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27.1 Introduction

27.1.1 Background

Hitachi-GE Nuclear Energy, Ltd. (Hitachi-GE) has undertaken to produce a design of its Advanced
Boiling Water Reactor (ABWR) that is suitable for use in the UK nuclear industry. As part of the
UK’s Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA) process, there is a
need to demonstrate suitable consideration of human factors (HF) in a way that is truly integrated
throughout the lifecycle of the nuclear power plant, but especially during the design stage. Timely
and adequate consideration of HF in the design of a system is key to achieving the plant’s
fundamental safety functions and ensuring risks from human interactions with the system are
managed to as low as reasonably practicable (ALARP).

Hitachi-GE has a long history of designing, manufacturing and supporting operations with over 20
nuclear power plants, starting with the original Boiling Water Reactor (BWR) in the 1960s, through
the evolution of the ABWR and its further development over three generations of design. Elements
of HF have formed a part of Hitachi-GE’s core design and engineering processes for much of that
history through use of standards and good practice and the incorporation of lessons-learned. The
inclusion of HF principles to reduce operator errors in general, to reduce workloads, and to improve
operability has been integral to design requirements to varying degrees across all areas of plant, and
has improved and evolved over the course of the history of the reactor. Thus the formal and informal
integration of HF can be seen reflected in the current Japanese ABWR (J-ABWR) design, a design
which will form the baseline for the UK ABWR. As such, the UK ABWR is already starting from a
position of having had some consideration of HF during the reference design (see Section 27.3.2).

27.1.2 UK ABWR Safety Functions

Although a certain basic level of good HF practice within a system design is important, ultimately
the UK ABWR GDA Human Factors Integration (HFI) programme needs to be focused on ensuring
that human actions within the plant support and enhance the Fundamental Safety Functions (FSFs).
These FSFs are identified and described in detail within the list of category and class described in
PCSR Chapter 5 General Design Aspects [GA91-9101-0101-05004 (AE-GD-0169)], particularly
subchapter 5.4 Categorisation and Classification of Structures, Systems and Components (SSCs).
There are five FSFs for UK ABWR as listed below:

FSF1 - Control of reactivity

FSF2 — Fuel cooling

FSF3 — Long term heat removal

FSF4 — Confinement/Containment of radioactive materials
FSF5 — Others

These FSFs are devolved further into a set of High Level Safety Functions (HLSFs). The HLSFs are
the more specific means to ensure that individual systems are designed such that they contribute to
the achievement of the overarching FSFs. The HLSFs are listed in Table 5.4-1 of subchapter 5.4 of
the PCSR and are allocated as applicable to each system. There are human actions that are required
to meet some of the safety functional claims (SFCs) and safety property claims (SPCs) of the SSCs
of each system; these are the human-based safety claims (HBSCs) identified throughout the PCSR,
including the Bases of Safety Case and topic reports. Thus these human actions or HBSCs inherently
support the achievement of the SFCs/SPCs and HLSFs, and through those, all five of the FSFs. More
detail is given in Section 27.5.
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27.1.3 Purpose and Scope of PCSR for HF Topic Area

This chapter of the PCSR presents the technical workstream topic area of HF. The purpose of the HF

Topic Area within the GDA PCSR is to:

1. Present a concise record of all the HF-related support activities and analyses carried out as part
of the GDA project.

2. Capture and summarise all the human-based safety claims (HBSCs) made throughout the
remainder of the PCSR chapters.

3. Demonstrate that those claims are achievable and thus the human element of the UK ABWR
system successfully contributes to achieving the FSFs.

4. Demonstrate the risks from the human element of the system can be considered to be managed
to ALARP.

Within the HF topic area, because the principles, issues and requirements are broad, and because
they impact on and are affected by most of the other technical topic areas within design, operations
and safety analysis, the scope of the PCSR for the HF topic area covers HF claims and issues related
to the entire plant in all operating modes and all safety case topic areas.

27.1.4 Document Overview
This chapter is made up of the following sections.

Section 27.2 UK ABWR Integrated Human Factors Programme: This section provides a
description of HF support and assessment activities undertaken, identifying inputs, dependencies,
constraints and outputs for those tasks, including expected date for completion of any incomplete (at
time of issue of this chapter) work. It also discusses how any HF issues have been managed and
resolved in GDA, details end user and stakeholder involvement, and outlines at a high level the
resource that supported the programme.

Section 27.3 Summary of Preliminary Human Factors Activity: This section summarises the
preliminary HF activities. In order to capture the nature and outcome of the inclusion of HF in the
existing J-ABWR design, a baseline HF assessment was identified as an essential preliminary HF
activity within the UK ABWR GDA programme. As a result of this assessment, gaps were identified
and planned to be effectively resolved through the GDA HFI programme. A preliminary list of
HBSCs was also identified, based largely on the J-ABWR safety analysis.

Section 27.4 Human Factors in GDA: Summary of Activities and Results: This section
summarises the design support activities carried out during GDA. It also summarises the HF
analyses results and the safety case support activities.

Section 27.5 Substantiation of Human-Based Safety Claims: This section provides a description of
the high-level HBSCs that support the claims made in Generic PCSR. It summarises the processes
used to identify the specific claims that support the HLSFs and thus ultimately the FSFs, and to
develop the arguments and evidence which are presented in detail within the HBSC Report [Ref-1].

Section 27.6 Conclusion: This section provides a summary of the main aspects of this chapter.

Section 27.7 References: This section lists documents referenced within this chapter.
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27.2 UK ABWR Integrated Human Factors Programme

27.2.1 Introduction

HF is a broad scientific and engineering-based discipline that involves determining relevant
information about human capabilities, limitations, characteristics, behaviour and motivation. That
information is then systematically applied to the design of systems and components, the procedures
people use and the culture and environment in which they use them.

Although HF has existed as a discipline for many years, with known benefits for both safety and
system performance, system development has continued to focus on the technology involved in the
design solution, without adequate or timely consideration of the humans who must interface with
that technology and the changing needs of those users through different lifecycle phases of the
system. Because HF is such a broad and holistic discipline that impacts and interacts with most
traditional engineering disciplines as well as health and safety areas, and throughout all system
lifecycle stages, the effective consideration of it within a project or operating organisation is
necessary, with particular attention taken through project management and design processes.

In order to ensure that the equipment, process and people components of a complex system are
considered in a balanced manner during system design, and to ensure that the resulting system is
able to work effectively and safely, a process known as Human Factors Integration (HFI) has been
developed. HFI is defined concisely by the UK military as:
"a systematic process for identifying, tracking and resolving human-related issues to ensure a
balanced development of both technologies and human aspects of systems" [Ref-2]

HFI is essentially a sub-set of the project management effort for any large or complex system design
project. It is used as a tool to define an effective programme of HF support and ensure the timely and
adequate consideration of the entire extent of human involvement in the system throughout its
intended life.

The programme of HF supporting activities for any project is designed to be fully integrated with the
project schedule, processes and organisation(s) to provide the necessary analysis and support in a
timely manner, as early as possible in order to be cost-effective.

For UK ABWR GDA, the HFI programme will be the means to ensure that:

o The “broader holistic assessment across a range of important HF aspects” required of the GDA
guidance [Ref-3] will be conducted in a well-managed and traceable fashion.

e The ONR’s SAPs [Ref-4] related to HF' and the broad HFI and specific HF requirements for
design that can be derived from HF-related Technical Assessment Guides (TAGs) can be
demonstrably met’.

e The Environmental Agency (EA) Radioactive Substances Regulation (RSR) Environmental
Principle (REP) ENDP5 [Ref-5] for HF and any HF-related requirements derived from other
REPs can be demonstrably met.

' The SAPs contain explicitly HF principles in EHF.1 through EHF.10; however, there are implied HF requirements
within many of the other SAPs that must be met. It is noted that the current version of the SAPs [Ref-4] have two
additional EHF principles (EHF-11 and EHF-12). However those principles can only be applied to an operating
organisation; they are not considered applicable directly to GDA.

21tis recognised that the SAPs, REPs and TAGs are intended for use by the Regulators when assessing plant designs;
however, the requirements for the UK ABWR GDA programme have been derived in part from the guidance
contained within those regulatory documents.
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e The UK ABWR HBSCs — which include environmental safety — will be adequately developed
and validated in a systematic fashion and sufficiently substantiated through the course of UK
ABWR GDA.

Because HFI programmes are customised each time to meet specific project needs, system
characteristics, risk levels and stakeholder requirements, the HFI programme is always bespoke and
is defined and managed through the use of a HFI Plan (HFIP) [Ref-6].

27.2.2 HF Integration: Planning and Management

The UK ABWR GDA HFIP [Ref-6] defines how Hitachi-GE is managing the integration of HF into
the development of the UK ABWR for the UK GDA project in order to meet corporate and UK
regulatory requirements and international HF good practice. The plan outlines HF supporting
activities for the project and details the processes by which the HF analysis and expertise will be
provided:

o to the design of the equipment and processes to be used within the plant;

e to help meet safety, operational and end-user requirements;

e in a timely manner; and

e at an appropriate level, commensurate with the project and facility risks.

Hitachi-GE developed the HFIP as a separate live document which has been updated regularly as
required during the GDA project. It is intended to fully meet the guidance outlined in the UK ONR
TAG-058 for HFI [Ref-7] and specifically, within the TAG, the guidance for the contents of a HFIP.
In the HFIP document, the actual HF Activities or "Work Packages" that are planned throughout the
various stages of the GDA project are described. To the extent possible at each stage of the project,
each Work Package is defined including: the approach or methodology to be used, inputs, outputs,
constraints and dependencies, timescales and project milestone links (as appropriate). The HF and/or
project resource required to undertake the activity is also given to ensure that activities are
conducted in a competent manner. For later GDA stages, or stages not within the current scope of
the HFIP, indicative activities are included to show cognisance of the need for continued integrated
HF support throughout the PCSR development and the operational lifecycle of the plant.

The HFIP for GDA outlined two interrelated streams of HF activities supporting both optimal
consideration of HF within the development of the UK ABWR design and HF analysis to feed into
the design requirements and substantiate the safety case claims. As with the rest of GDA design and
PCSR, these activities have been conducted in an iterative and staged way to align with the state of
design and safety analysis at any given time. Section 27.4 gives a summary of the outputs and
impact of these activities on the UK ABWR design and safety case for GDA.

27.2.3 HF Processes and Methodologies

Within the HFIP [Ref-6], HF activities are described and planned at a relatively high-level. For some
activities, the method to be used is more involved and needs greater description than that given in the
HFIP; for many types of HF analysis, there is a choice of tools and/or techniques within the range of
what constitutes HF good practice. In such cases, selection of an appropriate tool or technique is
required with appropriate justification regarding its applicability. This ensures that results,
conclusions and recommendations from the HFI programme are valid and up-to-date.

In order to provide greater detail than that would be appropriate to the HFIP, a document capturing
the methods to be used for HF-related analysis was developed to support the descriptions of some of
the HF Work Packages, the Human Factors Methodology Plan (HFMP) [Ref-8].

Specifically, the purpose of the HFMP is to:
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o detail the processes, tools and techniques that were used to carry out HF activities within the
HFI programme, and

e provide justification (where appropriate or required) as to the suitability and adequacy of the
methods chosen.

The scope of the HFMP is to describe methods for conducting HF support and analysis activities
that:
e are identified in the HFIP,
o are related to UK ABWR GDA key design and safety analysis processes and milestones, and
o required further description and explanation than that provided within the HFIP itself.

27.2.4 Interfaces with Other Topic Areas

As a broad cross-cutting topic, HF is impacted by and, conversely, has an effect on most other
technical topic areas. The HFI programme includes HF management activity that spans the entirety

of GDA. This activity includes managing interfaces with the related and affected technical areas
within the GDA project. This management was performed through informal communications and
weekly Keep In Touch meetings between the topic area Subject Matter Experts (SMEs), as well as
more formal means such as design reviews and documented workshops as necessary. In this way, the
broad scope of the HFI programme and the timing, inputs, outputs and dependencies of the required
activities were effectively communicated at both the Expert or “advisory” and Specialist or “working”
level, resulting in a comprehensive designer and engineer awareness of HF across the project.

The interface points identified within the other topic areas are shown in Table 27.2-1.

Table 27.2-1: HF Interfaces in the GDA Project

No. Topic Area Potential HF interface/impact
1 Management for Safety | Medium interface: HF verification and technical quality of deliverables,
and Quality Assurance |plus consideration of human in development of organisational
(MSQA) arrangements such as management systems
2 Electrical Engineering | Medium interface regarding electrical safety rules (see also

conventional safety) & accessibility/installation of cabling/power
especially during installation & decommissioning.

3 C&l Fully integrated topic: Main focus of HFE is MCR/local panel human-
machine interfaces (HMIs); this is an area of continually
linked/integrated working.

4 PSA & Fault Studies Fully integrated topic: human-related claims (implied and explicit) in
safety studies need SQEP HF analysis and/or review. There are multiple
chapters that contain elements of HF as well.

5 Fuel and Core Design | Medium interface surrounding fuel handling and refuelling tasks. Use of
automated core loading software and design of core components for
ease of independent verification following reloading require particular
consideration.

6 Security Some interface: Security systems and arrangements make implied
claims on human response/action and also have human-system
interfaces that require support/assessment.

7 Conventional Safety / | Medium interface: HF includes the consideration of human capabilities
Fire Safety within design for reduction of conventional health & safety risk (in
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No. Topic Area Potential HF interface/impact

addition to nuclear safety and process risk reduction). Also, fire safety
strategy often makes implied claims on human action for alarm
response, fire-fighting, successful evacuation within time periods etc.
Wayfinding (human cognitive capability in directional & plant layout
mental model) & panic response impact evacuation arrangements.

8 Turbine Island Medium interface relating to plant layout and accessibility/
maintainability/ constructability.

9 Project HFI programme must be completely linked to project overall schedule
and milestones to demonstrate that HF was applied early and at the right
time for the related design activity.

10 Generic Site Envelope | Medium interface: response to external hazards has HF element.
& External Hazards

11 Internal Hazards Medium interface: Internal hazards (dropped load, leaks, etc.) tend to
relate to human errors and claims (i.e. maintenance failures,
administrative controls).

12 Civil Engineering Some interface: structural integrity often relies on inspection which has
an implicit human-related claim. Also, Construction (Design and
Management) Regulations (CDM) and constructability are part of HF

scope.
13 Mechanical Some interface: as above regarding inspection and maintenance
Engineering reliability/claims. Particularly valves, pumps, etc. equipment
accessibility, maintainability, and cranes/nuclear lifting.
14 Structural Integrity See civil engineering above.
15 Reactor Chemistry Some interface: surveillance & testing reliance on human actions.

16 Radiological Protection | Medium interface: administrative arrangements and plant design for
reducing and monitoring dose uptake must include consideration of
human capabilities. Managing dose during planned
maintenance/surveillance.

17 Decommissioning Some interface: consideration of HF in decommissioning and interim
storage facilities necessary during design stage. HF issues arising in
current UK decommissioning will be captured by HF SME; HF
considerations for stores contained within Nuclear Decommissioning
Authority (NDA) industry guidance document.

18 Radwaste Medium interface: design of fuel handling & radwaste plant and
systems must include consideration of HF as per operating plant design.
19 Generic Environmental | As above for security & internal hazards, interface to support
Permit-Radioactive design/assessment of human-related environmental protection claims.
Substances Regulation
(GEP-RSR)

27.2.5 GDA HF Topic Area Document Structure

In line with the TAG-058 on HFI [Ref-7] (in particular the process flow shown in its Appendix 1)
and the ONR GDA guidance [Ref-3], the HFI Work Packages were focussed on completion and
submission of a suitable set of progressive analyses at each Step of the GDA, in line with what is
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required to support a staged PCSR. The activities were also aligned with the intention for the design
team to enter formal design change processes with external stakeholders for the UK ABWR design
by the end of Step 3 and the GDA team to deliver the final PCSR before the end of Step 4

Each of HF Work Packages identified within the UK ABWR HFI programme has key outputs or
deliverables that capture the activities and analysis undertaken alongside actions to be considered in
relevant technical areas to address HF; these act as supporting documents to this chapter of the
PCSR. The document structure for the PCSR Chapter for the HF topic area is illustrated in Figure
27.2-1. This section describes the purpose and content of each deliverable in greater detail. Section
27.4 gives further detail regarding the relationship of the HF deliverables and how they are intended
to support the PCSR.

PCSR
Chapter 27

HF Issues are registered.

:
XreferstoY. ! HF Issues are registered. Xrefersto, and

27.2 27.3 274 274 27.5
HFIP PSR DER HFAR Al
Report
HFMP BAR SHpFeE: AOFR
COR RCTM HRAR
| HFIR |¢

PCSR: Generic Pre-Construction Safety Report DER: Human Factors Design and Engineering Report

HFIP: Human Factors Integration Plan HFE Spec.: Human Factors Engineering Specification

HFMP:Human Factors Methodology Plan RCTM: Human Factors Requirements Compliance Tracking Matrix
COR: Human Factors Concept of Operations Report HFAR: Human Factors Assessment Report

PSR: Preliminary Safety Report on Human Factors AOFR: Allocation of Function Report

BAR: Baseline Human Factors Assessment Report HRAR: Human Reliability Analysis Report

HFIR: Human Factors Issues Register HBSC: Human-Based Safety Claims

Figure 27.2-1: PCSR Rev. B HF Topic Area Document Structure

Human Factors Integration Plan (HFIP)

As described in Section 27.2.2 above, the HFIP [Ref-6] outlines the UK ABWR HFI Programme
plan including: scope, HF organisation for GDA, management of HF activities and issues, scope and
details of the HF activities (Work Packages), deliverables and schedule.

Human Factors Methodology Plan (HFMP)

As described in Section 27.2.3 above, the HFMP [Ref-8] details the processes, methods and tools to
be used for GDA HF analysis and other activities (i.e. design support).

Human Factors Concept of Operations Report (COR)

In order to make appropriate decisions regarding the scope and nature of HF activities to be
undertaken in the HFI programme, the operational context needs to be defined to a level of detail
appropriate to the project phase. This was done in consultation with the future operating organisation
and is captured in the COR [Ref-9]. The COR describes the assumed plant design, work
environment, operational arrangements, and cognitive and physical capabilities of the system users.
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In addition for defining the basis of the HFI programme, the information in the COR is used to
underpin all relevant GDA HF analyses.

Preliminary Safety Report (PSR) on Human Factors

The PSR [Ref-10] sets out the existing or initial design basis and related nuclear safety claims of
Hitachi-GE’s reference design, based on the J-ABWR. It also identifies UK HF requirements,
standards and good practice, and outlines the forward HF programme for the rest of GDA to provide
early assurance to the regulators that UK requirements are able to be met and claims are achievable
in the UK ABWR design. The Preliminary HF Activity related to the PSR is summarised in Section
27.3.

Baseline Human Factors Assessment Report (BAR)

At the start of GDA, Hitachi-GE already had a baseline design that incorporated elements of good
HF engineering practice as an inherent part of the design process and that was improved
continuously through its design life through the use of customer operational experience. In addition,
the reference plant has an existing safety case. The first activities in the GDA HFI programme were
to assess the current extent and effectiveness of implementation of HF in design, identifying gaps, in
the context of the UK regulatory requirements, requiring further attention during GDA. The
methodology, information collected, findings and conclusions from this review are captured in the
Baseline HF Assessment Report (BAR) [Ref-11], which details the initial HF assessment of the
baseline “reference” plant design (J-ABWR) and the existing HFE processes at Hitachi-GE.

Human Factors Issues and Assumptions Register (HFIR)

The HFIR [Ref-12] is a “live” document used for tracking and management of any identified issues
related to HF, the recommended resolution of those issues, and justification of residual risk if any.
The HFIR also contains the UK ABWR GDA HF Assumptions Register. The HF Assumptions
Register is used as part of the clear and traceable handover from the Requesting Party to the site
licence applicant in the forward stages of the HFI programme (i.e. post-GDA), forming part of the
HF Handover Report. This will be used to ensure that the basis for the HF analyses and support
provided during GDA can be understood and further validated as necessary in future stages of the
plant lifecycle.

Human Factors Design and Engineering Report (DER)

The DER [Ref-13] describes the HF activities and analysis carried out in support of the design of
UK ABWR; it includes HF analysis done in support of design decisions for elements of design not
related to specific safety case claims (as compared to that specifically in support of safety analysis
(see HFAR below)). It also provides some of the evidence and substantiation for the HBSCs,
particularly high-level design claims.

Human Factors Engineering Specification (HFE Spec)

The HFE Spec [Ref-14] compiles the list of design-based HF requirements that derive from the UK
HF standards and guidelines into one specification, for use by Hitachi-GE engineers, designers and
their suppliers.

Human Factors Requirements Compliance Tracking Matrix (RCTM)

The RCTM [Ref-15] is a register of all the HF requirements for UK ABWR GDA and provides a
clear audit trail as to how they are complied with.
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Human Factors Assessment Report (HFAR)

The HFAR [Ref-16] largely summarises the HRAR (see below) but also captures the output from
any other safety-related HF analysis such as workload analysis, working environment assessment,
etc. Along with the HRAR, it provides most of the detailed evidence and substantiation for the
HBSCs.

Allocation of Function Report (AOFR)

The AOFR [Ref-17] is a report of the outcome of the Allocation of Function analyses carried out on
existing (J-ABWR) and new (UK ABWR) design.

Human Reliability Analysis Report (HRAR)

The HRAR [Ref-18] presents the detailed qualitative and quantitative error analysis of all significant
human failure events, which then form the Level 3 HBSCs for UK ABWR. It also includes results
from any error identification activities and human failure event screening, grouping, and bounding
analysis.

Human-Based Safety Claims (HBSC) Report

The HBSC Report [Ref-1] presents a clear summary of the claims, arguments and evidence (CAE)
for all human actions important to safety (i.e. the HBSCs) identified in the UK ABWR. It largely
refers out to the HRAR but also the DER and HFAR for substantiation of the claims.
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27.3 Summary of Preliminary Human Factors Activity

27.3.1 Introduction

The consideration of HF within Hitachi-GE’s domestic plants (BWR, J-ABWR), as explained in
Section 27.1.1, has improved and evolved over the course of the history of the reactor. Thus the
formal and informal integration of HF can be seen reflected in the current J-ABWR design, a design
which will form the baseline for the UK ABWR (the “reference” design). As such, the UK ABWR is
already starting from a position of having had some level of integrated consideration of HF during its
reference design. The design that forms the baseline for UK ABWR is described in greater detail in
the ABWR General Description document [Ref-19].

27.3.2 Summary of Baseline HF Assessment

27.3.2.1 Summary of Baseline HF Assessment Approach

In order to capture the nature and outcome of the inclusion of HF in the existing J-ABWR design, a

baseline HF assessment was identified as an essential preliminary HF activity within the UK ABWR

GDA programme. The purpose of the baseline HF assessment was to:

1. Understand and be able to demonstrate the level of HF already considered within Hitachi-GE
current processes and the J-ABWR design; and

2. Identify any areas of specific focus for the UK ABWR HFI programme with regards to the
current J-ABWR design and Hitachi-GE current processes in terms of UK expectations, modern
HF good practice and requirements of the expected UK user group, particularly with respect to
ensuring human actions related to safety are supported and achievable.

In line with the above scope, the objectives of the baseline assessment, which are detailed in the
BAR [Ref-11], were as follows.

1. The first objective was to be able to provide a preliminary high-level demonstration (i.e. as a
high-level argument consistent with Step 2 of the GDA process) to the ONR that the reference
design for UK ABWR already has a significant level of HF considered as an integral part of the
plant design.

2. It was not expected that the HF in J-ABWR was done exactly to the requirements of the ONR
or necessarily completely in accordance with what is considered in the UK to be modern HF
good practice. Formal documented evidence of the HF was also not expected to be readily
available in English. Therefore the second objective of the baseline assessment was for Hitachi-
GE to determine and document the breadth and depth of HF within J-ABWR and the existing
Hitachi-GE design organisation, in order to develop a correctly proportionate HFI programme
for the remainder of GDA.

3. The third objective was wherever possible to build up an initial body of evidence for features of
J-ABWR plant design and safety case that could be carried over to UK ABWR. It must be
noted that this third objective was not the primary focus for the baseline assessment and it was
expected that such evidence would likely be only suitable and sufficient for less significant
claims or would require further specific validation for UK ABWR.

The review was carried out using a multi-faceted approach to ensure that the level to which HF is
effectively integrated within the baseline ABWR design was truly understood and properly
documented.

The review consisted of the following activities:
1. Defining J-ABWR Baseline Design
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2. Identifying Previous HF Analysis Activities and Outputs, including Use of Operational
Experience (OPEX)

3. Describing Current Hitachi-GE HF Processes for JJABWR

4. Reviewing and Justifying JFJABWR Allocation of Function

5. Conducting HF Expert Team Review

27.3.2.2 HF Expert Team Review

This section provides a description of the last element of the assessment, the HF Expert Team
Review; the approach used to carry out the other activities is described in detail in the BAR.

It was important to Hitachi-GE to carry out the baseline assessment in a proportionate manner, given
the objectives and the breadth and depth of detailed process and design items that might be reviewed.
Clearly in order to carry out such an assessment in a timely manner to be of benefit to the design of
the UK ABWR GDA HFI programme, a sampling of representative information and examples

across the breadth of the design and organisation was selected to be reviewed. As such, the HF
Expert Team review was planned to be done in an audit style and relied on the collective experience
and knowledge of the Hitachi-GE HF Experts in areas of: HF, existing UK nuclear and other high-
hazard industry practice and requirements, human psychology, ABWR design evolution, plant
functions and existing safety case.

Based on the UK HF Subject Matter Expert (SME) experience with performing similar assessments
across many high-hazard industry facilities, including the military and current UK fleet of nuclear
reactors, the review combined the use of:
o Interviews with key Hitachi-GE engineering and related teams, experienced ABWR operations
and maintenance personnel, and senior experts with knowledge of the design evolution.
e Review of process documents and records.
e Review of drawings and CAD models, examining overall design and key specific HF-related
elements.
o Assessment of performance of a sample of critical operational tasks during simulated fault
conditions.
e Review of as-built design in a suitably representative actual ABWR plant through a systematic
walkdown.

In addition to identifying key elements of the JJ-ABWR design forming human-system interfaces (see
Section 2.2 of PSR [Ref-10]), representative actions and design features relating to HBSCs (see the
HBSC Report [Ref-1]) were selected for review. The review used assessment criteria that were
compiled from a wide range of modern HF standards, guidance, tools and techniques.

The range of activities that comprised the HF Expert Team Review was carried out in two phases:
1. Phase 1: Hitachi-GE's Hitachi Works and Hitachi's Omika Works Review Sessions
2. Phase 2: Plant Walkdown and Simulator MCR Review Sessions

An overview of the review is provided in the remainder of this section. A more detailed description
of the assessment approach is provided in the BAR.

The reviewers spent two separate weeks holding discussion and review workshop sessions at
Hitachi-GE offices in Hitachi City, Japan. These sessions (Phase 1) included:

e informal group interview sessions with relevant Hitachi-GE teams, based on high-level
question sets and indicative lists of types of documents, records and other means of providing
evidence of integration of HF principles in existing processes;

o detailed reviews of the 3D composite CAD ABWR model and modelling process with
experienced designers;

e ashop tour of Hitachi's Omika Works (Information and Control Systems Factory); and
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e demonstrations using the part-scope simulator there.

The findings from the workshop sessions were then confirmed during a further week (Phase 2) of
plant walkdowns, simulator demonstrations and reviews, and critical maintenance tasks review using
the 3D CAD model and video footage of actual maintenance being completed. The “as-built” plant
and simulated task review sessions were conducted using review worksheets containing lists of
relevant criteria in each key area as well as question sets to prompt discussion with and feedback
from the operations, maintenance and other experienced plant personnel participating in the sessions.

27.3.2.3 Summary of Hitachi-GE HF Integrated in J-ABWR Design

As a result of the Phase 1 workshop sessions, many documents and records for coverage of HF in
specific areas of engineering were received, which the reviewers examined and assessed in detail.
The review examined the documents against the selected assessment criteria, from the viewpoint of
inclusion of HF in the design of plant and equipment, procurement, operations and maintenance
design, assurance and, for safety analysis, from the viewpoint of modern safety case requirements

for consideration and analysis of the potential for human error.

With regard to HF processes, the review also considered the nature and effectiveness of the past
approach to HF assessment during ABWR development as well as the existing HFE processes
applied for JJABWR projects to integrate HF holistically within the design. An overview of the
integrated consideration of HF found to be already in place at Hitachi-GE is given in Figure 27.3-1.
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Figure 27.3-1: Overview of Existing HFI at Hitachi-GE

The processes currently used by Hitachi-GE to ensure HF is considered throughout the JJABWR
design are further detailed in the BAR [Ref-11].
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27.3.2.4 Summary of Findings and Conclusions

AoF Review

A key part of reviewing the existing J-ABWR design and an essential requirement for the GDA HFI
programme was the review of the original Allocation of Function (AoF) within the system. The
review of the existing J-ABWR AoF considered the level and nature of the automated functions of
the system in comparison with UK regulatory requirements and HF good practice.

Note that the possible outcomes from the review for each existing J-JABWR function were:

e Same allocation for UK ABWR (when analysed using the UK criteria), as is currently found
within J-ABWR and no change planned for UK ABWR.

e Same allocation for UK ABWR as J-ABWR, but change planned for UK ABWR (discounted at
this point as there are no reasons for HF review to suggest such a change — this may occur later
due to other over-riding design or safety criteria).

o Different allocation result for UK ABWR to current J-ABWR, but no change planned for UK
ABWR.

o Different allocation result for UK ABWR to current - ABWR and change planned for UK
ABWR.

Justification commentary for each line item is provided in the detailed tables within Appendix B in
the BAR [Ref-11]; however, it is the third bullet point above that is required the most justification.
Possible reasons for decision not to change the allocation, despite the review findings, largely
involve other design or operational constraints that would prevent such a change or to do so would
not be within the principles ALARP.

The results of the AoF review were presented in their preliminary form within the BAR to allow
inclusion of the high-level findings within the PSR [Ref-10]. However, due to the extent of
information required for the analysis and the scope of systems and functions to be reviewed, the
analysis was continued throughout Step 2. Further function allocation analysis for any new functions
or ones that have changed due to design changes made during GDA was also carried out during

Step 3 (see Section 27.4.3.1).

The detailed results from the AoF analysis are given in the AOFR [Ref-17] and summarised within
the HFAR [Ref-16].

HF Expert Team Review: Hitachi-GE Processes & J-ABWR Plant Design

In reviewing the documents, records and as-built plant evidence provided during the reviews, the
reviewers considered the material in light of modern HF good practice and UK requirements for
systematic and integrated consideration of HF within design and safety case. The following provides
a summary of the findings and conclusions. Further detail is provided in the BAR.

The review found that there is significant fully-integrated consideration of HF within the current
processes at Hitachi-GE and within the J-ABWR design. Much of this HF has been formally done
and some of it captured in reports, specifications and test or assessment results. This is particularly
true within the C&I engineering discipline in design of the Human Machine Interface System
(HMIS). However, even the less-formally implemented HF strategies, embedded design criteria and
related principles (i.e. consistency in purchased parts specifications, minimisation of construction
delays through detailed installation sequence planning, etc.) in other areas were still found to be
successfully implemented to the desired end goals, making for a usable and optimised design. This is
underpinned by a rigorous programme of quality assurance (QA), verification and validation (V&V),
continuous improvement through customer feedback management and use of national and
international operating experience.
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As a result, the baseline HF assessment concludes that the current JJABWR design has been
optimised to effectively support successful performance of user tasks. It can be expected to form a
robust baseline position for the UK ABWR with regards the formal and informal integration of HF
considerations. The long operating history and carefully managed design development through
elicitation and implementation of existing plant operator feedback has allowed a very meaningful
type of validation and is expected to have identified and addressed many of the key outstanding HF
issues with regards baseline plant operations.

Throughout the baseline assessment, consideration was given to the areas of -ABWR that may need
additional focus during the UK ABWR GDA HFI programme, areas that were less formally
documented with regards suitable level of HF consideration, and those areas impacted by differences
in UK regulatory expectations, modern good practices for HF aspects of safety analysis, and a
different concept of operations (as per the COR [Ref-9]). Such areas of focus were identified in the
BAR. These specific focus items, in addition to the normal work programme of HF analysis and
support to design and safety case (see Section 27.2 for greater detail), were used to design a
proportionate and effectively-focussed programme for integrated consideration of HF in the generic
UK ABWR plant design.

27.3.3 Preliminary Safety Report

As a precursor to this PCSR, the GDA project developed the PSR [Ref-10]. The purpose of the PSR

was to set out the existing or initial design basis and related nuclear safety claims of Hitachi-GE’s

design, in order to allow the ONR to perform their assessment at the outset of the GDA process. For

the HF Topic Area, the PSR was prepared as part of the Step 2 HF activities. The PSR presents the

baseline or reference design position and is largely based on J-ABWR design and safety analysis.

The PSR for the HF Topic Area included in its scope:

1. The J-ABWR design and operational concept, particularly those areas of design with human-
system interfaces;

2. The existing Hitachi-GE strategies and processes for integrating HF within the design of all
plant areas; and

3. The known claims on human action that are important to the existing J-ABWR safety case.

The scope of the PSR HF Topic Area also included identification of the UK HF requirements,
standards and good practice, and an indication of the forward programme for HF throughout the rest
of GDA that would enable the ONR to determine at an early stage whether those UK requirements
are able to be met within the generic UK ABWR design.

PSR Conclusions

Even before undertaking the GDA process and coming to understand the UK requirements for HF,
Hitachi-GE recognised the essential role for the human element of the system plays in both
achieving the required levels of safety and also in potentially initiating abnormal or fault sequences.
The ABWR plant therefore has incorporated HF principles and analysis within the baseline reference
design and engineering processes throughout its evolution. This baseline HF position was assessed in
the context of UK and modern practice requirements and found to be relatively extensive and
effective in its implementation.Gaps were identified that were expected to be effectively resolved
through the GDA HFI programme.

A preliminary list of HBSCs was identified and presented in the PSR. The claims were mostly based
on the JF-ABWR design and safety case. These were reviewed against multiple sources by multiple
means to determine if any claims related to the reference design had been overlooked. Differences
between the UK and Japanese safety analysis requirements meant that some existing claims were
omitted as they were not expected to be claimed within the UK ABWR safety case. In addition, in
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order to present a complete picture of the claims within the whole plant, HBSCs relating to other
areas (for example in Balance of Plant (BOP), Radioactive Waste Management or Fuel Route, and in
dealing with internal hazards or severe accidents) were presented at a high level. The preliminary list
of HBSCs has been developed and supplemented as necessary as the design and safety case have
developed, and will continue to be until the final PCSR revision is issued in Step 4. However, there
are not expected to be a substantial number of unexpectedly significant claims or claims of a
previously unknown nature that would threaten the current HF position: that the UK ABWR design
will be suitable and adequate to support the required operator actions.

Based on the conclusion from the BAR [Ref-11] that there is substantial HF within the JJABWR
design and existing Hitachi-GE processes, it was expected that the core of good consideration of HF
within the J-ABWR design would provide a foundation of high-level evidence to be used as
appropriate (i.e. for more general high-level claims) for the UK ABWR HBSCs.

Following the PSR, Hitachi-GE implemented a suitably comprehensive programme of integrated HF
support and assessment during GDA. In addition to enhancing the list of claims where necessary, the
representative arguments and evidence to substantiate these claims were developed and will be
verified during the remainder of the GDA process, as outlined in the HFIP. A key aspect of the HFI
programme was that it was planned to be closely linked to key design milestones such that any
specific design features needed to support the HBSCs were implemented with appropriate
consideration of HF. Along with the baseline HF assessment, the forward programme of HF work
formed the high-level assurance during the GDA that the HBSCs for UK ABWR were being
systematically identified and suitably substantiated as achievable.
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27.4 Human Factors in GDA: Summary of Activities and Results

27.4.1 Introduction

This section summarises the HF activities carried out in support of the design and safety analyses. It
also summarises the HF analyses results and the PCSR development activities. At this issue of this
report, the Step 2 and Step 3 HF activities and outcomes are reported; future updates to this PCSR
will capture the analysis finalisation, claims substantiation and overall HF verification activities
planned in Step 4.

27.4.2 Summary of Design Support HF Activities

This section presents a brief summary of the HF activities and analysis conducted in support of the
evolving UK ABWR design. The design support activitis are reported in greater detail within the
DER [Ref-13] and its supporting references.

Because this PCSR is a staged submission and the GDA is not yet complete, and because HF relies
inextricably on the design evolution to progress, some activities are not yet complete. Indicative
activities for the remainder of the GDA (i.e. Step 4) are described at the end of this section.

27.4.2.1 HF Design-Based Requirements Capture

HF requirements for the UK ABWR project were derived from several sources. The main ones are

as follows:

1. HFE standards and HF elements of other design standards (international, Japan and UK)

2. Hitachi-GE corporate engineering process

3. Hitachi-GE QA requirements and operational experience/continuous product improvement
programme

4. Experience with other regulator (particularly U.S. NRC) ABWR assessment/approval

5. UK ONR Safety Assessment Principles (SAPs) and Technical Assessment Guides (TAGs)
related to HF

6. UK ONR GDA Guidance [Ref-3]

7. UK ONR UK ABWR GDA Assessment Plans for Human Factors [Ref-20] and [Ref-21]

8. UK ABWR Project HF SME experience based on international HF good practice

It is noted that the TAGs are guidelines for ONR inspectors and as such are not formal requirements
for the Requesting Party. However, the information and guidance contained within them is seen to
form part of modern good HF practice so they have been developed into appropriate high-level
requirements for GDA wherever applicable.

The known generic and standard HF requirements for the project are captured and listed in the HF
RCTM® [Ref-15]. This matrix contains all the known “in-feed” design HF requirements; other more
specific requierments that emerge as a result of HF analyses (largely task and error analyses) and
safety case-driven requirements are captured and tracked using the HFIR. Both of these registers
have been kept “live” throughout the GDA project. They have been and will continue to be used by
Hitachi-GE to ensure HF requirements are identified and understood, with the means for meeting
them documented and communicated to the required parties.

3 Although general requirement to meet international and national standards are listed by standard within the RCTM,
the individual requirements within the applicable standards are managed separately through the HFE Spec (see
Section 27.4.2.3).
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27.4.2.2 HF Awareness Training for Engineers

HF Awareness Training was provided for a large set of Hitachi-GE engineers who were working on
GDA, representative of all the relevant design areas. This training comprised a lecture on HF
principles and fundamentals, as well as a summary of the UK HF requirements and some potential
issues to be considered in the UK ABWR design. The training also included a Q&A session
following the lecture to help the GDA engineers to understand the UK standard HF practice and key
issues particular to each engineer's area. In addition, technical communications among the HF team
and other design teams were stimulated through this training. This encouraged the
designers/engineers to seek ad hoc HF support for making design decisions and preparing design
documentation (see Section 27.4.2.5).

A second awareness training session was given in support of the implementation of the HFE Spec
[Ref-14] (see Section 27.4.2.3). This training was provided for the key HF-related engineers from
each design team involed in the GDA project who need to ensure the use of the HFE Spec within
their respective design teams during GDA.

27.4.2.3 HFE Specification Development and Implementation

Nuclear power plants in the UK must be designed to meet modern standards and relevant good
practice in HF. A key method for ensuring inclusion of and compliance with UK HF-related design
requirements has been through the use of the UK ABWR HFE Spec [Ref-14]. The HFE Spec
provides a more concise distillation of the HF-related design criteria relevant to UK ABWR that
derive from the standards, codes and guidance identified within the RCTM [Ref-15].

The list below shows the topic areas covered within the HFE Spec and Appendix A gives a summary
of the main standards and guidance referenced within each topic.

Access and Egress

Work Postures and Positions

Equipment Layout for Operability and Maintenance
Electrical, Control & Instrumentation (EC&I) Equipment Installation
Main Control Room and Supplementary Control Points
Displays and Controls (Non-Control Room)

Alarms

Digital System Design

. Materials Handling

0. Labelling and Signage

1. Working Environment

SIS OXNA VR W~

The HFE Spec was developed by HF team specialists and distributed to the HF Team and the
appropriate design teams based on the scope of plant indicated in the HFIP. The usage of the HFE
Spec within existing engineering processes, specifications and design tools is as described in Section
27.4.2.4. Further detail is provided in the DER [Ref-13].

27.4.2.4 HFE Processes for UK ABWR

A HFE process flow to implement HFE design principles and requirements was developed, as
illustrated in Figure 27.4-1. In the HFE process on the left side, the HF Team delivered the HFE
Spec [Ref-14] to the design teams and registered the related standards in the RCTM [Ref-15].

Each of design teams produced its design documents based on the HFE Spec. In addition, the design
team registered the design documents in the RCTM and identified any gaps in relation to complying
with requirements described in the HFE Spec (as compared to the reference design specifications).
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The HF Team specialists then reviewed the identified gaps and conducted further evaluation/reviews
of the design outputs mentioned above; any results or responses were reported within a HF
Technical Query (TQ) form.

The HF team entered any confirmed issues in the HFIR [Ref-12]; in this way, any non-compliances
were captured and tracked or justified within the HFIR. Then, suitable resolustions were
recommended by the HF Team and discussed with the relevant design team. In such cases where the
HF Team and the design team concluded design modifications were needed and feasible, the design
documents production process was repeated, following the agreed Resolution Plan to resolve the
issue.

This activity was the “HFE Spec Gap Analysis” and is described in detail in the HFMP [Ref-8].

: : Noissues
15| Systems design i
' : Raised issues END
'] Layouts design
HFE i Confirmation, Having issues
Specification ! Equioments desian evaluation, o
production quip g : andleyion Issues registration with HFIR
by HF Team by HF Team by HF Team
' Electrical systems, C&l design ; N
: : Resolution Plans production
HMIS ; by HF Team and design teams
1| Work Environments :
' No
: 1 . ) modifications
: - . | R
1| Operability and Maintenance ! ma(:(sj;i(ig:zlng:
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HF Requirements Tracking and Compliance Matrix (RCTM) production by HF Team

Figure 27.4-1: GDA Design & Engineering Process Flow Diagram

Following the above process, the potential gaps® identified were dispositioned by the HF specialists

as:

e “not a gap” = HFE Spec requirement did not apply; appropriate notes were made to clarify text
for next upgrade;

e “gap but not an issue or risk considered acceptable” = entry made in the HFIR with justification
for the gap provided and no resolution/further action required; or

e ‘“gap and an issue” = entry made in the HFIR and resolution sought as per above process.

As aresult, a total of 16 HF TQs have been raised from this design process as of this revision of the
PCSR.

* Some gaps were grouped into gap “areas” such as non-compliances with minimum height requirements within the
plant layout, which were considered and dispositioned in accordance with some basic decision-criteria as a group.

27. Human Factors
27.4 Human Factors in GDA: Summary of Activities and Results
Ver. 0 27.4-3

NOT PROTECTIVELY MARKED



NOT PROTECTIVELY MARKED
Form05/01
UK ABWR Generic Pre-Construction Safety Report

Revision B

27.4.2.5 HF Specialist Design Support

In addition to identification of gaps between the HFE Spec [Ref-14] and reference design
specifications, designers actively sought HF specialist support in other areas that were not
necessarily driven by the documented HF standards and guidance. The HF team provided “live” ad
hoc support to the design teams in ensuring that the SSCs for UK ABWR were designed with
consideration of the users in general. In particular, design of new features and facilities within the
UK ABWR plant received HF specialist support intergral to the design team’s activities.

Specific queries about interpretation of requirements or how best to incorporate them into the design
were captured in the HF TQ form and the HF specialists from the HF Team provided a response. In
some cases, where further detail was required to determine the best design solution to support users,
HF-Design workshops were held to identify preferred design options. A total of 16 HF TQs were
raised and addressed (or are in the process of being addressed) through this process.

Examples of integrated design support activities involving HF specialist analysis and
recommendation are:

e Continual support to Plant Layout Engineering team in their staged 3D composite model design
process, through provision of UK-sized 3D CAD mannequins, review workshops, and high-level
task analysis.

e Analysis and design recommendations for the implementation of the new UK ABWR Class 1
HMIs and other control panels.

e Assessment of the Fuel Handling Machine (FHM) for optioneering, support to safety case
development and design improvements.

e HF analysis and recommendations for the modified Residual Heat Removal (RHR) Heat
Exchanger (Hx) design and installation.

In addition to providing advice and support to the development of the design, the HF specialists
supported production of design documentation and where required. Further detail on specific areas
that received more thorough HF support are described in the DER [Ref-13].

27.4.2.6 Support to Design HF Knowledge Transfer to Site Licence Applicant

One important aspect of GDA activity, particular for HF which relies on user input, is ensuring the
full awareness of the future operating organisation of the basis for the design and safety case. In
order to achieve effective knowledge transfer to this future site licence applicant of the consideration
of HF within the design during GDA, Hitachi-GE supported continual informal and formal
communications of these HFE design activities to the future operating organisation. In particular,
workshops were held and feedback sought with regards the intended operational concept and
ensuring that plant design would support tasks as expected by this ultimate “end user” organisation.

Formal records of design HF activities and specifications will be managed through the HF Handover
Report at the end of Step 4; however early engagement and discussion with the end user was seen as
critical to ensure that the generic design had correctly interpreted requirements in a way that would
assure operability and maintainability throughout the plant. This then allows the effective
“ownership” and further development of the HFI programme and HF design requirements by the site
licence applicant during the site-specific phase of the PCSR.

27.4.2.7 General HF Design Verification

This will be conducted as part of the overall verification programme providing evidence and
substantiation of the HBSCs (see Section 27.4.3.5).
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27.4.3 Summary of GDA HF Analyses

A key element to supporting the correct implementation of HF requirements in design, and to being
able to substantiate the GDA HBSCs is the HF-specific analysis that was carried out as part of the
HFI programme. This analysis was done in an integrated way with all the relevant design and safety
analysis teams to ensure the timely incorporation of the results, and to be able to track any issues that
might have arisen as a result. As such, the analysis was performed in an iterative, progressive and
often responsive way to the rest of the project activities. However, it is reported within a single
document, the HFAR [Ref-16], to demonstrate the totality of detailed technical support provided, in
complement to the support in implementing general HF design requirements described in Section
27.4.2.

The HF analyses activities are reported in greater detail within the HFAR and its supporting
references.

27.4.3.1 Allocation of Function Review and Further Analysis

As discussed in Section 27.3.2 describing the baseline HF assessment, Allocation of Function (AoF)
is key element of consideration of HF in design and sets the overall level of automation of the plant,
defining the role and tasks of the humans within the systems.

The HFMP [Ref-8] describes the methodology, allocation ranking criteria, and analysis tools used to
conduct the AoF. The methodology for this AoF is based on the guideline of NUREG/CR-3331
[Ref-22], and the criteria were selected in line with current HF good practice, ONR Technical
Assessment Guide (TAG) for AoF, TAG-064 [Ref-23], and some key ONR Safety Assessment
Principles (SAPs) such as EHF.2, ERL.3, EHF.3, EHF.5, FA.49, EKP.4 & 5, ESS.8, and FA.10.

Of particular importance to the safety case and the HBSC:s is the consideration of capabilities and
limits of the operations and maintenance personnel relating to fault and accident conditions at both
the specific function and the overall allocation level. For this reason, the prioritisation of the analysis
was to focus on functions related to safety and the criteria chosen for the decision-making within the
analysis were focussed on risks in incorrect allocation likely to be encountered when performing
these functions. Further specific allocations important to safety were naturally tested as part of the
HRA work supporting the DSA and PSA (see HRAR [Ref-18]).

At the overall level, the allocation was required to align with the GDA HF COR [Ref-9]; in
particular, personnel capability, crew complement and basic assumed competence, and expected
roles and responsibilities, as defined in the COR User Group Description, plus experience feedback
from the fleet of J-JABWR were considered when undertaking the AoF. As a result of existing
allocation of the reference design and additional considerations through the UK ABWR AoF
analysis, the overall automation level during the initial fault and accident sequences analysed in
GDA is almost complete automation, with back-up safety functions also allocated to the technology
of the system. The human operator in UK ABWR maintains an alert monitoring role and has specific
functions that are related to acting as a “supervisor” for the plant equipment. The more detailed
analyses for GDA (HRAR, workload analysis, etc.) and assumptions for operations (i.e. procedure
structures, command and control concept, etc.) provide assurance that situation awareness is
maintained despite this level of automation. Later in fault sequences, when greater flexibility is
needed in implementing system response to potentially highly variable plant degradation and
availability status, particularly where consistent rule-based decisions as to action are not possible,
greater allocation is given to the human operator.

The AoF analysis has been developed as an iterative and progressive analysis, reflecting the
evolving UK ABWR design and development of the safety analysis (deterministic and probabilistic
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safety analysis (DBA and PSA), and Fault Studies). The results are reported in detail in the AOFR
[Ref-17]. A summary of the resulting allocation of the current revision of the analysis is given below.

From the analysis results, it was confirmed that the AoF changes from J-ABWR to UK ABWR are
for seven functions within six systems. The required changes are being tracked and managed through
the Hitachi-GE HFE and design change processes.

27.4.3.2 Identification of HBSCs and Human Failure Events

Key to the UK ABWR safety case is the systematic and thorough identification and understanding of
all human actions that are important to achieving safety and resilience in response to abnormal
events; these are known as the HBSCs. The design of the system is inextricably linked to, and
invariably a key factor in the achievement of the required reliability in the successful performance of
these claimed human actions.

In order to identify the UK ABWR HBSCs, the HF team conducted a variety of “error”
identification activities, looking at all available operating modes for human failure events, as well as
other existing sources that have identified specific claims.

Specifically, identification of the UK ABWR HBSCs within GDA was achieved by:

1. Identification of the preliminary (JJABWR) HBSCs, largely based on the -ABWR PSA human
failure events (see Section 27.3.3 and the PSR [Ref-10]).

2. Review of the US ABWR Design Control Document (DCD) chapters for HFE, PSA and Fuel
Route for early GDA HF activities [Ref-24].

3. Review of the developing Fault Studies and DSA for UK ABWR, particularly the claimed
manual actions.

4. Review of the developing PSA for UK ABWR, particularly the list of human failure events.

5. Review of the early supplementary UK ABWR GDA work by the fault studies team — high-
level failure modes and effects analysis (FMEA) of the BOP and Radioactive Waste
Management systems.

6. Review of intended concept of operations and optioneering and evolving fault studies and
safety analyses for Fuel Route and Radioactive Waste areas of plant.

7.  Review of the other PCSR chapters and claims (jointly with the other chapter owners).

Note that human failure events of all types were identified, not just failure to perform post-fault
actions. For example, in the review of the fault schedule or during the FMEA work, human failure
events leading to initiators, or to incorrect actions being executed (e.g. starting incorrect systems or
incorrectly shutting down operating systems due to misdiagnosis), or to equipment being unavailable
due to maintenance errors were identified.

More detail on error identification methods and the types of errors sought is given in the HFMP
[Ref-8]. The resulting HBSCs are presented in detail within the HBSC Report [Ref-1].

27.4.3.3 Qualitative Error Analysis & Human Reliability Analysis

The UK ABWR Fault Studies, DSA and PSA, and other related analyses were developed in an
iterative manner throughout the GDA. Within the HFI programme of activities, the most important
with regards to substantiation of the HBSCs (i.e. evidence that the claim is achievable) is the Human
Error Analysis (HEA) and Human Reliability Analysis (HRA)’. As per the integrated nature of the

> It is recognised that many guidance documents, including the ONR TAG-063 [Ref-25] consider HRA to mean all
aspects of error analysis. However, often HRA has a specific limited meaning, particularly in the context of PSA
and when used by safety analysis specialists. For the purposes of clarity and consistency with Hitachi-GE current
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HFI programme, these analysis activities were conducted in line with the evolving safety analyses in
order to provide key HF input in a timely manner.

HF specialists in HRA have applied the methods for HEA and HRA described in detail in the HFMP
[Ref-8]. The results of the work to date are summarised in the HFAR [Ref-16] and detailed in the
HRAR [Ref-18], and supporting references.

A key element of the HRA results was to feed probabilistic data into the PSA such that human error
probabilities (HEPs) are neither too optimistic nor too pessimistic (the PSA requires to be based on
best-estimate data sources). However, from the HF perspective, an even more important output of
the HEA and HRA was:

o identification of key aspects of the design (human-machine interface (HMI) elements) that
needed rigorous assessment and/or improvement to ensure they support expected human
performance, and

¢ identification of recommendations for future operational arrangements to ensure that the risk of
human error in these tasks that are important to safety are reduced to ALARP level.

At this issue of the PCSR, detailed TTA and qualitative HEA for UK ABWR has been conducted on
26 operational actions or tasks. These tasks relate to claims made within the DSA and PSA, as well
as specific safety and optioneering studies. The analyses conducted to date cover all types of
potential human failure event relating to:

e pre-initiator faults (e.g. latent maintenance errors),

e causing initiating events, and

e failure to perform required post-fault actions.

Of the qualitative analyses, 18 were subjected to further HRA to derive a quantified human error
proability (HEP) for use within the PSA. The HF issues identified through the analyses and the HF
recommendations given to improve design in order to be able to support human error reduction have
been entered into the HFIR [Ref-12] and their resolution tracked in accordance with the required
process.

Work on the HEA/HRA will continue into Step 4, as shown in the HFIP [Ref-6].

27.4.3.4 Workload Analysis
To be completed within Step 4.

27.4.3.5 Verification and Validation of Adequacy of HF in Design

As part of the GDA HF activities, it was determined that more complex or safety-important tasks
needed to be examined at a more detailed level and with greater fidelity and clarity than that
provided in desktop studies. In addition, design verification and safety case claim substantiation
through formal verification and validation processes are necessary.

As a preliminary exercise to support verification, in Step 3 the BWR Training Centre (BTC)
J-ABWR simulator in Japan was used to conduct research into data-gathering techniques for HF
validation testing. Four quite severe beyond-design basis accident scenarios were simulated using
the BTC simulator run by experienced J-ABWR operators. During the simulation a wide variety of
methods of data collection were used including: overview video cameras, operator head-mounted

practice, within the Methodology Plan [Ref-6], HRA is used to mean the solely the error quantification portion of
the analysis; HEA is used to mean all the other elements defined within the ONR TAG and this section.
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cameras (to track focus points), sound recordings, keystroke recorders, HF specialist observation,
and briefing and debriefing interviews. The data and results will be used to determine the suitability
of testing methods and improve fidelity and accuracy in future verification activities.

Planning for verification activities is currently in progress and will be completed early in Step 4.
Verification activities themselves will be conducted throughout Step 4 and captured within the final
issue of this PCSR chapter.

“Partial” validation may be achieved within GDA; however, full validation can only be performed
on a fully integrated system representation with users, procedures and finalised design so can only be
conducted during the site-specific HFI programme.

27.4.4 Summary of HF Support to PCSR Development

27.4.4.1 HF Topic Area Reports

Support to the safety case in the HF topic area is captured through the deliverables from the HFI
programme (see Section 27.2.5). These deliverables, taken together, record the entirety of support
and analysis performed in each Step of the GDA. They form the body of the supporting evidence
required for this PCSR chapter. The document structure for the PCSR Chapter for the HF topic area
is illustrated in Figure 27.2-1. Like this PCSR chapter, the reports are completed to the extent
possible given the maturity of the related design and safety analyses. They will be further developed
and further supporting documents added to the structure as necessary through the remainder of GDA.

27.4.4.2 Support to PCSR Chapter 21 Human-Machine Interface and Bases of
Safety Case

The PCSR chapter most closely linked with this HF chapter is Chapter 21 (GA91-9101-0101-21000
(3E-GD-A0060)) on the Human-Machine Interface System (HMIS). Note that the HMIS chapter is a
system chapter, not an assessment chapter. It follows the structure of system chapters in terms of
describing the system, its functionality, and also the claims, both equipment and human, related to
that system.

Because of the clear overlap and connection between the two chapters, the development of Chapter
21 Human-Machine Interface was done involving members of the HF Team who are linked to the
C&I Engineering Team. In addition, the UK SMEs for C&I are well-briefed and have basic level of
HF awareness such that when performing their formal review, they considered the HF principles and
activities that are required for UK ABWR. Finally, the HF SME carried out a review of the PCSR
Chapter 21 Human-Machine Interface and the Bases of Safety Case, to ensure consistency with the
HF Topic Area and a clear presentation of how the HF activities underpin the HMIS design.

27.4.4.3 HF in Other Topic Areas

As detailed in Section 27.2.4, HF is a broad cross-cutting topic with impact on and affected by many
of the other Topic Areas within GDA. In addition to those deriving from safety analyses, the HBSCs
that form part of this chapter of the PCSR (see Section 27.5 and the HBSC Report [Ref-1]) are
drawn from the claims made within the other chapters, as per item 2 of the purpose of this PCSR
Chapter (see Section 27.1.3). Consistency of the claims between the chapters needs to be maintained,
and assumptions that are made regarding human capabilities and limitations within other areas need
to be valid and realistic. As part of that goal, the HF Team have provided support to the
identification of the HBSCs, particularly the implicit ones that occur in areas not clearly linked to
HF. The team has also reviewed the other PCSR chapters to ensure the elements of the HFI
programme and HF activities relevant to each topic area are accurately represented, where
appropriate.
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27.5 Substantiation of Human-Based Safety Claims

27.5.1 Introduction

This section provides a description of the process for identification and substantiation of all the
HBSCs within the UK ABWR Generic PCSR. It presents the structure of the claims and the
relationship of the HBSCs to the SFCs and SPCs in the other chapter BSCs, and thus how they
support the HLSFs and FSFs.

The CAE are presented in detail in the HBSC Report [Ref-1], which is the HF topic area equivalent
to a Basis of Safety Case document found in the system topic areas.

27.5.2 Structure and Relationship of HBSCs

The claims presented in Section 27.5.3 and detailed in the HBSC Report [Ref-1], are organised into
three different levels. The Level 1 and Level 2 HBSCs relate (respectively) to the broad holistic and
integrated programme of HF within the UK ABWR design, and the generic HF principles that
underpin a system design that is optimised for human performance. The Level 1 and Level 2 claims
were identified based on UK requirements for HF as well as modern good HF practice and standards.
In particular the Level 2 claims relate to the specific HF activities shown in Appendix 1 of TAG-058
[Ref-7], and the ONR SAPs [Ref-4] and TAGs for HF (particularly EHF.3, EHF.4 and EHF.6
through EHF.9 in ONR SAPs). The activities of identification of HBSCs and human failure events
(see Section 27.4.3.2) have provided a list of specific claims on human actions required to achieve
ALARP risk levels. These specific-action claims have been designated as Level 3 HBSCs; these are
the HBSCs that support achievement of the SFCs and SPCs for each system and within the safety
analyses (see Section 27.1.2).

The hierarchy of the HBSCs in UK ABWR GDA is related to their breadth or level of detail, i.e.
they narrow from very broad fundamental system design HF concepts at Level 1 to specific human
actions at Level 3. The HBSC levels are also linked in terms of providing evidence of achievability,
although the linkage is slightly different to that of claim levels in other areas. In other topic areas if
all the lower level claims are met then the higher level claims are considered met. In the case of the
HBSCs as structured in this PCSR chapter, the lower level claims do provide some of the evidence
that the next higher level claims have been achieved. However, demonstrating that the Level 3
claims are all achievable does not provide enough evidence that each of the higher claims at Levels 2
or 1 have been adequately achieved. In other words, providing evidence individually that claimed
actions can be achieved (Level 3) does not demonstrate that general HF principles of (for example)
systematic training needs analysis have been implemented adequately for all relevant tasks and job
roles (Level 2) nor that there has been a well-managed and adequate HFI programme (Level 1).
These will require further evidence specific to the particular high-level claim as well. Instead the
reverse is true; so for HBSCs as presented in this chapter, the higher level claims must be met in
order to be able to form part of the arguments and evidence that the Level 3 claims are achievable. In
essence, the Level 1 and Level 2 claims form part of the arguments that the Level 3 claims can be
met.

As mentioned in Section 27.1.2, all the specific-action, or Level 3 HBSCs as they are designated in
this chapter, relate to SFCs and SPCs and are claimed within the systems and analysis chapters of the
PCSR. Those SFCs/SPCs are linked through the claim structure to the HLSFs and ultimately the
FSFs. The links from the HBSCs to the system SSC claims or the analysis claims are provided in the
“Source” column in the HBSC schedule. It is these links that tie the human action element in each
SFC or SPC (wherever there is one) to the achievability of an overarching HLSF or FSF. Also, as
per the above description of the HBSC hierarchy, the Level 1 and Level 2 HBSCs underpin or form
the basic arguments for the next level in the hierarchy. In this way, all HBSCs, regardless of level,
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link to and form the basis for achieving the human component of the HLSFs and thus the FSFs.
Figure 27.5-1 shows this linkage in simplified diagram form, noting that the safety case claims tree
interrelationships and details are much more complex than that shown.

The basic rules for the unique identifier of each HBSC were developed in order to integrate HF
claims into the overall claim structures for the safety case to show clear traceability between the
HBSC and its related SFC or SPC (where applicable), as shown in Table 27.5-1. Note that because
the Level 1 and Level 2 claims are not linked directly to SFCs or SPCs, but are themselves

basic ”property” claims relating to the HF topic area, they are given identification starting with
“HFSPC” to indicate they are a “HF Safety Property Claim”.

SEC . SFCABC1-1.1 SFC
SEC - SSC element of ABC 1-1.2 SFC.
ABC1-1.2 Human elementof ABC1-1.2 <— XYV 2-1.1

SFC SSC elementof ABC1-1.3
ABC1-1.3

Human elementof ABC1-1.3 <

SPC SPCABC1.1 —l« l l Btes s

ABC1.1

HF ABC1.1 T Level 3 HBSCs
SFC Must be met to achieve
DEF1-1.1 _ ey |

- SFC .
HI1-1.1 Must be met to achieve
NOTE 1: ABC, DEF, HIJ etc. are three or four letter system codes such as HPCF, LFPL etc.

NOTE 2: i.e. HF ABC1-1.1 is a claimed human action related to SFC ABC 1-1.
NOTE 3: i.e. HF ABC1.1 is a claimed human actionrelated to SPC ABC 1.1 (ex. EMIT requirements).

Figure 27.5-1: Linkage of HBSC hierarchy to HLSFs and FSFs
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Table 27.5-1: Identification Scheme for HBSC

Level 1 HBSC: HFSPC 1.(subclaim number)
e.g. HFSPC 1.1

Level 2 HBSC: HFSPC 2.(subclaim number)
e.g. HFSPC 2.1

Level 3 HBSC: For HBSCs related to SFCs:

HF (System identifier) (HLSF claim number).(SFC subclaim number)
e.g. HF HPCF 2-1.1

Note: the HLSF claim number always has “dash” which identifies this as
supporting a SFC.

For HBSCs related to SPCs:

HF (System identifier) (SPC claim number).(SPC subclaim number)

e.g. HF RCIC 1.3

Note: the SPC claim number always has a “dot” which identifies this as
supporting a SPC.

As noted, the UK ABWR GDA Level 3 HBSCs derive from the related GDA safety analyses and the
safety-related claims made in other topic areas. As such they can only be identified to the extent
possible at the current state of maturity of those analyses and topic area BSCs. Further human error
and action claim identification and analysis activities are planned during the forward HFI
programme, which will ensure that a robust systematic process that is linked to the evolving design
and safety case, is used to capture all human actions important to safety. In addition, some currently-
identified claims might be removed as a result of either design development or the HF analysis to be
undertaken, where claims cannot be demonstrated to be achievable or ALARP. Thus in addition to
developing the arguments and evidence throughout the remainder of GDA (i.e. Step 4), the claims
themselves will likely be modified.

27.5.3 Summary of Human-Based Safety Claims

27.5.3.1 Level 1 HBSCs

HFSPC 1.1:  The UK ABWR has a comprehensive and appropriately design programme of HF
integration (HFI), including activities to allow the systematic identification of risks
related to human error and reduction of those risks through design in accordance with
the principles of ALARP.

HFSPC 1.2:  The ABWR plant has a long operating history during which the plant design has made
a progressive evolution. This design evolution which includes widespread formally-
and informally-implemented processes for consideration of HF and reduction of
human error, both in the genesis from BWR to ABWR, and in regular ABWR design
improvements, through a well-managed programme which made use of operational
experience and risk-based design philosophy to identify and reduce opportunity for
human error.

27. Human Factors
27.5 Substantiation of Human-Based Safety Claims
Ver. 0 27.5-3

NOT PROTECTIVELY MARKED



NOT PROTECTIVELY MARKED
Form05/01
UK ABWR Generic Pre-Construction Safety Report

Revision B

27.5.3.2 Level 2 HBSCs

HFSPC 2.1:  The UK ABWR plant is designed throughout in accordance with modern standards
and good practice in HF to be usable and maintainable such that it supports optimal
human performance of tasks and minimises human error traps, particularly for
equipment and interfaces relating to tasks important to nuclear safety.

HFSPC 2.2:  The allocation of UK ABWR plant functions between engineered system and human
is optimised such that risk from human error is reduced through appropriate levels of
automation, with clear indication of plant status at all times and facilitation of manual
intervention when required. In addition, operator workload is optimised for each
operational mode, including during fault scenarios and accident conditions.

HFSPC 2.3:  The working environment for the UK ABWR plant is designed and maintained,
wherever possible, to be optimal for supporting expected human performance of
tasks. Where of necessity (due to either system constraints or as a result of fault
conditions) the environment is less than optimal for human performance, the system
design accommodates both protective equipment requirements and a potential
decrease in human performance of related tasks in such degraded areas.

HFSPC 2.4:  Personnel job roles, including supervisory roles, are well-designed to provide a
balanced workload of clearly-defined tasks including, and particularly highlighting
responsibilities that relate to maintaining nuclear safety.

HFSPC 2.5:  Operations staff complement is adequate, based on the defined job roles, for all
essential plant operations and maintenance tasks, in all operating modes.

HFSPC 2.6:  Procedures, manuals, plant operating instructions and job aids are clearly written in
accordance with good HF practice, and particularly highlight and support those
actions required for nuclear safety.

HFSPC 2.7:  Personnel basic competence and job-roles specific training requirements are
systematically identified, and training material developed such that it ensures optimal
knowledge and skills development.

27.5.3.3 Level 3 HBSCs

The specific human actions claimed within this Generic PCSR for UK ABWR and therefore the
actions important to safety are presented in detail in the HBSC Report [Ref-1], and in summary
within the claims tree shown in Appendix B of this chapter. This section includes an overview of
these Level 3 HBSCs in order to present the scope and breadth of coverage of the claims. The
HBSCs have been grouped by type of claim, based on similar characteristics of the timing, location,
and type of action being carried out.

Type 1: Claims for human actuation or operation of safety systems, following a suitable period of
time from the start of an event. (post-fault)

Type 2: Claims for human actuation or operation of safety systems as back up to failed automatic
systems, following a suitable period of time from the start of an event. (post-fault)

Type 3: Claims for successful performance of key maintenance and inspection tasks on SSC, and
successful return of plant to operational line-up to support availability claims. (pre-
initiator)

Type 4: Claims for manual actuation or implementation of alternative means of reactor shutdown,

cooling or venting in severe accident conditions. (post-fault)

Type 5: Claims for inspection and maintenance of the integrity of radiological shielding, internal
hazard barriers, and critical structural components during normal and shutdown plant
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conditions. (pre-initiator)

Type 6: Claims on material handling and load manipulation being carefully managed and
executed during mechanical and manual lifting, transport and storage tasks. (initiator)

Type 7: Claims on effective management of fire prevention, fire fighting and fire response (i.e.
evacuation) techniques and processes. (post-fault)

Type 8: Claims on accurate and timely provision monitoring, inspection and sampling to achieve
required environmental controls and reporting. (pre-initiator)

Type 9: Claims for precise and accurate tracking and management of all fuel movements and

maintenance of correct fuel records. (initiator)

Type 10:  Claims for correct control and monitoring of supporting plant such as spent fuel pool
(SFP) or radioactive waste facility to achieve required functionality and maintain
adequate safe conditions in normal and abnormal operations and accident conditions.
(initiator and post-fault)

Type 11:  Claims for maintenance of physical and virtual security barriers and effective
implementation of required access controls. (pre-intitiator)

27.5.4 Arguments

As with the HBSCs, the arguments to justify the claims are presented in detail and managed through
the HBSC Schedule, presented within the HBSC Report [Ref-1].

The goal of the development and finalisation of the current arguments during Step 3 was to ensure
that there were no significant issues with the achievability of the current list of UK ABWR HBSCs,
and that the HF analysis and support activities needed to allow substantiation of the claims were
identified and captured within the HFIP [Ref-6]. As with the claims list, the arguments will further
develop with any new or modified claims that are identified in the forward programme.

It should be noted that some of the Level 2 HBSCs have only limited application within the GDA as
they relate to areas that will only be developed in the site-specific stage of the UK ABWR. As such,
their exact scope and substantiation within the GDA phase are currently being examined. They are
provided in GDA as “assumptive” claims to be taken up by the SLA; they are likely to change in
nature in the site-specific stage since wording appropriate to their GDA applicability has been used.

27.5.5 Development of Evidence

27.5.5.1 Approach for Development of Evidence

Plans were developed at the end of GDA Step 2 for how the evidence was to be gathered during Step
3 (to some extent) and 4 (for the majority). In particular, methods and scope of HF analysis in
support of the substantiation of claims have been detailed and are in progress (i.e. task analysis,
qualitative human error analysis and quantification or HRA). Along with ensuring robust good-
practice analysis methods, many of the other activities of the HFI programme are intended to ensure
the HBSCs are achievable — noting that one of the key objectives of the programme is to ensure that
“the UK ABWR human-based safety claims (HBSCs) will be adequately developed and validated in
a systematic fashion and sufficiently substantiated through the course of UK ABWR GDA” (see
Section 27.2.1).

The following elements of the programme and the analysis methods provide a general assurance that
suitable and sufficient evidence is being and will continue to be gathered in support of the claims:
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e Experience from operating history of the BWR and J-ABWR will be used to the extent relevant
to the UK ABWR design and concept of operations, particularly for less significant claims.

o The application of HF to the genesis and development of the ABWR plant design will provide
some of the evidence, particularly for less significant claims, although such evidence will need
suitable validation for UK ABWR.

e The HEA/HRA will form the basis for much of the evidence from the Level 3 claims. The
methodology will be tailored to ensure good practice techniques, including adequate
consideration of cognitive tasks, errors of commission, misdiagnosis, and dependency.

e Human reliability data will be selected from valid and applicable sources, particularly for
analysis of use of modern digital interfaces.’

o The analysis will include assessment of relevant features of the UK ABWR design for each
claim, as well as consideration of the general layout of the plant and condition of the workspace
(in the environment expected for the claim being substantiated) and assumed operational
context, to demonstrate that human performance is both suitably supported and realistically
modelled and achievable under the conditions likely to exist for each claim.

o The use of the RCTM [Ref-15] and particularly the supporting HFE Spec [Ref-14], including
the associated training and design support activities will provide evidence that the plant is
generally designed to be usable and accessible for all tasks and considering the capability and
size of the intended user group.

e The Operator Group of the HF Team includes UK user group representatives (i.e. experienced
operators, maintenance technicians, etc.), who will support general and specific plant layout,
workspace and interface assessments as appropriate.

e Testing and validation will be planned and performed to a level of fidelity that is appropriate
for the complexity and significance of the claim.

e The verification and validation activities will help form and confirm the evidence obtained
The tracking of assumptions and the HF Handover Report ensure any forward actions to
confirm assumptions and finalise validation are clearly identified to the site license applicant.

27.5.5.2 Sources of Evidence

The development of evidence forms the core of the analysis and design-related HF activity for the
Step 4 HFI programme elements. At this point of the GDA (i.e. the end of Step 3), in addition to the
general assurance provided by the above list, evidence for the HBSCs is provided in the HBSC
Schedule, as presented in the HBSC Report [Ref-1]; the sources of the evidence are summarised
below. Note that some of evidence can only be collected in the site specific stage.

Level 1 HBSCs Evidence

o The HFIP [Ref-6] acts as the main evidence for the suitability and sufficiency of the HFI
Programme in terms of outlining the scope and basis for the activities to be carried out.

o The HF organisational structure, job role responsibilities and competence requirements will be
implemented as per the HFIP and supporting documents (GDA Project QMP [Ref-26], HF
Resource Plan [Ref-27]).

¢ Role requirement descriptions, CVs for selected resource, and competence enhancement
activities will be kept officially as records within the project file.

o The finalised (Step 4) DER [Ref-13], HFIR [Ref-12] and RCTM [Ref-15] will act as an audit
trail of effective inclusion of HF consideration within the design and, as a result of that
consideration, the enhancement of the design to reduce the risk of human error.

7 Because such data is highly-dependent on actual soft-interface design (i.e. screen layout, style and navigation
techniques), even studies and databases showing error rates for digital interfaces are unlikely to be justifiable as
valid because small subtle changes in design can make a large difference in error rate. As an alternative, a suitably
more conservative source of data will be used and its conservativism justified.
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e The BAR [Ref-11] and its referenced reviewed documents will act as the main source of
evidence for the Level 1 HBSC.

o The operating J-ABWR plants also provide evidence (as captured in the BAR).

e Licensing of the ABWR design in other countries provides further evidence.

Level 2 HBSCs Evidence

The HFIP, COR [Ref-9], RCTM and (particularly) HFE Spec [Ref-14]

HF Awareness Training

HF integration in GDA Design & Engineering Process Flow Diagram

The HFE Spec compliance assessment records (reported in the DER)

Specific plant design records such as specifications, the Plant Layout Issues List with
engineering notes indicating agreed resolution, lighting design and assessment, HVAC thermal
and air flow modelling results, etc.

e HF Assumptions register and Handover report

Level 3 HBSCs Evidence

e For tasks important to safety, the majority of evidence will be in the HRAR [Ref-18] and
supporting references

o The AOFR [Ref-17], HFAR [Ref-16], and DER

e PCSR Chapter 21 Human-Machine Interface

o Links/references to more detailed analysis features, mock-up and trials results, V&V reports,
design specs/drawings, etc.

e The HFIR
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27.6 Conclusion

The ABWR plant has incorporated HF principles and analysis within the baseline reference design
and engineering processes throughout its evolution. This baseline HF position has been assessed in
the context of UK and modern practice requirements and found to be relatively extensive and
effective in its implementation. Gaps have been identified that were expected to be effectively
resolved through the GDA HFI programme, as outlined in the HFIP [Ref-6]. The baseline for HF
within ABWR was presented in the PSR for HF Topic Area [Ref-10], which forms the starting point
for the Generic PCSR for the HF Topic Area.

Hitachi-GE is currently implementing a suitably comprehensive programme of integrated HF
support and assessment to support the development of a design and safety case for UK ABWR that
meets UK regulatory requirements. Step 3 activities have been carried out that support both the
design and safety analyses appropriate to their current state of maturity. The UK ABWR claims
relating to human actions, the HBSCs, have been identified to the extent possible at this stage. These
are presented within the HBSC Report [Ref-1] and linked to the overall FSFs and HLSFs for the
plant through the claims tree (Appendix B). In addition, high-level arguments and sources of
evidence are presented to give a confidence at this stage as to the achievability of the identified
claims. This work will be finalised during Step 4.

The HF analyses and activities will continue throughout GDA. At this stage, given the nature of the
identified claims, the arguments presented and the forward programme of integrated HF work to
further identify and substantiate the HBSCs, the conclusions of this chapter are that there has been
and will continue to be adequate and timely impact of HF on the UK ABWR design which will
ensure it supports expected human performance, underpinned by systematic and robust analysis to
ensure that the HBSCs are achievable.
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27.8 Appendixes

27.8.1 Appendix A HF Engineering Standards and Guidance

Topics References
1. Access and Egress UK Regulations for buildings (The Building Regulations 2010)

Workplace Design for Health and Safety (The Workplace (Health, Safety and
Welfare) Regulations 1992

BS EN 614-1:2006+A1:2009 Safety of Machinery — Ergonomic Design
Principles — Terminology and Principles

BS EN 547-1:1996+A1:2008 Safety of Machinery — Human Body
Measurements — Principles for Determining the Dimensions Required for
Openings for Whole Body Access into Machinery

BS EN 547-2:1996+A1:2008 Safety of Machinery — Human Body
Measurements — Principles for Determining the Dimensions Required for
Access Openings

BS 5395-1 to -3 Stairs - Code of practice for the design of stairs

BS 4592-0:2006 +A1:2012 Flooring, stair treads and handrails for industrial
use. Common design requirements and recommendations for installation

BS EN ISO 14122-1 to -3 Safety of machinery - Permanent means of access
to machinery

HSE Work at Height Regulations 2005

BS EN 349:1993+A1:2008 Safety of Machinery — Minimum Gaps to Avoid
Crushing of Parts of the Human Body

2. Work Postures and NUREG-0700, Revision 2 Human-System Interface Design Review
Positions Guidelines

The Confined Space Regulations 1997

BS EN ISO 13857:2008 Safety of Machinery — Safety Distances to Prevent
Hazard Zones Being Reached by Upper and Lower Limbs

3. Equipment Layout  US Department of Energy (DOE) DOE-HDBK-1140-2001 Human
for Operability and Factors/Ergonomics Handbook for the Design for Ease of Maintenance.
Maintenance (2001)

HSE Provision and Use of Work Equipment Regulations 1998

BS EN ISO 12100:2010 Safety of Machinery — General Principles for Design
— Risk Assessment and Risk Reduction

BS EN ISO 14119:2013 Safety of Machinery — Interlocking Devices
Associated with Guards — Principles for Design and Selection

American Bureau of Shipping Ergonomic Notations 2013

BS EN 547-3:1996+A1:2008 Safety of Machinery — Human Body
Measurements — Principles for Determining the Dimensions Required for
Access Openings
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Topics References

UK MoD DEF STAN 00-250 Human Factors for Designers of Systems Part
3: Technical Guidance. (2008)

BS EN 13732-1 & -2 Ergonomics of the Thermal Environment — Methods for
the Assessment of Human Responses to Contact with Surfaces

UK Control of Noise at Work Regulations 2005

BS EN ISO 15667:2000 Acoustics — Guidelines for Noise Control by
Enclosures and Cabins

4. Electrical, Control ~ BS EN 60204-1:2006+A1:2009 Safety of Machinery — Electrical Equipment
& Instrumentation of Machines — General Requirements

(EC&I) Equipment

Installation

5. Main Control Room BS EN 60964:2010 Nuclear Power Plants — Control Rooms — Design
and Supplementary BS EN ISO 11064-3 to -6 Ergonomic Design of Control Centres

Control Points
IAEA Safety Standards Series NS-G-1.3 Instrumentation and Control
Systems Important to Safety in Nuclear Power Plants

BS EN 60965:2011 Nuclear Power Plants — Control Rooms — Supplementary
Control Points for Reactor Shutdown Without Access to the Main Control
Room

BS EN ISO 9241-5:1999 Ergonomic Requirements for Office Work with
Visual Display Terminals — Workstation Layout and Postural Requirements

BS EN 61772:2013 Nuclear Power Plants — Control Rooms — Application of
Visual Display Units

BS IEC 61227:2008 Nuclear Power Plants — Control Rooms — Operator
Controls

6. Displays and BS EN ISO 9241-303:2011 Ergonomics of Human-System Interaction —
Controls (Non-Control Requirements for Electronic Visual Displays

Room) BS EN 894-2 to -4 Safety of Machinery — Ergonomics Requirements for the

Design of Displays and Control Actuators

BS EN 1005-3:2002 Safety of Machinery — Human Physical Performance —
Recommended Force Limits for Machinery Operation

BS EN ISO 13850:2008 Safety of Machinery — Emergency Stop — Principles
for Design

7. Alarms EEMUA Publication 191 Alarm systems - a guide to design, management and
procurement

BS EN 61226:2010 Nuclear power plants. Instrumentation and control
important to safety. Classification of instrumentation and control functions

BS IEC 62241:2004 Nuclear power plants. Main control room. Alarm
functions and presentation

8. Digital System BS EN ISO 9241-12 to -16 Ergonomic Requirements for Office Work with
Design Visual Display Terminals

BS 8888:2013 Technical Product and Documentation Specification
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9. Materials Handling

10. Labelling and
Signage

11. Working
Environment

27. Human Factors
27.8 Appendixes
Ver. 0

US. Government Printing Office Style Manual: An Official Guide to the
Form and Style of Federal Government Printing, 2008

BS EN ISO 9241-400:2007 Ergonomics of Human-System Interaction —
Principles and Requirements for Physical Input Devices

BS EN ISO 14915-1 to -3 Software Ergonomics for Multimedia User
Interfaces

BS ISO 14617-1 to -12 Graphical Symbols for Diagrams

HSE Manual Handling Assessment Charts

BS EN 13135:2013 Cranes — Safety — Design — Requirements for Equipment
NS-TAST-GD-056 (Rev 3) Nuclear Lifting Operations

HSE Lifting Operations and Lifting Equipment Regulations 1998 (LOLER)

BS EN 12077-2:1998+A1:2008 Cranes Safety — Requirements for Health and
Safety — Part 2: Limiting and Indicating Devices

BS EN 15011:2011+A1:2014 Cranes — Bridge and Gantry Cranes
BS EN 13557:2003+A2:2008 Cranes — Controls and Control Stations
ISO 7752-1 to -3 Cranes — Control Layout and Characteristics

BS EN 60204-32:2008 Safety of Machinery — Electrical Equipment of
Machines — Requirements of Hoisting Machines

BS EN 14238:2004+A1:2009 Cranes — Manually Controlled Load
Manipulating Devices

HSE The Health and Safety (Safety Signs and Signals) Regulations, 2nd Ed.
2009

HSE Control of Noise at Work Regulations 2005

BS EN 12464-2:2014 Light and Lighting — Lighting of Work Places —
Outdoor Work Places

BS 5266-1:2011 Emergency Lighting — Code of Practice for the Emergency
Escape Lighting of Premises

BS EN 50172:2004 Emergency Escape Lighting Systems

HSE Control of Vibration at Work Regulations 2005

HSE The Control of Substances Hazardous to Health Regulations 2002
HSE REACH and Safety Data Sheets

HSE Chemicals (Hazard Information and Packaging for Supply) Regulations
2009
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Top Claim for Human-Based Safety Claims

Fundamental Safety . . Fault Schedule Level 3 Human-Based Safety Claims
Function (FSF) High Level Safety Function (HLSF) (Bounding Fault)
PCSR Ch.5.4
[List of Safety Category and PCSR Ch.5.4
Class for UK ABWR (AE- [List of Safety Category and Class for UK ABWR Topic Report on Fault Assessment (UE-GD-0071) . .
GD-0224) (AE-GD-0224) Table.4.2-1 Fault Schedule State Claim ID Claim Contents
3.2 Identification of ABWR 3.6 Summary of Safety Category and Classification]
Safety Functions]
1 | Control of Reactivity 1-1 Eunct}ons to prevent excessive reactivity ) ) ) ) )
nsertion
1-2 | Functions to maintain core geometry - - - - -
1-3 | Emergency shutdown of the reactor FS1 RPS SCRAM (A1) Fault . HF RPS 1-3.1 Cor}trol' Room Operator. (CRO) manually shuts down the reactor
Scenarios during inadvertent opening of SRV.
1-4 | Functions to maintain sub-criticality - - - - -
FS2 SLC (A2) Fault _ HF SLC 1-5.1 CRO recognises the needs of reactor shutdown and initiates
Scenarios manual SLC.
1-5 | Function of alternative reactivity control ) —
FS5 ARI (A2) Fault . HF ARI 1-5.1 CRO recognises the needs of reactor shutdown and initiates
Scenarios manual ARI.
Functions to circulate reactor coolant
1-6 | (functions to control reactivity of the core in - - - - -
normal operational states)
Functions to plant instrument and control
(except for safety protection function)
1-7 | (functions to control reactivity of the core in - - - - -
normal operational states)
Functions to suppress reactor power increase
1-8 . - - - - -
with other system
Functions to maintain sub-criticality of spent
1-9 | fuel outside the reactor coolant system - - - - -
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Top Claim for Human-Based Safety Claims

Fundamental Safety . . Fault Schedule Level 3 Human-Based Safety Claims
Function (FSF) High Level Safety Function (HLSF) (Bounding Fault)
PCSR Ch.5.4
[List of Safety Category and | PCSR Ch.5.4
Class for UK ABWR (AE- [List of Safety Category and Class for UK ABWR Topic Report on Fault Assessment (UE-GD-0071) . .
GD-0224) (AE-GD-0224) Table.4.2-1 Fault Schedule State Claim ID Claim Contents
3.2 Identification of ABWR 3.6 Summary of Safety Category and Classification]
Safety Functions]
Functions to maintain sub-criticality of spent
1-10 fuel during processes of spent fuel removal i i i i i
from SFP to storage area and during interim
storage period
Fault CRO manually initiates HPCF-C, and later in the sequence,
FS7 HPCF (A1) . HF HPCF 2-1.1 manually opens the S/P suction valve and manually closes the
Scenarios . . . . .
CST suction valve if automatic operation fails.
FS8 SRV (A1) Fault . HF NB 2-1.1 CRO manually opens three SRVs if ADS fails in any non-LOCA
Scenarios event.
2 | Fuel Cooling 2-1 | Functions to cool reactor core
FS9 ADS (A1) Fault . HF NB 2-1.2 CI.{O. manually operates ADS if RHR S/P cooling mode initiation
Scenarios fails in non-SBO.
Fault CRO manually controls LPFL injection valve and keeps reactor
FS10 LPFL (A1) . HF RHR 2-1.1 water level to control reactor power if high pressure injection
Scenarios . .
fails during ATWS.
CRO manually initiates a FLSS pump, open injection valves, and
FSI1 RDCF (A2) Fault . HF FLSS 2-2.1 depressurises the reactor by SRVs from MCR under any transient
FS12 FLSS (A2) Scenarios . . .
] ) ) if all primary ECCSs fail.
2-2 | Function of alternative fuel cooling RO S LSS — | 1
manually initiates a pump, open 1njection valves, an
FS11 RDCF (B2) Fault .
FS12 FLSS (B2) Scenarios HF FLSS 2-2.2 ﬁzﬂrrzssunses the reactor by RDCF from B/B under SBO over 8
2.3 Function to make up reactor coolant with other | i i i i
system
24 Function to cool spent fuel outside the reactor | i i i i
coolant system
2-5 | Functions to make up water for spent fuel pool | FS12 FLSS (A2) Fault . HF FLSS 2-4.1 CRO m anually initiates a FLSS pump upon SFP cooling makeup
Scenarios injection demand.
Functions to provide fuel cooling during
2-6 | canister preparation works (canister lid - - - - -
welding, drying, inspection)
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Top Claim for Human-Based Safety Claims
Fundamental Safety . . Fault Schedule Level 3 Human-Based Safety Claims
Function (FSF) High Level Safety Function (HLSF) (Bounding Fault)
PCSR Ch.5.4
[List of Safety Category and | PCSR Ch.5.4
Class for UK ABWR (AE- [List of Safety Category and Class for UK ABWR Topic Report on Fault Assessment (UE-GD-0071) . .
GD-0224) (AE-GD-0224) Table.4.2-1 Fault Schedule State Claim ID Claim Contents
3.2 Identification of ABWR 3.6 Summary of Safety Category and Classification]
Safety Functions]
Functions to provide back-up fuel cooling as
2.7 secondary means during canister preparation i i i i i
works (canister lid welding, drying, inspection)
and transfer cask handling in the RB
)-8 Function to provide passive spent fuel cooling | i i i i
during interim storage period
Function to provide passive spent fuel cooling
2-9 | in between canister cooling system removal - - - - -
and transfer into overpack
Functions to support passive cooling of spent
7-10 fuel during processes of spent fuel removal i i i i i
from SFP to storage area and during interim
storage period
Functions to prevent fuel cladding temperature
2-11 | to elevate over the temperature limit during - - - - -
canister drying process
FS13 SRV (A1) Fault ' HF NB 3-1.1 CRQ depressurlses the reactor by manually opening SRVs as
Scenarios required in reactor frequent fault events
FS14 RHR (A1) Fault ' HF RHR 3-1.1 CRO manually establishes LPFL mode of RHR as required in
Scenarios reactor frequent fault events
3 | Lone term heat removal 31 Functions to remove residual heat after Fault CRO v establishes shutd i de of RHR
g shutdown FS14 RHR (Al) ault HF RER 3-1.2 ) manually establishes shutdown cooling mode o as
Scenarios required in reactor frequent fault events
CRO manually establishes S\P cooling mode of RHR, after
Fault successes of control rod insertion and water injection to the
FS14 RHR (AD) Scenarios HF RHR 3-1.3.1 reactor by measures except LPFL, by initiating a RHR pump and
opening a RHR S/P return valve during general transient.
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Top Claim for Human-Based Safety Claims

reactor coolant pressure boundary

Fundamental Safety . . Fault Schedule Level 3 Human-Based Safety Claims
Function (FSF) High Level Safety Function (HLSF) (Bounding Fault)
PCSR Ch.5.4
[List of Safety Category and | PCSR Ch.5.4
Class for UK ABWR (AE- [List of Safety Category and Class for UK ABWR Topic Report on Fault Assessment (UE-GD-0071) . .
GD-0224) (AE-GD-0224) Table.4.2-1 Fault Schedule State Claim ID Claim Contents
3.2 Identification of ABWR 3.6 Summary of Safety Category and Classification]
Safety Functions]
CRO manually establishes S\P cooling mode of RHR from LPFL
Fault mode, after successes of control rod insertion and water injection
FSi4 RHR (AD) Scenarios HF RHR 3-1.3.2 to the reactor following LOCA, by initiating a RHR pump and
opening a RHR S/P return valve during general transient.
CRO manually establishes S\P cooling mode of RHR before S/P
Fault temperature reaches Heat Capacity Temperature Limit, after
FS14 RHR (A1) Scenarios HF RHR 3-1.3.3 | successes of control rod insertion and water injection to the
reactor, by initiating a RHR pump and opening a RHR S/P return
valve during general transient.
CRO manually establishes S\P cooling mode of RHR, after
Fault failure of CR insetion (ATWS) and with successful automatic
FS14 RHR (A1) Scenarios HF RHR 3-1.3.4 operation of RCIC, HPCF, and SLC, by initiating a RHR pump
and opening a RHR S/P return valve during general transient.
CRO manually initiates containment venting prior to core damage
. . Fault and containment failure, after reactivity control and core cooling
FS15 Containment venting (A2) Scenarios HF AC3-2.1.1 successfully established but RHR fails to manually switch to S/P
cooling mode.
Fault CRO manually initiates containment venting prior to core damage
FS15 Containment venting (A2) . HF AC 3-2.1.2 and containment failure during LOOP wuth failure of all Class 1
Scenarios
E D/Gs.
3 Function of alternative containment cooling CRO manually initiates containment venting prior to core damage
B and decay heat removal . . Fault i and containment failure, after reactivity control and core cooling
FS15 Containment venting (A2) Scenarios HFFCVS 3-2.2.1 successfully established but RHR fails to manually switch to S/P
cooling mode.
Fault CRO manually initiates containment venting prior to core damage
FS15 Containment venting (A2) . HF FCVS 3-2.2.2 | and containment failure during LOOP wuth failure of all Class 1
Scenarios
E D/Gs.
. Fault CRO manually establishes PCS as heat sink due to failure to
TBD Power Conversion System (B3) Scenarios HF PCS 3-2.3 manually switch RHR to S/P cooling mode.
Confinement/Containment Functions to form reactor coolant pressure
4 L . 4-1 - - - - -
of radioactive materials boundary
42 Functions to prevent overpressure within the i i i i i
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Top Claim for Human-Based Safety Claims
Fundamental Safety . . Fault Schedule Level 3 Human-Based Safety Claims
Function (FSF) High Level Safety Function (HLSF) (Bounding Fault)
PCSR Ch.5.4
[List of Safety Category and | PCSR Ch.5.4
Class for UK ABWR (AE- [List of Safety Category and Class for UK ABWR Topic Report on Fault Assessment (UE-GD-0071) . .
GD-0224) (AE-GD-0224) Table.4.2-1 Fault Schedule State Claim ID Claim Contents
3.2 Identification of ABWR 3.6 Summary of Safety Category and Classification]
Safety Functions]
Functions to contain reactor coolant (Except
for: small-diameter pipes excluded from the
reactor coolant pressure boundary such as
4-3 | instrumentation pipes; other pipes and - - - - -
equipment which are not directly connected to
the boundary)
44 Functions to retain reactor coolant (other than | i i i i
No.4-1 and 4-3)
4.5 Functions to reseat safety valves and relief i i i i i
valves
4.6 Functions to mitigate reactor pressure increase | ) ) ) )
with other system (other than No.4-2)
4.7 Functions to confine radioactive materials, i i i i i
shield radiation, and reduce radioactive release
4.8 Ful’}Cthl"lS to minimise the release of FS16 MSIV (Al) Fault . HF OG 4-8.1 CRQ n.lapua'lly closes MSIVs ‘up(ln receipt of “High
radioactive gases Scenarios Radioactivity in OG system area monitor” alarm.
Functions to contain radioactive materials in
4-9 ) - - - - -
the event of a severe accident
Functions to prevent the dispersion of fission
4-10 products into reactor coolant and spent fuel i i i i i
pool
411 Functions to store the radioactive materials as i i i i i
gaseous waste
i i Normal HF LW 4-12.1 Radwastg Oper.ator accurately measures and records activity
levels prior to discharge.
4-12 Eungtions to store the radioactive materials as ) ) Normal HE LW 4-12.2 Radwaste Qperatqr ensures waste containers do not sustain
liquid wastes damage during filling, movement and storage.
- - Normal HF LW 4-12.3 Radwaste Operator does not inadvertently initiate discharge
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Top Claim for Human-Based Safety Claims

Fundamental Safety . . Fault Schedule Level 3 Human-Based Safety Claims
Function (FSF) High Level Safety Function (HLSF) (Bounding Fault)
PCSR Ch.5.4
[List of Safety Category and | PCSR Ch.5.4
Class for UK ABWR (AE- [List of Safety Category and Class for UK ABWR Topic Report on Fault Assessment (UE-GD-0071) . .
GD-0224) (AE-GD-0224) Table.4.2-1 Fault Schedule State Claim ID Claim Contents
3.2 Identification of ABWR 3.6 Summary of Safety Category and Classification]
Safety Functions]
i i Normal HF SW 4-13.1 Radwast.e Oper.ator accurately measures and records activity
. S . levels prior to discharge.
4-13 Functions to store the radioactive materials as
solid wastes . .
Radwaste Operator ensures waste containers do not sustain
- - Normal HF LW 4-13.2 - -
damage during filling, movement and storage.
Functions to provide containment barrier
4-14 during processes of spent fuel removal from i i i i i
SFP to storage area and during interim storage
period
4-15 Method to provide containment barrier to i ) ) ) )
canister
Functions to generate actuation signals for the
5 | Others 5-1 | engineered safety features and reactor - - - - -
shutdown system
5 Supporting functions especially important to i i i i i
safety
5-3 | Function of alternative supporting system - - - - -
5.4 Functions to monitor plant conditions in case of | i i i i
an accident
5.5 Functions to shut down safely from outside the | i ) ) )
control room
- - Normal HF FHM 5-6.1 Fuel Route Engineer handles fuels safely.
Functions to handle fuel and heavy equipment
36 safely
- - Normal HF RBC 5-6.1 R/B Crane Operator handles heavy equipment safely.

5-7 Functions to limit the effect of hazard

5-8 | Functions to clean up reactor coolant
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UK ABWR Generic Pre-Construction Safety Report
Revision B
Top Claim for Human-Based Safety Claims
Fundamental Safety . . Fault Schedule Level 3 Human-Based Safety Claims
Function (FSF) High Level Safety Function (HLSF) (Bounding Fault)
PCSR Ch.5.4
[List of Safety Category and | PCSR Ch.5.4
Class for UK ABWR (AE- [List of Safety Category and Class for UK ABWR Topic Report on Fault Assessment (UE-GD-0071) . .
GD-0224) (AE-GD-0224) Table.4.2-1 Fault Schedule State Claim ID Claim Contents
3.2 Identification of ABWR 3.6 Summary of Safety Category and Classification]
Safety Functions]
5.9 Functions to clean up water except for reactor | i i
coolant
5.10 Functions to supply electric power (except for | i i
emergency supply)
511 Supporting functions to supply power (except | i i
for emergency supply)
512 Functions for plant instrumentation and control | i i
(except for safety protection function)
5-13 | Auxiliary functions for plant operation - - -
Functions important to emergency measures
5-14 o . - - -
and monitoring of abnormal conditions
Functions to provide radiation shield, canister
handling method, fuel retrievability and
5-15 . . . - - .
protection of canister during processes of spent
fuel removal from SFP to storage area
Functions to provide radiation shield, canister
handling method, fuel retrievability and
5-16 . ) A - - -
protection of canister during interim storage
period
5.17 Functions to provide handling of transfer cask | i i
and retrievability of fuel
5,18 Functions to provide handling of transfer cask | i i
or concrete overpack and retrievability of fuel
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