of HF risk significance: the HF specialist in charge of the equipment workstream is the "technical contributor" for the Medium and Low level of effort contracts, and he/she is the "technical lead" for the High level of effort contracts. Two HF technical leads and a document manager from HF Edvance team are in charge of the surveillance programe. Indeed, the HF programme requires the surveillance of HF analysis, a support to the supplier and to the HF Licensee team. To ensure the tracability and the good execution of the work, the document manager compiles all evidence and key points of the activty, and also help in contacting team project and sending comments from HF delievrable reviews.

a) For a Zero level: no involvement is required. b) For a Low level of effort contracts, adequate support is provided to the relevant contract lead on time. The three documents expected are reviewed when the Lead engineer requests support.

c) For a Medium level of effort contracts, the RD HF technical lead proceeds by sample (usually random selection of a sample of deliverables), and verifies a sample of deliverables to identify the contractors that could benefit from greater support.

d) For a High level of effort contract, the surveillance performed by the Edvance HF specialist is scheduled with the supplier. In addition, HF Design Reviews are planned following the completion of a significant Human Factors Analysis. HF Edvance team attends meetings with the suppliers'HF SQEP and/or multidisciplinary team when needed or at the most appropriate step of the process. He/She provides observations on deliverables issued for Observation and Information. The Edvance HF specialist will participate to the design reviews and tests and checks as witnesses.

2) Tools developped

Tools have been implemented to review the HF deliverables and the active surveillance developed in parallel (to monitor the supplier's planning, clarify expectations to supplier's HF SQEP, and provide support for the use of requirements or guidance). Indeed, the main objective of developing an HF programme is to provide input to the designer at the early stage of the design to incorporate feedback from HF analysis. In addition, the active surveillance [START_REF]2021 Status Report for the Surveillance of Human Factors Integration into High and Medium Level of Effort Contracts[END_REF] is also an indicator of the Responsible Designer HF team's level of investment/support, detailing all the activities linked to a contract.

a) The equipment dashboard: This tool brings a quick and comprehensive macro view of the two sets of activities: surveillance deliverables and active surveillance of contracts. It is updated daily by the Document Manager. One important section of the dashboard is elaborated to fulfil the active surveillance. The "RAG status" (Red, Amber and Green) categorises the level of concern and/or support regarding the contractor's level of compliance to the HF Programme. The RAG status can be used for a contract in general and/or for a specific deliverable. It is also linked to the risk-proportionate approach, meaning that the most crucial effort/support is engaged for high-risk significance contracts. Different data are collected: the "Initiator of active surveillance", the type of Issue identified (Contractual, Technical, Quality or Schedule Issue), the Description of the issue, the Status (Open or Closed), a "Comment on the status of issue" column for detailing the actions and the "RAG status" that is a visual indicator. To determine the RAG status schedule issues, the HF Edvance team uses the date of signature of the contracts and the last date before the manufacturing milestone to estimate the risk of engagement from the Suppliers HF programme.

b) A criteria grid for the review deliverables: The process of deliverables surveillance is performed through different equipment design phases. Therefore deliverables are produced for a long extended period, meaning different reviewers can do the surveillance process. This criteria grid has been developed since the beginning of the programme to limit variability for the surveillance of contractor's deliverables/"standardised" HF deliverables surveillance. The tool is designed as a proofreading sheet/checklist for the reviewer. It lists the criteria that each deliverable must include, with its criticality level on an indicative basis, based on the HF HPC requirements described in [START_REF]HF Requirements for Contract Technical Specifications (NI Scope), ECESN140071[END_REF].

c) The High risk contracts overview: At this stage of the HPC project, an appropriate level of information/deliverables are known by HF Edvance specialists, and plenty of information is available on the dashboard. This excel tool has been developed to summarise and facilitate understanding of each high-risk contract status. The goals of the high-risk contract overview [START_REF]2021 Status Report for the Surveillance of Human Factors Integration into High and Medium Level of Effort Contracts[END_REF] are:

• To summarise the dashboard information.

•

To assess the quality of the contractor deliverables.

•

To assess the HF engagement of the contractor.

•

To identify and share the challenge/opportunity before the start of manufacturing.

•

To support the HF Licensee team on the Safety Case report plan regarding the contract status.

•

To conclude on the level of achievement of a contractor and the remaining effort to produce before the closure of the contractor's HF programme.

3) A Key point of the surveillance activity

The surveillance activity supports the HF programme along the design of the equipment, from the Signature of the Contract to the acceptance of all the HF deliverable in the manufacturing phase. After the signature of contracts, the HF Edvance technical lead of the equipment workstream will provide two sets of activities to ensure HF has been integrated suitably in the design:

• The review of deliverables under the proportionate approach regarding the equipment's HF risk significance. The Edvance HF technical lead also provides feedback on the review of contractor's deliverables •

The active surveillance (to monitor the supplier's planning, clarify expectations to supplier's HF SQEP, and provide support for the use of requirements or guidance). This activity goal's helps prioritising the work and effort to provide.

The Edvance HF technical lead supports and collaborates with different stakeholders in the project in using the tools elaborated. First, He/she provides HF expertise and clarification to the supplier and the team project for each contract. Communication with the multidisciplinary team from the Nuclear Island Designer is also needed to alert on technical issues with an equipment and ask for clarification with the supplier.

To finish, a link with the HF Licensee team is organised: a monthly workshop allows the HF specialists to discuss the support needed and the current HF technical issues. Moreover, a monthly report and an annual status report are sent to provide the attention points and share the equipment designs' progress.

IV. RESULTS

Currently, fifty-six contracts/equipment are under surveillance in the HF programme, ranked in three levels of HF risk significance: thirteen high risks, twenty-four medium, and nineteen low.

The deliverables requested from suppliers provide the formal evidence to demonstrate the integration of the human factor. Among the different aspects analysed, elements that may affect human performance, maintainability, operability, and reliability stand out. As a result, many potential issues and assumptions have been identified.

The table below presents an extract of the HF issues and assumptions identification and management from the supply chain in the scope of the high significance HF risk contracts. The issues identified are gathered in different categories:

• Human Machine Interface (e.g., the noncompliance of the colour coding used with the HMI specifications [START_REF]Human-Machine Interface (HMI) Style Guide and Design Reference, ECESN140832[END_REF] in the control room), • Accessibility (e.g., the lack of space between the equipment and the wall to perform the maintenance activity), • Organisational aspects related to the procedures, work organisation, or the Training (e.g., maintenance operations has not been defined yet),

• Anthropometrics aspects (e.g., the maximum high of a needed part of the equipment), • Health and safety, and Others (e.g., Environmental conditions, limited documentation access).

These elements are illustrated in the table below: As shown in the table above, for a total of 770 points raised: 285 issues and assumptions are mitigated/closed, and 485 are in resolution progress. An issue is considered closed when the evidence of the test and check with satisfying result, or preventive measures recommended, are provided. To be noted that other referred document could be used to prove the compliance as a layout, design review deliverable etc.

This result shows that although the number of opened issues is more significant than the number of closed issues, several improvement points could be identified and addressed. That means the HF expectations was considered, not only regarding the height or width of the equipment but in a wide range of field. The Human Factors Integration and surveillance programme allow the integration of the Human Factors aspects in equipment design during the detailed design phase.

At the end of both the surveillance programme and equipment manufacturing, all the open points, technical issues, and unfinished analysis will be transferred to the HF Licensee team. The goal is to ensure pre-operations will consider all these risks from manufacturing through the monthly report and the current RAG status regarding the priorities linked to the risk proportionate approach. These data will allow the Licensee understanding the operations to be carried out in their future environment, with the risks highlighted, and so, anticipate suitable preventive measures. The HF Licensee team will perform additional analysis where needed to close open point and share preventive measures to prepare the commissioning.

V. CONCLUSION

To conclude, the implementation of the Human Factor Programme allowed a HF focused reflection on reliability and safety of the equipment before manufacturing it in the first place. The risk proportionate approach provides a good analysis sized effort. Additionally, the task and human error analysis combined with the requirement matrix provides an excellent baseline to have the knowledge on the normal and maintenance activities, and fault operation mitigation to be achieved. These data could be used as baseline for future analysis.
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 1 Figure 1. Main contractual step of the procurement workstream

TABLE 1 .

 1 SUPPLIER OUTPUTS

	Human		HF Risk significance	
	Factors				
	Deliverables	ZERO	LOW	MEDIUM	HIGH
	1				
			YES	YES	
	HFIP	/	(Summary	(Summary	YES
			)	)	
	HFRCM	/	YES	YES	YES
	HFIAR	/	YES	YES	YES
	HFWS	/	/	YES	/
	HFAR	/	/	/	YES
	HFDR	/	/	YES	YES
	HFTC	/	/	YES	YES

TABLE 2 -

 2 Issues and Assumptions for High-Risk contracts

	Issues & Assumptions	
	Categories	Open	Close
	HMI	58	7
	Accessibility	88	72
	Organisational (Procedures,		
	Work organisation,	192	93
	Training)		
	Anthropometric	40	22
	Health and Safety	53	28
	Others	54	63
	Total	485	285
	Total Issues	770	

The content of the table and the acronyms are detailed in the section 3: Human Factors deliverables.