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1.0 INTRODUCTION

Verification is the process of determining and documenting that an implemented design (a product, process,
procedure, method, and so forth) meets its specifications. Verification answers the question: Was the design
implemented appropriately?

Validation is the process of determining and documenting that the design effectively serves the purpose for which
it was intended. Validation answers the question: Was the appropriate design implemented?

Verification and validation (V&V) is one element of NUREG-0711, Rev 2 Human Factors Engineering (HFE)
Program Review Model. V&V, in the context of HFE, assures that the HFE Design of Human-System Interfaces
(HSIs):

e Are complete

e Conform to HFE principles

e Are operable

e Minimizes safety issues and human performance issues

e Mitigates risk-significant human actions (HAs) identified by HRA

e Are correctly implemented in a final, “as built” form

HSIs are the controls, displays, procedures, data processing, and communication systems to accomplish operation
and maintenance tasks and actions as defined by task analysis (TA), Emergency Operating Procedures (EOPs),
Probabilistic Risk Assessment (PRA), and Human Reliability Analysis (HRA).

The process of V&V is an integral part of the overall U.S. EPR™ HFE design process. V&V evaluates completed
design features including alarms, controls, indications, and their associated hardware. Design features are
compared with regulatory requirements and guidance, HFE requirements, and the requirements generated during
analysis of operator tasks. Ultimately, V&V confirms that the U.S. EPR™ HSI enables plant personnel to safely
and successfully perform the tasks necessary to meet the plant safety and operational goals defined in the U.S.
EPR™ Plant Functional Requirements Analysis (PFRA).

V&V is conducted in two major activities: HFE design and task support verification, and integrated system
validation. Both of these activities, as well as the operational condition sampling and Human Engineering
Discrepancy (HED) resolution processes that support them are presented in detail in this document.

The generation of energy through a nuclear plant has inherent risks and hazards. The entire system including the
human operators and the ease with which they monitor and control the system, is designed with great care such
that eventualities are considered so that errors are eliminated or mitigated. Human factors engineering is a means
to assess the extent to which humans are considered in the system.

Verification is a human factors tool by which to evaluate the adequacy of all those resources available for human
use in the operation of a system. Verification is but one further step to ensure good design is such that human
error is avoided

Page 12
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As shown in Figure 3-1, the U.S. EPR™ reactor is designed using a systematic process for integrating human
factors engineering principles into system design, training, procedures, staffing and qualifications, and HSI design
(including software). Tested attributes (HSIs, procedures, training elements, and so forth) that do not meet
success criteria, requirements, or that fail to meet supplemental criteria and are determined to warrant further
consideration, are entered into the Human Factors Engineering Issue Tracking System (HITS) as Human
Engineering Deficiencies (HEDs). HSI components that are found to not perform any function in the design are
entered as HEDs for removal. HITS documents the HED, tracks it through resolution, and documents the HED
closure.

e Figure 1-1: HFE Program Overview —_—

1.1 Owner

The program manager of HFE and control room design

1.2 Purpose

The purpose of this plan is to provide the processes, methods, and criteria for performing the HFE design and task
support verification and the integrated system validation. Additionally, this plan provides the processes, methods,
and criteria for performing activities that support these efforts, like operational condition sampling and HED
identification and resolution.

Page 13
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and criteria for performing activities that support these efforts, like operational condition sampling and HED
identification and resolution.

HFE design verification evaluates whether or not HSI design features meet design, regulatory, style guide, and
HFE requirements. Task support verification evaluates whether or not all the HSI requirements identified in the
task analysis (TA) for a given task are present in the design and possesses the required characteristics.

Integrated system validation uses dynamically simulated scenarios to evaluate whether or not the integrated U.S.
EPR™ HSI adequately uses human capabilities and accommodates human limitations. Performance during
selected scenarios is evaluated to ensure that the integrated system design meets the performance requirements
and criteria presented in this plan and supports the safe operation of the plant.

This document prescribes a plan for comprehensively verifying that MCR, RSS, and LCS designs, critical to plant
safety, conform to HFE design principles and validating that the designs enable plant personnel to successfully
perform their tasks to achieve plant safety and operational goals. This plan delineates HFE V&V requirements
and a program of HFE V&V activities compliant with the requirements. This plan is prescribed and documented
with the intent that a utility licensee and the US Nuclear Regulatory Commission (NRC) staff find it:

e Effective for understanding how HFE V&V is integrated into the overall HFE design process

e Complete with acceptable methods for addressing specific elements of HFE V&V

e Consistent with licensing review criteria.

The purpose of this plan is two-fold. First, it provides the methods and criteria to verify that the HSIs necessary to
accomplish the operation and maintenance of the EPR™. MCR, RSS, and LCSs panels are designed in
accordance with the accepted HFE criteria and licensee specifications. Second, this plan provides the methods and

criteria to validate that the operating staff is able to perform the assigned tasks with the HSI provided. Use of the
term ‘HSI” in this plan is intended to include MCR, RSS, and LCSs HSIs.

The applicable hardware, software, communication devices, procedures, workstations, and console configurations
used by the control room operators during the performance of their assigned tasks are confirmed by the HFE
V&V. It also includes the MCR work environments, the RSS, operating procedures, and operator training
program.

1.3 Scope

This plan prescribes requirements and program of compliant activities, for verifying and validating the HFE
Design that are critical to plant safety.

This plan covers the following elements of HFE V&V:

1. Requirements and Objectives (what V&V is done and why)

HFE V&V team make-up (including provisions for audits and witnessing) and (who V&V is done with)
Methods and Procedures, (how and where V&V is done)

Test Conditions, Data Collection, and Analysis, (how V&V is done)

Acceptance Criteria and Performance Measures, (what the designs are V&V’d against)

A

Documenting, Reporting, and Integrating Results, (how V&V is documented)

Page 14
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The following are verified and validated in accordance with this plan

e Human-System Interface (that is, controls, displays, and alarms including use of Safety Parameter Display
System and minimum inventory)

e Layout/configuration and anthropometrics of workstations (including installed equipment such as phones and
radios)

e Automation features

e Display navigation (efficient information retrieval and access to controls)

e Crew Communications (that is, methods and equipment)

e Procedures (hardcopy and electronically displayed)

e Operator work environment (for example, lighting, space, air conditions, floor design, noise mitigation)

e Provisions for routine tests and maintenance (that is, cleaning touch screen displays, testing alarm windows,
replacing mimic components)

This plan addresses HFE V&V for the TSC with respect to the following:

1. HSI components (for example, data and video interfaces) necessary to link the TSC to the MCR and the plant
computer system.

2. Scenarios are evaluated that include critical actions taken outside the MCR and directly involving the TSC.

1.4 Applicant Submittals

The V&YV activities are available for review and observation. As the integrated system validation is designed in
detail a schedule of activities, tools, and dates of trials are made available. Because both subjective and objective
data as well as both quantitative and qualitative data are collected, the trials are adequately comprehensive.
Moreover, the data are captured or recorded in a variety of ways. Real time observations as well as the review of
interviews, electronic data collection, and video recordings are utilized. The researchers, the observers, as well as
the subjects (operators) are also available for structured interviews and are willing to provide candid reporting of
the integrated system validation to designers, evaluators, and regulators.

1.5 Definition of Terms

Term Definition

Design Record File A formal controlled information record under AREVA procedures for
in-progress and completed engineering work which is retained and from which
work can be retrieved.

Design Reviews Formal, design adequacy evaluations that are performed by knowledgeable
persons to verify that product designs meet functional, contractual, safety,
regulatory, industry codes and standards, and company requirements.

Page 15
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Term

Definition

Function Allocation (FA)

The process of assigning responsibility for task completion to human or
machine resources, or to a combination of human and machine resources. The
analysis of required plant control actions and the subsequent assignment to
manual control, to closed-loop automatic control, or a combination of manual
and automatic controls (e.g., shared control and automatic systems with manual
backup).

Functional Requirements Analysis
(FRA)

Identifies functions that are performed to satisfy plant safety objectives, and to
prevent or mitigate the consequences of postulated accidents that could damage
the plant or cause undue risk to the health and safety of the public.

HFE Issue Tracking System (HITS)

An electronic database used to document human factors engineering issues that
are not solved through the normal HFE process. Additionally, the database is
used to document the problem resolution.

Human Engineering Discrepancy
(HED)

A departure from a benchmark of system design suitability for the roles and
capabilities of the human operator. This may include a deviation from a standard
or convention of human engineering practice, an operator preference or need, or
an instrument and equipment characteristic that is implicitly or explicitly
required for an operator task, but is not provided to the operator.

Human Machine Interface (HMI)

Individual hardware terminal or a group of terminals used to control the plant or
a process.

Human Reliability Analysis (HRA)

A structured approach used to identify potential human failure events and to
systematically estimate the probability of those errors using data, models, or
expert judgment.

Human- System Interfaces (HSIs)

The human-system interfaces are the means through which personnel interact
with the plant, including the alarms, displays, controls, and job performance
aids. Generically this includes operations, maintenance, test, and inspection
interfaces.

Integrated System Validation

Integrated system validation is an HFE evaluation using performance-based
tests to determine whether an integrated system design (that is, hardware,
software, and personnel elements) meets performance requirements and
acceptably supports safe operation of the plant.

Limited Scope Task Analysis

A selection of operator actions, HSI, and procedure are evaluated for
completeness on a simulator. ”Limited” means that tasks that are identical in
earlier designs with documented information will not be analyzed again, but the
data is captured and will be combined with new, modified, or different designs
consistent with the U.S. EPR™ design. Tasks that are representative of other
similar tasks with similar variables are not analyzed again, but the data is
transitioned. Tasks that are not important to safety and are performed in the
local plant and are not subject to main control room (MCR) control are not
analyzed.

Local Control Station (LCS)

An operator interface related to process control that is not located in the MCR.
This includes multifunction panels, as well as single-function LCSs such as
controls (for example, valves, switches, and breakers) and displays (for
example, meters) that are operated or consulted during normal, abnormal, or
emergency operations.

Mockup

A static representation of a human-system interface

N4

A series of French advanced pressurized water reactors (PWR) designed with
digital I&C and soft control HSIs.
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Term

Definition

Olkiluoto 3 (OL3)

An EPR™ nuclear reactor currently being built in Finland.

Operating Experience Review (OER)

A review of relevant history from the plant's on-going collection, analysis, and
documentation of operating experiences and from interviews with plant staff.
An OER is a systematic review, analysis, and evaluation of operational
experience that applies to the development of the HSI design.

Operational Conditions Sampling
(0CS)

The process of sampling the entire population of plant conditions, personnel
task, and situational factors known to challenge personnel performance for HFE
verification.

Operator-in-Loop

Process of placing qualified operator on a simulator to perform replicated plant
operations. The purpose is for procedure or design development.

Precursor plants

The plants from which the U.S. EPR™ reactor has evolved (e.g., N4 and
Konvoi).

Probabilistic Risk Assessment (PRA)

A systematic and comprehensive methodology used to evaluate risks associated
with a complex engineered technological entity.

Process Information and Control
System (PICS)

A non-safety related digital I&C system that provides a screen-based interface
for the operators in the MCR, the Technical Support Center (TSC), and the RSS
to control and monitor all plant parameters by interfacing with the plant
automation systems.

Risk-Importation Human Actions

Actions that are performed by plant personnel to provide reasonable assurance
of plant safety. Actions may be made up of one or more tasks. There are both
absolute and relative criteria for defining risk important actions. From an
absolute standpoint, a risk important action is any action whose successful
performance is needed to provide reasonable assurance that predefined risk
criteria are met. From a relative standpoint, the risk important actions may be
defined as those with the greatest risk in comparison to all human actions. The
identification can be done quantitatively from risk analysis and qualitatively
from various criteria such as task performance concerns based on the
consideration of performance shaping factors.

Safety Information and Control System
(SICS)

The Safety Information and Control System (SICS) is a safety-related I&C
system which contains both safety and non-safety related equipment. It provides
the Human-Machine Interface (HMI) means to perform control and information
functions needed to monitor the plant’s safety status and bring the unit to and
maintain it in a safe shutdown state in case of a loss of the Process Information
and Control System (PICS) or the plant automation systems. Safe shutdown is
described in the plant technical requirements for U.S EPR™ Design.

Situation Awareness

The relationship between the operator's understanding of the plant's condition
and its actual condition at any given time.

Style Guide

A document that contains tailored guiding principles describing the
implementation of HFE guidance to a specific design, such as for a plant control
room. Adherence is expected and deviations justified.

System Engineer

The responsible engineer for a particular system

Task Analysis (TA)

The identification of requirements (i.e., specifying the requirements for the
displays, data processing, controls, and job support aids) for accomplishing
specific tasks that are group-related monitoring and control activities that have a
common objective or goal with respect to the real- time dynamics of a process.
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Term

Definition

Validation (software)

Software validation is the testing process that ensures that the product meets its
intended use and is compliant with system functional, performance, and
interface requirements.

Validation The process by which the final product and integrated system is demonstrated to
meet its initial design functional requirements, including whether it is acceptable
to support safe operations.

Verification The process by which the design is evaluated to determine whether it acceptably

satisfies specified requirements and guidelines.

Walk-through

A static analysis technique in which a designer or programmer leads members
of the development team and other interested parties through a segment of a
process, procedure, document or code, and the participants ask questions and
make comments about possible errors, violation of development standards and
guidelines, and other problems.

1.6 Abbreviations and Acronyms

Abbreviations/

Acronyms Definition
AOO Anticipated Operational Occurrences
AOP Abnormal Operating Procedures
ARP Alarm Response Procedure

ATWS Anticipated Transient Without Scram
BHEP Basic Human Error Probability
BISI Bypassed or Inoperable Status Indication
CBP Computer-based Procedure
CCF Common Cause Failure
CCW Component Cooling Water
COL Combined Operating License
COTS Commercial-Off-The-Shelf
CPU Central Processing Unit
CRDT Control Room Design Team
CT Critical Tasks
CV Containment Vessel
D3 Defense-in-Depth and Diversity
DAC Design Acceptance Criteria
DAS Diverse Actuation System
DBA Design Basis Accident
DC Design Certification
DCD Design Control Document
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Abbreviations/

Acronyms Definition
DF Dependency Factor
DV Design Verification
ECCS Emergency Core Cooling System
EF Error Factor
EFC Error-Forcing Contexts
EFW Emergency Feed Water
EOF Emergency Operations Facility
EOP Emergency Operating Procedure
ESF Engineered Safety Feature
FA Function Allocation
FAT Factory Acceptance Test
FMEA Failure Modes and Effects Analyses
FDP Flat Panel Display
FR Functional Requirements
FRA Functional Requirements Analysis
FSS Full Scope Simulator
FTA Fault Tree Analysis
GOMS Goals, Operators, Methods, and Selection Rules
GUI Graphical User-Interface
HA Human Action
HAZOP Hazards and Operability Analysis
HE Human Error
HED Human Engineering Discrepancy
HEP Human Error Probability
HFE Human Factors Engineering
HMI Human Machine Interface
HRA Human Reliability Analysis
HSI Human System Interface
HVAC Heating, Ventilation, and Air Conditioning
1&C Instrumentation and Control
1&CSC 1&C Service Center
/0 Input/Output
10P Integrated Operating Procedure
ISV Integrated System Validation
ITAAC Inspections, Tests, Analyses, and Acceptance Criteria
LCO Limiting Condition for Operation
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Abbreviations/ Definition
Acronyms
LCS Local Control Station
LDP Large Display Panel
LER Licensee Event Report
LOCA Loss Of Coolant Accident
LCS Local Control Station
MCR Main Control Room
NIS Nuclear Instrumentation System
NPP Nuclear Power Plant(s)
OCS Operational Conditions Sampling
OER Operating Experience Review
OL3 Olkiluoto 3
0OSC Operations Support Center
OSD Operational Sequence Diagram
PAM Post Accident Monitor
PICS Process Information and Control System
PRA Probabilistic Risk Assessment
PSF Performance Shaping Factor
PWR Pressurized Water Reactor
QA Quality Assurance
RG Regulatory Guide
RHR Residual Heat Removal
RMS Radiation Monitoring System
RO Reactor Operator
RPS Reactor Protection System
RSS Remote Shutdown Station
RT Reactor Trip
RWSP Refueling Water Storage Pit
SA Situation Awareness
SAMG Severe Accident Management Guidelines
SAR Safety Analysis Report
SAT Systematic Approach to Training
SBO Station Black Out
SDCV Spatially Dedicated Continuously Visible
SDD System Design Description
SDRD System Design Requirements Document
SER Safety Evaluation Report
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Abbreviations/ Definition
Acronyms
SG Steam Generator
SGTR Steam Generator Tube Rupture
SICS Safety Information and Control System
SOP System Operating Procedure
SPDS Safety Parameter Display System
SRO Senior Reactor Operator
SM Shift Manager
STP Surveillance Test Procedure
T/C Thermocouple
TA Task Analysis
T™MI Three Mile Island
TR Topical Report
TSC Technical Support Center
UPS Uninterruptible Power Supply
uv Under Voltage
V&V Verification and Validation
VDU Visual Display Unit
VTM V&V Team Manager

2.0

21
2.1.1

2.1.2

CODES, STANDARDS, AND REGULATIONS

Codes and Standards

IEEE Guide to Evaluation of Man-Machine System Performance in Nuclear Power Generating
Stations, 1999 — IEEE-Std-845-1999

IEEE Guide for the Application of Human Factors Engineering to Systems, Equipment, and Facilities
of Nuclear Power Generating Stations, October 2004 - IEEE-Std-1023-2004

International Standard: Design for Control Rooms of Nuclear Power Plants, International Electro-
mechanical Commission, Bureau Central de la Commission Electrotechnique Internationale, Geneve
(Switzerland), IEC-60964-1989

International Standard Organization (ISO) (2008) Ergonomic Design of Control Centres. Parts 1-8.

American National Standard, Nuclear Power Plant Simulators for Use in Operator Training and
Examination - ANSI/ANS-3.5-2009

American National Standard: Guide to Human Performance Measurements - ANSI/ATAA-G-035-
1992
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2.1.7

International Standard: Nuclear Power Plants Main Control Rooms — Verification and Validation of
Design, IEC-61771-1995

ANSI/ANS 5.8 -1994 Time Response Design Criteria for Safety-Related Operator Actions

2.2 Regulatory Guidelines

221

222

223

224

225

2.2.6

2.2.7

2.2.8

229

2.2.10

2.2.11

2.2.12

2.2.13

2.2.14

2.2.15

Electric Power Research Institute (EPRI). Verification and Validation for Safety Parameter Display
Systems, December 1981 - NSAC-39

EPRI NP-3659 Human Factors Guide for Nuclear Power Plant Control Room Development

EPRI NP-3701 Computer-Generated Display System Guidelines, Volume 2: Developing an
Evaluation Plan, September 1984

NUREG/IA-0137 Study of Control Room Staffing Levels for Advanced Reactors, November 2000

NUREG-0700, Rev 2Human -System Interface Design Review Guidelines, U.S. Nuclear Regulatory
Commission, May 2002

NUREG-0711, Rev 2 Human Factors Engineering Program Review Model, U.S. Nuclear Regulatory
Commission, February 2004

NUREG 0737, Supplement 1 Clarification of TMI Action Plan Requirements, January 1983

NUREG-0899, Rev 0Guidelines for the Preparation of Emergency Operating Procedures, U.S.
Nuclear Regulatory Commission, 1982

NUREG/CR-1278, Handbook of Human Reliability Analysis with Emphasis on Nuclear Power Plant
Applications

NUREG-1358 Lessons Learned from the Special Inspection Program for Emergency Operating
Procedures, U.S. Nuclear Regulatory Commission, April 1989 with Supp #1, October 1992 -

NUREG-1503 Quality Assurance Program Requirements 1978 - Reg Guide 1.33, Rev 2 Final Safety
Evaluation Report for the PWR

NUREG/CR-2623 The Allocation of Functions in Man-Machine Systems: A Perspective and
Literature Review

NUREG/CR-3331 A Methodology for Allocation of Nuclear Power Plant Control Functions to
Human and Automated Control Functions to Human and Automated Control

NUREG/CR-3371 Task Analysis of Nuclear Power Plant Control Room Crews

NUREG/CR-4227W E. Gilmore, Human Engineering Guidelines for the Evaluation and Assessment
of Video Display Units, U.S. Nuclear Regulatory Commission, July 1985 -

Page 22



A

AREVA Document No.: 118-9046087-002

AREVA NP Inc.,
an AREVA and Siemens company

U.S. EPR Human Factors Verification and Validation Implementation Plan

2.2.16 NUREG/CR-5228Techniques for Preparing Flowchart-Format Emergency Operating Procedures,
Vol. 1, U.S. Nuclear Regulatory Commission, January 1989 -

2.2.17 NUREG/CR-6400 HFE Insights For Advanced Reactors Based Upon Operating Experience
2.2.18 NUREG/CR-6393Integrated System Validation: Methodology and Review Criteria, January 1997

2.2.19 NUREG/CR-6633 Advanced Information Systems: Technical Basis and Human Factors Review
Guidance

2.2.20 NUREG/CR-6634 Computer-Based Procedure Systems: Technical Basis and Human Factors Review
Guidance

2.2.21 NUREG/CR-6635 Soft Controls: Technical Basis and Human Factors Review Guidance
NUREG/CR-6636 Maintenance of Digital Systems: Technical Basis and Human Factors Review
Guidance

2.2.22 NUREG/CR-6637 Human-System Interface and Plant Modernization Process: Technical Basis and
Human Factors Review Guidance

2.2.23 NUREG/CR-6689 Proposed Approach for Reviewing Changes to Risk-Important Human Actions
PWR Owner’s Group, Emergency Procedure and Severe Accident Guidelines (EPGs/SAGs), Rev 2,
March 2001

2.2.24 IEC 60964-1989 Design for control rooms of nuclear power plants IEC 60960-1988 Functional
Design Criteria for a Safety Parameter Display System for Nuclear Power Stations First Edition

2.2.25 IEC 60965-1989 Supplementary control points for reactor shutdown without access to the main
control room

2.2.26 IEC 61227-1993 Nuclear power plants-control rooms-operator controls
2.2.27 IEC 61771-1995 Nuclear power plants - main control room - verification and validation of design

2.2.28 IEC 61772-1995 Nuclear power plants - main control room -Visual display unit (VDU) application to
main control room in nuclear plants

2.2.29 IEC 61839-2000 Nuclear power plants - Design control rooms - Functional analysis and assignment

2.2.30 IEC 62096-2001 Instrumentation and Control: Guidance for the Decision on Modernization IEC
60911-1987 Measurement requirements for reactor core sub cooling monitoring

2.2.31 IEC 62241-2004 Nuclear power plants - main control room -Alarm Functions and Presentation

2.2.32 ISO 11064-1-2000 Ergonomic Design of Control Centers — Part 1: Principles for the Design of
Control Centers

2.2.33 ISO 11064-2-2000 Ergonomic Design of Control Centers — Part 2: Principles for the Arrangement of
Control Suites
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2.2.34 ISO 11064-3-1999 Ergonomic Design of Control Centers — Part 3 Control Room Layout

2.2.35 ISO 11064-4:2004 Ergonomic Design of Control Centers — Part 4: Layout and Dimensions of
Workstations

2.2.36 ISO 11064-6:2005 Ergonomic Design of Control Centers — Part 6: Environmental
2.2.37 Requirements for Control Centers

2.2.38 IEEE Std. 845-1999 IEEE Guide to the Evaluation of Human-System Performance in Nuclear Power
Generating Stations

2.2.39 IEEE Std. 1023-1988 IEEE Guide to the Application of Human Factors Engineering to Systems,
Equipment, and Facilities of Nuclear Power Generating Stations

2.2.40 IEEE Std. 1082-1997 A Guide for Incorporating Human Action Reliability Analysis for Nuclear
Power Generating Stations

2.2.41 IAEA-TECDOC-1057 Experience in the Use of Systematic Approach to Training for Nuclear Power
Plant Personnel

2.2.42 NO0-EJ30102 Component Control and Monitoring Circuit Basic Design Guide

3.0 METHODS

3.1 Verification and Validation Processes

HFE principles are integrated into the design of the HSI in a systematic manner. The HFE V&V processes are
performed after completion of the U.S.EPR™ full-scope simulator (FSS), to verify that the necessary HSIs are
available in a usable format and that the user can perform the assigned tasks with that HSI.

3.1.1 Overview

3.1.1.1 Verification

Verification confirms that the product of each step in the development of design specifications fulfills all
requirements imposed by the previous step of the design. Using system design requirements identified user tasks,
and operating experience verification processes are used to evaluate the availability of the correct information and
controls. The process also verifies the conformance of HSI to the HFE criteria established for the HSI.
Verification is a check of the individual control room components against the plant engineering criteria, human
engineering criteria, and operating and functional requirements.

All aspects of the HSI (e.g. controls, displays, procedures, and data processing) that are required to accomplish
human tasks and actions [as defined by the task analysis, EOP analysis, and critical actions of the PRA] are
verified.
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3.1.1.2 Validation

Validation is the evaluation of dynamic task performance using partial or full-scope simulation following
integration of the HSI hardware and software. Thus, the validation process measures the ability of the users to
perform the allocated tasks using the HSI that have been provided. The validation process also identifies
deficiencies in the preparation of operating procedures.

3.1.1.3 Verification and Validation Processes Overview
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Figure 3-1: V&V Overall Process
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Because issues arise during validation, Human Factors Issue Resolution Verification cannot be completed until
validation issues have been resolved. The final design is documented in a detailed design description document
that includes the requirements for verification that the “as built” design is the design resulting from the HFE
design process. HFE V&YV is performed after assessments performed during the design provide feedback into the
design resulting in the elimination of identified latent errors. The description serves as the basis for the
verification that the actual in-plant HSI conforms to the design that resulted from the HFE design process,
including the HFE V&V activities. This document is then used to conduct a plant HFE design verification. The
main activity is a check of the actual HSI against the description in the project style guides.

The scope of HFE V&YV includes static and integrated MCR and RSS HSI including LCS deemed critical to plant
safety. The processes necessary to evaluate the following included in this plan are:

1. Performance of static and/or part-task mode evaluations of the HSI equipment to confirm that the controls,
displays, and data processing functions identified in the task analysis are designed in accordance with HFE
design requirements documents.

2. Evaluation of the integrated HSI, including the interface of the operator with the:

a. HSI equipment hardware

b. HSI equipment’s software-driven functions

c. The plant and emergency operating procedures

d. HSI work environment, including communications, and procedures
3. Validation of the integrated HSI is performed using a full-scope simulator.
The issues raised by the HFE design team are documented in the HFE Issues Tracking Database. Implementation
of comments into the design documentation is verified by the HITS process. Verification that the final design is
consistent with the HSI design documents is verified as part of the HFE V&V process. In addition to verifying

the overall design, the FSS can be used to verify HFE Issue Tracking items. Other HSI design changes are
verified as part of the design configuration control process.

A comprehensive verification effort is the first step beyond design to prevent the precursors to error.

Error precursors take these forms:
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Table 3-1: Error Event Precursors

Task Demands

Individual Capabilities

High workload (memory requirements)
Time pressure (in a hurry)
Simultaneous, multiple tasks
Repetitive actions/Monotony
Irrecoverable actions

Interpretation requirements

Unclear goals, roles, or responsibilities,

Lack of or unclear standards

Unfamiliarity with task/First time
Lack of knowledge (mental model)
New technique not used before
Imprecise communication habits
Lack of proficiency/Inexperience
Unsystematic problem-solving skills
"Can do" attitude for crucial tasks

Illness or fatigue

Work Environment

Human Nature

Distractions/Interruptions
Changes/Departure from routine
Confusing displays/controls
Work-arounds

Hidden system response
Unexpected equipment conditions

Lack of alternative indication

Stress

Habit patterns

Assumptions
Complacency/Overconfidence
Mind set (intention)
Inaccurate risk perception
Mental shortcuts (biases)

Limited short-term memory

A review of Table 3-1 reveals that humans in a system have foibles, shortcomings, and unpredictability,
especially under stress that may inhibit superior performance. Verification identifies any measures found in
project human system interface resources and their relationships that aid humans in the system. The greatest need
for human job performance aids are in those instances where transitions are made from one resource to another.
The transitions among resources, especially those that are currently new and unfamiliar to the operators are of
particular concern. Therein lay many of the cognitive or mental demands that can be exacerbated by those
elements delineated in Table 3-1. The verification using U.S. EPR™ project systems documents allows the
designers greater latitude in assessing those demands.

The purpose of this evaluation is to provide the AREVA design team with confirmation regarding the design and
functionality of the HFE Design. The HFE verification plan verifies the displays, but indirectly, the contents and
accuracy of the other design input documents (SDD, P&ID, and SOPs) are also validated.

The compatibility, understandability, and effectiveness of the displays are evaluated against good human factors
principles and the design documents. Both practical application of good design and an assessment of the physical
and mental requirements made of the humans in the system as well as those other variables that contribute to or
detract from their ability to operate the plant safely and efficiently are found.
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3114 Activities Not Included in this Plan

Final human factors issue resolution verification and final as-built plant HFE design verification are not included
in this plan. Criteria for compliance of these two activities are defined by the HFE Design Implementation Plan.
The training and the procedures are critical to human system interface as are the software and hardware
components of HSIs. Training and procedures contribute to the successful and safe operation of the plant. These
topics will be considered during the Integrated System Validation section. There is a separate review process to
validate the procedures and training programs.

3.1.2 Human Factors Engineering (HFE) Evaluations

An important activity in the design of the U.S. EPR™ project operator interfaces is the application of U.S.
regulatory and industry documents concerning HFE guidelines and requirements.

Human Factors Engineering criteria are applied along with all other design requirements to select and design the
particular equipment for application to the MCR, RSS and local control station HSI. The HSI design implements
the information and control requirements that were developed in the task analysis, including the displays,
controls, and alarms necessary for the execution of those tasks identified in the task analyses as being critical
tasks. The equipment design configuration satisfies the functional and technical design requirements and insures
the HSI is consistent with HFE principles.

3.1.21 Review and Evaluations

Reviews and evaluations are conducted to resolve human engineering problems specific to the HSI including
operator time critical, reliability critical requirements, and other requirements derived from task analysis. Human
engineering problem areas are brought to the attention of this activity, and include the estimated effect on the
system if the problem is not studied and resolved. These reviews and evaluations are accomplished in a timely
manner, that is, such that the results may be incorporated in the HSI design.

NUREG-0700 provides references to reference guidelines that may be used in the design and evaluation of
advanced HSI. Some of the NUREGs are identified including NUREG/CR-5908 that has been folded into
NUREG-0700. Many technical areas not fully addressed in Section 3.1.9 of NUREG/CR-5908 such as alarm
systems, graphical representation, and so forth have now been addressed in some form through NUREG-0700. As
part of the HFE design process and design assessment, static and dynamic evaluation may need to be performed to
verify HSI design of interfaces and also control console designs. Table 3-2 (EPRI 3701) provides the bases for the
methods of evaluation selected. At the time of V&V execution, paper evaluations are not useful. In an electronic
era, the opportunities to take advantage of electronic technology allows for the greatest efficiency in evaluation
using more sophisticated tools for V&V. The table however demonstrates the basis and this project brings such
philosophy current. Other obsolete technology or approaches, tape-driven part-task simulators have been replaced
by the progression of simulator technology.
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Table 3-2: Usefulness and Efficiency of Alternative Evaluation Methods
(Source: EPRI-3701)

Level of Evaluation

Method of Evaluation Compatibility Understanding Effectiveness

Static Paper Evaluation Useful and Efficient Somewhat Useful But Not Useful

Inefficient
Dynamic Paper Evaluation Useful and Efficient Somewhat Useful But Not Useful

Inefficient
Tape-Driven Part-Task Useful But Inefficient Useful and Efficient Marginally Useful But
Simulator Efficient
Model-Driven Useful But Inefficient Useful and Efficient Somewhat Useful But
Part-Task Simulator Efficient
Full-Scope Simulator Useful But Very Inefficient Useful But Inefficient Useful But Somewhat

Inefficient

In-Plant Evaluation

Useful But Extremely

Useful But Very Inefficient

Useful But Inefficient

Inefficient

3.1.2.2 Dynamic Simulation

Dynamic simulation is a tool used for HFE design validation. Simulators are also used as HFE design and
assessment tools for the detail design of equipment requiring critical human performance. Consideration is given
to use of various models for the human operator, as well as man-in-the-loop simulation. The simulation
equipment is intended for use as a design tool, although its use as training equipment is considered for dynamic
simulation.

3.1.2.3 HSI and Equipment Detail Design Documents and Drawings

The HFE V&V ensures that the HFE design conforms to human engineering principles and criteria. In the end,
these principles are applied to the full-size representation of the HSI (FSS) and the HSI and equipment design.
These are reflected by the design documents and detail design drawings for the HSI and associated equipment.
The types of documents and drawings include the following:

1. Environmental drawings and data sheets for the MCR, remote shutdown station, local control stations,
equipment rooms, emergency operations facility, operations support center, and technical support center.

2. Illumination design drawings and data sheets for the MCR, remote shutdown station, local control stations,
equipment rooms, emergency operations facility, operations support center, and technical support center.

3. Communication system drawings and data sheets for the MCR, remote shutdown station, local control
stations, equipment rooms, emergency operations facility, operations support center, and technical support
center.

4. MCR design drawing indicating the areas and rooms assigned to the operating crew and supporting staff

5. Panel layout drawings for the display panels, the control consoles, and the back panels.

Page 30




A

AREVA Document No.: 118-9046087-002

AREVA NP Inc.,
an AREVA and Siemens company

U.S. EPR Human Factors Verification and Validation Implementation Plan

6. Documentation including description of the software interfaces located on the flat panel displays. Applicable
documents describe all of the formats to be displayed on the flat panel displays.

7. Any applicable HFE reports prepared to document HFE and HSI evaluations performed in support of HSI
design.

3.1.24 Work Environment, Crew Stations, Facilities, and HSI Design

HFE V&V confirms that human engineering principles and criteria are applied to detail design of work
environments, crew stations, facilities, and HSI. Drawings, specifications and other documentation of work
environment, crew station, facilities, and HSI reflect incorporation of human engineering requirements. Design of
work environment, crew stations, facilities and HSI which affect human performance, under normal, abnormal
and emergency conditions, considers at least the following where applicable:

1. Atmospheric conditions, such as composition, pressure, temperature, humidity and air flow
2. Acoustic noise (steady state and impulse), vibration, and impact forces
3. Adequate space for personnel, their movement, and their equipment

4. Adequate physical, visual and auditory links between personnel, and between personnel and their equipment,
including eye position in relation to display surfaces, control and external visual areas

Safe and efficient walkways, stairways, platforms and inclines

Provisions for minimizing psycho-physiological stresses

5
6
7. Protection from toxicological, radiological, electrical and electromagnetic hazards
8. Optimum illumination commensurate with anticipated visual tasks

9

Sustenance and storage requirements

Some of the listed elements can not be validated until execution of the Design Implementation Plan.

31.3 Background for HSI Design Validation

3.1.3.1 Introduction

This section provides high level human factors guidance against which the MCR room and other facility resources
are validated against. The primary goal for HFE V&YV is to confirm that the design facilitates safe, efficient and
reliable operator performance during all phases of normal plant operation, abnormal events and accident
conditions. Maintenance, test, and inspection activities are also considered. Operating performance goals,
information, displays, controls, and other interface devices in the control room and other plant areas are achieved
through the designed and implemented HSIs in a manner consistent with good HFE practices.

The HSI design implementation starts with the results of the operations analysis (system functional requirements
analysis, allocation of functions, and task analysis) and with the existing design basis included in the Basis of
Design (BOD). These results and design bases are translated into hardware and software design requirements,
which are, in turn, written into the applicable specifications and included in the hardware drawings and software
programs.
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In order to evaluate these requirements (for example, operator time critical and reliability critical requirements),
studies and tests are performed as necessary. Dynamic simulators are tools constructed to validate the designs
against functional requirements.

3.1.3.2 Provision of Applicable Human Capabilities and Characteristics
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A basis of population human perceptual system capabilities is established for the following (for example):
a. Movement of controls
b. Movement of display pointer and equivalents

c. Meaning of colors

3. Auditory and visual capabilities and characteristics

Design database on auditory and visual capabilities and characteristics may be provided.

4. Human ability to process information

Human ability to process information are used when evaluating human capabilities and characteristics of
information processing passed upon user population data, including CRDT input: load, accuracy, rate, time
delay and decision-making patterns, for example, pattern recognition or text search as they pertain to human
capabilities.

Examples of this data application include the following:

a. After a user has requested a display, the average time necessary to display the image to the user is less
than 2 seconds, and ideally less than 1 second.

b. Data update time of such displays may also be less than 2 seconds but it must match the human capability
and interval of the measurement. The time to display the image depends on the quantity of information
and its format.

Graphical representation is superior for checking of parameter readings, where relation to set limits is to be
determined, rate and change of direction, and for data comparison. Graphical representation is superior when
a time scale is introduced, using trend and predictive displays. Computer generated displays have attempted
to capture the design features through the use of bar columns with set-points. Alphanumeric displays are
suitable for making comparisons.

314 Location and Protection Validation

3.1.4.1 Location

In general HSIs are located where they are not affected by the consequences of plant internal hazards such as
missile, radiation, fire, and so forth, and where operators can easily gain access under all plant conditions, yet
evacuate from the location if the location becomes uninhabitable.

3.1.4.2 Protection

The design of the HSI provides, within the design basis, protection against fire, radiation, internal and external
missiles, earthquake and appropriate security measures to control access to HSI software.

3.1.4.3 Fire Protection

Attention is given to using nonflammable materials. The HSI area is equipped with fire detection and fire
suppression systems.
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Electrical equipment in the HSI is designed to neither cause nor support a fire as far as this is reasonably
achievable. Cable circuits and switchgear associated with the HSI are protected against the consequences of fire.

3144 Radiation Protection

The staff is protected against direct radiation in any accident situation. The control room is designed in
accordance with applicable codes, standards and regulatory requirements for habitability. Radiological protection
is considered in the design. Breathing apparatus is available to the staff.

3.1.4.5 Missile Protection

The HSI design includes assessment and protection against missiles originating from inside and outside the
control room.

3.1.4.6 Earthquake Protection

The HSI equipment related to safety functions, the air-conditioning system and emergency illumination systems
are designed in accordance with the applicable codes and standards for postulated design events.

3.1.4.7 Security

The HSI are designed to allow for control of access to plant system control and databases. Access to the MCR 1is
in accordance with the site security plan. The security plan is consistent with the requirements of the regulations
in each.

3.1.5 Configuration Validation

The HSI is designed giving due consideration to:

e Plant operating authority’s operating principles

e Assignments of functions to the operators and [&C system

e Centralized or local control philosophy, which determines the extent of controls present in the control room

e Supervision criteria, which determine the number of FPDs, indicating instruments, recorders, alarms and
indicating lights on the panels

e Plant and technological choices (segregation between different divisions, use of automatic control sequences,
dimensions of instruments and controls, extent of automation and/or multiplexed controls)

e The control room has operating areas as are necessary, where each operator can obtain access to all controls
and information required to perform the tasks assigned to the operator in all operational and accident
conditions.

e The operating area and HSI equipment such as control desks, boards and panels are arranged according to
human factors engineering principles:
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3.1.6 Space, Configuration and Environment

3.1.6.1 Workspace Validation

The operator work area has sufficient space to allow the staff to perform all necessary actions, while minimizing
operator movement in abnormal conditions. Special attention is paid to providing work areas, writing space, and
storage space for documents:

e Work areas, which are manned on a continuous basis, are designed for seated operation and adequate seating
is provided, but also permits standing operations.

e  Where writing and access to documentation form a normal part of HSI duties, adequate writing space is made
available. Lay-down space for the documentation while in use is also made available.

e Storage space for documents is provided close to the operating position to avoid the documents being laid on
consoles, desks, and so forth

e Some space may be provided for back-fitting that might be required in the future.

3.1.6.2 Grouping of operating areas

The HSI area is ideally divided into operating areas where each operator has all the controls and indications
required to perform the tasks assigned to the operator in various operating conditions including start up, normal
operation, shutdown, and emergencies. Consideration is given to tasks related to maintenance, testing, and
inspection activities.

The configuration minimizes interference between operator tasks.

3.1.6.3 Control boards and arrangement

The arrangement of control panels, desks and boards in the HSI is such as to:

e Allow each operator to have sufficient space between the panels and so forth, for immediate and direct access
to the information and controls pertinent to the tasks,

e Minimize conflicting paths for the various operators,
e Facilitate communications and coordination between the operators,

e Minimize reflections.

3.1.6.4 Size and shape

Size and shape of HSI equipment such as control desks, boards, panels, and chairs is determined from the
anthropometric requirements and other human engineering considerations to be satisfied.

3.1.6.5 Environment

Environmental conditions in the MCR allow the operators to perform their tasks effectively and comfortably. The
environmental conditions are consistent with the MCR habitability requirements.
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The MCR environmental specification includes requirements for:

3.1.6.5.1 Heating, Ventilation and Air-Conditioning (HVAC)

The MCR ventilation system design includes measures to cope with postulated accident conditions of the plant.
The HSI is designed in accordance with the MCR environmental conditions.

3.1.6.5.2 lllumination

In the design of the lighting system in the MCR, special attention is given to uniformity, shadows, glare,
reflection, and highlighting.

An emergency lighting system continuously provides illumination necessary for task performance even on failure
of the normal system.

3.1.6.5.3 Auditory Environment
Auditory environment of the HSI is designed considering a relevant database on human auditory capability and

characteristics. The environmental requirements for the MCR are defined in the BOD.

31.7 Panel Layout

3.1.71 Priority

Guidelines based on reference documents are established and applied for the layout and arrangement of alarms,
displays, and controls belonging to a function of a system as well as for priority rankings between similar
elements in the layout of the panels. The priority rankings rules derived from these principles are consistent and
standardized for all panels in the plant.

3.1.7.2 Positioning Displays and Controls on Vertical Panels and Sit-down Consoles

The positioning of displays, indicators and controls on the panels and consoles are based on the following criteria:

e Alarm panels and plant parameters located on the vertical section of the panels are visible from the operating
area of the HSI.

e Frequently used controls are within convenient reach. The related indicators and displays are readable from
the operating position.

e Displayed information and related controls are functionally grouped.

3.1.8 Location Aids

3.1.81 Grouping of display information and controls

It is essential that the displayed information and controls be logically grouped. Controls and displays are placed
within the control room at locations, which promote efficient procedures, safe operation and maximum operator
awareness of the current system condition. There are three general methods for achieving this condition. There
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are: (1) grouping by task sequence, (2) grouping by system function, and (3) grouping by importance and
frequency of use.

3.1.8.2 Grouping by Task Sequence

Controls and displays are assigned to work stations so as to minimize operator movement. To the extent practical,
this assignment considers both normal and emergency procedures. It is practical to perform all frequently
occurring routine tasks, and time sensitive emergency tasks, with a minimum of human movement from panel to
panel.

3.1.8.3 Grouping by System Function

Within the constraints of grouping by task sequence, controls and displays are assigned to panels in functional
groups related to system structure. This grouping promotes easy understanding of the relationship between
controls and system, and assists graphic or pictorial display of system relationships.

3.1.84 Grouping by Importance and Frequency of Use

Within the constraints of grouping by task sequence and by system function, controls and displays are assigned to
panels depending on their importance and frequency of use. Controls or displays, which are neither important to
plant safety nor frequently used, are installed in secondary panel locations.

3.1.9 Coding

Coding principles are established in an early stage of HSI design. The coding principles are consistent with
guidelines of NUREG-0700. The coding system is consistent throughout the HSI. This applies to location,
information, color, and illumination codes. Coding is consistent between HSI in the MCR, RSS, LCSs, and TSC.
The equipment symbols, abbreviations, and acronyms are defined in the BOD. Use of symbols for coding of
components is consistent with the shapes defined in the BOD. New shapes are defined and documented. The
coding method selected for actual application is determined considering the relative advantages of the types of
coding.

Coding method and guidelines are:

3.1.91 Physical Coding
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3.1.9.2 Information Coding

3.1.9.3 Location Coding (structuring coding)
3.1.94 Data Coding

3.1.9.5 Enhancement coding
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3.1.10 Labeling

3.1.11 HFE Section Conclusion

Typically, the order in which various kinds of HSI are addressed is dictated by the amount of lead-time required
for construction, progressive availability of design information, and time needed to satisfy training requirements.
Human factors efforts are completed within the overall plant development schedule. HSI development is
performed in accordance with the HSI Design Implementation Plan.

Usually, physical layout of the plant is determined early. Thus, workspace interfaces are considered first. Panel
design then progresses within constraints of workspace design decisions. Panel design also occurs fairly early in
development. Communications system interfaces considered next, within constraints of workspace and panel
design decisions. Evaluation of at least some parts of communications system design is completed in sufficient
time for equipment to be used in final stages of personnel training. The design of HSI is performed using an
integrated systems approach.

3.2 Operational Conditions Sampling

3.21 Overview

Sampling of operational conditions to support HFE V&V in new plants is appropriate because of the large number
of new individual HSIs. The number of individual HSI differences from precursors is expected to be large. It
would be impractical, and perhaps more importantly, unnecessary to review every HSI to achieve satisfactory
V&V. Therefore, the HFE V&YV plan uses a sampling strategy for the selection of HSIs to review.

The sampling methodology is used to identify a range of operational conditions included in the V&V activities.
Operational conditions included:
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e Are representative of the range of events that are encountered during plant operation
e Reflect the characteristics that are expected to contribute to system performance variation

o Consider the safety significance of HSI components

Deriving samples is a significant element in the V&V process. The quality of samples and sampling techniques to
contributes to the success of the V&V process. Samples that are biased, that confound, or that do not have both
internal and external validity as well as reliability, yield less than quality results. Quality sampling techniques
ensure full representation of all those conditions, tasks, systems, functions, and situational factors that are
indicative of the reality of operating a nuclear power plant. With a goal of thoroughness and a mission to optimize
design while identifying any opportunities for human error, definite rigor is applied to sample selection.

There are three dimensions used to determine the sample: plant conditions, personnel tasks, and situational factors
that challenge the performance of personnel. These sampling dimensions are combined in a set of control room
operator scenarios used to challenge the performance of the HSI. The operational conditions sampled represent
numerous operating conditions that are typical of an operating plant. There are numerous plant variables that have
the potential to impact operator performance.

3.211 Purpose

The purpose of the operational condition sampling process is to ensure that a broad and representative range of
operating conditions are included in the sample population used to select integrated system validation scenarios.
To ensure a representative sample that emphasizes safety significance, risk, and challenges to the operating crew,
a weighted list of operational conditions is developed.

3.21.2 Scope

The scope of the operational condition sampling process is the full range of conditions that are representative of
the range of events that could be encountered during operation of the U.S. EPR™ reactor. Using the structured
and risk informed process described below; a representative sample set of operation conditions is selected that are
then used as the basis for integrated system validation scenarios.

3.21.3 Objectives — Desired result of the activity

The objective of the operational conditions sampling process is to identify a sample of operational conditions that
includes conditions from a representative range of events, reflecting characteristics expected to contribute to
performance variation, and taking into account the safety significance of HSI components.

3.21.4 Inputs

Input from a variety of different areas is used to perform operational conditions sampling. Areas of input for this
activity include:

e HRA/PRA - Used to determine risk significant scenarios and risk important human actions, and to weight
scenario selection criteria.

e Task Analysis — Indicates areas of high work load, high stress, or the presence of a critical task

e Normal, Abnormal, and Emergency Procedures and SAMGs
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e ANSI/ANS-3.5 Nuclear Power Plant Simulators for Use in Operator Training and Examination — Provides
operational conditions used for simulator fidelity verification that also merit consideration for inclusion in
integrated system validation scenarios

o AREVA Knowledge and Abilities (K/A) catalog

o HED resolutions that warrant inclusion in or re-performance of integrated system validation scenarios

3.2.2 Method

Establish Sampling Dimension Criteria

The AREVA operational condition sampling process occurs in four major phases:
e Defining weighting factors used in integrated system validation scenario selection

e Defining the minimum conditions and tasks represented in the scenarios selected for the integrated system
validation.

e Developing a representative population of operational conditions and tasks for inclusion in integrated system
validation scenarios.

o  Weighted selection of scenarios from the defined population used to validate the integrated AREVA systems
and their controls.

3.2.21 Weighting Factors

The scenario selection process uses multidimensional selection criteria to identify integrated system validation
scenarios that maximize relevance and significance while ensuring all operational condition diversity is met. To
accomplish this, the following weighting factors are used to sort scenarios (list presented in order of less weight
[diminishing significance]):

o HRA/PRA significance of the event scenario

e Presence of PRA/HRA risk important human actions

e Presence of D3 credited human actions

e Task analysis results indicating high work load, high stress, or the presence of a critical task

e AREVA K/A catalog importance ranking of task elements

These factors are used later in the process to select the most significant and relevant scenario when analysts
encounter situations where more than one scenario can be used to validate the same operational conditions.

3.2.2.2 Minimum Conditions and Tasks

The following operational conditions or tasks are present in at least one integrated system validation scenario:

e Each human action identified in the HRA/PRA, DCD, and the NRC safety evaluation report as being risk
important

e Each first-of-a-kind system used in the AREVA design
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e Each leg of the EOP/SAMG flow charts
e Each safety system
e Support system failures affecting other systems (that is, electrical, cooling water, and control air systems)
e Each major area of the HSI (safety DCS, non-safety DCS, RSS, MCR, or POPs)
e Plant startup from cold shutdown to critical
e Power ascension from critical to 100%
e Plant shutdown from 100% to cold shutdown
e Failure of non-safety DCS
e At least one error-forcing situation in each of the following areas:
o Administrative
o General plant maneuvering
o Emergency
o Abnormal
o Alarm response
o Normal operations
o Surveillance, test, and maintenance
o Chemistry, radiochemical, and radioactivity control
e At least one procedure from every procedure class is exercised, including:
o Administrative
o General operating procedures (that is, startup, shutdown, and power maneuvering)
o Emergency operating procedures
o Abnormal operating procedures
o Alarm response procedures
o System operating procedures

o Surveillance, test, and maintenance procedures (those portions involving the MCR, RSS, or risk
significant LCSs)

o Chemistry, radiochemical, and radioactivity control procedures (if not represented in the classes above)
e Communications involving each of the following in at least one scenario:

o Among control room personnel

o Between control room personnel and field operators

o Between control room personnel and emergency support centers

o Between control room personnel and plant management

o Among control room personnel and other organizations such as NRC or local authorities
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e Instances of high and varying workload in at least one scenario in each of the following areas:
o Administrative
o General plant maneuvering
o Emergency
o Abnormal
o Alarm response
o Normal operations
o Surveillance, test, and maintenance
o Chemistry, radiochemical, and radioactivity control
e Instances of fatigue and circadian factors in at least one scenario in each of the following areas:
o Administrative
o General plant maneuvering
o Emergency
o Abnormal
o Alarm response
o Normal operations
o Surveillance, test, and maintenance

o Chemistry, radiochemical, and radioactivity control

3.223 Representative Population of Operational Conditions and Tasks

In order to develop a satisfactory multidimensional sampling of conditions that results in the selection of
integrated system scenarios that thoroughly evaluate the AREVA design, one or more operational conditions or
tasks representing each of the following are identified:

3.2.2.31 Plant Control
e Design basis accidents identified in the AREVA DCD

e Additional risk important scenarios within the scope of the Emergency Operating Procedures (EOPs) and
Severe Accident management Guidelines (SAMGs)

e License basis document abnormal operational occurrences

e Additional risk important abnormal events and transients within the scope of Abnormal Operating Procedures
(AOPs)

e Additional risk important equipment degradations and failures within the scope of Alarm response procedures
(ARPs)

e Normal plant operating manipulations ranging from cold shutdown/refueling to full power operations
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3.2.2.3.2 Personnel Tasks
e Human actions identified in the HRA/PRA, DCD, and the NRC safety evaluation report as being risk
important.

e Historically problematic tasks as identified in the operating experience reports generated using the AREVA
operating experience process.

e Procedures from each class used in the operation of the plant including administrative, emergency, abnormal,
alarm response, general operating, system operating, surveillance and testing, maintenance, chemistry control,
and radiation control (those portions involving the MCR, RSS, or risk significant LCS)

e Knowledge-based tasks as identified in the AREVA task analysis. Tasks in this population are those that
analysts identified as containing relative or probabilistic decisions during detailed task analysis.

e Tasks representing a broad range of human cognitive activities. Tasks in this population are those that
analysts identified as containing the following attributes as in the response requirements portion of detailed
task analysis.

o Detection and monitoring

o Diagnosis and situational assessment
o Decision making and planning

o Plant manipulation

o Monitoring plant response

e Tasks involving a range of human interactions and communications as identified in the AREVA task analysis.
Tasks in this population are those that analysts identified as containing communication interactions among the
primary task performer and other personnel.

e Tasks performed with high frequency as identified in the AREVA task analysis. Tasks in this population are
those that analysts identified as having high repetition in the response requirements portion of detailed task
analysis.

3.224 Plant Conditions

All plant modes are considered during the scenario selection process. Realistic and feasible scenarios are selected
based on the list provided in NUREG 0711.
As described in NUREG-0711, the following are plant condition sampling dimensions:

e Normal operational events including plant startup, plant shutdown or refueling and significant changes in
operating power.

e Failure events:

o Instrument failures [e.g., safety-related system logic and control unit, fault tolerant controller, local "field
unit" for multiplexer (MUX) system, MUX controller, and break in MUX line] including 1&C failures
that exceed the design basis, such as a common mode 1&C failure during an accident.

o HSI failures (e.g., loss of processing and/or display capabilities for alarms, displays, controls, and
computer-based procedures).
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e Transients and accidents, for example:

o Transients (e.g., turbine trip, loss-of-offsite power, station blackout, loss of all feedwater, loss of service
water, and loss of power to selected buses or MCR power supplies, and safety and relief valve transients).

o Accidents (e.g., main steam line break, positive reactivity addition, control rod insertion at power,
anticipated transient without SCRAM, and various sized loss-of-coolant accidents).

o Reactor shutdown and cool down using the remote shutdown station.
e Reasonable, risk-significant, beyond-design-basis events, which are determined from the plant-specific PRA.

e The role of the equipment in achieving plant safety functions, as described in the DC and COLA and the
degree of interconnection with other plant systems is also considered. A system that is interconnected with
other systems could cause failure of that system because the initial failure could propagate over the
connections. This consideration is especially important when assessing non-class 1E electrical systems.

3.2.2.5 Personnel Tasks

Various personnel tasks are considered when selecting a sampling dimension and creating scenarios. Personnel
tasks can change significantly from one plant procedure to the other. Risk-significant tasks and tasks that
historically have been difficult for operators get additional scrutiny.

As described in NUREG-0711, the following are personnel task sampling dimensions:

e Risk-significant HAs, systems, and accident sequences are included in the sample. Risk-significant HAs are
described in the HRA Implementation Plan. These include those identified in the PRA and those identified as
situations where human monitoring of an automatic system is risk-significant. Additional factors that
contribute highly to risk as identified by the PRA, sampled, include:

o Dominant HAs (selected via sensitivity analyses).
o Dominant accident sequences.

o Dominant systems (selected via PRA important measures such as risk achievement worth or risk
reduction worth).

e OER-identified difficult tasks - The sample includes all personnel tasks identified as problematic during the
applicant review of operating experience.

e Range of procedure guided tasks - These are tasks that are well defined by normal, abnormal, emergency,
alarm response, and test procedures. The operator is able to understand and execute the specified steps.
Regulatory Guide 1.33, Appendix A, contains several categories of "typical safety-related activities that are
covered by written procedures, however this list is not all inclusive.” The sample includes appropriate
procedures in each relevant category. See below for a list of procedures and operator scenarios based on
Regulatory Guide 1.33, Appendix A that has been modified for the HFE design.
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3.2.2.6

Range of Procedure Guided Tasks

During operational condition sampling, the following are written procedures represent Regulatory Guide 1.33
Appendix A activities.

e List of Procedures and Operator Scenarios

O

O

O

O

O

Administrative Procedures

Security and Visitor Control

Authorities and Responsibilities for Safe Operation and Shutdown
Equipment Control (e.g., locking and tagging)

Procedure Adherence and Temporary Change Methods

Procedure Review and Approval

Schedule for Surveillance Test and Calibration

Shift and Relief Turnover

Log Entries, Record Retention, and Review Procedures

Access to Containment

Bypass of Safety Functions and Jumping Control

Maintenance of Minimum Shift Complement and Call-In of Personnel
Plant Fire Protection Program

Communication System Procedures

e General Plant Operating Procedures

O

O

O

Cold Shutdown to Hot Standby

Hot Standby to Minimum Load (nuclear start-up)
Recovery from Reactor Trip

Operation at Hot Standby

Turbine Startup and Synchronization of Generator
Changing Load and Load Follow (if applicable)

Power Operation and Process Monitoring

Power Operation with less then Full Reactor Coolant Flow
Plant Shutdown to Hot Standby

Hot Standby to Cold Shutdown

Preparation for Refueling and Refueling Equipment Operation

Refueling and Core Alterations
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3.2.2.6.1 Procedures for Startup, Operation, and Shutdown of Safety-Related Systems

Instructions for energizing, filling, venting, draining, startup, shutdown, and changing modes of operation is
prepared, as appropriate, for the following systems: Reactor Coolant System, Control Rod Drive System, Residual
Heat Removal system, Emergency Core Cooling System, Component Cooling Water System, Containment,
Atmosphere Cleanup System, Fuel Storage Pool Purification and Cooling System, Main Steam System,
Emergency Feed Water System, Service Water System, Chemical and Volume Control System, Auxiliary,
Radwaste, and Reactor Building Heating and Ventilation, Control Room Heating and Ventilation, Electrical
Systems, Nuclear Instrument System, Reactor Control and Protection System, and Hydrogen Recombiner system.

3.2.2.6.2 Procedures for Abnormal, Off Normal, and Alarm Conditions

Since these procedures are numerous and correspond to the number of alarm annunciators, the procedures are not
individually listed. Each safety-related annunciator has its own written procedures, which normally contain:

e The meaning of the annunciator

e The source of the signal

e The immediate action that is to occur automatically
e The immediate operation action

e The long range actions

3.2.2.6.3 Procedures for Combating Emergencies and Other Significant Events

e Loss of Coolant (including steam generator leak) (large and small, including leak rate determination)
e Loss of Electrical Power (and/or degraded power sources)

e Loss of Core Coolant Flow

e Loss of Condenser Vacuum

e Loss of Containment Integrity

e Loss of Service Water

e Loss of Component Cooling System and Cooling to Individuals Components
e Residual Heat Removal System

e Loss of Feedwater

e Loss of Protective System Channel

e Mis-positioned Control Rod or Rods (including Rod Drop)

e Inability to Drive Control Rods

e Conditions Required to Use Emergency Boration

e Fuel Cladding Failure of High Activity in Reactor Coolant or Offgas

e Fire in Control Room or Forced Evacuation of Control Room

e Turbine or Generator Trips
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e Other Expected Transients

e Malfunction of Automatic Reactively Control System

e Malfunction of Pressure Control System

e Reactor Trip

e Plant Fires

e Act of Nature (e.g. tornado, flood, dam failure, earthquake)
e Irradiated Fuel Damage while Refueling

e Abnormal Release of Radioactivity

3.2264 Procedures for Control of Radioactivity
e Liquid Radiation Waste System

e Solid Ration Waste System

e PWR Gaseous Effluent System

e Radiation Protection Procedures

e Area Radiation Monitoring System Operation

e Process Radiation Monitoring System Operation

e Meteorological Monitoring

3.2.2.6.5 Procedures for Control of Measuring and Test Equipment and for Surveillance
Tests, Procedures, and Calibration

e Procedures of a type appropriate to the circumstance is provided to ensure that tools, gauges, instrument,
control, and other measuring and testing devices are properly controlled, calibrated, and adjusted at specified
periods to maintain accuracy. Specific examples of such equipment to be calibrated and tested are readout
instruments, interlock permissive and prohibit circuits, alarm devices, sensors, signal conditioners, controls
protective circuits, and laboratory equipment.

e Specific Procured for surveillance test, inspection , and calibrations is written (implementing procedures are
required for each surveillance test, inspection, or calibration listed in the technical specifications):
Containment Leak Test, Containment Isolation Test, Containment Local Leak Detection Test, Containment
Heat and Radioactivity Removal System Test, Containment Tendon Tests and Inspections, Service Water
System Functional Test, Main Steam Isolation Valve Test, Boric Acid Tanks — Level Instrumentation
Calibration, Emergency Rod Operability and Scram Time Test, Reactor Protection system test and
Calibration, Refueling System Circuit Test, Permissive- Test and Calibration, Refueling system Circuit Test,
Emergency Boration System Functional Test, DNB Check and Incore-Excore Flux Monitor Correlation,
Emergency Power Test, NSSS Pressurization and Leak Detection, Inspection of Reactor Coolant System
Pressure Boundary, Inspection of Pipe Hangers, Control Rod Drive System Functional test, Heat Balance-
Flux Monitor Calibrations, Pressurizer and Main Steam Safety Valve Test, Leak Detection System Tests,
Axial and Radial Flux Pattern Determinations, Area, Portable and Airborne Radiation Monitor Calibrations,
Process Radiation Monitor Calibration, Environmental Monitor Calibrations, Safety Valve Tests, and Water
Storage Tanks.
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3.2.2.6.6 Procedures for Performing Maintenance

Procedure for the repair or replacement of equipment those are required to be prepared prior to beginning work.
The following are examples of such procedures for major equipment: Repair of Steam Generator Tube,
Replacement and Repair of control Rod Drive, Replacement of Recirculation Pump Seals, Replacement of
Important Strainers and Filters, Repair or Replacement of Safety Valves, Repair of Incore Flux Monitoring
System, Replacement of Neutron Detectors.

3.2.2.6.7 Chemistry and Radiochemical Control Procedures

3.2.2.7 Range of Knowledge-based Tasks

These are tasks that are not as well defined by detailed procedures. Knowledge-based decision-making involves
greater reasoning concerning safety and operating goals and the various ways of achieving them. A situation may
require knowledge-based decision-making if the rules do not fully address the problem, or if the selection of the
appropriate rule is not clear. An example in a PWR plant may be difficult to diagnose a steam generator tube
rupture (SGTR) with a failure of radiation monitors on the secondary side of the plant because of the following:

e There is no main indication of the rupture (the presence of radiation in secondary side)

e The other effects of the rupture (i.e., slight changes in pressures and levels on the primary and secondary
sides) may be attributed to other causes.

e  While the operators may use procedures to treat the symptoms of the event, the determination that the cause is
an SGTR may require situation assessments based on an understanding of the plant design and the possible
combinations of failures that could result in the observed symptoms. Errors in rule-based decision-making
result from selecting an inaccurate rule or inaccurately applying a rule. Errors in knowledge-based decision-
making result from inaccurate higher-level cognitive functions such as judgment, planning, and analysis. The
latter are more likely to occur in complex failure events where the symptoms do not resemble the typical case,
and are not amenable to pre-established rules.

3.2.2.8 Range of Human Cognitive Activities
The sample incorporates the range of cognitive activities including:

e Detection and monitoring (e.g., of critical safety-function threats).

e Situation assessment (e.g., interpretation of alarms and displays for diagnosis of faults in plant processes and
automated control and safety systems).

e Response planning (e.g., evaluating alternatives for recovery from plant failures).

e Response implementation (e.g., operator-in-loop control of plant systems, assuming manual control from
automated control systems, and carrying out complicated control actions).

e Obtaining and utilizing system feedback (e.g. ensuring the success or completion of an action)

3.2.2.9 Range of Human Interactions

The sample reflects the range of interactions among plant personnel, including those tasks performed
independently by crew members and tasks that are performed by a team. These interactions among plant
personnel also includes interactions among the following:
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e MCR operators (e.g., operations, shift turnover walk-downs).
e MCR operators and auxiliary operators.
e  MCR operators and support centers (e.g., the TSC and the emergency offsite facility).

e MCR operators with plant management, the NRC, and other outside organizations.

3.2.2.10 Tasks that are Performed Using High Frequency

3.23 Situational Performance Shaping Factors

The six situational factors drawn out by NUREG 0711 and incorporated into test scenarios are addressed
individually. A brief basis and background are provided relevant to each factor. U.S. EPR™ HFE and behavioral
scientists recognize that at any given time any such factor could be present or could emerge in conjunction with or
is the result of any other situational factor(s). These factors that challenge human performance can realistically
materialize at any time, in any plant mode, and may or may not be anticipated. Verification and validation is the
most important and most likely opportunity for situational factors to either present themselves or be simulated.
V&V however, is but one design activity where the human capabilities can be ‘safely’ stretched with no
compromise to the workers, plant, or the environment. Equally important the limitations of the people within the
system can be captured and controls implemented during the design and engineering phases to avoid taxing those
limitations post commissioning.
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3.24 Operationally Difficult Tasks

3.25 Error-forcing Contexts

__3.2.6 High-workload Conditions
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3.2.7 Varying-workload Situations

3.2.8 Fatigue and Circadian Factors

3.29 Environmental Factors
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3.2.10 The scenarios used in the validation evaluation are selected according to the
following criteria:

3.2101 Scenario Categories
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The integration of the HSIs with each other, with the operating personnel, and with the Plant and Emergency
Operating Procedures (EOPs) are evaluated through the conduct of the walk-through and dynamic task
performance. The objectives of the procedure evaluation ensure that the plant and EOPs provide direction for
completing the identified tasks associated with normal, abnormal, and emergency operations.

The evaluations also include performance of scenarios that require the use of annunciator response procedures.

The normal, abnormal, and plant transients are evaluated. The scenarios are based on EPR™ postulated scenarios
for abnormal and transient conditions. As a starting bases, the list of scenarios used at operating plants and at the
reference plant are used to formulate scenarios beyond the those typically documented in the safety analysis
section of the FSAR. Each team performs similar scenarios to allow for comparisons among scenarios and teams.
The scenarios describe the initial conditions, the proper sequence of plant responses, and the applicable
symptoms.

3.2.10.2 Measures Taken to Eliminate or Control Bias

Bias represents any influence, condition, or set of conditions that singly or together distort the data. Bias can
produce systematic (but unexpected) variation in a research finding, and can invalidate any conclusions made
based on a biased sample. When selecting operational conditions and developing scenarios, care is taken to avoid
creating a biased sample.
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e Pilot studies to identify possible sources for scenario bias and develop controls.

e “Backcasting”- Part of the scenario identification and development process that involves identifying a future
state (both desirable and undesirable) as identified in Severe accident management guidelines (SAMGs),
emergency operating procedures (EOPs), Abnormal operating procedures (AOPs), alarm response procedures
(ARPs), and normal operating conditions, and constructing paths that connect the specified end condition to
the conditions and actions required to achieve or avoid the future state.

This approach reduces the risks of hidden bias in construction of scenarios. By selecting both desirable and
undesirable outcomes, and by developing scenarios with conditions and events that vary the likelihood of
reaching the outcome, a representative and balanced set of scenarios is identified.

After scenario development is complete, the resulting set of scenarios is evaluated for selection bias in any of the
following areas:

e Scenarios for which only positive outcomes are expected — This is avoided in part by selecting operating
conditions for use in scenarios identified in the PRA/HRA as risk important, risk important accident scenarios
within the scope of EOPs and SAMGs, and conditions known to challenge human performance, and by
including these conditions in scenarios. This type of bias is also avoided by following the “backcasting”
methodology.

e Scenarios are relatively easy to conduct administratively (scenarios that place high demands, data collection
or analysis are avoided) — scenarios are developed that best accommodate all of the selected tasks and
conditions, not which scenarios are the easiest to conduct.

e Scenarios that are familiar and well structured (that is, which address familiar systems and failure modes that
are highly compatible with plant procedures such as “textbook” design-basis accidents) — because scenarios
are developed from selected operational conditions, and because event sequencing is built in as part of
scenario definition, scenarios do not follow highly familiar sequences.

If development bias is detected, scenarios are analyzed for alternatives to create a more fair and representative
range of events. Any occurrences of significant sampling bias are logged as HEDs in the HITS for tracking and
resolution.

3.2.11 Modification Considerations

The operating experience and baseline data collected from reference or predecessor plants provide data relative to
changes or modifications to past design. Typically this includes transition to digital from analogue controls and
displays, more automation features, electronic rather than paper procedures, and more scrutiny of functions in
addition to traditional system segmentation.

1. The operational conditions clearly indicate tasks that resulted from modifications and/or plant design
upgrades. Tasks and scenarios are very carefully managed to segregate modified design evaluations from new
design. Data collection methods are coded to ensure clarity among all parameters, including discrimination
between modification data and new design data.

2. All operational conditions that affect the modification need to be analyzed. It is not necessary to analyze
every condition and mode that is described for scenario selection but rather all the sections that pertain to the
modification in particular.
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3. Itis readily acknowledged that there are effects of transfer of learning. In spite of some modernization and
upgrade efforts in the industry, essentially the industry has not changed much in thirty years. The mature
seasoned operators are valuable for their collective historical and tribal knowledge. They are necessary and
make viable contributions well into new and/or modified plant designs implementation, start-up, and
operations.

AREVA intends that the project’s behavioral scientists contribute to awareness of challenges to learning
transfer as well as strategies to mitigate any effect of negative transfer. The HFE professionals on the EPR™
project are attuned to such eventualities. The premise is that the better the quality the design, the less like
learning transfer errors occur. The best human practice enhances the design and does not attempt to “fix” the
people. Nonetheless, the training and procedures are human factored and optimized for practical transferable
application.

4. AREVA contains versions of the same HSI components with different means of presentation so that
occurrences are held to the least number possible. It is the goal of AREVA to avoid any possibilities of human
error through best HFE practices. Through both the operational analysis and operating experience endeavors,
those tasks that are difficult or challenging due to the presentation of HSI are identified. Those become HITS
elements and are addressed in the HED resolution process. Additionally, during the verification and validation
processes as well as test and evaluations that involve operator input, there is again opportunity to identify any
issues pertinent to HSI presentation. Baseline performance data is collected relevant to any customary and
familiar HSIs. That baseline performance data is compared with performance of the same function or task
using the different version of the HSIs. If there is a statistically significant difference between baseline
performance of one version HSI and the performance of a different version, those are identified and
evaluated. The resolution of the difficulty lies in the HED resolution. The performances using both versions
of HSIs are also evaluated against the baseline to identify and subsequently resolve any performance
degradations. The proper control of conditions, possible bias and confounding are controlled through proper
experimental design.

5. Visual clutter and information overload are definitely unwanted variables in the HSI domain in the control
room. Today with the advent of predominately digital displays and a move away from analogue, AREVA
HFE maintains vigilance regarding such possibilities. In a digital era, changes are far more readily made to
software than to remove hardwired controls set in metal. In the EPR™ design, very few hardwired controls
are even present.

In the unlikely event that such an issue emerges, to the extent possible AREVA does remove deactivated and
unused HSI elements. If any remain, those are tested during the integrated system validation for any potential
of interference. If any deactivated and unused HSIs are identified, they are captured in the HITS and resolved
during the HED process.

3.3 HSI Inventory and Characterization

Implementation of HSI Inventory and Characterization

3.31 Scope

HSI inventory and characterization applies to:
1. Panel drawings (covering fixed-position controls, indications, and alarms)

2. Room layout/arrangement drawings
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3. Computer-generated displays (providing controls, indications, and alarms)

3.3.2 Objectives

The objectives of HSI inventory and characterization are to verify:

1. That the HSI inventory and characterization are consistent with the HFE analyses (SFRA, AOF, TA, HSI
Design)

2. That, in addition to initial TA results, the HSI design accommodates operator tasks as confirmed through
EPG/EQP analysis and PRA/HRA of critical operator actions

3. That each HSI component meets the user operability requirements associated with a given task

4. That the overall HSIs provide all alarms, information, and control capabilities required for personnel tasks

3.3.3 Participants, Test Subjects, and Observers

Licensee participation with AREVA is expected in these areas:
1. Panel drawings,
2. Room layout/arrangement

3. Computer-generated displays

3.34 Methods and Procedures

An inventory of all HSI components associated with the personnel tasks based on the identified operational
conditions are prepared. The inventory also includes aspects of the HSI that are used for navigation and display
retrieval in addition to only those that control the plant. The inventory describes the characteristics of each HSI
component within the scope of the review including information such as:

1. A unique identification code number or name
2. Associated plant system and subsystem
3. Associated personnel functions/subfunction
4. Type of HSI component.
a. Computer-based control (for example, touch screen or cursor-operated button and keyboard input)
b. Hardwired control (for example, J-handle controller, button, and automatic controller)
c. Computer-based display (for example, digital value and analog representation)
d. Hardwired display (for example, dial, gauge, and strip chart recorder)

5. Display characteristics and functionality (for example, plant variables/parameters, units of measure, accuracy
of variable/parameter, precision of display, dynamic response, and display format (bar chart, and trend plot))

6. Control characteristics and functionality (for example, continuous versus discrete settings, number and type of
control modes, accuracy, precision, dynamic response, and control format (method of input))

7. User-system interaction and dialog types (for example, navigation aids and menus)

8. Location in data management system (for example, identification code for information display screen)
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9. Physical location in the HSI (for example, control panel section), if applicable

Photographs, copies of FPD screens, and similar samples of HSI components are included in the HSI inventory
and characterization.

The HSI inventory is based on the most recent system document sources. All supporting documentation is
reviewed for use of the most current version. This inventory is expected to be compared to the available hardware
and software generated screens for accuracy verification

34 HSI Task Support Verification

The HSI design during initial HSI Task Support Verification may be preliminarily based upon Task Analysis and
initial versions of issued specifications such as System Design Descriptions (SDDs), P&IDs, Logic Diagrams, and
Hardware/Software Specifications (HSSs). More detailed HSI Task Support Verification applies to the HSI
components. Mockups can be used for HSI Task Support Verification if, in lieu of panel drawings and room
layout drawings (that is, the two-dimensional form), they mock the HSI components in three-dimensional form.

PRA/HRA determines risk profiles using best-estimate Human Error Probabilities (HEPs) that are based on
analysts’ understanding of the HSI design and its operability. PRA/HRA identifies critical operator actions and
their error probabilities. PRA/HRA models the role of operators and other personnel in response to accident
sequences. Task Analysis and HSI design account for PRA/HRA results. Design changes required, based on
PRA/HRA, task analysis, and HSI design, are propagated throughout the plant design and systems designs via the
normal engineering, design change, and verification processes. Documented PRA/HRA assumptions about the
HSI design and procedures are available for implementation considerations by designers and procedure
developers.

Task performance requirements (for example, HSI Design Implementation Plan, Style Guide for Graphical User
Interfaces, and Display Primitives Design Specification) are imposed on the various HSI hardware and software
components. These requirements are included (directly or by reference) in hardware and software specifications
(for example, DCS Hardware/Software Specification). Verification equivalent to detailed HSI Task Support
Verification concerning task performance requirements occurs during DCS factory acceptance tests. These tests
are performed in accordance with test specifications (for example, Software Test Plan and Acceptance Criteria.

The HSIs and their characteristics (as defined in the HSI inventory and characterization) are compared to the
personnel task requirements identified in the task analysis.

HEDs are identified when:

1. An HSI needed for task performance (for example, a required control or display) is not available

2. HSI characteristics do not match the personnel task requirements, for example, a display shows the necessary
plant parameter but not the range or precision needed for the task

3. An HED is identified for any HSIs that are available but are not needed for any task. Unnecessary HSIs
introduce clutter and can distract personnel for the selection of appropriate HSIs. However, it is important to
verify that the HSI is actually unnecessary. If an HSI component has no associated personnel tasks because
the function and task analysis was incomplete, this is also identified and any shortcomings in that analysis are
resolved.

Modifications to the design will follow the considerations stated in Section 3.2.11
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HED are documented in accordance with Section 3.6

3.41 Panel and Room Layout/Arrangement Drawings

HSI Task Support Verification of panel drawings is achieved through an iterative process of reviews by several
groups and organizations. The groups and organizations include the CRDT, individual system designers,
independent verifiers, HFE analysts, procedure developers, and licensee. The results of HSI analyses for
individual plant systems are checked for consistency with the drawings. Collaborative reviews by these groups
and organizations during the development of the EPR™ Safety Analysis Report provide additional accountability
for critical operator actions in the panel designs. HSI Task Support Verification of layouts for the MCR, RSS, and
LCSs are accomplished in a similar manner.

3.4.2 Computer Generated Displays

The HSI inventory is analyzed and specified (on a per-system basis) in HSI Design Reports. The analyses and
documentation are done in accordance with the QA program that includes internal independent verification. This
process includes reviews by the respective system RE’s to ensure the analyses support, and are supported by, the
system design specifications System Design Description, Logic Diagrams, and P&IDs. In some cases, the licensee
also reviews selected reports.

343 Test and Evaluation (T&E) Conditions

Test conditions are defined in test plans and test specifications.

344 Acceptance Criteria

The Acceptance Criteria is selected to ensure that the objectives are met.

3.4.5 Performance Measures

There are no performance measures associated with initial HSI Task Support Verification because the verification
concerns completeness of the HSI inventory and characterization. Performance measures associated with detailed
HSI Task Support Verification are the performance requirements (for example, from applicable
hardware/software design specifications) and HFE design guidelines (for example, Style Guide for Graphical
User Interfaces). These requirements cover quantitative parameters, limits, tolerances, and so forth, concerning
performance such as completion time, range, accuracy, precision, frequency, and percent completion.

3.4.6 Data Collection and Analysis

The document reviews and analyses discussed above constitute the data collection and analysis portion of HSI
Inventory and Task Support Verification.

3.4.7 Documentation and Integration of Results

Deficiencies identified by evaluators are documented. A deficiency is logged into the HITS if it matches at least
one of the HFE issue entry criteria.
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3.5 Implementation of HFE Design Verification

3.51 HSI Inventory and Characterization

The HSI inventory and characterization is created using inputs from task analysis, HSI Design, Software Design,
and HITS HED resolutions. This inventory provides a listing of HSIs and HSI characterizations. The information
developed during this process is used as input to subsequent verification and validation activities.

3.5.1.1 Scope

HSI components associated with the personnel tasks selected based upon the operational condition sampling
process outlined are within the scope of design verification. In addition to HSIs dedicated to control of the plant,
HSIs used for interface management, navigation, and information retrieval are included in the characterized listing
of HSIs to be verified.

3.5.1.2 Objectives

The objective of creating a characterized HSI inventory is to thoroughly and accurately describe all HSI displays,
controls, and related equipment that support identified operational conditions. This characterized listing of HSIs is
subsequently used to verify that installed HSIs meet their design requirements.

3.5.1.3 Method

Inputs into the HSI inventory process are used to create a comprehensive inventory and characterization of
AREVA HSIs. The descriptions in the HSI inventory are compared to directly observed components, both
hardwired and computer-generated, to verify that the inventory accurately reflects their current state.

Photographs, copies of FPD screens, and/or similar samples of HSI components are included in the HSI inventory
and characterization. These graphic samples are used to document the displayed presence of HSIs that do not have
a physical presence. The graphics are used in subsequent V&V activities to ensure that the current state of the HSI
inventory forms the basis for concluding acceptability of unacceptability of the HSI design.

The characterized inventory of AREVA HSIs is developed using the steps outlined below:

e Task Analysis — Analyzes the allocated functions generated as outputs from functional requirements analysis
and allocation of function. Task analysis also specifies the required alarms, controls, and indications that are
present for the safe and efficient performance of operator tasks associated with transitioning between and
monitoring the performance of functions. Where applicable, equipment characteristics such as alarm points,
indication ranges, and control device capabilities are specified.

e HSI Design — Produces HSI design solutions that satisfy design engineering and task analysis requirements.
HSI design solutions are developed in accordance with the HSI design process style guide and applicable
regulations. As part of the HSI design process, equipment characteristics associated with the physical or
software implementation of task analysis HSI requirements are defined.

e Software Design — Implements soft-control, indication, alarm, and HSI interface requirements and regulations
in the computer code that operates the HSI electronics. Additional HSI characteristics defined include
software code locations in the data management system and specific parameters contained in the code
structure that govern the associated HSI’s capabilities and display characteristics.
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3.5.14 Outputs and Results Documentation
3.5.2 Human Factors Engineering Design Verification
3.5.21 Scope
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6. Work environment and workplace layout (MCR, RSS, LCS critical to safety)

3.5.2.2 Objectives

The objectives of HFE Design Verification are to verify that:
1. HFE analyses (including documentation) meet QA requirements

2. HFE analyses are accomplished in accordance with the implementation plan requirements for the respective
analyses

3. HSI component design specifications incorporate applicable HFE requirements (guidelines, standards,
criteria)

4. HSI components are implemented per the specified HFE requirements, including the EPR™ style guide
HFE Design Verification is comprehensive enough to provide objective evidence that the following are
addressed:
1. Operator tasks under normal, abnormal, and emergency conditions:
a. Status monitoring and situation awareness of automatic safety functions
b. Surveillance testing and maintenance (for example, equipment blocking, tagging, and bypass)
c. Alarm monitoring, analysis, and response
d. Fault detection, analysis, diagnosis, and mitigation
e. Override of automated systems and their direct control
f. Risk-significant interactions as defined by PRA/HRA
2. Operator tasks guided by procedures of varying complexity
a. Rule-based tasks (procedure intensive)

b. Knowledge-based tasks (requiring judgment, planning, analysis, and reasoning based on observed
symptoms)

3. Operator tasks involving the different types of interactions with the HSI
4. Particular operator tasks, if any, identified from operating experience reviews (OERS)
5. Crew interactions
During operations, shift turnovers, walkdowns, maintenance, and so forth
b. With the Technical Support Center during accident management

c. With management, and other outside organizations during emergency management (for example, from the
EOF)

3.5.2.3 Participants, Test Subjects, and Observers
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3.5.24 Methods and Procedures
3.5.2.41 HFE Analyses

3.5.24.2 Panel Anthropometrics
3.5.24.3 Operating Procedures
3.5.24.4 HSI Components

Verifications of HSI component designs and implementations are checks that the components are built as
specified. Design specifications (for example, P&IDs, Logic Diagrams, Display Descriptions and associated
Change Descriptions (CDs), and unincorporated Engineering Change Notices) are consulted as needed for
understanding component operation, design changes, and investigation of findings.
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through a collective effort by the display builder, AREVA, Licensee and subcontractors, to ensure display
readiness for validation. Partially dynamic displays are verified for consistency and correctness as follows:

1. Visually checking whether or not the FPD image replicates the DCT image
2. Visually checking for compliance with the Style Guide for Graphical User Interfaces
3. Dynamically checking that each display element on an FPD image correctly assumes each of its states in
accordance with the display descriptions
Other HSI components subjected to HFE Design Verification include the following:
Fixed-position (hard) switches
Fixed-position (hard) indicators such as meters and status lights
Labeling

Alarm tiles

FPDs
Large variable display

1

2

3

4

5. Alarms displayed via FPDs
6

7

8. Mimics (on POPS and RSS)
9

Communication systems

10. Data and video interfaces necessary to link the TSC to the MCR and the plant computer system

Verification of MCR and RSS HSI components (that is, switches, indicators, labeling, alarm tiles and displays,
FPDs, large variable display, mimic, communication systems) occurs as part of the normal course of engineering
design in accordance with EPR™ Software Management Plan requirements that include requirements for
independent verification.

The functionality of data and video interfaces with the TSC are verified during I&C V&V process and tests.
Verification of these components is completed at the site as part of the HSI Design Implementation Verification
activity.

3.5.24.5 Work Environment

HFE design verification of MCR, RSS, and LCSs critical to safety work environment aspects (for example,
lighting, space, air conditions, floor design, noise mitigation) is part of the normal engineering, design change,
and verification process. Final design verification against HFE guidelines such as those in the EPR™ style guide
occurs at the site as a Licensee responsibility.

3.5.24.6 Workplace Layout

HFE design verification of MCR, RSS, and LCSs critical to safety workplace layout is part of the normal
engineering, design change, and verification process. Final design verification against HFE guidelines such as
those in the EPR™ style guide occurs at the site as a licensee responsibility.
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HSI Task Support Verification is verification with a relatively narrow scope. Initial HSI Task Support
Verification is a document-based, static evaluation process that includes independent verification in accordance
with the AREVA EOP requirements.

Task analysis, PRA/HRA, and emergency operating procedure analysis, identify tasks critical to safety in terms of
importance for function achievement, potential for human error, and impact of task failure. Where critical
functions are automated, the analyses address the human tasks including the monitoring of the automated
functions and the backup manual actions which may be required if an automated function fails. The initial HSI
Task Support Verification reviews and confirms that the inventory of HSI components (controls, displays, alarms,
procedures, and data processing) provides for personnel tasks as defined by these analyses. The inventory also
describes the characteristics of each HSI in the scope of the review.

More detailed HSI Task Support Verification confirms, for various operational tasks, that each HSI component
meets the operability (task execution and information access) requirements specified for the end user (for
example, response time, accuracy, precision, and so forth).

HSI components are considered deficient and HED is written if, for example, there are:

e Unsupported tasks where a required control, display or alarm is missing (that is, absence of on-screen
pushbuttons)

e Partially supported tasks where HSI characteristics do not fully meet the operability requirements (for
example, poor real-time response and feedback when using a manual/auto controller, or inadequate
pushbutton tactile feedback)

e HSI components that are not required for personnel tasks (for example, extraneous, nonfunctional, or purely
decorative objects in graphical displays)

Considerations for plant modifications should be made in accordance with section 3.2.10. Discrepancies found
should be documented as a HED in accordance with section 3.6.

3.6 Integrated System Validation

Integrated System Validation is performance-based evaluation of the integrated HSI design and human task
performance to ensure the HSI is operable within all performance requirements, and that it supports safe operation
of the plant. It is intended to evaluate the acceptability of those aspects of the design that cannot be evaluated with
analysis (for example, task support or HFE design verification activities). HEDs identified during previous
verification activities are corrected prior to integrated system validation to prevent unwanted impact on the
integrated validation results. Integrated System Validation is performed using dynamic HSI prototypes and high-
fidelity simulators that can facilitate regulatory reviews and witnessing.

Integrated System Validation confirms the following:

e Adequacy of the entire HSI configuration for achieving HFE program goals consistent with HFE practices
and principles

e Allocation of functions and the degree of task dependence on procedures
e Adequacy of the HSI to support the crew in accomplishing critical functions and tasks
e Human performance assumptions in PRA/HRA

e Tolerance to human error and system faults
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e HSI facilitates efficient search and retrieval of information and controls
o The effect of HSI characteristics provide an acceptable operator workload
e Tasks can be accomplished within the time and performance criteria established through task analysis
e Adequacy of HSI to allow high situational awareness in order to minimize operator errors
e Adequacy of staffing and qualification for appropriate roles
e Adequacy of procedures
e Procedure validation confirms that the procedures
o Are consistent with the HSI in terms of controls, displays, alarms, and data processing
o Areuseable
o Function as intended in the integrated HSI design
Validation can lead to design changes and design changes are handled as part of the formal design change control
process. The following are taken into account during the design change process:
e HSI Task Support Verification and HFE Design Verification for minor design changes.

e [Extensive or significant changes may require re-verifying that functional uses of the original design have been
addressed; evaluating the change once it has been implemented and integrated into the overall HSI, and
evaluating the change with respect to impact on procedures and training.

e Major design changes require re-validation to confirm that the change corrected the deficiency.
e change personnel tasks

e change task demands

e interact with or affect HSIs and procedures.

The design and evaluation teams have latitude to revisit any and all of the tools used as basis for the design. These
include the top down elements, particularly the task analysis. The HFE design process is iterative and dictates that
the process confirms and reconfirms that system integration promotes best human factors practice. Integrating
systems and validating those relationships bring to the surface those issues that were not previously recognized.
This is the prime opportunity to uncover latent errors or the possibility of human errors. The goal is to optimize
personnel tasks, only to change task demands toward the betterment of them, and to enhance further (if possible)
both HSIs and procedures. Design modification is accomplished with those goals in mind. If the design is
modified, there was legitimate basis to do so. Therefore, the scrutiny of the impact of any modifications is an
imperative.

Integration concerns integration/interfacing of HSI elements (controls, displays, alarms, communication devices,
and so forth) and integration/interfacing of system functions and dynamic performance. Validation of dynamic
and time-dependent performance typically involves at least a fully functional thread of the total system. The
Distributed Control System (DCS) is the total, fully integrated system and final, complete validation can only be
achieved with the entire DCS. However, validation is a progressive, cumulative activity. Hence validation at any
stage in the overall V&V process is partial validation, using integrated subsystems of DCS. For instance, the non-
safety portion of DCS is an integration of different process system controls and several HSIs (displays, mimic,
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alarms, large variable display, and switches). It is testable and it can be partially validated separately of other DCS
portions, including safety-related portions. Each of the following are therefore treated as an “Integrated System”
in the context of this plan document:

The non-safety, related portion of DCS,

The safety-related portion of DCS (that is, DCS Essential Controls) consisting of:

e Safety System Logic and Control (SSLC) Reactor Trip and Isolation Functions subsystem
e SSLC Engineered Safety Features (ESF) subsystem

e The RSS

e Any LCS critical to plant safety

e Any “HSI thread” (that is, operationally useful HSI function) of the above.

3.6.1 Implementation of Integrated System Validation

A simulator is used by plant personnel to perform operational events to determine adequacy to support safe plant
operations. This is performed after any significant HEDs from HFE verification have been resolved.

Integrated System Validation applies to:

1. Panel layouts (anthropometrics) and labeling

2. HSI components (controls, displays, alarms, data processing, communications equipment) that include:

Operator displays and their associated FPDs

ISR

Fixed-position (hard) switches

Fixed-position (hard) indicators such as meters and status lights

& o

Alarm tiles
Alarms displayed via FPDs
Large variable display

Mimics

=@ oo

Electronic (on-line) procedures

—

Phone, radio, page party, and public address devices

Hardcopy procedures [licensee responsibility]

Portable utility board for EOP flowcharts (and perhaps shift turnover information)

Portable cart for hardcopy procedures

The standard design features of the EPR™ main control room HSI (see EPR™ DCD Chapter 18)

S
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3.6.2 Testbeds

3.6.2.1 Use of Simulators in Integrated System Validation

Part-task simulators and FSSs that do not have high fidelity (by meeting the requirements of ANSI 3.5 and Reg
Guide 1.149) for the systems to be tested cannot be used for formal integrated system validation. Such simulators
are used for other testing or data gathering activities that do not require a high fidelity simulator.

The simulator testbeds used to perform integrated system validation must provide the fidelity required for the
validation being conducted to be meaningful and valid. Meeting the requirements of ANSI 3.5 and Reg

Guide 1.149 provides assurance of high fidelity in accordance with common industry and regulatory standards
and definitions.

Integrated system validations of limited scope (for example, testing the integrated system controlling control rod
movement) may be performed on a part-task simulator that meets ANSI 3.5 and Reg Guide 1.149 fidelity
requirements for the systems that affect the validation scenario.

Integrated system validations whose scope is the complete integrated HSI are performed on a high fidelity FSS
that meets the requirements of ANSI 3.5 and Reg Guide 1.149

3.6.2.2 Validation Testbed Requirements

The following testbed fidelity requirements are met for the scope of the integrated validation activity being
conducted:

Interface Completeness — The testbed completely represents the integrated system being tested, including HSIs
and procedures not specifically required in scenarios.

Interface Physical Fidelity —The testbed represents a high degree of physical fidelity in the HSIs and procedures.
This includes the presentation of alarms, displays, controls, job aids, procedures, communications, interface
management tools, layout, and spatial relationships.

Interface Functional Fidelity — The testbed represents a high degree of functional fidelity in the HSIs and
procedures. All HSI functions are available within the integrated system being tested, including HSI component
modes of operation.

Environment Fidelity — The testbed represents a high degree of environment fidelity. The lighting, noise,
temperature, and humidity characteristics reflect the expected plant environment to the extent practicable.

Data Completeness Fidelity — The information and data provided to test participants completely represents the
plant systems monitored and controlled from that facility.

Data Content Fidelity — The testbed represents a high degree of data content fidelity. The information and controls
presented during testing scenarios are based on an underlying model that accurately reflects the reference plant.
This model provides input to the HSI in a manner such that the information presented during the scenario
accurately depicts information that would actually be presented in a real plant.

Data Dynamics Fidelity — The testbed represents a high degree of data dynamics fidelity. The process model is
capable of providing input to the HSI in a manner such that information flow and control responses occur
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accurately and in a correct response time (for example, information is provided to personnel with the same delays
as would occur in the plant).

3.6.2.3 Testbed Verification

To ensure that fidelity requirements are met, the testbeds are verified as matching the plant at each phase of
validation testing by noting that the same capability of the software and computers used for development of the
part-task simulators and FSS match what is to be installed the plant. Testbed verification is accomplished during
pilot tests conducted prior to validation.

To make sure testbeds accurately reflect the current design, the HSI is adjusted as the system is developed so that
by the time the FSS is developed the HSI design is stabilized. The software system for simulating plant behavior
is upgraded as improved data becomes available for the plant sensors, controllers, and other components.

The simulators used during HFE V&V activities are described in section 3.8

3.6.3 Identification of Task Performance Participants (Evaluation Participants)

3.6.3.1 Main Characteristics

The selection of the participants includes a range of representative personnel who are typical of the intended
operating crews. The participants in the dynamic task performance validation evaluation include licensed
operators, who are familiar with the simulated process. Actual NPP crews specifically appointed for these tests
are used. The teams include participants with plant operator, operations, and engineering experience, who
participate in the plant operations.

The evaluation are viewed as an end in itself, rather than as an add-on to other activities, and this includes
exercising appropriate control of the evaluation process. Therefore, the evaluation sessions have to be organized
outside the training programs, further training courses, or other evaluation session activities (such as the
evaluation of the training program).

Because the evaluation is performed by participants for the U.S. EPR™ project, experience levels for plant
operator is not be a prerequisite for participation. The mix of the crew is based on what the intent of the
evaluation is. The evaluation clearly states which groups are best suited for the type of evaluation being
performed.

If the level of experience is considered to be an important variable in the evaluation results, the evaluators may
selectively seek out AREVA or industry personnel with the requisite requirements to participate in an evaluation
of a prescribed scenario (that is, experienced and inexperienced). Due to the level of advanced technology being
used in the U.S. EPR™ PWR, the availability of operators experienced in the use of EPR™-gpecific PWR
systems and HSI is unlikely.

In some situations (for example, when there are not available operating crews where the members have
approximately the same experience level), it is possible to include a mix of experienced and inexperienced
operators on the operating crew. The experience level of the different members of the team could be randomly
assigned for the different positions (reactor operator, turbine operator, and so forth). Or, it is equally adequate to
have a rotation of the experience levels per each position.
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3.6.3.2 Operating Crew (Participants)

The scope is to analyze crew performance, instead of individual operator performance. The performance of the
control room operational crew as a unit can be measured during simulated plant operations for evaluating the
integrated HSI design. Analysis of these metrics determines whether the size and composition of the operational
crew are adequate on the objectives of performance evaluations). The data collected is evaluated to assess
compliance with control room functions.

The operating crew of the U.S. EPR™ control room is composed of two reactor operators, one control room
supervisor, one control room shift manager, and two or more auxiliary equipment operators. During accidents,
assistance is available to the operating crew from personnel in the TSC and OSC. Four licensed operators are on
shift at all times, consistent with the staffing requirements. During all phases of normal operation, abnormal
events, and emergency conditions, the U.S. EPR™ control room is operable by two reactor operators and the
control room supervisor; therefore, three operators are the minimum number of test subjects per operating crew.
The composition of the participating personnel is expected to represent the characteristics of the population that
eventually operates the plant.

The evaluation using the simulator consists of a representative set of participants as would be found in the MCR.
More than one crew is used in the validation process. The definitive number of teams partially depends on the
amount of scenarios.

3.6.3.3 Objectives of Performance Evaluations

The dynamic task performance evaluations have, as their objectives, the confirmation that:
o The identified critical functions can be achieved using the integrated HSI design.
e The HSI design and configuration can be operated using the established main control room staffing levels.

e The plant and the emergency operating technical procedures provide direction for completing the identified
tasks associated with normal, abnormal, and emergency operations.

e The time dependent and interactive aspects (ex. display format selection) of the HSI equipment performance
allow for task accomplishment.

e The allocation of functions is sufficient to enable task accomplishment.
o The integrated HSI design implementation is consistent with accepted HFE practices and principles.

e The plant HSI design, the training program and the procedures provide an assured level of human reliability.
Evaluation of training program and level of human reliability is not performed in the simulator activities.

Performance testing of the human operator is conducted in validating the control room design specifications. The
evaluations assess the operator’s ability to monitor for component failures while executing operational tasks. The
evaluation team needs to be aware of the operator’s ability to perform, which is based on the design of the HSI
that is being evaluated.

Multiple failures of systems and components are used in these evaluations. As a guide for these evaluations,
applicable plant and vendor bulletins of component failures are used to supplement other reliability information,
to determine frequency and types of failures. The HFE team has performed a database search of applicable
operating experience reports (OERs), industry bulletins, letters, and so forth, which identified and reviewed for
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the applicability to the EPR™ PWR. The scenarios include these failures as probable events. Changes to the
design specifications are required when unsafe operation of the plant is a consequence of a component failure.

A report that defines the category of errors detected, the results from the analysis of errors, and the plans for
correcting the errors are prepared. Each utility applicant for an operating license validates the total control room
design specification and reports the results of this effort in the Final Safety Analysis Report. The control room
design specification and supporting basis reports are available for audit by the licensee, and includes the
regulatory agencies.

3.6.3.4 Range of Plant Operational Conditions and Upsets

One of the most important independent variables in system evaluations is the task scenario. Because it is difficult
to develop a “generic” scenario, one either has to develop multiple scenarios or rely on evaluation using a single
scenario and risk producing results that are not representative. Obviously, the preferred approach is multiple
scenarios; such an approach allows one to test the sensitivity of results to variations in scenario and also provides
an opportunity for greatly increasing the likelihood that results are representative. An evaluation of effectiveness
is almost sure to include multiple scenarios, ranging from familiar transients to very complex situations.

3.6.3.5 Requirements for the Selection of Scenarios

There are some requirements or issues that are considered for the selection of the scenarios to be used on the
dynamic validation. These include realism, feasibility, and dimensions of scenario variations.

Scenarios are realistic in the sense that they represent what could actually happen, and they require the evaluation
crew or operator crew to respond accordingly to the scenario presented. In general, if the operator crew is asked to
deal with situations they do not believe could happen, or to produce responses that they would be unwilling to
make in reality, there is significant risk that one or more subjects will not comply.

Further, even if participants do comply with unrealistic requirements, the results will not be representative of
eventual system performance in an operational environment. The scenarios cover as wide a range as possible of
postulated operating phases and conditions. Scenarios that include environmental conditions such as noise and
distractions that may affect human performance in an actual NPP are not performed in the simulated environment.

Scenarios are feasible in that they do not impose requirements that exceed the capabilities of the evaluation device
being employed.
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several interpretations. Ambiguity can be a particular problem when multiple system failures occur and/or
instrumentation is faulty. If one of the objectives of an aid is to support consistent interpretations of the state of
the plant, it may be desirable to use scenario ambiguity as an independent variable.

Scenario Familiarity The concept of familiarity is much more specific than complexity and, therefore, easier to
manipulate. A scenario is familiar to the extent that operators have previously experienced the scenario or a
reasonable approximation of it. Familiarity is further enhanced by repeated experience with a scenario. In
contrast, an unfamiliar scenario is obviously one that operators have not previously experienced. Unfamiliarity is
greatest when the scenario is completely dissimilar with operators’ experience and the possibility of the scenario
has not been anticipated.

Scenario selections are based upon a wide range of samples of operational conditions. Specific HSI equipment
failure scenarios also consider input from PRA/HRA and supporting reliability analyses.

The operational conditions selected for inclusion in the validation tests is developed in sufficient detail to be
performed on a simulator. The following information is defined to provide reasonable assurance to allow
scenarios to be accurately and consistently presented for repeated trials and to address important performance
dimensions:

1. Description of the scenario and any pertinent "prior history" necessary for personnel to understand the state of
the plant upon scenario initiation.

2. Specific initial conditions (definition provided for plant functions, processes, systems, component conditions
and performance parameters, €.g., similar to plant shift turnover).

Events (e.g., failures) to occur and their initiating conditions, e.g., time, parameter values, or events.
Definition of workplace factors, such as environmental conditions.

Task support needs other than HSIs (e.g., procedures and technical specifications).

Staffing objectives.

Communication requirements with remote personnel (e.g., load dispatcher via telephone).

The specification of what, when and how data are to be collected and recorded.

o ® 2N bW

Criteria for terminating the scenario.

Scenarios have appropriate task fidelity so that realistic task performance is observed in the tests and so that test
results can be generalized to actual operation of the real plant.

3.6.3.6 Participant Performance Criteria

This section presents methods for defining criteria and performance measures used in evaluating test results. The
following criteria uses “operator” in the same context as “participant”.
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e |t are demonstrated that operator support systems can enhance the operator’s potential capabilities without
generating unforeseen side effects, which might bring about implicit obstacles to operator’s decision-making
activities (for example, monitoring and high-level mental processing).

e Demonstration that the operating crew can perform the assigned maintenance, test, and inspection activities as
assigned.

o Performance measures (dependent variables - DVs) for dynamic evaluations are adequate to test the
achievement of all objectives, design goals, and performance requirements, and include at a minimum:

o Operating Crew Primary Task Performance Characteristics
o Operating Crew Errors and Error Rates

o Operating Crew Situation Awareness (SA)

o Operating Crew Workload

o Operating Crew Communications and Coordination

o Anthropometry Evaluations

o HSI Equipment Performance Measures

o Physical Positioning and Interactions

The next step after the selection of the DVs is to ensure DVs have to be clearly defined and operationalized.

i6.3.7 Controlling Bias
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3.64 Performance Measures

A hierarchal set of performance measures are selected to assess the adequacy of the integrated system. The
plant/system performance measures selected for integrated validation are selected based on the prevention or
mitigation of transients and accidents, as described in DCD Tier 2, Chapter 15 - Transient Analysis. Tasks and
events with high PRA/HRA risk significance are selected for measurement. Performance measures include:

e The measurement characteristics that effect the quality of the performance measures
o The identification and selection of variables to represent measures of performance

e The development of performance criteria

Supplemental performance measures are developed to provide additional dimensions of information. A
multidimensional approach to integrated system validation allows test personnel to view data outcomes in a richer
context. This creates a greater understanding of crew performance in the varying scenario conditions, leading to
more valid, well-informed conclusions and to an increased ability to diagnose and fix performance problems.

Supplemental performance measures are primarily used to provide additional information regarding the results of
other performance measures. Significant problems in these areas are evaluated and addressed as well.
Supplemental measures include:

e Crew coordination and communication
e Situational awareness
e Workload, both physical and cognitive

e Anthropometrics

Satisfactory completion of integrated system validation and its associated performance measures, and criteria
validates the EPR™ HSI and the context in which it is used including automation, training, procedures, and
staffing and qualifications.

The quality of each performance measure is evaluated in terms of the following characteristics (some of the
characteristics listed below may not apply to every performance measure):

e Construct Validity — The degree to which a performance measure accurately represents the construct being
measured and the aspects of performance related to that construct.

Many aspects of human performance are described in terms of hypothetical constructs, for example, situation
awareness and cognitive workload. Hypothetical constructs are not directly observed, they are inferred based on
observation of behavior that is thought to be indicative of the construct. Thus, operational definitions are
developed for hypothetical constructs that describe the “operations” that are employed to measure the construct
(NUREG/CR — 6393).

There are many possible operational definitions; some are representative of the aspect of the performance of
interest while others are not. For example, measuring situation awareness by counting the frequency that an
operator accesses an overview display would be a poor operationalization of the construct. Asking the operator to
identify plant status may be a measure with greater construct validity (NUREG/CR — 6393).
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e (Criterion Validity — A measure of how well a performance measure predicts a related outcome based on
available information. Criterion validity is evaluated in relation to the extent that information gathered from a
performance measure can be related to future performance or behavior.

o Diagnosticity — The degree to which a performance measure can provide the information necessary to
determine the cause of acceptable or unacceptable performance. For example, measures of cognitive workload
and task performance add diagnostic value to the set of performance measures, because they measure
characteristics of human performance that many explain plant performance (NUREG/CR — 6393).

e Impartiality — The ability of a performance measure to reflect good as well as bad performance; lack of bias.

e Objectivity — The degree to which a performance measure is based on phenomena that are easily observed,
and the degree to which variability caused by observer subjectivity is decreased through the use of standards,
well-defined guidelines, and observer training. An objective performance measure is capable of yielding
results that can be replicated using the same or different observers.

e Reliability — The extent to which a performance measure can yield consistent results across repeated tests of
the same subject under identical conditions. A measure is reliable if repeated measurements produce the same
results.

To account for the intrinsic variability of human performance, the concept of reliability has been extended
from the repeatability of a particular value to the repeatability of a measurement distribution. Thus, if test
personnel obtain the same measurement distribution with repeated measures, the performance measure is said
to be reliable (NUREG/CR — 6393).

e Resolution — Resolution is indicative of the granularity of detail captured by a performance measure.
Measurements reflect performance at an appropriate level of resolution, i.e., with sufficient detail to permit a
meaningful analysis. For example, measuring operator movements in minute detail may not be appropriate if
evaluation concern is at a higher conceptual level, such as, “Was a particular plant system used as intended?”
(NUREG/CR - 6393).

e Sensitivity — Sensitivity is made up of two elements: scale and frequency.

e Scale refers to the values that a performance measure is able to discriminate. More sensitive measures have
the ability to capture more minute performance variations; however, having a measure that is too sensitive
creates noise, which makes identifying useful and relevant data more difficult.

Floor and ceiling effects that restrict variance are avoided. Floor effects occur when the bottom of the scale
range is not low enough to permit discrimination of lower scores. Ceiling effects occur when the top of the
scale range is not high enough to permit discrimination of high scores (NUREG/CR — 6393).

Frequency refers to the rate at which performance measures are taken. Performance measures should be
sampled often enough to assess the behavior of interest (NUREG/CR — 6393).

e Simplicity — The extent to which a performance measure is simple to test, measure, interpret, and
communicate. Though desirable, simplicity should not be achieved at the expense of other considerations
such as precision, reliability, validity, or generalizability (NUREG/CR — 6393).

e Unintrusiveness — The degree to which a performance measure can be tested without affecting the
psychological or physical processes being measured.

Data collection methods that attract the participant’s attention or disrupt the participant’s activities may be
problematic. For example, some data-collection methods can impose additional demands on the participants
(for example, completing logs or questionnaires in the course of performing one’s usual tasks) (NUREG/CR —
6393).
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3.6.41 Operating Crew Primary Task Performance Characteristics

Times: Measures of several times are taken. Some examples of time measures include: detection time (from the
occurrence of the first alarm until detection of the alarm); response time (from the first significant alarm until the
first manual action related with safety of the plant); time to access to the correct process format; time to find and
access the correct procedures; time for hypothesis generation, time necessary to perform a defined sequence of
actions; time spent looking at different process formats, the POPS, and so forth For detailed time measurement,
eye movement tracking equipment may be used for measurement of operator visual search. However, this may
only be applicable for specific evaluations for getting data on some specific issues.

Diagnosis indicators: Quality of the diagnosis (that is, diagnosis accuracy and completeness, by comparing the
ideal path and the real path, diagnosis time (ex. from the first alarm until the operator identifies the diagnosis). It
identifies who makes the diagnosis and the nature of the information used for diagnosis as well as frequencies of
use.

These data are collected from simulator logs, audio and video tape recorder, evaluators’ observation, and the
debriefing sessions.

3.6.4.2 Operating Crew Errors and Error Rates

An error may be defined as any deviation from the operating procedures or rules, whether detrimental or not,
corrected or not. The next step is to provide a taxonomy of errors. One taxonomy that is useful for this plan is the
taxonomy of human error that includes six general categories and thirty-one specific categories. The general
categories are: observation of system state, choice of hypothesis, testing of hypothesis, choice of goal, choice of
procedure, and execution of procedure. These categories reflect the major tasks performed by humans who
operate and maintain engineering systems such as aircraft, ships, power plants, and communication networks.

Errors can be inferred through the analysis of the ideal paths on each scenario, and the arrival to the critical
actions (for each transient, a set of critical actions necessary to handle the disturbance) is identified. Information
has to be provided on the number of relevant actions, number of errors, severity and importance of the errors, type
of errors (ex. omission or commission), as a consequence of the evaluation for each scenario. This means that
errors noted during the validation are categorized, analyzed, and documented, including potential cause and
frequency of occurrence. The analysis of the errors must determine the consequences of the errors upon safe
operation of the plant. Changes to the design specifications are required when unsafe operation of the plant is a
consequence of the error. A report that defines the category of errors detected, the results from the analysis of
errors, and the plans for correcting the errors are prepared.

As an example, in the first simulator-based control room evaluation of one operating plant, during the series of 31
tests performed, some 200 errors were observed ranging form simple reading errors with no consequence to
inadequate actions on safety systems. About 50% of these errors were regarded as significant and were subjected
to an exhaustive qualitative analysis: causes analysis, explaining factors analysis, and identification of correcting
actions to be carried out for lowering their occurrence probability (training, procedures improvement, and so
forth). Moreover, these errors were introduced into a computerized human factors data bank. Identification of
operator errors and error rates will not be prepared during the simulator evaluation. The licensee may wish to
perform this during and following the training of the U.S. EPR™ crew.
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3.6.4.3 Operating Crew Situation Awareness

Situation awareness (SA) can be defined as the relationship between the operators’ understanding of the plant’s
conditions and its actual condition at any given time. There are several general categories proposed for
measurement of operating-crew situation awareness: Retrospective Measures, Concurrent (On-line) Measures,
Subjective Rating Measures, Process Measures: Performance Measures, and Signal Detection Theory Measures.

Of potential use is the Situation Awareness Control Room Inventory (SACRI), developed at the OECD Halden
Reactor Project, which takes its basic framework from the Situation Awareness Global Assessment Technique
(SAGAT) in the aviation industry. The procedure followed at the Halden Project is: at various points during the
scenarios, unbeknown to the test subjects, the simulator is frozen, the test subjects turned away from the displays,
and a series of questions is asked which relate to the current plant state. The questions asked relate to key process
parameters that the operator must monitor to maintain situation awareness. There are thirty-five parameters that
are applicable over a wide range of disturbance situations, which are randomly selected with some restrictions.
The status of each process parameter can be asked about in one of the three time frames (past, present, future)
which, when combined, represent a snapshot of the operator’s situation awareness at the current point in time.
There are predefined answer categories, where the subjects have to report process trends (qualitative answers),
instead of quantitative values. An example of a question for each of the times (past, present, and future) is:

e In comparison with the recent past, how has the level in the pressurizer developed?
e In comparison with the normal status, how would you describe the current level in the pressurizer?

e In comparison with now, predict how the level in the pressurizer will develop?

The response alternatives are: increase, decrease, or remain the same. The operators’ responses are compared with
time-tagged process parameter logs.

This procedure is mentioned for possible implementation by the plant training crew after the simulator is
operational at the plant site.

Questions concerning how the operator perceives the current situation in relation to the current task goals have to
be added to SACRI. The same questions have to be asked on each occasion the simulator is frozen and elicit free
responses from the operator that are not included in the quantitative measure, but serve instead as supplementary
information for interpreting the data.

3.64.4 Operating Crew Workload
Workload and Stress Analyses — Determine load of work required and individual’'s ability to perform.

This concerns assessment of the magnitude of task loading placed on operators during different operational
conditions. The human being has a limited capacity to process and respond to information. If the processing and
response demands of a task exceed available capacity, the resulting overload can lead to reduction in operator
performance. The workload is a function of the time available to carry out the tasks, the amount of tasks to
complete, their durations, and their difficulty.

Workload assessment (WA) is used to evaluate the number and type of tasks that humans are expected to perform
in the various modes of an EPR™ nuclear plant. Anticipated conditions and the amount of time that is available to
perform tasks and tasks elements are important considerations in evaluating the suitability of workload. Workload
naturally increases when there are more things to do and workload decreases with increased training and
experience.
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When there is less time to complete tasks, when tasks are difficult, and when the conditions under which the tasks
are performed are stressful, workload increases. The issue is not the tasks alone, but the fluctuation of tasks,
conditions, and time that may produce dysfunctional situations. Dysfunction can result from too little work
(producing information) or too much work (resulting in stress). Stress can be both physiological and
psychological. Typically both are present and there are strong relationships between the two as shown in the
literature.

Workload analysis focuses on an individual’s mental resources that are available to perform the tasks. Physical
demands placed upon the operator are considered as well. Operators in nuclear facilities have a definite role and
their tasks have evolved to incorporate a greater proportion of mental challenges. Cognitive or mental activity
cannot be directly observed and coupled with the changing role of “intelligent overseer” or monitor rather than
actor, questions pertinent to capacity and reserves are not readily apparent.

The assessment or analysis of workload and stress are applied to those tasks identified in stage one as being at risk
for human error based on the complexion of the work and subjective reporting and subsequent categorization of
tasks meriting stage two or in-depth analysis.

While it is acknowledged that in some environments the terms workload and stress are viewed as synonyms, for
the sake of optimal analysis, these are broken out and analyzed independently. Some tasks may be heavily loaded
with stress although the workload is light. Some tasks are heavily work laden, but are not associated with stress.
Some tasks may be perceived as having both heavy workload and stress laden. If any one of these three cases is
identified through analysis, then measures are taken to mitigate the impact of these job tasks through redesign and
subsequent reevaluation.

3.6.4.41 Cognitive Workload

Measurement of mental workload. Mental or cognitive workload refers to the information processing resources
required of an operator in achieving task goals. Knowledge of an operator's mental workload is required to ensure
that it is within acceptable limits. In preparation for both the next generation nuclear plant and operators, an
assessment of cognitive or mental workload is important to bolster safety and reliability.

A number of workload measurement methods have been developed and used to provide numerical criteria for
magnitude of workload. These methods generally involve analysis of system/item task requirements and ratings of
task information load, cognitive demand, difficulty, complexity, and so forth by experienced
operators/maintainers. Several workload assessment procedures are proposed: primary task measures, secondary
task measures, subjective measures, and physiological measures. Refer appendix G, for a more detailed
explanation on measurement of mental workload. The following techniques are mentioned for primary and
secondary task measures, physiological measures and subjective measures.

3.6.44.2 Goals, operators, methods, and selection rules (GOMS)

In order to evaluate an operating crew member’s cognitive workload, an interaction analysis between human and
computer system is necessary. To analyze cognitive workload AREV A uses a human information-processing
model. In a detailed level task analysis phase, task scenarios which are selected in the gross level task analysis are
analyzed by human information processor model.
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3.6.4.5 Operating Crew Communications and Coordination

The essential aspect that distinguishes crew performance from the aggregated output of a group of individual
workers is the mutual cooperation or coordination that occurs in a well-trained crew accustomed to working
together. The primary concern with crew performance testing is with communications and workloads.

Some approaches followed for evaluating operator performance from the viewpoint of crew communications are:
e The communication flows between crew members for a task.

e The group response process to the task can be clarified by using movement flow, which relates the operator
positions to the MCC and group view panels, and indicates discussions among operators. The differences in
discussion form for a task are indicated.

¢ Quantitative indexes for evaluating crew performance have to be identified, which are considered to be
represented by the amount of information effectively exchanged among operators, such as speech rate,
discussions per speech, speech ratio for each operator, and so forth

e Evaluators’ observations and verbal protocols between the crew members are used for analyzing crew
performance, complemented by audio and video recording.

3.6.4.6 Anthropometric and Ergonomic Evaluations

In an effort to gather as much data as possible about the simulator components, the participants are asked specific
questions regarding their weight and height. Reach distances, physical movements, and workspaces are evaluated.

Predefined checklists or formats related to anthropometric aspects are used to document the evaluations
depending on the type of evaluation, questionnaires and/or interviews may be performed to gather additional
information. Some examples of questions included on the questionnaire are:

e Can you reach the controls for recovering the anomaly from your normal working position?
e Do you consider that the main control console layout is suitable for you?

e Do you feel comfortable with the distance from the displays to the controls and the keyboard for the control of
the plant?

e (Can you reach the necessary components on the MCC or group view panels that need to be replaced or
repaired?

e Are there any additional plant or system functions/controls/displays that are on the MCC or group view
panels?

The evaluation addresses operator actions taken to interface with the HMI and also those actions that the operators
or maintainers may need to perform to repair or replace damaged or failed components on the group view panels
or MCC. This includes such items as replacing a FPD or devices that may be used to illuminate the group view
panels mimic.

3.6.4.7 HSI Equipment Performance Measures

System performance measures relevant to plant safety are recorded and evaluated. The simulator logs and a
chronometer are used for collecting system performance measures. Then these data are compared with
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recommendations from guidelines. This level of evaluation is deferred until the simulator is installed at the plant
site.

3.6.4.8 Physical Positioning and Interactions

This is determined by evaluators’ observations, and by specific items included on the questionnaires administered
during the debriefing sessions.

3.7 Human Factors Issue Resolution Verification/ HED Resolution

HED resolutions are performed iteratively with V&V activities. Issues that are identified are addressed and
resolved prior to conducting other V&V activities that could be affected by the identified issue. The following is
performed for each identified issue:

e Issue evaluation to determine the need for correction
e For significant HEDs, identify a design solution
e Verify implementation of design solutions

o HEDs/Issues are tracked in the U.S. EPR™ HITS which is maintained throughout the U.S. EPR™ project.
Details of this can be found in separate project documentation.

3.71 Introduction

If in the consideration of the human in any system, there are issues or concerns that show the design falls outside
of prudent human factors guidance, then, either the design is modified or the discrepancy is justified. In this
industry, such discrepancies are called Human Engineering Discrepancies (HEDs). The AREVA engineering
organization will log and track the disposition of the HEDs until closure. The HED tracking log, HFE Issues
Tracking System database (HITS), and work instructions are described below.
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Figure 3-2: HED Resolution Path
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3.7.2 Documentation of HFE Considerations (and HEDs)
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3.7.3 Human Factors Engineering Issue Tracking System

In order to track and address software and HFE issues as well as HEDs identified throughout the design process,
an HFE issue tracking system (HITS) is used. Each identified issue and HED is considered for correction using
the process flowchart shown in Figure 3-3. All identified issues/HEDs are maintained with sufficient information
to track its status. The system identifies the issue/HED and summarizes the evaluation, corrective action, and
confirmation.
The following information is entered in the tracking system:
1. Identification information provided by the initiator.

Assessment results provided by the HITS administrator.

Evaluation information entered by the issue owner.

2

3

4. Closure information entered by the issue owner.

5. Closure confirmation entered by the manager/verifier.
6

Final closure by the issue owner.

3.74 Objectives

A structured method for entering and tracking HEDs will ensure that discrepancies discovered are adequately
addressed and any required design changes are implemented

3.75 Scope

The scope of this activity is to resolve HEDs identified during the V&V process.

3.7.6 HED Tracking Database

An HED Issues Tracking Database is used to adequately organize HEDs discovered during the V&V process.
This database complies with AREVA NP QA database standards. This database allows each HED to be tracked,
categorized, and progress monitored. A unique tracking number is assigned for each HED. The HED is then
assigned to a human factors engineer to perform an analysis if a correction is deemed necessary. Based on the
results of the analysis, a proposed design solution is made. Documentation of the steps in the HED resolution
process from identification to closeout is stored in the database.

3.7.7 HED Justification

There are some HEDs that will not require a correction. If it is determined that no correction is required, a
justification report is written. HED justification reports are created using an engineering information record (EIR)
form 20440 [21]. This report includes the technical basis for why no correction is needed along with any analysis,
evaluations, or data supporting the decision.
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3.7.8 HED Analysis

An analysis is performed for every HED that requires correction, which includes the following:
e Plant system — The effect of the HED on a single plant system, plant safety, and personnel performance.

e Safely analysis — the impact to the safety analysis as described by the appropriate U.S. EPR™ safety analyses
documentation.

e HED scope — the area of impact the HED is defined.

o Global features — The impact of the HED on human performance. This includes aspects such as lighting,
air ventilation, and traffic flow.

o Standardized features — The impact of the HED as related to features derived from the design guidelines.
o Detailed features — The impact of the HED related to design features that are not standardized.
o Other — all remaining HEDs that do not fit into the preceding categories.

e Individual HSI or procedures — the relationship between the HED and individual HSI or procedures.

e Personnel function — the relationship between the HED and individual personnel functions.

An HED may indicate a similar problem in another area of the design. For example, a problem with the display

format on one screen may indicate a problem with the display format on another screen. To ensure that similar
problems are identified, the HED analysis should include any possible impacts in other similar areas of the design.

The impact of one HED on a plant system may not be considered severe enough to require correction. Analysis
should be conducted to determine if other HEDs affect that same plant system. Having multiple HEDs on the
same plant system may warrant correction.

3.7.8.1 HED Prioritization

All HEDs identified for correction are prioritized and their priority categorization is entered into the database.
The categories for prioritization are as follows.

e Priority 1 — HEDs with direct, indirect, or potential safety consequences. These HEDs should be scheduled
for immediate correction. That is, Priority 1 is HEDs with significant safety consequences that affect
personnel performance where that consequence could reduce the margin of plant safety below an acceptable
level. For example, these include violations of Technical Specification safety limits, operating limits, or
limiting conditions for operations.

e Priority 2 — HEDs with potential consequences to plant performance or operability, non-safety-related
personnel performance or efficiency, or other factors affecting overall plant operability. These HEDs should

be corrected before plant startup.

e  Other — All remaining HEDs that do not fit in the Priority 1 or Priority 2 category. These HEDs may not
require correction.

The method for prioritization is shown in Figure 3-3: HED Prioritization
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3.7.8.2
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Figure 3-3: HED Prioritization

HED Evaluation Documentation

The documentation stored in the HED Issues Tracking Database completely describes the HED including design
implementation. At a minimum, it includes the following:

The priority category.
The associated plant system.
The associated personnel function.

The associated HSI

Whether the HED was resolved or justified as needing no resolution, and the bases for this determination in
terms of consequence to plant safety or operations.

Possible impact on similar areas of design.

Impact on plant design.
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The HED resolution or justification is documented using the database.

3.7.8.3 HED Design Solution Development

A design solution is developed for each HED that requires HSI modifications for resolution. The design solutions
fall under the same requirements (i.e., OER, functional analysis, TA and HSI design) imposed on the original
design. Any changes to the original design must not cause deviations from design requirements or distract
unintentionally the system operators. If a single plant system is associated with multiple HSI components, then
the design of the individual solution is coordinated so that their combined effect enhances rather than detracts
from the operation of the system.

3.7.84 HED Design Solution Evaluation

The proposed design solutions must be evaluated to ensure the following:
e Adequately corrects the HED.
e Does not adversely impact other aspects of the design.

e Consistent with HFE guidelines and ISV can be conducted to evaluate its usability.

The V&V process is reapplied to the new design.

3.7.9 HED Implementation

A realistic schedule is developed for all activities related to the design solution. When this schedule is approved,
the correction to the design can proceed. Documentation of how the design change was implemented is entered
into the HED Tracking Database.

3.7.10 HED Resolution Methodology

The resolution methodology follows the process documented within Figure 3-2.

3.7.10.11 HFE Design Engineer

1. Retrieves HEDs from the QA database related to the assigned issue.

2. Determines if any HEDs do not require corrections and writes a justification report using form EIR 20440
which is tracked in the AREVA NP document system: The technical basis for why no correction is needed
along with any analysis, evaluation, or data supporting the decision will be included in this report.

3. Performs an analysis of every HED that requires correction.

4. Analyzes the HEDs that require corrective action and ensures that similar problems from similar design are
identified This HED analysis should include any possible impacts in other, similar areas of the design. The
impact of one HED on a plant system may not be considered severe enough to require correction. Analysis
should be done to determine if other HEDs affect that same plant system. Having multiple HEDs on the same
plant system may warrant correction.
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5. Prioritizes HEDs based on their priority category entered into the database and identifies corrections.

3.710.1.2 HFE Design Team

1. Designs solutions for each HED that requires correction. The design solutions fall under the same
requirements imposed on the original design. Any changes to the original design shall not cause deviations
from design requirements or unintentionally detract from the operations of systems.

2. Evaluates the proposed design solution to ensure that it adequately corrects the HED and does not adversely
impact other aspects of the design. This evaluation is conducted by repeating the V&V process on the new
design changes.

3.7101.3 HFE Design Team

1. Implements the approved HED design solution.

2. Documents how the design change was implemented by entering it into the HED Issues Tracking Database.

3.7.11 Design Modification

Since the V&V testing methodology considers that the V&V process is in itself an iterative process, those design
solutions for priority 1 HEDs are expected to be implemented in parallel with the V&V testing. This prevents an
“error carried forward” issue that would prevent the performance of a proper V&V testing. For design
modifications for existing plants, operating schedules should be considered in accordance with the severity of the
changes to be made. For operating plants it may be possible to make small incremental changes to the HSI
without disturbing the operation of the plant. For larger and more comprehensive changes, an outage will be the
best solution for the design change implementation. All plant materials such as drawings, P&IDs, procedures,
and training are expected to be updated before the design change takes place.

3.8 Final Plant HFE/HSI Design Verification

Final Plant HFE/HSI Design Verification is a check of the final, actual “as built” HSIs against design description
documents. This portion of the HFE/HSI V&V activities is described in the separate document, U.S. EPR™ HFE
Design Implementation Plan.

3.9 Test and Evaluation (T&E) Tools

3.9.1 Mockup

A full-scale, foam core mockup of the MCR panels is staged to facilitate design and evaluation activities. The
staging area is large enough that portable partitions can be used to mock up the boundaries and layout of control
building walls of the MCR. Full-scale panel arrangement drawings are attached to the mockup. The mockup is not
populated with any HSI hardware.
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3.9.2 Part-Task Simulator

3.9.21 Purpose

The part-task simulator is a tool used by the HFE group for the development and testing of HSI display screens,
initial development and testing of the plant normal, abnormal, and emergency operating procedures, and the initial
development of operations training material.

The simulator has the plant and system fidelity deemed necessary to allow for simulating normal plant operation,
including plant heatup and startup, maneuvering at power, and plant shutdown and cooldown. Additionally, the
simulator simulates plant responses to design basis abnormal operational occurrences (AOOs) and accidents.

On a case-by-case basis, for the systems modeled with the required fidelity, the part-task simulator can be shown
to have high fidelity (in accordance with ANSI 3.5 and Reg Guide 1.149)

The part-task EPR™ simulation is a test system for developing, testing, verifying, and partially validating the
following:

1. Plant simulation models

2. Control systems

3. Operator displays

4. Procedures

3.9.2.2 Properties

The simulation software for the part-task simulator contains the simulation models resulting from the initial
system design of the systems deemed necessary for the part-task simulator, along with generic or simplified
models of the remainder of the plant systems.

The hardware for the part-task simulator consists of enough table/desk space and FPDs to simulate one console
section of the preliminary EPR™ control room design, along with the required input devices and computers.

The part-task simulator has an instructor station providing the required basic functions (establishing desired initial
conditions, backtracking, snap-shot storage, and trending) as determined by the HFE group.

The part-task Simulator hardware includes:

1. Flat panel displays (FPD) with capacitive touch screens

2. Workstations to store and display the graphics for the FPDs

3. Simulation computers

The part-task Simulator simulation software includes:
1. Process modeling of hydraulic and thermal networks (P&ID equivalents)
2. Modeling of analog and binary control logic schemes (logic diagram equivalents)

3. HSI model (FPD, screens, and navigation)
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The part-task simulator is used to verify operator displays (system level).

3.9.2.3 Scope

The part-task simulator software contains the initial system design simulation models for the systems deemed
necessary for normal plant operations, along with generic or simplified models as required for the remaining
systems. The systems selected as necessary for the part-task simulator include the normal PWR heat cycle and
required auxiliaries, control and protection systems, and emergency core cooling systems.

The part-task simulator contains the initial HSIs for the plant systems, including FPDs and input devices.

3.93 Full Scope Simulator (FSS)

3.9.3.1 Purpose

The FSS is a high fidelity (in accordance with ANSI 3.5 and Reg Guide 1.149) EPR™ simulation tool used by the
HFE group for the validation of the control room design, the validation of plant normal, abnormal, and emergency
operating procedures, and the validation of operations training material.

The FSS contains the full functionality of the MCR and RSS HSIs. It is used to verify the fully integrated HSIs
including any changes to procedures and training. FSS functions that may not be in the part task simulator such as
the following:

1. Plant Automation System

2. Dynamic alarm prioritization

3. Graphic displays for off-normal and emergency operations

4. Group Point Displays (part of transient recording and analysis function)
5

Sequence of Events (SOE) monitoring

3.9.3.2 Properties

The simulation software for the FSS contains the simulation models for the EPR™ plant systems included in the
detailed system design along with generic or simplified models of the remainder of the plant systems.

The hardware for the FSS consists of a full-scale mockup of the EPR™ control room.

The FSS has an instructor station providing the full functionality required for ANSI 3.5 certified training
simulators.

3.9.3.3 Scope

The FSS contains the simulation models for the EPR™ plant systems.

The FSS contains the EPR™ HSI for the plant systems, including FPDs and input devices.
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3.94 Remote Shutdown Station

The remote shutdown station is verified in accordance with the task support verification and HFE design
verification processes. Additionally, integrated system validation of the remote shutdown station is performed
utilizing a high fidelity remote shutdown station simulator meeting the requirements of ANSI 3.5 and Reg
Guide 1.149

The remote shutdown station and its HSIs are verified in accordance with the task support verification and HFE
design verification processes. All of the factors associated with RSS operations incorporated into a scenario are
specified, in detail, in the scenario guide written to govern performance of the simulation. The scenario validation
process verifies that cues, indications, communications, and feedback built into the scenario guide are accurate
and timely. In this way, scenarios that contain RSS actions are accurately rendered and support validation of the
integrated system HSI.

3.9.5 Local Control Panels

local control stations and their HSIs are verified in accordance with the task support verification and HFE design
verification processes. Additionally, integrated system validations that require actions to be performed at local
control stations are performed utilizing action durations, simulated feedback indications in the HSI, and
communication mechanisms used in the plant. All of the factors associated with local operations incorporated into
a scenario are specified, in detail, in the scenario guide written to govern performance of the simulation. The
scenario validation process verifies that remote manual action cues, indications, communications, and feedback
built into the scenario guide are accurate and timely. Thus, scenarios that contain remote actions are accurately
rendered and support validation of the integrated system HSI.

4.0 VERIFICATION AND VALIDATION PROCESS IMPLEMENTATION

411 Verification and Validation Activities Overview

As described, the HFEV&V process involves five activities: Human-System Interface (HSI) Task Support
Verification, Human Factors Engineering (HFE) Design Verification, Integrated System Validation, Human
Factors Issue Resolution Verification, and Final Plant HFE/HSI Design Verification. Figure 1-1 “HFE overview
process” graphically depicts an integrated overview of the five HFEV&V activities with their associated inputs
and outputs.

41.2 Human-System Interface Task Support Verification

The availability of the HSI (for example, controls, displays, procedures, and data processing) that is required to
accomplish defined tasks allocated to the operator is verified. This is an inventory to verify that HSI that is
identified in the task descriptions is available to support operator tasks.

41.21 Task Support Verification

Task support verification is a process that ensures that the HSIs and their characteristics meet all of the operator
task requirements as defined by the HFE Task Analysis process. This process also identifies any HSIs or HSI
characteristics that exist but do not support tasks.
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41.2.2 Scope

The scope of the task support verification applies to all of the AREVA HSIs and HSI characteristics and all tasks
analyzed in task analysis.

41.2.3 Objective — Desired result of the activity

The objectives of task support verification are listed in section 3.3.2

41.2.4 Inputs

Input from the following areas is used to perform task support verification:

e Task Analysis — An inventory is created containing the HSIs and HSI characteristic requirements regarding
the alarms, controls, and indications needed to support tasks. Task analysis develops each task inventory of
HSIs in the context of a sequential process that shifts the system being manipulated from one function to
another. HSIs grouped by task in task analysis input to the task support verification.

e List of categorized HSIs — Individual HSIs that have been verified to individually meet design requirements,
regulatory requirements, and the AREVA style guide input into the task support verification process. These
individual HSIs are then verified as a task based group.

e Style guide — Provides a standard for implementing HSI design requirements that ensure consistency across
different aspects of the AREVA alarm, indication, and control systems. The HFE design requirements for task
based grouping and presentation of HSIs inputs to the task support verification

41.25 Method

Task support verification compares the HSIs identified during the detailed analysis of a task to the list of
characterized and verified HSIs to ensure that all HSIs needed to safely and efficiently complete the task are
present in the final design.

4.1.2.6 Task Support Verification Criteria
HSI criteria identified in the task analysis that are verified include:
e Task level

e Steps within a task

e General design principles for HSI Resource

41.2.6.1 Task Level

e HSIs that indicate that the task objective is available for in-service placement
e HSIs that indicate that the end state of the task has been achieved
e HSIs that indicate that the end state of the task has achieved the desired results

e HSIs that indicate that the end state of the task is no longer needed and can be terminated
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e HSIs identified as part of the task prerequisites

4.1.2.6.2 Steps within a Task

Any HSIs identified during analysis of:

e Decisions imbedded in the task

e Each human step

e Each step in automation sequences
e  Step success criteria

e Auto logic break points

e Communication requirements

Task support verification performers verify that all of the HSIs identified in task analysis for a given task are
present in the design and have been verified in HFE design verification to meet all applicable HFE, task analysis,
style guide, regulatory, and other requirements.

Additionally, task support verification compares the HSIs identified during the detailed analysis of a task to the
list of characterized and verified HSIs to ensure that all HSIs meet HFE task requirements.

41.2.7 General Design Principles for HSI Resources

General HFE principles are established to guide design of the HSI resources and their interrelationships and to
serve as HSI task support verification criteria. These principles are:

e Human-centered design

e Minimize change to operator responsibilities

e Technology optimization to improve operator support

e  Uniformity of design

These four principles serve as the HFE task support verification criteria for the HSIs that support tasks. Each

principle has varied effects on the design of the individual HSI resources, and each principle has an important role
in the design of each resource, providing a foundation for the design basis of that resource.

41.2.71 Human-Centered Design

Control room resources are designed to support the operator. Support of the operator to control and monitor the
plant is the primary objective of each resource. All aspects of the design basis of the HSI resources are derived
from this need to support the operators.

To provide adequate task support, the HSI supports four major cognitive activities:

e Detection and Monitoring/Situation Awareness - Operators monitor plant parameters to understand the plant
state. This includes active monitoring guided by procedures or a supervisor, and passive monitoring, such as
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board and displays scanning. It also includes monitoring to support awareness of the goals and activities of
other agents, both people and machines.

e In abnormal or emergency situations, operators are alerted to a disturbance that leads to monitoring of plant
parameters to identify what is abnormal. Detection and monitoring are initially driven by a cue that something
is abnormal. In an attempt to understand the proper context for an abnormality, operators assess the overall
status of the plant, addressing questions such as:

o  Where is the mass in the system?

o  Where is the energy in the system?

o What is the reactivity?

o What critical safety functions have been violated?

Based on the results of these monitoring activities (active, passive, and abnormal/emergency situations), operators
develop an awareness of plant state.

e Interpretation and Planning - The most critical components of decision-making are correct situation
assessment and identification of the most appropriate response plan (procedure), given the current state of the
plant. In some cases, identification and procedure selection are straightforward. In other cases, operators may
have to integrate multiple information sources for correct situation assessment and make tradeoffs among
operational goals. The AREVA HSI is designed to support both rule-based and knowledge-based
performance.

e Control - Control involves decisions in the initiation, tuning, and termination of plant processes. Control is
simpler for operators when they control the pace of an event. Control becomes more difficult when multiple
individuals or autonomous systems are coordinated to execute a task. While the control area of the HSI
model does not explicitly call out the process of locating the controls, it is considered a part of the HSI task
support requirements. Feedback occurs at several levels. Initially, operators need to verify that the control is
executed by verifying that the plant components have changed state as expected. Second, operators need to
monitor the state of plant parameters and processes to determine whether the actions are having the intended
effect. The final, and most critical, level of feedback is determining if the operational goal is achieved.

41.2.7.2 Minimize Change to Operator Responsibilities

Thorough operational analysis ensures that the responsibilities of each member of the operations crew are well
established. These responsibilities have been defined in the context of the plant’s administrative protocols and
technological limitations. There are two concerns to be addressed by this principle:

e Because the MCR is a focal point for day-to-day activities, changing the role of the operators can have
unintended impacts on activities inside and outside the MCR.

e Changing the role of an operator within the crew can have unintended impacts on operating procedures and
communication protocols during all plant activities.

By keeping the role of each operator the same, except where a specific change is desired, changes to other aspects
of the plant (both inside and outside the control room) are controlled.
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41.2.7.3 Taking Advantage of Technology to Support Operators

Technological advancements adopted for the AREVA are significant and are a primary driving force for design of
AREVA HSIs. These advancements are used in a way that improves the support of each operator. The additional
burden on the operator to manage the technology in the course of performing normal responsibilities is considered
with the advantages provided by the technology to ensure that the resulting design is as good as or better than
predecessor or reference plant control room design.

New technologies require new skills, and it is important that an operator not be distracted from his/her
responsibilities of operating the plant by overly complex data access or non-intuitive data organization. This
important aspect of the AREVA design ensures that full advantage of the new technologies can be realized. The
following criteria are used to ensure well-organized, easily accessible data:

e The plant itself is used as a model for the organization of the data.
e Ergonomic principles are applied as an integral part of the design.

e A uniform HSI design is applied to the extent possible within the technologies and products used.

41.2.7.4 Uniformity of Design

HSI resources appear in common forms throughout the AREVA control centers — main control room, local
control stations, remote shutdown station, technical support center, and the emergency operating facility. This
principle ensures that an operator’s expectations for use of a resource are consistent and that he/she does not need
to develop special knowledge for non-standard designs.

The design of an HSI resource is consistent from workplace to workplace across the MCR and AREVA plant
facilities. Between HSI resources, the design is consistent to the extent possible within the bounds of the
technology and products used and to the extent that the individual functions of the HSI resources are similar.

One example of the “uniformity of design” principle is the use of coding like colors across the HSI resources and
within a given resource. Guidelines and specifications that define the use of colors are provided to ensure a
consistent application.

Uniformity of design criteria also extends to implementation features of the HSI design. Maintenance and system
engineers and technicians are not expected to develop exceptional knowledge for specific instances of an HSI
resource. As the system matures in its design life, there is a risk that such exceptions can be a source of errors by
systems and maintenance personnel that result in the degradation of the HSI resource’s performance. Uniformity
in the equipment design ensures that the plant maintenance personnel can maintain familiarity with the
equipment.

41.2.8 Evaluation

The HSIs and their characteristics (as defined in the HSI inventory and characterization) are compared to the
personnel task requirements identified in the TA. For each task, the requirements of the HSI are compared to the
characteristics of that HSI.
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The HFE design team utilizes one or more of the following methods to evaluate the task support capabilities of
the HSI:

4.1.2.8.1 High-Fidelity Part-Task and Full Scope Simulators

High-fidelity part-task and full scope simulators are used to verify that the HSIs required for the task being
evaluated are present and grouped in keeping with HFE, regulatory, and style guide requirements. Simulators that
meet ANSI 3.5 fidelity requirements for the HSIs being evaluated and any adjacent equipment or features that
might impact the usability of the HSIs being verified are used.

41.2.8.2 AREVA Control Room/Panel Design Drawings

AREVA control room/panel design drawings are used to verify that the HSIs required for the task being evaluated
are depicted on the design drawings and that the design and grouping are in keeping with HFE, regulatory, and
style guide requirements.

41.2.8.3 Computer Generated Displays

Computer generated displays are used to verify that HSIs required for the task being evaluated are present on HSI
screens and that the design and grouping are in keeping with HFE, regulatory, and style guide requirements.

41.2.9 Outputs and Results Documentation

The primary output of the task support verification process is groups of HSIs that have been verified to support
the tasks they were designed to implement in accordance with HFE principles, regulations, and the style guide.

Additional outputs include deficiencies and unnecessary components identified and documented as HEDs.
Documentation includes the HSIs involved, the task criteria, and the basis for any identified deficiencies. A HED
is logged into the HFTS if any of the following exist:

41.291 HSI Component Deficiencies

HSI components are considered deficient if, for example, there are:
o Unsupported tasks: a required control, display, or alarm needed for task performance is not available.

e Partially supported tasks: HSI characteristics do not fully meet requirements (for example, poor real-time
response and feedback when using a manual/auto controller or inadequate pushbutton tactile feedback).

e HSI characteristics that do not match the personnel task requirements (for example, a display shows the
necessary plant parameter but not the range or precision needed for the task).
41.2.9.2 Unnecessary HSI Components

Unnecessary HSIs introduce clutter and can distract personnel for the selection of appropriate HSIs. An HSI
component is considered unnecessary if it is determined not to be required for any personnel tasks.

The HFEV&V process begins with HSI task support verification to identify missing or potentially unnecessary
HSI components. The information needed for the process to verify task capabilities comes primarily from the task
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analysis, the control room inventory, and the HSI guidelines. If the results indicate that the control room may
contain instruments unnecessary for operator tasks, the control room design team is consulted to investigate the
use of the items. Unnecessary components are identified and documented as HEDs. Documentation includes the
HSIs involved, the task criteria, and the basis for resolution. To the extent possible, AREVA avoids allowing for
unnecessary and/or superfluous information.

41.2.9.3 Additional Methodology Considerations for Plant Modifications

Modifications to the design may be required after validation, and major changes require that the validation is
repeated to measure that the modification corrected the identified deficiency. Based on concurrence of the CRDT,
relatively minor changes to the design may only require HSI task support verification and HFE design
verification. The EPR™ reactor is a new design while validation may uncover some issues that require
modifications; essentially those are dealt with in an appropriate manner following the established HFE process.
And as a new design it is unlikely that deactivated HSIs are part of any design proposed or implemented.

Temporary configurations during special times, such as design implementation or startup, are reviewed by HFE
and any discrepancies are documented in the HITS and resolved in the HED process. In the HITS they are
categorized as temporary. At some point, they either are either removed or become permanent. In either case, the
impacts of the disposition of temporary HSI configurations are subject to thorough HFE analysis and review. Not
only is the purpose and utility of the temporary HSI documented, its use is proceduralized, and using the systems
approach its role and disposition within the overall system are evaluated. While in use, the quality and usability of
the temporary HSI or HSI configuration is evaluated with the same rigor to assure adequacy as any HSI or HSI
configuration permanently proposed.

It is not anticipated that there are both old and new versions of similar HSI permanently present in the new EPR™
plant. The verification documentation attests to this fact. If in the unlikely event that such a phenomenon occurs
the HITS is used to record such cases and the HED process to resolve them.

The EPR™ project gives operator input overriding priority. HFE professionals recognize and value the input of
the operators. While likewise appreciating the input of systems engineers, particularly in this era of embracing
new technologies, operator input is an imperative. Using a multidisciplinary approach, that includes the HFE,
operations, I&C, and engineering, professional regard and a thoughtful approach is given to functions, systems,
and components. The EPR™ project goals include maximizing the goodness of human factors design, full
regulatory compliance, and thorough review of any trade-off elements. The goals include full and complete
standardization and consistency among all HSIs and their functionality.

In those cases of online plant operations and maintenance activities where HSI are modified or used on a
temporary basis, AREVA provides to the licensee guidance for a proposed program plan to continue in a
consistent manner with HFE activities, including the use of the HITS and HED mechanisms. It is incumbent upon
the licensee to accept, continue, and maintain all HFE activities delineated during the design process.

4.2 Evaluation Process

The following sections establish the methods and criteria for conducting tests and evaluations necessary to
comply with the required HFE V&V activities.

Page 97



A

AREVA Document No.: 118-9046087-002

AREVA NP Inc.,
an AREVA and Siemens company

U.S. EPR Human Factors Verification and Validation Implementation Plan

4.21 Evaluation Team

This section identifies the members of the HFE V&V Team and their minimum qualifications. It provides
examples of their typical contributions to the evaluation.

4211 Identification of the Evaluation (HFE V&V) Team

The HFE design team prepares the Implementation Plans, guides and oversees the design implementation process
through the remaining steps to the final validation of the implemented design, and assures that the execution and
documentation of each step in the process, is carried out in accordance with the established program and
procedures. The design team is comprised of a multi-disciplinary team with expertise in HFE and in other
technical areas relevant to HSI design, evaluation, and operations.

The HFE V&V Team is comprised of individuals who were not extensively involved in the design of the HSI
being evaluated. The HFE V&V activities are performed in accordance with the AREVA Engineering Operation
Procedures (EOPs) to ensure a quality related verification. Individuals who were extensively involved in the
design must not be directly responsible for directing those portions of the evaluation process that require
objectivity about the quality of that design. This means that the design team is independent of the evaluation team,
but both design and evaluation teams must work in close cooperation. The evaluation team must have access to
the original HSI designers as resource persons; for example, during the delineation of system functions, operator
task analyses, or control room inventory efforts.

Due to the qualification requirements for the HFE V&V Team, the team is interdisciplinary or multi-disciplinary
in composition. As needed, the evaluation team is composed of individuals with the following expertise: nuclear
engineering, architectural design and civil engineering, system analysis, instrumentation and control (1&C)
systems, information and computer systems, human factors engineering, operating experience, and personnel
training. The required professional experience may be satisfied by the evaluation team as a collective whole.
Therefore, satisfaction of the professional experience requirements associated with a particular skill may be
realized through the combination of the professional experience of two or more members of the evaluation team
who each, individually, satisfy the other defined credentials of the particular skill area but who do not possess all
of the specified professional experience.

The number of members in the team is kept low in order to ensure efficient work, but the number must allow for
varied discussions and opinions. One person may possess multiple skills. Expertise in areas not covered by the
evaluation team is provided consulting experts outside the team or AREVA.

The evaluation team is composed of individuals whose collective expertise covers the expertise described in the
following lists. The list indicates the minimum qualifications required and gives some examples of typical
contributions that each expertise provides to the Evaluation Team (this is not intended to define the total role of
each area of expertise). The qualifications are similar to the ones required of the CRDT.

The Engineering Discipline Lead (EDL) or technical leader is in charge of HFE V&V implementation develops
and maintains the schedule of the HFE V&V evaluation process, and provides a central point of contact for
management of the evaluation. The minimum qualification levels of the team are documented in the HFE
Program Management Plan.
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421.2 Typical Contributions of the (HFE V&V) Team

The required areas of expertise for the evaluation team and their expected contributions are:

421.21 Nuclear Engineering

e Participate in the development of scenarios for validation, and other analysis.

421.2.2 System Engineering

e Participate in the development of procedures and scenarios for validation, and other analysis.

e Provide knowledge of the purpose, operating characteristics, and technical specifications of major plant
systems.

421.23 I&C Engineering

e Participate in the design, development, test, and evaluation of the HSI.

e Provide detailed knowledge of the HSI design, including control and display hardware selection, design,
functionality, and installation.

e Participate in the development of scenarios for validation, and other analyses involving failures of the HSI
data processing systems.
4.21.2.4 Architectural Design and Civil Engineering

e Provide knowledge of the overall structure of the plant, including design characteristics of the control room
and remote shutdown station.

e Provide input to plant analysis, and the development of scenarios for task analysis and validation.

4.21.2.5 Information and Computer System Engineering

e Provide knowledge of data processing associated with HSI displays and controls.

e Participate in the development of scenarios for validation, and other analyses involving failures of the HSI
data processing systems.

4.2.1.2.6 Human Factors Engineering

e Provide knowledge of human performance capabilities and limitations, applicable human factors design and
evaluation practices, and human factors principles, guidelines, and standards. Develop and perform human
factors analyses and participate in the resolution of identified human factors problems.

4.21.2.7 Plant Operations

e Provide knowledge of operational activities including task characteristics, HSI characteristics, environmental
characteristics, and technical requirements related to operational activities.
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e Participate in the development of scenarios for HSI validations, and other evaluations.

421.2.8 Personnel Training

e Coordinate training issues arising from HSI design and procedure design with the training program.

e Participate in the development of scenarios for HSI evaluations.

421.29 Plant Procedure Development

e Provide knowledge of operational tasks and procedure formats, especially as presented in emergency
procedure guidelines and operational procedures of current and predecessor plants.

e Participate in the development of scenarios for evaluations and validations.

o Statistical Data Processing Capabilities are covered, too, for the data analysis of questionnaires, and so forth

Other expertise that may be need during the evaluation processes are:

42.1.2.10 Maintainability/Inspectability Engineering

e Support the design, development, and evaluation of the control room and other HSI components throughout
the plant to ensure that they can be inspected and maintained to the required level of reliability. Participate in
the development of scenarios.

4.21.211 Reliability/Availability Engineering

e Participate in the development of scenarios.

4.21.212 System Safety Engineering

e Participate in the development of scenarios

4.21.3 Selection of Evaluation Criteria

This plan addresses three basic types of hierarchical issues for evaluation of man-machine systems: compatibility,
understandability, and effectiveness. In the evaluation process, in general, compatibility are achieved before
understandability is assessed, and understandability are achieved before effectiveness can be assessed (bottom-up
process). Each type is described in the following pages, in the order that it are addressed:

4.21.31 Compatibility

The nature of physical presentations to the operator, as well as responses expected from the operator, is
compatible with human input-output abilities and limitations. For example, operators are able to read the displays
or reach the controls.
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4.21.3.2 Understandability

The structure, format, and content of the operator-system dialogue must result in meaningful communication. For
example, the messages displayed by the system are easily understood, and the control actions that the operators
transmit to the system must achieve the desired system response.

4.2.1.3.3 Effectiveness

A system is effective only to the extent that it supports an operator (or a crew) in a manner that leads to improved
performance, results in a difficult task being less difficult, or enables accomplishing a task that could not
otherwise be accomplished. Assessing effectiveness obviously depends on defining appropriate measures of
performance, difficulty, and so forth (dependent variable measures). Regardless of the measures chosen, however,
it is of no use to attempt an assessment of effectiveness unless compatibility and understandability are first
assured.

The compatibility and understandability issues are mainly addressed in the human factors static verification, while
the effectiveness is considered in the human factors dynamic validation.

There are several methods available for evaluating the control room in the HFE V&V evaluation activities
mentioned above, such as tabletop, checklists, paper evaluations, walk-throughs, informal user tests, or simulator
methods. For the selection of the methods, different selection criteria have been considered for this specific
evaluation plan:

4.21.3.4 Applicability

The criterion that depends on the system-design processes and operational modes.

4.2.1.3.5 Ease of Use

The difficulty with which an evaluation technique can be used. Facilities required to use a given evaluation
method, the type and number of people required, the complexity of the data collection requirements, and the data
analysis.

4.2.1.3.6 Face Validity

An evaluation technique that has face validity is one that makes sense to those that must use its results.

4.21.3.7 Predictive Validity/Usefulness

The degree to which the result, or outcome, of the evaluation technique represents the result that is obtained when
the system is used in its real operational environment. The control room simulator may not be an adequate
representation of certain critical features in the actual control room. For example, the stress perceived by the
operators is different from that experienced during actual emergencies. A technique can have very high face
validity but little or no predictive validity.
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42.1.3.8 Sensitivity

This indicates how successfully the evaluation method discriminates between candidate system designs. In
general, more discriminative evaluation techniques tend to require more observations and financial investment
than less discriminative methods. For example, a given technique can generally be made more, or less, sensitive
by increasing or decreasing the number of samples, respectively.

4.21.3.9 Precision

This indicates the width of the confidence bounds for estimates or predictions produced by the technique or
method. That is, the narrower the confidence bounds, the greater the precision of the technique or method.

4.2.1.3.10 Type of Output

The evaluation techniques can yield quantitative information, qualitative information, or both.

4.2.1.3.11 Cost

This includes both cash outlay and other resources, such as manpower (time required for any particular evaluation
method) and facilities. Cost is closely related to ease of use, in that easy-to-use techniques generally cost less than
more complicated methods.
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4.2.2 Examples of HFE V&V Evaluation Criteria

4.2.3 Methods of Evaluation
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4.2.31 Paper Evaluation
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_4.2.3.2 Part-Task Evaluation

4.2.3.3 Full-Scope Simulator Evaluation
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4.2.34 In-Plant Evaluation

4.2.3.5 Multiple Methods for the Design Evaluation Activities
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_4.3 Scenario Definition and Documentation

4.31 Documentation
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4311 Coversheet
4.3.1.2 Administrative Information Sheet
4.31.3 Console Operator Instructions

Page 109



A

AREVA Document No.: 118-9046087-002

AREVA NP Inc.,
an AREVA and Siemens company

U.S. EPR Human Factors Verification and Validation Implementation Plan

4.3.1.4 Test Personnel Information Sheet
_4.3.1 5 Event Guide _
4316 Communication Scripts
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4317 Critical Task Summary
4.31.71 Safety Significance
_4.3.1.7.2 Appropriate Cues
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_4.3.1.7.3 Measurable Performance Indicators _
;3.1.7.4 Feedback :
73.1 .8 Shift Briefing Information/Transfer of Authority o
13.1.9 Termination Criteria :
13.1.10 Questionnaires :
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43111

_4.3.1.12

4.3.1.13

4.3.2

4.3.21

Event and Task Fidelity

Realistic Simulation of Remote Responses

Staffing Objectives

Plant — Core Thermal-Hydraulic Condition

Measurement Characteristics
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4.3.2.2 Acceptance Criteria

4.3.3 Plant - PRA/HRA

The response of the integrated plant to abnormal conditions and transients is tested to validate that system
manipulations produce the expected or predicted plant responses.

To test PRA/HRA assumptions, scenario events are selected that contain PRA risk significant tasks. The
responses of the integrated plant and systems (including operator actions) to the selected events are recorded and
evaluated in terms of the times and values assumed in the PRA/HRA

Average times and values are established across crews for each scenario.

Measurement Characteristics

Construct Validity — Achieved by selecting measures that detect the change in complexity of actions needed to
attain the desired plant condition provide this data (i.e., an operator or plant response to an event that increases the

complexity of parameter interpretation or the tasks required to mitigate the event result in performance measure
failure).

Reliability — Achieved by measuring time and value data, which is easily replicated, and by using scenario guides
to ensure that the scenario initial conditions, inserted malfunctions and required actions are equivalent for each
test.

Sensitivity — The data collection of operator actions and plant responses provide the required detail for analysis of
the failure and the contributing factors resulting in the failure.
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4.3.3.1 Acceptance Criteria
43.4 Personnel Tasks
4.3.41 Understanding of Plant and System Responses
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4.3.4.2 Diagnosis of Events and Conditions Based on Signals or Readings
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4.34.3 Control Board Operations

4344 Acceptance Criteria
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4.3.4.5 Crew Communications and Coordination

ation.
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4.3.4.6 Acceptance Criteria

4.3.4.7 Situation Awareness
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43.4.8 Procedure
_4.3.4.9 Selecting Freeze Points
4.3.410 Selecting Questions
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_4.3.4.11

4.3.4.12

Performance Measures

Supplemental Situation Awareness Information
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4.3.4.13 Measurement Characteristics

4.3.4.14 Acceptance Criteria
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4.3.5 Workload

4.3.51 Physical Workload

_4.3.5.2 Force
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_4.3.5.3 Posture _
4354 Repetitiveness —
4.3.5.5 Vibration
4.3.5.6 Measurement Characteristics
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4.3.5.7 Acceptance Criteria
43538 Cognitive Workload —_
4.3.5.9 Selecting Tasks

TA is an important component of workload measurement. TA is used to determine the critical tasks requiring
workload assessment. As such, the results of the operational analysis, including TA is used as a screening
mechanism by which tasks, scenarios, and situations can be meaningfully selected for cognitive workload
assessment.

Tasks known to be free from time pressure, complicated evolutions, and/or considered failsafe, along with other
predetermined parameters are screened and eliminated from cognitive workload assessment.

Then, tasks are chosen that may have the possibility of error, burden the operator, have associated time pressures

or other constraints and are those that are most meaningful relative to garnering information relative to mental
loading.

4.3.5.10 Performance Measures
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4.3.5.11 Measurement Characteristics

4.3.5.12 Acceptance Criteria
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4.3.6 Anthropometric and Physiological Factors

__4.3.6.1 Procedure
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4.3.6.2 Performance Measures
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4.3.6.3 Measurement Characteristics

Construct Validity — Achieved by measuring and evaluating constructs that have been established as valid in the
field of ergonomics and anthropometrics.

Diagnosticity — Achieved by instructing test personnel to include task as a context for the observed behaviors
being recorded, and by linking observations and questionnaire results to individual physical measurements.

Impartiality — Achieved by using neutral wording and by using a scale that reflects both positive and negative
attributes

Objectivity — Achieved by using measurements and easily observed, overt behaviors during observations
Reliability — Achieved by using trained test personnel and videotaped scenarios

Resolution — Achieved by using observed and self-report data, with sections dedicated to additional observations
and comments to allow greater detail

Simplicity — Achieved by using easily observed behaviors and pre-established rating scales

Unintrusiveness — Achieved by taking measurements before the onset of simulation, and by using videotapes and
test personnel trained in unintrusive data collection techniques

4.3.6.4 Acceptance Criteria
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4.3.7 Participants, Test Subjects, and Observers

43.71 Validating Displays Using a Part-Task Simulator

The HFE V&V teams performing qualitative validation of display usability with AREVA include licensee
personnel (operations, maintenance, training, QA, etc.), and AREVA subcontractors. Some of the AREVA
personnel are PWR/EPR™ trainers.

4.3.7.2 Validations Using a Part-task Simulator and the FSS

The HFE V&V teams performing validations with part task simulator or FSS include AREVA personnel,
AREVA subcontractors, and licensee personnel.

_43.73 Methods and Procedures

4.3.8 Evaluating Operational Safety and Task Performance
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4.3.8.1 Detecting Human Error
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_4.3.8.2 Evaluating Situation Awareness

4.3.8.3 Assessing Operator Workload
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4.3.8.4 Evaluating Crew Communication and Coordination

Crew communication and coordination are subjectively evaluated on the basis of the crews’ demonstrated
performance during training exercises (e.g., emergency response drills).

Communication equipment (i.e. phone, radio, page party, public address) is installed in the simulator. This is the
first opportunity to evaluate the equipment for effective integration with the MCR panel arrangement and work
environment. Operable communication equipment is installed in the MCR panels at the site. Evaluating use of the
operable equipment with plant staff outside the MCR is part of the Final HFE/HSI Design Implementation
activity.

4.3.8.5 Validating Anthropometrics

Anthropometrics are validated as part of the performance evaluations using test scenarios. Additional, predefined
scenarios and tasks are used (as necessary) to ensure coverage of all HSI components. The validation relies on
detecting problems (during use of the HSI) that may not have been evident when HSI components were verified
without reference to specific tasks.

4.3.8.6 Evaluating Automation

Automation is evaluated for human-centered automation principles as part of the performance evaluations using
test scenarios. Additional, predefined scenarios and tasks are used (as necessary) to ensure coverage of
automation features and modes.

4.3.8.7 Validating Operating Procedures

Initial validation of hardcopy SOPs is performed with a part-task Simulator. The validation is partial because it is
limited to examining consistency between operator display content and those procedure steps involving use of
displays.

Validation of hardcopy procedures continues on a part task simulator and the FSS. The validation is more
structured and comprehensive because it is conducted under defined test conditions (scenarios or situations) and it
includes other procedures (i.e., IOP, AOP, EOP, ARP) and the remaining HSI components (hard switches, alarm
tiles, mimic, etc.). Validation of procedures (hardcopy and electronic) is completed during operator training
phases on the part task simulator and FSS. The procedures are adapted and finalized for implementation in the
MCR and the computer based procedure system (i.e., in OLPS) before plant start up.

Validation confirms that a portable cart for hardcopy procedures and a portable utility board for EOP flowcharts
effectively integrate with the MCR arrangement and work environment. The top surfaces of the Main Control
Console and Control Room Supervisor Console are purposely designed for layout of multiple drawings and
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procedures. However, a portable (e.g., wheeled), dual-sided utility board is one option considered for mounting
EOP flowcharts in the MCR. The side not used for mounting flowcharts can be a whiteboard for shift turnover
information purposes. This option can be validated during procedure validation activities with the part task
simulator and the FSS.

4.3.8.8 Validating Displays Using Part-Task Simulator

The qualitative validation of display usability is referred to as a Dynamic Walkthrough. Initial Dynamic
Walkthroughs are one-system-at-a-time evaluations for normal operational sequences using the respective System
Operating Procedure (SOP) as a guide for task execution. These initial walkthroughs do not address integrated
system operation or abnormal operations.

4.3.8.9 Validating Displays Using Part task Simulator and Full scope Simulator

Display validation with the part-task simulator is similar to previous Dynamic Walkthroughs except that the
displays are evaluated under use simulator exercises (Normal Evolutions, Malfunctions, Surveillances, Transients,
and Automatic actions).

4.3.8.10 Validating Displays without Simulation

The part-task simulator and the FSS may not have prototypic operator displays for certain BOP and auxiliary
systems until the BOP design permits displays to be available for installation in the simulators.

Once installed in the simulator, the displays for these BOP and auxiliary systems can be driven with “dummy”
variables. Final validation of systems that are not simulated therefore occurs after the systems are installed at the
site and are testable.

44 Test and Evaluation (T&E) Conditions and Scenarios

441 Test Design

Test design is the process of developing the integrated validation test such that the required attributes for scenario
assignment and the qualifications of the test personnel and participants permit the observation of integrated
system performance in a manner that avoids or minimizes bias, confounds, and noise (error variance).

4.4.2 Coupling Crews and Scenarios

The coupling of crews and scenarios determines how the test participants experience the test scenarios.

44.21 Scenario Assignment

Scenario assignment to crews is made prior to the initiation of the integrated test sequence. Depending upon the
number of available crews during testing, some crews may not participate in all scenarios. The set of scenarios,
selected by test personnel and presented to a crew, is carefully balanced to ensure that each crew receives a
similar and representative range of scenarios (difficult scenarios are not only assigned to above average crews).
To establish adequate test data reliability, each validation scenario is run on a minimum of three crews.
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Scenario balance among crews is maintained by providing test personnel with a checklist for making assignments.
This checklist requires scenario selection to be based on scenario complexity, operating conditions, and
expectations during the scenario (each crew receives scenarios that test their abilities and plant responses during
normal, abnormal and emergency plant conditions). The checklist also ensures that the crews do not repeat
scenarios.

Presentation of the same scenario to the same crew for a second time may not occur in the context of integrated
system validation.

44.2.2 Scenario Sequencing

Test personnel balance the order in which scenarios are presented to crews. The same type of scenario is not
presented in the same linear position (avoiding always presenting the easy scenarios first) and the scenario sets do
not always occur in the same sequence. Control of scenario sequencing also serves to minimize any bias resulting
from crew expectations of scenario type.

443 Test Procedures
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4431 Briefing Participants
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4.4.3.2 Communication Scripts

When possible, test personnel role-playing plant personnel during test scenarios adhere to prepared scripts when
interacting with crew members. Scripts contained in the scenario guides provide responses to likely crew
questions. Responses should only provide information that would normally be available in a real plant situation.
These guides also establish delay times, both due to environmental conditions and to the complexity/ location of
the selected task, before completion of the task is reported. Some remote tasks requested are not performed due to
expected plant conditions or the availability of equipment requested. These remote tasks are delineated in the
scenario guide along with the required reports and time delays.

If a test participant asks a question that requires input not covered by a script, the test personnel attempt to
respond to the question in manner consistent with how such a question would be addressed in a real plant. In
addition, any such occurrences are documented, and if deemed necessary, additional scripts are written.

44.3.3 Interaction of Test Personnel with Test Participants

Once scenario testing has begun, test personnel and participant interactions only occurs if required by the
scenario. These interactions are scripted in the scenario guide. Protocols such as when and how to interact with
the crew during the scenarios, non-intrusive locations, and unobtrusive use of recording devices are part of test
conductor training.

If interaction is required due to failure of the scenario to run as expected or to simulator problems due to test
personnel error, test personnel follow established procedures and minimize the impact of the situation or error on
crew performance. If the failure or error affects the usefulness of a scenario as an evaluation tool, test personnel
freeze the simulator and determine if the remaining events in the scenario can still allow an evaluation to occur. If
not, the crew receives a replacement scenario.

4.5 Data Collection

Validation activities use methods of data collection that include the following:

Videotaping — Each scenario run is recorded from the start of a simulation until the stop of the simulation. At least
one video camera is positioned to record a general overview of the control room, including general crew task
performance and movement. In addition, where deemed applicable, an additional camera or cameras are placed to
record specific crew actions or specific panels. Decisions regarding additional cameras are made on a case-by-
case basis.

Data collection forms and observation tools — completed by test personnel

In addition to specified information, test personnel observations may also include qualitative assessments of
influencing factors such as lighting level, noise level, communication clarity, HSI information clarity, and other
factors that influence detection, analysis, planning and implementation of actions.

Interviews using established analysis tools such as the NASA Task Load Index (TLX) to supplement analytic
data. Interviews are conducted after scenario completion or during a scenario freeze.

e Questionnaires — completed by test participants

o Simulator recording of chronological event logs
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o Simulator recordings (logs) of process variables

e  Written observations, notes and commentary — completed by test personnel

Timelines of operator activities while performing tasks identified in the TA and PRA/HRA, used to identify
periods of overloading and underloading. The timelines show phasing, frequency, durations, and time limits for
tasks. Other actions (reactions to secondary effects, diagnostic actions), if defined, can be included in the timeline.

Operator movement pattern diagrams may also be developed using videotapes and visual observation records.
However, because operating experience has shown that MCR traffic and crew movement patterns are generally
not significant in modern digital control rooms, movement pattern diagrams may be developed to resolve HEDs
or related problems, but are not developed as part of routine validation testing.

451 Training

4511 Test Personnel

Test personnel receive training, similar to the training required by ACAD97-014 for simulator
instructors/evaluators, prior to initiation of the integrated validation tests. Some components of this training
include:

e Planning and coordinating simulator sessions
e Observing operator performance

e Evaluating operator performance

e The use and importance of test procedures

e Experimenter bias and the types of errors that may be introduced into test data through the failure of test
personnel to accurately follow test procedures or interact properly with participants.

e The importance of accurately documenting problems that arise in the course of testing, even if due to test
personnel oversight or error.

e Test personnel conducting the scenario and operating the simulator are qualified as simulator operators and
familiar with the capabilities of the applicable part-task simulator or FSS.

Also included in training are protocols such as when and how to interact with the crew during the simulation, non-
intrusive locations, use of recording devices, development and use of observation tools for taking notes during the
scenario, and focus on the HSI, procedure or tasks of importance for the specific scenario.

4.51.2 Test Participants

Integrated system testing requires comprehensive knowledge of the systems included in the test. This knowledge
is attained through formal classroom and simulator training. After training is complete, a comprehensive
examination on the received training and job performance measures for system manipulations on the simulator are
conducted to prove the success of the training. Test participants selected have completed sufficient EPR™
specific training to exhibit an acceptably stable level of performance across trials.
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Test participants used during the FSS integrated validation tests are trained as follows:

e Test participants that were licensed on previous generation PWRs are required to receive EPR™ systems
training, procedure training and simulator training for familiarization with the controls for the specific EPR™
systems. This training is similar to existing PWR license training in content.

e Test participants with no previous PWR operating experience are required to receive additional training for
PWR general fundamentals. The systems and procedure training required for these personnel is similar to
existing PWR initial license training. The formerly licensed personnel attend integrated plant simulator
training with the new trainees to promote teamwork and allow the new trainees to benefit from their
experience.

All personnel receive a comprehensive operating test in the FSS before participating in the FSS V&V testing.

4513 Pilot Testing

A pilot study is performed prior to the initiation of the V&V process in the simulator. This study is used to test the
process for determining adequate design, determining the correct data collection techniques, and verifying
appropriate testbed completeness and fidelity.

Components and requirements of a pilot study include:

e Scenario guides written to the same level of complexity as the guides prepared for the actual V&V testing.

e Crew composition and numbers for test participants are equivalent to the actual V&V testing. This includes
all necessary training and testing as referenced above.

e Test personnel training and expectations for the conduct of the pilot tests are maintained at the same level as
the actual testing.

e Data collection setups, methods and determination if validation criteria are met matches those used in actual
testing.

Personnel used during pilot testing are not be the same personnel to be used as test participants during integrated
validation tests. If a pilot testing participant are used in integrated system validation, the scenario sets are different
from those developed for pilot testing, and participant exposure to the data collection process is minimized.

4514 Data Analysis and Interpretation
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4.51.5 Verification

Analysis inputs are verified by comparing test personnel observations to each other and by comparing personnel
observations to the computer generated event logs. Data analysis and the conclusions drawn are independently
verified.

4.5.1.6 Establishing Convergent Validity

During data evaluation and analysis, convergent validity can be established by comparing data from performance
measures that are intended to measure the same or closely related aspects of performance. For instance, SA
ratings from test participants should have moderate to high association with SA ratings from test personnel.
Likewise, posture data obtained from physical workload performance measures should have moderate to high
association with related anthropometric data.

If instances occur in which two performance measures that are intended to measure the same thing have no
apparent association, a HED is entered into the HITS.

4.51.7 Validation Conclusions

The output from integrated system testing is validation of the following:
e Integrated procedures

e Integrated HSIs

e Integrated training

e Integrated software design

e Personnel roles

o Staffing and qualifications

e Transition capability between HSIs and procedures

e Integrated system tolerance of individual HSI failures

o The results of validation activities also provide input for revision to procedures, HSI, training, software
design, personnel roles, staffing and qualifications, and so forth.

Validation conclusions are documented, including the bases for acceptable performance. Deficiencies and
discrepancies identified throughout the V&V process by test personnel are documented and logged into the HITS.
Design specifications, procedures, training, and so forth, are revised (if necessary) using inputs from V&V
activities.
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The limitations of validation testing are documented, along with considerations regarding the potential effects of
these limitations on validation conclusions and design implementation. These include problems such as:

o Aspects of the tests that were not well controlled

o Potential differences between the test situation and actual operations, such as absence of productivity-safety
conflicts

o Potential differences between the validated design and plant as built.

If an integrated system validation item cannot be fully validated during HFE V&V due to testing limitations or
other complications, the process is extended to the plant itself, and accomplished during design implementation,
as described in the, EPR™ Design Implementation Plan. For these instances, the V&V team describes the
validation to be performed, indicates the acceptance criteria, and documents the requirement in the V&V results
summary report and in the HITS.

4.6 Acceptance Criteria

4.6.1 Operational Safety and Task Performance

Acceptable human performance is based, in part, on success with the measures for operational safety and task
performance.

4.6.2 Human Error

Acceptable human performance is partly based on successful operator performance with respect to human error
performance measures. Acceptable HSI performance is partly based on the HSI not being a root cause of operator
failure with respect to human error performance measures.

4.6.3 Situation Awareness

An acceptable level of situation awareness is based, in part, on operator success with the performance measures
for situation awareness.

46.4 Operator Workload

An acceptable workload would be the result of:

1. Positive ratings by crews

2. Successful accomplishment of needed operator tasks in time and precision

3. Adequate situation awareness (as more workload implies less situation awareness or less time available to
assess plant situations)

The Task Analysis Implementation Plan indicated that as a “rule of thumb” 50% to 75% is an acceptable average
physical workload [(time occupied / task time) * 100]. Meister notes that, although supporting empirical data is
lacking:

1. Physical workloads of 75-100% are undesirable
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2. Physical workloads <75% are acceptable provided the operator remains reasonably occupied

3. Inaccuracy of most physical workload estimates is +/- 20%

Physical workload estimates are to be used to investigate potential improvements (e.g., to HSI, to procedures, to
training, etc.) rather than reject the design.

4.6.5 Crew Communications and Coordination

Acceptable human performance is based, in part, on operator success with the performance measures for crew
communication and coordination.

Anthropometrics

The acceptance criteria are the same as those used for HFE Design Verification.

4.6.6 Automation

4.6.7 Operating Procedures
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4.7 Validating Displays Using Part-Task Simulator
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4.8 Validating Displays Using Part task Simulator and Fullscope Simulator

4.8.1 Operational Safety and Task Performance
4.8.2 Human Error
4.8.3 Situation Awareness
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48.4 Operator Workload
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_4.8.5 Crew Communications and Coordination

4.8.6 Anthropometrics

The performance measure primarily concerns reachability and operability of controls, and viewability of
indicators, from the expected user position(s). Variability of the task execution envelope is investigated if
interference among users occurs.

4.8.7 Automation

Performance measures include:
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1. Operability (i.e., effective operator use) during automation modes (startup from cold shutdown or hot
shutdown conditions to rated power operation, power maneuvers in the normal operating range, and shutdown
from rated power level to shutdown of the turbine gland sealing system)

2. Operator cognition (e.g., mode awareness)

3. Correct confirmations during pre-programmed automation break points

4.8.8 Operating Procedures

Refer to operator performance measures regarding situation awareness.

4.8.9 Display Validation

There are no performance measures for graphical displays because the behavior of the graphics is a function of
software programming, hardware performance, and overall system throughput and response.

4.8.10 Data Collection and Analysis

Validation activities with the part-task simulator and the FSS use the following:

1. Videotaping and data collection forms

2. Interviews using the NASA Task Load Index (TLX) to supplement analytic data..
3. Questionnaires
4

Simulator recording of chronological event logs (e.g., operator actions with screen displays and hard controls,
occurrence of alarms, etc.)

5. Simulator recordings (logs) of process variables

6. Written observations, notes and commentary
Validation activities with the FSS also use the following:

1. Operator activity timelines of expected operator tasks (developed in advance based on TA and PRA/HRA to
identify periods of overloading and underloading). The timelines show phasing, frequency, durations, and
time limits for tasks. Other actions (reactions to secondary effects, diagnostic actions), if defined, can be
included in the timeline. These timelines become baselines for expected operator task execution.

2. Expected operator movement pattern diagrams (developed following validations with the part task simulator)
to establish a baseline movement pattern for each scenario. Only the most essential key actions are reflected
in these movement pattern diagrams.

Time data (measured, calculated and estimated) includes:

1. Elapsed time from occurrence of first alarm to awareness of that alarm
Elapsed time from first significant alarm to first manual safety-related action

Time used to navigate to the appropriate screen display

S

Time used to find and access the correct procedure (hardcopy and electronic)
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Timelines and movement pattern diagrams for each crew are developed for each simulated scenario. Movement
pattern diagrams are constructed from video recordings and visual observation records. Timelines and movement
pattern diagrams are compared against baseline timelines and movement pattern diagrams to assess correctness,
timeliness, and completeness of responses to scenarios. Findings are compared to performance criteria and
requirements. Tests subjects support the evaluation team by interpreting videotaped sessions and interrelating
recorded events with test data.

Human errors are analyzed for root cause.

4.9 Documentation and Integration of Results

1. Design specifications, procedures, training, etc., are revised accordingly, if necessary, to reflect the validation
results.

2. Results can be used to modify baseline timelines and movement pattern diagrams for use as operator training
tools and baseline Human Performance monitoring.

3. Reports include discussion of the type and frequency of human errors detected, error consequences, root cause
analysis of errors, and corrective measures to address the errors.

4. Multimedia records are retained in accordance with AREVA EOPs.

5. Deficiencies identified by evaluators are documented HEDs. A deficiency is logged into the HITS if it
matches at least one of the HFE issue entry criteria.

410 Human-System Interface Task Support Verification

4.10.1 Task Analysis

The task analysis process to be used in the development of the U.S. EPR™ HSI is defined in the Task Analysis
Implementation Plan. Briefly, this process uses the functions that have been allocated to the human and/or
machine and identifies the activities and the supporting information, controls, alarms, procedures,
communications, and so forth that are available to enable the operating crew to perform the activities necessary to
accomplish the defined system functions. The output from the task analysis defines the information, controls, and
alarms that are contained in the MCR and RSS HSI. It is these key system parameters and components that are
displayed to the operator on the HSI FPDs and panels. Necessary procedures, communications, and local operator
support out in the plant is also identified in the task analysis.

The tasks analysis is performed at two levels. The first level consists of a table-top task analysis that is used to
define the MCR and RSS HSI. This HSI, based upon the task analysis is reviewed by the CRDT. The contents of
the HSI are compared with the tasks analysis and the design input documents. Additional changes may be made to
the task analysis and HSI based upon system engineering, plant operations, training, software, electrical, or
human factors engineering inputs. The second level task analysis is performed using the HSI that is presented
using a part-task simulator or FSS. In this second level, the task analysis is used to evaluate individual or crew
performance of predefined tasks. The users’ ability to use the HSI is documented. Using dynamic simulation the
users’ ability to perform tasks in a prescribed time period may also be measured and evaluated.
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4.10.2 Methods and Criteria

4.10.2.1 Verification of Task Analysis

The HSI is first verified and then validated (V&V). In the development of the system-specific HSI, it was verified
in accordance with the preparer’s approved QA Plan. The system-specific task analysis may be used when
evaluating paper sketches of the displays and panel layouts. To perform this preliminary evaluation, the evaluators
need to have a copy of the system-specific task analysis, system-specific operating procedure, a copy of the
proposed HSI (displays, FPDs, and/or panel drawings). With these documents, a data collection table may be
prepared to document the availability of the necessary information, controls, or alarms to support monitoring and
control of that system. Interaction with other available systems are also be evaluated at this “paper” level of
design.

With the availability of a part-task simulator, the system-specific task analysis may be used to verify performance
of systems-specific operations. Use of correct information and controls may be evaluated. The SOP and task
analysis may be used to determine if the operator performs the system operation in the correct sequence. If
available, operator navigation between system displays pages and/or other systems may also be monitored and
documented. As defined, the FSS models the plant and is able to present postulated scenarios to the operating
crew. The crew performance of the postulated normal, abnormal, and transient plant operations is documented. A
task analysis format may be used. The task analysis format also enables the evaluators to document performance
time and also monitor operator actions. Because the operator actions are ‘real-time’, video and audio recording
provides for more accurate documentation of user performance may be necessary. Task analysis data sheets may
be used by evaluators to capture discrete operator actions taken at selected FPDs. Task analysis forms may also be
used to document comments during data reduction of video tapes.

Task analysis is performed for those operator activities and HSI in the MCR, at the RSS panels, and selected local
control stations. Task analysis may be performed for other operator/maintainer interfaces as their design warrants
them. In addition to the task analysis performed on a system-basis for the development of the HSI, verification of
operator tasks is performed for those activities.

4.10.2.2 Verification of HSI Availability

The availability of HSI components (for example, parameters, alarms, valves, pumps, tanks, and so forth) is
verified a minimum of two times. First, the system task analysis output is developed into an HSI Report in
accordance with the applicable HSI Design Implementation Plan. The HSI is reviewed by the preparer
organization and the responsible engineer. The preparer verifies against the task analysis design system inputs for
availability of the necessary system inputs to support the desired HSI. The second verification occurs during the
static evaluation of the HSI displayed on the part-task simulator. The operators and other members of the design
team review the HSI in the context of using the system specific operating procedures. This process also verifies
the availability of the necessary HSI to support the defined activities. A third verification, though now in the
validation phase, occurs when the integrated HSI is presented in the FSS. At this point of the design, it is
anticipated that minimal changes may be necessary to provide or delete additional HSI components.

_4.11 Performance of Static (Discrete Verification)
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4111 Preparation

Preparation includes:

Identifying the system tasks and procedures used in evaluating HSI
Prepare data collection sheets and checklist based upon HIS design criteria
Identifying the evaluation team from the designated HFE V&V Team

Scheduling the evaluation

A I S e

Collecting the measurement and recording devices to be used

4.11.2 Evaluation

The purpose of evaluation is to identify deviations by comparing the prototyped HSI with the verification criteria.

The verification is systematic and its process is documented in a traceable manner and in accordance with
applicable document control procedures.

4.11.3 Resolution

Identified deficiencies are documented and included in the HFE Issues Tracking System. The appropriate
technical engineer(s) provide a recommendation for resolution of the deficiency. The deficiency is resolved by the
applicable engineering design individual or group after it has been reviewed by the HFE Group and/or CRDT.

The implemented resolution is reevaluated as necessary. The evaluation is commensurate with the level of
deficiency. The evaluators assess those areas affected by the deficiency.

411.4 Documentation

The documentation provides a traceable history of the verification process. The documentation identifies the
evaluators, evaluation date, and task/HSI evaluated. The documentation identifies the acceptance criteria used for
the evaluation. There are many types of forms that are used to document inventories or performance of tasks.
Examples of acceptable methods to document checklists and task analyses are readily available. In accordance
with the HSI Plan, the HFE issues identified during the evaluation are entered into the HFE HITS database.

4.11.5 Scope of Discrete (Static) Verification

The scope of the static verification of the integrated HSI includes:
e  The HSIs (including both the interaction of the operator with the equipment hardware and the interaction of
the operator with the HSI equipment’s software-driven functions).

e The plant and emergency operating technical procedures. Preliminary paper procedures of the plant normal,
abnormal, and emergency procedures are verified. The scenarios selected for the evaluation must include the
annunciator response procedures.

e To the extent possible, surveillance test procedure activities.
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e HSI work environment. The part-task simulator allows for the evaluation of the HSI located on the MCC. Due
to the design process, part-task simulator allows for evaluation of FPD displays to be located on the MCC or
group view panels apron. Issues of noise, lighting, and so forth, are not evaluated.

e Static verification evaluates planned staffing levels.

e The verification provides input for user qualifications and training.

4.11.6 Evaluation of the Plant and Emergency Procedures

The plant normal operating and emergency operating procedures for the U.S. EPR™ PWR are developed as an
integral part of the HFE design process. Following the inventory of the HSI, a verification of the plant and
emergency operating procedures are performed. This activity involves checking that the information, control, and
alarm requirements of procedures are consistent with the HSI provided. This activity also identifies technical and
format deficiencies in the procedures. The procedures must have been checked previously for compliance to the
Procedure Writers’ Guide.

Validation includes the process of exercising procedures to ensure that they are usable, that the language and level
of information is appropriate for the people for whom they are intended, and that the procedures function as
intended in the integrated HSI design.

Regulatory Guide 1.33, Appendix A (mentioned on NUREG-0711), contains several categories of activities that
are covered by procedures. The evaluation must include appropriate procedures in each relevant category, that is:
e General plant operating procedures

e Procedures for startup, operation, and shut-down of safety-related systems

e Procedures for abnormal, off-normal, and alarm conditions

e Procedures for combating emergencies and other significant events

e Procedures for control of radioactivity

e Procedures for performing surveillance tests and selected BOP systems

o The response to annunciator warnings is also included in the plant procedures. The HSI implementation
includes steps that verify that all functions and tasks assigned to the plant procedures are included in the
operating procedures.

e Evaluation criteria to address the verification of the procedures includes as a minimum:
e Entry conditions or symptoms information

e Instruction step, caution, or note information

e  (Quantitative information

e Plant hardware information

This plan also addresses the validation of the procedures. Because the procedures are also available on-line at the
MCC FPDs, their use as an integral part of plant operation are evaluated as part of the HFE V&V process.
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4.11.7 Definition of Evaluation Methods and Procedures

The assessment phase of the verification consists of the following processes:

1. A review of control room HSI and environmental conditions for compliance with defined HFE criteria are
conducted to determine whether they are designed to accommodate basic human characteristics. The human
characteristics are based on anthropomorphic and other data pertaining to the user population (that is,
American operators for U.S. plants, and so forth). The HFE criteria, including user population statistics
defined for the HSI design, are used to determine compliance.

2. An assessment of task performance capabilities is performed to verify the adequacy of workstations (for
example, group view panels, MCC, RSS panels, and so forth) and HSI located on them, to support execution
of control room operator tasks. This verification are made by comparing the information and control
requirements defined in the system DCT and system task analysis, with the inventory of existing information,
instrumentation, controls, and other equipment. During the HSI design process, verification of the necessary
information and controls was performed through the use of drawings that show the layout of the control
panels and other operator workstations; the equipment list and specifications; photographic mosaics that show
all controls, indicators, annunciators, labels, and markings as well as paper copies of proposed displays for the
FPDs.

3. The verification of the HSI and workstations to support task performance are performed using the part-task
simulator. Due to the reduced fidelity of the part-task simulator, verification can only be at the system level.
The integration of systems is performed at the integrated simulator level. The scenarios and associated tasks
used to verify the HSI and workstations are described in this plan.

4.11.8 Control Room Survey

The control room survey is a systematic comparison of control room design features with HFE design criteria.
Checklists are used to ensure a complete survey. The checklist is based on design requirements including:

o HFE Design Criteria used in the HSI design process

e Operations analysis reports (task analysis outputs, and so forth)

e FD Display design requirements

e Computer-generated Display Design Style Guide developed for the HSI design

e Operating experience from related HSI

e HFE guidelines (for example, NUREG-0700, and so forth) from industry and regulatory guidelines

e The objective of the control room survey are to identify any characteristics of HSI and work environment that
do not conform to precepts of good human engineering practices and principles. The checklist are based on
the HFE criteria defined for the design

As a minimum, the step-by-step approach used for the control room survey includes:

4.11.8.1.1 Step 1: General Control Consoles and Control Room Guidelines

e  Workspace
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e Anthropometry

e Emergency equipment

e Ventilation, temperature, and humidity

e Lighting

e Noise

e Maintenance capabilities by the operator

e Communications with other personnel in the control room or in the plant
e Annunciator warning systems

e Controls

e Visual displays (of indication used for RSS panel)

e Label and location aids and hardcopy presentation of information
e Panel layout

e Control display integration

e Emergency and events postulated by FSAR or identified in NUREG-0711

4.11.8.1.2 Step 2: Computer Generated User Interface Screens
e Legibility and visual acuity

e Screen structures and content

e Screen organization

e Visual coding

e Enhancement coding

e Dynamic display

e Information formats

e Graphical user interfaces

e Error messages and alarms

411.8.1.3 Step 3: Computer Interface Controls

e Keyboard

e Auxiliary controls

411.8.1.4 Step 4: Computer Control/Display Integration

e User dialogue
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e Communication between users
e System feedback

e Navigation through displays

o Interaction with windows

e Single keyboard controlling multiple FPDs

4.11.8.1.5 Step 5: Procedures Normal, Abnormal, Emergency, and Maintenance
(Surveillance, Test, Inspection), Annunciator

e Format
e Content
e Accuracy

e Relevance to Task
Note: Training manuals are reviewed by the licensee
Checklists are recommended to assure that all guidelines are addressed.

The control room survey is performed using the integrated HSI. The survey verifies that the results of the static
survey are correctly implemented in the integrated HSI.

The control room survey checklist is implemented using observation and measurement techniques as appropriate.
Each categorical or numerical statement is checked for compliance. Checklists based on guidelines are written so
that a check in the “Yes box” indicates compliance and a check in the “No box” indicates noncompliance. The
statements are written in a positive compliance tense. This assures that all guideline statements are in the same
tense.

Deviations from the criteria are identified and included in the HITS. The discrepancy report also identifies how
the component departs from the criteria or guidelines, as well as to identify the component location, name, and (if
applicable) number.

4.11.9 Assessment of Task Performance Capabilities

The task capabilities assessment process are performed to assure that operator tasks can be performed in the
control room and RSS panel with minimum potential for human error.

The process of verifying task capabilities consists of two steps:

The first step is to verify the presence (or absence) of instruments and equipment that provide the information and
control capabilities necessary to implement each task that has been allocated to the operating crew. This step is
referred to as the verification of availability.

The second step is to determine whether the HSIs provided by the displays, controls, and other control room and
RSS panel features are effectively designed to support task accomplishment. This step is referred to as the
verification of human engineering suitability.
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Procedures for the two verification steps are described as follows.

4.11.10 Verification of Availability

This activity uses results from the task analysis, to define the information and control requirements necessary to
perform the tasks. The required information and controls are compared against the HSI inventory that is available
in the same engineering units and range used in the system process.

The majority of the HSI is presented using computer generated information and controls located on the group
view panels and the MCC FPDs. The verification are performed using a prototype with sufficient fidelity to
present all of the information, controls, and other communication devices that are used by the operating crew in
the performance of their assigned tasks.

The verification of availability, or inventory, must identify all HSI necessary to perform tasks assigned to the
operating crew. The inventory is organized by panel or other workstations and includes identification of systems,
subsystems, and major components of the plant process equipment associated with each panel.

As a minimum, the following information is included in the inventory:

e Panel identification

e FPD identification

e Type of instrument (meter, recorder, control, pushbutton, light indicator, and so forth)

e [tem number

e Legend

e Units

e Scale range

e Scale type (linear, logarithmic, and so forth)

e Control positions (open, close, start, stop, and so forth)

e Colors (alarms, equipment status) and their meaning

e Set points, units, and scale ranges (alarms and controllers)

e Drawing identification

e Remarks

The HFE V&V evaluation team (hereafter referred to as evaluator(s), conducts a careful comparison between the
specifications for the workstation and the inventory. For example, a display or indicator must present a direct

measure of the process variable or component status. Those displays or indicators that present indirect measures
are noted as discrepancies, and the safety implications assessed later.

Discrepancies are entered in the HITS, from both the inventory perspective and the task perspective:
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1. From the inventory perspective, inventory items with no task code are flagged as possible discrepancies for
follow-up. An uncoded inventory item would be a control or display for which a task requirement or function
requirement does not exist. Three possible reasons exist for an uncoded item:

a. The function identification and the task analysis were incomplete and thus overlooked the need for the
uncoded item.

1. The uncoded item is not needed in the control room.

ii. The uncoded item only partially meets the specifications established from the task analysis. An
example of the latter case is where the displayed range of parameter X is from A to B, whereas the
results of task analysis specify a range from A to C is required for the display.

iii. Finally, uncoded items are carefully evaluated prior to a decision on acceptance/or deletion from the
MCR.

2. From the task perspective, satisfaction of a task requirement is documented by recording the code of the
inventory item that meets the requirement. It is essential to refine the coding system to differentiate between
partial and full compliance with the requirements (for example, a meter is available but presents data in
inappropriate units, requiring conversion). Task requirements for which no inventory code can be assigned,
and partially or poorly met requirements, are recorded as discrepancies for follow-up assessment.

3. Display Requirement. During the performance of an SDP, the need for information and controls becomes
apparent. The lack of displays controls or alarms are documented if they are not available upon a required
display (either safety or non-safety).

4.11.11  Verification of Human Engineering Suitability

The objective of the verification of suitability is to identify interface problems that may affect task performance
but may not be evident when control room components are examined without reference to specific task use (as in
the control room survey).

Careful assessment of the practical availability is made of inventoried displays and controls. For example,
displays may be separated from the controls with which they are used; or several displays that need to be read to
identify a process event may be dispersed so that they are difficult to monitor and correlate. For computer
generated HSIs the evaluators evaluate the users’ ability to identify and locate the necessary information or
controls. Disparate conditions are recorded as human engineering discrepancies (HEDs) in the database.

The checklists from the control room survey are reused. Human factors criteria that could not be considered
without reference to task characteristics are considered at this time. Also it is necessary to scan the complete set of
criteria in each topic area; findings can in some cases be altered when the task application of the component is
taken into account.

The information needed for the process to verify task capabilities come primarily from the task analysis, the
control room inventory, and the HSI guidelines. If the results indicate that the control room may contain
instruments unnecessary for operator tasks, the control room design team are is consulted as necessary to
investigate the use of the items.
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412 Dynamic Validation
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4121 HSI Design Simulation Configuration

412.2 Scope of HSI Validation
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412.3 Validation of Non-control Room Facilities

Non-control room facilities can be evaluated using similar test methods and procedures. The NRC document
NUREG-0711 establishes that “The requirement to validate performance at plant HSIs outside the control room is
dependent on the licensee’s design. Operator actions at non-control room facilities, such as RSS panels and local
control stations, may be evaluated using mockups, prototypes, or similar tools.”

Prior to validation of the MCR and RSS related tasks, validation of the RSS may be carried independent
(separately) of the validation of the MCR. The RSS panel HSI are validated and documented in the same manner
as the MCR HSI. Validation of the interface between MCR and RSS are performed using postulated scenarios for
the RSS, including evacuation of the control room. The scenarios are performed in accordance with the applicable
scenario procedures. In accordance with the scenario procedures, the evaluations are performed using the required
staffing levels of operators. Like the MCR, selected validation tasks for the RSS may be deferred to the actual
installation.

412.4 Part-Task (engineering) Simulator

The intent of the part-task simulator is to provide the M-MIS designers, including the Human factors engineering
(HFE) staft, with early feedback regarding the adequacy of the control room human-system interface. This
includes feedback regarding the performance of the:

System specific software models

e The content and layout of the computer generated displays
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e  The draft plant operating procedures
o Hardware and Software Configuration

e Hardware

In coordination with the simulator staff, the fidelity of the part-task simulator has been sufficiently defined to
allow for the evaluation of system specific software, displays, and procedures. The interaction between systems is
reduced, and full interaction evaluation between systems is deferred until the full-scope simulator is available.

Due to the reduced fidelity of the part-task simulator, operator workload evaluation is also deferred to the FSS
evaluation. User (operator) usability of the system interfaces are evaluated. To increase the transfer of information
from the part-task simulator to the FSS, the part-task simulator uses the same hardware (for example, FPDs,
displays, and so forth) that are installed on the FSS. When the simulator main control room panels arrive, the part-
task simulator hardware is integrated into the FSS. The MCRP vendor may choose to integrate the part-task
simulator hardware earlier, at their facility.

4.12.4.1 Software

412411 Minimum set of Displays

The part-task simulator presents the operators with a number of displays yet to be determined. The displays
support a predefined set of systems. Based on the outcomes of operational analyis and subsequent HSI
development, the minimum systems are to be defined. The minimum set of scenarios that are evaluated on the
full-scope simulator are to be defined. Due to the nature of the part-task simulator, the evaluation is limited at a
separate system level.

4.12.4.2 Fidelity of the Part-Task Simulator

The software supports navigation within the system and changes to components within the system by the user, but
the dynamic values such as reactor water level, pressure, and so forth, does not change based upon any system
dynamics that may be affected by plant state changes. Also, the alarm system and any actions that the operator
needs to take based upon visual or audio alarms is available in part-task simulator.

412.4.3 Human Factors Engineering Evaluations

The part-task simulator HFE evaluations consist of the following main activities:

o Review of display paper sketch(s) prepared by AREV A subcontractor(s) and/or AREVA using the draft
operating system procedures and applicable sections of NUREG-0700. The displays are verified by the
preparer for consistency with the design documents.

e Review of static displays using displays using applicable system HSI Report, draft system operating
procedure, and display content. Discrepancies are documented and transmitted to the responsible design
organizations.

e Limited dynamic evaluations related to navigation and operation of specific systems and system components
are performed.

e [Evaluation of display paper sketches
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e Licensee CRDT members at AREVA participate in the review of the paper sketches.

412.4.4 Assumptions

e Evaluation of the paper sketches does not require licensee operators to be available on site at AREVA.

e Operators may evaluate the paper sketches remotely and electronically transmit comments back to HFE.

4.12.5 Full-scope Simulator Validation

Human factors validation using the simulator is not intended to be used as a substitute for the software/hardware
verification and validation which are performed independently, but whose results are shared between the two
activities. Full-scope simulator evaluations of MCR HSI focuses on effectiveness rather than understandability or
compatibility, which are best pursued with the part-task simulator. For example, an evaluation of effectiveness is
almost sure to include multiple scenarios, perhaps ranging from familiar transients to very complex situations.

Because the emphasis of full-scope is effectiveness, it is very important that operationally useful measures of
effectiveness (such as errors and the amount of time required to detect, diagnose, and compensate for a transient)
are defined prior to data collection. Therefore, when defining system objectives and/or requirements during
design, the measurement of the objectives are also considered. In addition, during the simulation, appropriate
control is exercised, trying to avoid biases that might distort the data.

This method is adapted to the evaluation of an HSI control room design FSS, and therefore provides limited
answers concerning aspects of actual control room conditions, such as interactions with the environment outside
the control room, as previously explained.

4.12.6 Definition of Evaluation Methods and Procedures

This section describes the evaluation methods and procedures for the dynamic validation.

The process of validation, similar to the verification process previously described includes the following general
phases: Preparation, Evaluation, Resolution, and Documentation.

412.6.1 Preparation

Preparation includes identifying source documents, identifying evaluation criteria, assigning an evaluation team,
developing a detailed evaluation plan, collecting and calibrating measuring instruments, briefing the evaluation
team, and scheduling the evaluation. The source documents uses the design requirements established by the HFE
design team and CRDT (for example, HFE criteria, operator response, and so forth) members.

4.12.6.2 Evaluation

Evaluations are systematic, and its process are documented in accordance with applicable quality assurance
requirements for document control. Feedback recommendations are provided as a result of this evaluation phase.
The evaluation proceeds according to a typical scheme consisting of four main stages:
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412.6.2.1 Stage 1: Preparation for the Evaluation

This phase includes the selection of the operating crew, and a preliminary talk to explain the test campaign
(scenario) to the crew (goals sought, test conditions, and so forth). It also includes the training of the crews, the
gathering of information on the crew characteristics (composition, experience of the crew members, and so forth),
as well as the selection of the scenarios and the elaboration of the data collection methods (interview guides,
questionnaires, observation records, and so forth). The selection of scenarios is addressed in this document.

Training is included for clarity, though it anticipated that the staff serving as operators are AREVA personnel that
are familiar with the U.S. EPR™ systems and operator interface. The evaluation serves to provide the design team
with design information. The evaluations are not simply a quality review or independent evaluation. Instead these
evaluations serve to provide the design team with feedback as to the usability and accuracy of the design. It is
anticipated that each scenario or system manipulation is performed more than once by the same personnel.

4.12.6.2.2 Stage 2: Sessions for Data Collection

This phase includes the actual performance of the evaluations on the FSS, during which each operator performs
the assigned tasks that have been allocated, while the evaluation team observes the simulated exercise, and
documents the crew’s performance. The crew members know they are faced with an incident or accident, but they
do not know what kind of incident or accident. In addition to abnormal events, normal operation are also
evaluated including plant startup and shutdown.

412.6.2.3 Stage 3: Debriefing Sessions

In this phase a debriefing consisting of structured interviews are carried out after each evaluation session. This
allows the evaluators to review some of the problems experienced by the crew. The debriefing sessions also
allows the evaluators to supplement the real-time observations with specific comments from the operators that
may have not been captured in the evaluation.

4.12.6.2.4 Stage 4: Data Processing, Data Analysis, and Results

This stage is a review of the data captured. The data reduced and compared with the performance requirements.
The results are documented and HEDs are entered into the database for resolution.

412.6.3 Resolution

The HFE V&V Team reviews the deficiencies identified and provide a recommendation for resolution by the
CRDT. All resolutions are noted in the database. The resolution provided by the CRDT may require that the
validation test be repeated.

412.6.4 Documentation

The dynamic validation process is documented in prepared data collection forms. The deficiencies identified are
also entered into the HITS database. This allows for a review of results, another similar validation evaluation, or
further experiments focused on specific deficient areas. The information that is included is described in this
document. Also the visual and audio recording methods used to document the dynamic performance of the tasks
are described.

Page 164



A

AREVA Document No.: 118-9046087-002

AREVA NP Inc.,
an AREVA and Siemens company

U.S. EPR Human Factors Verification and Validation Implementation Plan

4127 Preparation of the Evaluation Phase

412.71 Objectives of the Evaluation

The scope of the evaluation as well as the objectives of the evaluation is clearly defined. The dynamic validation
assumes that partial validations have been previously performed by the CRDT during design of the HSI. The
scope is to validate the integrated MCR and RSS panel HSI using dynamic simulation. The objective of the
validation is to evaluate if the HSI user can perform the assigned tasks with the available HSI. The focus is on
problems associated with the model of the MCR and RSS provided. The evaluation is not intended to determine
the benefits of a specific HSI. The benefits of individual HSI were evaluated early in the design process.

Evaluation of operator performance improvement is an important goal of the evaluation, but the scope of the HFE
V&V does not provide the fidelity necessary to measure one HSI attribute over another. Once validated, the
integrated HSI may be used to measure performance by changing HSI variables. The output of the evaluation is
specific enough to identify what specific aspects of the system are responsible for operator performance, whether
good or bad. For example, the confirmation that the time dependent and interactive aspects of the HSI equipment
performance allows for task accomplishment.

It is necessary to focus the test on certain problem domains defined in advance. Without any hypotheses about
what functions or parts of a system are likely to cause problems, the outcome of the test is likely to become
sparse. Predefined problem areas could be based both on evaluators’ assumptions, historical data from other
nuclear power plants, and specific output from other or previous evaluation activities performed during the design
process. It is recognized that the majority of directly applicable operators experience will only be available from a
similar design such as the Olkiluoto3 plant.

Both quantitative and qualitative aspects are evaluated. The evaluation answers questions such as:
Is the relevant information available to the operator?
How does the interaction between the operator and the system work?

Or, how is the arrangement of workstations suited for the task expected to be performed by the operator?

4.12.7.2 Definition of Variables

412.7.21 Independent Variables

Independent Variables (IVs) are the characteristics of the system, operating teams, different screen layouts, and
environment(s) that are manipulated by the evaluators in an attempt to determine whether these characteristics
affect the dependent measures of interest (that is, whether they affect compatibility, understandability, and
effectiveness as measured by such criteria as performance time, human errors, subjective ratings, and so forth).

For a global (absolute) evaluation, there need not be any I'Vs; the system of interest either does or does not meet
the standards or regulatory requirements. However, it is often the case that one would like to know if the degree to
which requirements are met is sensitive to IVs, such as characteristics of the system, the users, or the
environment. For this reason, a global evaluation may be embedded in a comparative evaluation, and IVs thereby
become important.
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This plan consists of a global evaluation within a comparative framework. The three general classes of [Vs
(system characteristics, users’ characteristics, and environmental conditions) can be manipulated so as to assess
their effects on compatibility, understandability, and effectiveness.

System characteristics are the most common choices as independent variables. Typical choices are type of display
or aid variable and variations of parameters of displays or aids.

Characteristics of potential system users are usually chosen as independent variables in order to identify the user
(for example, RO, or SRO) or how the users are trained to use the system. The validation is performed using a
predefined staffing concept.

In this evaluation, the IV also includes the different operational situations: the scenarios (the nature of the
transients). Variation of scenarios is often a very important experimental manipulation because it is essential to
assure that the system is effective across all operating situations. Considerations are given to such variations as a
“minimum requirement” for validating the understandability and effectiveness of a system. In addition to normal
and abnormal operating conditions, all postulated events are evaluated. .

412.7.2.2 Dependent Variables

Dependent Variables (DVs) are the measures, based on system objectives, against which the Vs are measured.
Defining acceptable DV can be very problematic. One source of this difficulty can be vague or ambiguous
system objectives. Even when objectives are fairly definitive, it may be necessary, or at least prudent, to assess a
wider range of measures than required by a strict interpretation of the objectives. This is because additional
measurements can be used to increase convergency in determining why performance goals were not achieved.

It is also because an interest in aspects of system performance that go beyond the requirements may have dictated
the design of the system. As an example, a system required to support operational personnel in off-normal
situations might be also designed to support normal operations and, thereby, make better use of the investment in
the system. If this is the case, the validation plan might include additional DVs for assessing the impact of the
system on normal operations. Typical control variables in this situation might include: lighting (though lighting
may change during LOOP), time of day, shift rotation, number of hours since getting up, instructions, and so
forth.

Manipulation of I'Vs can produce effects on several levels: performance (or product/result measures that reflect
the degree to which a system achieves design objectives), behavior (or process measures that reflect how a
particular level of performance is achieved), and opinions, preferences, and attitudes.

Measures of performance and behavior are usually thought of as objective, and measures of opinions, preferences,
and attitudes are typically considered to be subjective. It is very difficult to identify a single behavioral
measurement that reflects the impact of the integrated control room on operator performance. Therefore, a
combination of several dependent measures (multiple measures) has to be used in these dynamic validations,
which comprise the following measures:

e operating crew primary task performance criteria,
e operating crew errors and error rates,
e operating crew situation awareness, operating crew workload,

e operating crew communications and coordination,

Page 166



A

AREVA Document No.: 118-9046087-002

AREVA NP Inc.,
an AREVA and Siemens company

U.S. EPR Human Factors Verification and Validation Implementation Plan

e anthropometric and ergonomic evaluations,
e HSI equipment performance measures,
e physical positioning, and

e physical interactions.

During the simulator evaluations the following DVs are not be evaluated:
e Lighting

e Time of day

e  Shift rotation

e Sleep structure

e Instructions

e Operating crew errors/error rates

e Any evaluations pertaining to “operator crews”

The crews performing the simulator evaluations are made up of AREVA and supplier staff and are not be
representative of the operating crews. The goals of the DV evaluations may contribute to data for licensee use in
training, but does not contribute directly to HSI design. The HSI design, as previously stated, has been based upon
the precursor plants, operational analysis, and AREVA PWR operators’ experience.

4.12.7.2.3 Control of Extraneous Variables

Those variables that could have influence on the evaluation and are not going to be used as dependent or
independent are controlled, if possible. The control of extraneous variables allows, to some extent, to attribute the
results of the experiment to the manipulation of [Vs. For example, effects due to the interaction between teams
could be controlled on the data analysis if one has collected information, such as performance data, previously to
the evaluation sessions.

4.12.8 Scenarios: Selection and Development

The scenarios used in the validation evaluation are selected according to the criteria selected. The normal,
abnormal, and plant transients are evaluated. The scenarios are based on U.S. EPR™ Project postulated scenarios
for abnormal and transient conditions. As a starting bases, the list of scenarios used at operating plants and at the
reference plants may be used to formulate scenarios beyond the those typically documented in the safety analysis
section of the FSAR.

Possible scenarios are pointed out in this document. Each team performs similar scenarios to allow for
comparisons between scenarios and teams. The scenarios describe the initial conditions, the proper sequence of
plant responses, and the applicable symptoms.

Second, determine the time limits in each scenario for each action. Time lines are prepared in advance that show
the phasing, frequency, and duration of task actions, based on data from the task analysis. Trace in advance the
movement pattern of each operator on diagrams of the control room, if possible; it is verified or altered based on
the simulations.
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This constitutes the definition of an “ideal path” for each scenario, that is, in order to investigate the strategies
used by the operators, a diagram showing the preferred path to the transient solution is developed for each
transient. Only the most essential key actions are included in these ideal paths. Then, the merged record for each
subject is examined to determine the order in which, the subject performs the correct action.

These actions and their order (the path used by the operator to solve the problem presented by the transient) are
then placed on the ideal path diagram. In addition, other actions (including those aimed at the secondary effects of
the transient, additional plausible actions, and incorrect or irrelevant to the treatment of the malfunctions) can be
placed on the diagrams. Then, by examining the diagrams, each operator is evaluated according to how far the
individual operator or crew progressed toward the complete solution for each task or tasks for a given scenario.
The time necessary to reach the final solution or the furthest point toward the solution is also recorded and
compared against the requirements.

In summary, these ideal paths consist of a series of checks that search for certain information described in a
chronological order, which can lead the operator to the correct diagnosis. Each of these steps in the ideal path
consists of a question as to whether the process status is normal. If the status of the process is correctly
interpreted, the answer leads the user to the next correct step, and so on, to the final and correct diagnosis. It may
be difficult to define the ideal paths. In some cases, the solution to the ideal path can be resolved by going back to
the system designers, design documentation, or through the use of subject matter experts in the CRDT. Proper
performance is determined by the AREVA staff conducting the evaluation. The simulator and technical staff
determines if the correct and prudent performance path was taken by the crew performing the scenario.

4.12.9 Measurement Devices

The measurement devices that are used during the evaluation are defined. Some examples of devices that provide
performance measurement information are:

e Interview guides used to interview the scenario performer.
e Task performance diagrams
e Data logged by the simulator software

e Observation records (for example, video, audio, and so forth)
The FSS has the capability to record operator actions at the HSI (both software and hardware). The simulator
environments have video and audio capability to record interactions between the crews. These recording tools are

currently being used in operating plant simulators.

Stage 2: Evaluation Sessions

Each evaluation is performed according to a typical scheme that consists of two main parts:

4.12.9.1 Part 1: Presentation and Brief Introduction of the Evaluation

Presentation of the evaluation to the operating crews (test subjects) Provide the instructions to the evaluation
sessions, explaining how they are carried out, and that the scope of the validation is to evaluate the integrated HSI
and not the performers. This part of the evaluation is used to gather information on the crew characteristics (for
example, experience, license held, and so forth).
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412.9.2 Part 2: Evaluation Sessions

Performance of evaluation sessions on a FSS during which each operator performs assigned tasks in accordance
with the scenario that is presented. The crew members know they are faced with an incident or an accident, but
they do not know what kind of incident or accident. Use the automated performance tracking (observation) as
evaluation technique. Moreover, the evaluators or instructors never intervene in the simulation.

All operating crews selected for the validation tests perform the same scenarios for evaluating the control room
and RSS panel HSI.

4.12.9.2.1 Brief Introduction of the Evaluation

Information on the crew characteristics is gathered. A prepared form, suitable for data base entry, is completed on
each of the validation participants. The form documents operator age, experience, license held, and so forth

There is a presentation of the evaluation to the test subjects as well as the instructions to be followed. The
instructions to the evaluation sessions for the operators, the following aspects are considered:

e Brief the participating operator personnel on the purpose and specific objectives of the simulating exercise,
and on how it is performed.

e Define the assumptions about the operating situation: Have the participating operating crew do what they
would do in the defined situations. One of its basic principles is to create test conditions that are as realistic as
possible, especially by letting the operators freely choose the tools they use to master the situation. In fact,
they are expected to behave “as if the accident occurred in their own unit.”

4.12.9.3 Evaluation Session

4.12.9.3.1 Evaluation Methods

The crew is prompted to respond to the scenario as if it were an actual event. The evaluation method selected
considers the criteria presented in this plan. The evaluation technique for the simulation exercises is the automated
performance tracking technique. This technique combines some features of walk-through, talk-through, and time
line analysis. The next paragraphs briefly describe these features before discussing automated performance
tracking.

A walk-through rehearses the way in which equipment being designed is operated. Walk-throughs may also be
used for full-scale mockups. The operating personnel (one person or an operating crew) are encouraged to engage
freely in interactions with the system. An operator (or crew) points to or touches displays and activates controls
(symbolically), and describes the actions taken with them; with the intention of identifying possible problems or
bottlenecks. With this method, different ways of interacting with the system are observed and described, and even
problem areas not identified by designers and human factors staff may be detected. A characteristic of the walk-
throughs and talk-throughs is that one stops the flow of events to see, understand, and document what is done.
Crew participants need to be questioned, as they progress through the scenario, about their actions and mental
processes and about the effects of human engineering discrepancies. Likewise, it is also a time where crew
participants can questions the evaluators.

Walk-throughs are performed by normal operating crews, and more than one crew is used. For the part-task
simulator and FSS, AREVA uses representative crews with plant operations and operator experience. For
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validation of control room functions, the event sequences could be selected from among those studied in the
systems and functions requirements analysis and task analysis.

Walk-throughs allow performance dynamics to be seen, and they permit the assessment of the interaction of all
operating crew members with each other and with the control room workstations. Video recordings of the walk
throughs-talk throughs allow all the subjects to watch and provide additional rationale. Video recording review is
an excellent instrument for data comparison and analysis. Certain kinds of potential problem areas cannot be
examined completely by means of walk-throughs; for example, perceptual-cognitive loading, communications,
and spatial relationships in real time. For this reason, walk-throughs are used in combination with other
techniques. Video recordings, as appropriate, may be performed during the simulator evaluation.

Time line analysis is very similar to the walk-through technique, but it is used primarily to determine the time
required to perform the tasks associated with the system under evaluation and their interdependence. Every
operator (and system) action are timed to a reasonable degree of accuracy. This technique also assumes that time
criteria for operator and/or system tasks are already identified.

Time line analysis is resource intensive, and can be expensive. It has high face validity, and its predictive validity
can be high if realistic time constraints are used. The output of time line analysis is quantitative and is as precise
as the method used to measures the times involved. It is particularly valuable because it can be used to identify
situations in which an operator is required to perform two or more actions simultaneously. The method is
sensitive to issues of compatibility, understandability, and - to some extent - effectiveness.

Time line analysis is not particularly easy to use because of the precise data collection requirements. During the
performance of the simulator evaluation, a preliminary time line is prepared for those scenarios evaluated by the
HFE Group. More accurate time lines can be performed by the plant training department to provide information to
the operator users being trained after plant turnover.

Automated performance tracking is used to collect performance data while operating personnel interact with the
system(s) to be evaluated. Automated performance tracking systems record all control and switch manipulations
and the time at which they occur (therefore, it can be used to collect the time information for time line analysis).
The design of the simulator allows for time-stamping operator actions with the HSI. The data is also correlated
with observations of operator movement and display usage.

The automated-performance tracking technique is only used with functional, prototypical hardware. Its face
validity is relatively high, and it is a non-intrusive technique. Its predictive validity is very high, depending on the
similarity between the evaluative and actual task conditions.

This technique requires associated software that records all the variables and the event log, as well as
manipulations made by operators and evaluators. The output of this technique is quantitative and very precise.
Sensitivity depends on the sophistication of the data processing software needed to collect the data from the
system. This data is used mainly to address issues of effectiveness. This feature may not be available for simulator
evaluation. If it is available, it is used.

412.9.3.2 Data Collection Methods

The data collection methods that are employed during the evaluation sessions include both on-line and offline
methods. Although the on-line methods are those that assess the variables of interest during the course of an
evaluation session, the off-line methods involve assessment after the evaluation session is completed. In general,
on-line methods provide finer grained data and, hence, are more useful. However, there is usually a limit to how
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much on-line assessment can be performed before measurement becomes obtrusive in the sense of distracting
operators from their tasks. That is reason of employing a mixture of on-line and off-line methods. The nature of
this mixture depend on the evaluations objectives.

The on-line methods that are used for recording all the tests are:

1. The recording of event logs from the simulator, which tabulate all significant occurrences (main process
parameters) through the course of an evaluation session, based on time (in the chronological order of
occurrence). It are possible to record variable logs, too. The simulator also records all interactions of the
operators, and the evaluators with the system.

2. Audio (tape-recorder, a microphone for each crew member) and video (video camera) tapes of the complete
tests and debriefing sessions. Video capability allows for recording of operator actions at MCC, group view
panels, and SC. However, it is important to emphasize that the conversion of such tapes into useful data can
be quite labor intensive.

The direct operator feedback and evaluation of the test sequence video tapes provide much additional data
that is relevant to the specific details of the equipment employed and the scope of the HSI control room
dynamic simulation.

3. Observer evaluations (observation records). Each evaluation session is observed, from the gallery and the
simulator floor, by operating specialists and human factors specialists in real time. The observers can trace the
movement pattern of each operator on diagrams of the control room, using the previously defined ideal path
diagrams for each scenario. Events defined in terms of verbal interchanges among operators or actions, such
as walking from the MCC to the group view panels and back, have to be observed too. The observer diagrams
are compared with the video tapes of the operators and corrected accordingly.

412.9.3.3 Reasoning Process

In addition, an attempt is made to observe how the crew’s thoughts and actions follow each other, and the key
steps in the reasoning process: the diagnoses, the various identified phases, the resulting actions. It are noted
systematically:

e The information the crew deems important and that has influenced their thoughts and actions (which
information, where it comes from, which thoughts, what actions, performed by whom, at what stage of the
task performance).

e The diagnoses formulated (their context, their authors, and formulated when).
e The actions performed (which action, performed by whom, when performed).
e The main test phases and the outstanding interactions between the operators during these phases.

e The main questions and doubts expressed by the operators and the implemented remedies.

This method demonstrates how the different crews arrive at different thoughts starting from the same available
data. The various strategies are compared in future tests, with specific characteristics of the crew: training,
experience gathered on this type of power plant, interrelationships among the crew members. The results of these
analyses help the evaluators to better grasp the cognitive aspects of the task, which may be diversely interpreted
according to the crews and which, therefore, may be “vulnerable points” in the HSI during accident conditions.
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On the other hand, the main difficulty in carrying out this analysis comes from the fact that the operators do not
necessarily verbalize their thoughts. To overcome this difficulty, it may be helpful to use crews that have worked
together and are used to discussing their actions during key steps of a scenario.

412.9.3.4 Post-Evaluation Session Interviews

To supplement direct observations, post-evaluation session interviews - during which the crews are asked precise
questions - are administered during the debriefing sessions. Thus, interviews also help to validate the
observations.

Verbal protocols offer another on-line method for accessing a rich source of data beyond input and output
variables. Typically, operators are asked to “think aloud” (concurrent verbal protocol). These verbalizations are
assumed to reflect what operators are thinking about; the issues of how this thinking is occurring is usually
avoided. The evaluator observations, together with the interviews, are examined to gain further insights about the
operators’ diagnostic processes and to determine the specific meaning of some verbalizations.

In the FSS, certain aspects of the environment are controlled. This means that normal interruptions (that is, MCR
telephones, paging system, and so forth) are preserved, and all others are avoided. Beyond the crew and the
evaluators observing them, no additional personnel are in the simulator control room.

41294 Debriefing Sessions

After the scenarios of the evaluation sessions, a debriefing session is carried out. The data collection for this
session is through the use of off-line methods. Although the evaluation team sattempt to collect objective data
whenever possible, in some aspects of the evaluation the objective data are not sufficient to enable a complete
analysis of a system or test item.

Subjective methods differ from objective techniques primarily in the source of obtained data. In the subjective
approach, the data used in the assessment are opinions and comments provided by experienced operators of the
test item or system. In the objective methods, the data are derived from measurements of item or system design
features or characteristics. In this sense, subjective methods provide the means to analyze the HFE aspects of an
item where no objective measures are available, and serve to supplement and support objective data by providing
additional information on problems and causal factors in problems. Thus, the types of information to be obtained
by subjective methods include attitudes, opinions, and preferences of participants, insights into problems,
judgments of the adequacy of design features or procedures, and indications of their knowledge.

Measures of opinions, preferences, and attitudes are very important for two reasons. First, some measures of
interest cannot be assessed directly without querying the system user: the operators. An excellent example of this
is the operator’s knowledge of how the system functions. Measures of performance and behavior may be affected
by the accuracy of this knowledge, but one can at best only infer accuracy on the basis of resulting performance
and behavior. Direct measurement requires that the operator be questioned. The second reason for assessing
opinions, preferences, and attitudes is that potential operator involvement in providing this information is
important to eventual operator acceptance of the system. This can be doubly useful when there are aspects of the
design for which there are multiple equally acceptable alternatives.

The off-line methods that are used in the debriefing session are questionnaires, interviews, and notes. The
debriefing occurs following the on-line data collection methods.
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Debriefing interviews are done with the operators to obtain comments in a less structured, more interactive
manner. An interview at the end of the evaluation sessions allows one to note down the crew’s comments, to go
through the problems experienced, and to supplement the real-time observations.

Some recommendations about these methods are:
e Standard instructions are prepared and read to all participants or operators prior to the interview.

e Special care is expended in the writing of the instructions. Instructions to operators stress that their honest
opinion is being sought about the test item, and that the data are used for evaluation of the HSI, not for the
participants.

e Consideration is given to the quantification and analysis of data during the early stages of questionnaire and
interview development. Plans for the design and administration of the questionnaire and/or interview, as well
as for data codification and analysis, are developed in conjunction with the overall plan of the evaluation. This
is essential in order to determine such factors as:

o The kind of sample required.
o The number of operators to be included in the sample.
o The frequency and schedule of administration.

o The type of analysis to be performed.

4.12.9.5 Interviews

An interview is a technique that provides a maximum of information from representative participants, especially
in terms of insights and acceptability estimates. A drawback of the interview technique is the time it requires to
administer interviews. The interview technique is not used as an unstructured, open-ended discussion period. The
most effective approach to interviewing is in the form of a structured interview. Structured interviews allow the
administrator to get special insights into design and training problems, they are less time-consuming than
elaborate task analysis and can confirm other data-gathering approaches used, and they can provide leads for areas
of intensive review.

Interview guides may be prepared for the different sessions of the evaluation, to allow a more structured and
focused debriefing sessions. The interview guides serve as a reminder than as a manuscript for the debriefing.
Responses can be recorded in written form in the space provided on the guide, and/or on a voice tape recording
that can be transcribed at a later time.

If necessary, retrospective verbal protocol could be used for analyzing human performance with the participating
crew (through the review of the video tape). This consists of recording the action of the system and of the operator
during the actual activity, and of recreating the test performance situation afterwards, using the video and audio as
stimuli. As the scene is played back on the screen, the evaluator can stop the film action at intervals to ask the
operator why the operator performed an action, the factors leading to a decision at any point in system operation,
the information the operator gained from displays, how the operator analyzed that information, and the hypotheses
the operator developed about the conditions the operator analyzed.
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4.12.9.6 Evaluators’ Notes

Many discussions can start during evaluation sessions between the crew members, and in some cases the
evaluators take up these discussions again in the debriefing sessions. This means that the debriefing sessions may
have both a structured and a non-structured part where topics pointed out by operators are discussed.

The importance of the evaluators’ notes is due to the fact that it is not always possible to include all topics on the
interviews or questionnaires beforehand. Then their notes may point out topics that may not have been addressed
in the interviews or questionnaires.

The evaluators pay special attention to the conversations between operating crews, observance of possible errors
that could be made during evaluation process, to hypothesis generation on what is happening on the control room,
and so forth. The audio recordings pick up conversations between the operators, but if some topics are addressed
on the debriefing sessions immediately after the evaluation sessions, these topics would be based on the
evaluators’ notes.

41210 Data Analysis and Results

4.12.10.1 Preparation for Data Analysis

If possible, participants from the crew teams and evaluator participants are present to assist in the analyses and
interpret action of the taped scenario sessions. A method are developed for merging diversified data collected
(objective data, subjective data, and process data from process simulations), and integrate them in a data sheet in
an analyzable way. The data sheet is time-based for each scenario, and it has to include at minimum:

e time of occurrence,

e system events (faults and disturbances),
e evaluator actions,

e simulator data logs,

e operator actions,

e operator verbal protocols,

e errors or inefficiencies,

e operators’ comments, and

e evaluators’ observations.

As an example, the data collection forms (data sheet) are composed of six columns, in the following order:
e chronological time of occurrence,

e verbal protocol of operator 1,

e verbal protocol of operator 2,

e operator actions,

e system events (alarms), and
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e evaluator comments.

There is a dedicated place for the evaluation session identification data, including operator identification, session
identification, and so forth

Collecting all information from different data collection techniques and integrating it together into a data sheet
allows the simulation to be traceable and more in-depth analysis could be done later by external evaluators.

41211 Data Analysis and Results

Analyze task performance in light of performance standards (timing, accuracy, and so forth), equipment layout
(movement patterns required), and other human engineering attributes of the control room. Each evaluation
session are analyzed by the evaluators who have observed it.

There are four basic steps on the data analysis: transformation, organization, identification, and interpretation.

413 Evaluation of HFE V&V Program Results

4131 Development of Test Plans and Procedures

Data analysis is the process of transforming the data collected into dependent measures or variables of interest,
and the process of assessing the extent to which the manipulations of the independent variables affected these
dependent measures, and whether the system does or does not meet the objectives criteria defined during the
evaluation process.

The four basic phases or steps of data analysis are transformation, organization, identification, and interpretation.

Figure 4-2: Four Steps of Data Analysis

INTERPRETATION

A

IDENTIFICATION

A

ORGANIZATION

A

TRANSFORMATION

413.1.1 Transformation

The first step involves transformation of the raw data into dependent measures of interest.

Page 175



A

AREVA Document No.: 118-9046087-002

AREVA NP Inc.,
an AREVA and Siemens company

U.S. EPR Human Factors Verification and Validation Implementation Plan

4.13.1.2 Organization

The second step is the organization of these measures into a form suitable for statistical analysis.

These steps of transformation and organization can be greatly expedited by having all raw data in computer-
readable transactions files. Otherwise, these steps can be among the more time-consuming and expensive aspects
of the evaluation process.

413.1.3 Identification

The third step of data analysis involves identifying significant main effects and interactions, and determining if
the system does or not meet the objectives criteria defined during the evaluation process.

A significant main effect is identified when the manipulation of a single I'V results in a difference in, at least, one
DV that is greater than can be attributed to chance

A significant interaction is found when the simultaneous manipulation of a combination of two or more
independent variables produces differential effects for different combinations of the levels of each independent
variable and, of course, those differences are greater than can be attributed to chance.

41314 Interpretation

The outputs of statistical packages indicate the statistically significant effects; however, these packages do not
provide any insights into the practical significance of the results. Therefore, the final step of data analysis is
interpretation of results. This step is performed by someone with knowledge of the context and situations to which
the evaluation is relevant.

4.13.2 Criteria and Performance Measures Used in Evaluating HFE V&V Results

The criteria that may be followed in the analysis of the human factors validation are two:

1. The extent to which the manipulations of the independent variables affected dependent measures

2. Whether the system does or does not meet the objectives criteria defined during the evaluation process.

Therefore, the differences on the dependent measures between scenarios, crews, and in relation to the predefined
criteria, have to be considered and analyzed to see if they are significant or not. To formalize the idea that an
observed difference may be due to chance, the concept of a null hypothesis is used. Testing the null hypothesis
involves determining the probability that an observed difference is due to chance. If the probability is small
(typically less than 0.05), the null hypothesis is rejected, and it is concluded that the observed difference is due to
the IV that was manipulated to produce the observed difference. In other words, the alternative hypothesis that a
variable of interest caused the observed difference is accepted.

If the probability that the observed difference is due to chance is greater than 0.05 (or some other suitable small
probability), one is forced to conclude that there is insufficient evidence to reject the null hypothesis. While this
can be tantamount to accepting the null hypothesis, one are very careful that the sample size, on which this
acceptance decision is based, is large enough. A sample size is used large enough to assure that the power of the
statistical test being used is sufficient to discriminate the magnitude of difference with which one is concerned. If
several operators perform each combination of conditions, the sample size must not be a problem. However, if
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this number of operators is not possible, one might want to check the power of the test before concluding that null
hypothesis are accepted.

Even if the null hypothesis is rejected and one concludes that a significant difference exists, it may not be a
practical difference. With a large enough sample size, one can show almost any difference (even 1% or 0.1%) to
be statistically significant. However, such a small difference may not be practically significant. The determination
of the practical importance of a difference is not a statistical issue; it is a highly context-dependent issue that are
resolved by evaluators and managers rather than by statisticians.

413.3 Methods for Conducting Analysis of HFE V&V Data

The type of design of the validation process is a repeated measures design, hierarchical or multilevel design. The
methods to be used on the identification phase of the data analysis are described in the following paragraphs.
4.13.31 Checklist and Document Verification

The HSI Task Support and HFE Design Verification are evaluated based upon compliance of the HSI displays
with the design documentation (for example, HSI reports, DCTs, SOPs, and so forth).

4.13.3.2 Analysis of Integrated System Validation

The analysis of the scenario performance is based upon evaluator comments, participants, and engineering staff.
Documentation to support planned scenarios is reviewed to ensure that the scenario can be performed as designed.
The participant comments following the scenarios provide design change inputs.

413.3.3 Issue Resolution Verification

The issues identified in the HSI Task Supported, HFE Design Verification, and Integrated System Validation is
documented. Changes to system design are processed in accordance with existing U.S. EPR™ project and
AREVA change control procedures.

5.0 DOCUMENTATION AND REPORTING OF RESULTS

The results of the Verification and Validation Evaluation Process are documented, and the report includes the
information indicated in this document. The documentation provides a traceable history of both the verification
and validation processes, and their results.

Integration of HFE V&V Results

In accordance Figure 3-1, the recommendations from the Human Factors HFE V&V are directed back to any of
the following applicable design elements for implementation:

e System Functional Requirements Analysis for the specific system(s)
e Allocation of Functions for the specific system(s)
o Task Analysis(s)

e Human-System Interface Design
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e Procedure Development
e Training
The nature of the recommendation determines the method in which the recommendation is implemented.

Following a review and approval cycle by the CRDT, the design change recommendations are implemented using
existing design change control procedures
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APPENDIX A

POTENTIAL DEFICIENCIES OF AUTOMATION DESIGN AND HSI DESIGN

ASSOCIATED WITH LOSS OF SITUATION AWARENESS

Table A-1: U.S. EPR™ MCR HSI that Reinforce Situation Awareness

Potential Deficiencies of Automation Design and HSI Design Associated with Loss of Situation

Awareness

Features

Mode confusion

Mode changes invoked through manual actions to keep the operator “in the loop”

Alarm suppression based on operating modes (for example, plant modes, system
modes, equipment modes) to eliminate irrelevant and ambiguous information

Electronic display of mode status, equipment local control status, and component
tagout status.

Operator has difficulty managing
task support resources. Provisions
for detecting and recovering from
human error are limited. There are
inadequate provisions for manual
aids.

A “job performance aid” referred to as Operator aid displays (for example, T/G
Warming and Startup, Near-Criticality Trends, Low-Power Water Level Control,
Feedwater Pump Switchover, Power Flow Map, NSSS Heat Balance and Reactor Heat
Up Rate, Safety Systems Bypassed and Inoperable Status Indication, Post Scram
Status, and Summaries of ECCS, Feedwater/Condensate, Radiation, Primary
Containment)

A “job performance aid” in the form of electronically displayed procedures (in logic or
flow chart form) with the following features:

Ability to check operator decisions (but operator retains ultimate authority and control)

Automatic logging of operator deviations from the procedural options available to
them on the displays

Ability to retrace certain procedure steps (except operator control actions) to assure
proper state of systems/components is maintained

Operator can access a particular control from either a system standpoint (for example,
from a P&ID-type display) or from a functional standpoint (for example, a procedure
display).

Automated tracking for Emergency Operating Procedures

Monitoring of plant Technical Specifications for violations of Limiting Conditions of
Operation and presenting recovery actions

The control room HSI design and control room layout accommodate operator use of
hardcopy procedures, large engineering drawings, clipboards, notepads, and so forth

The automatic controls design (by
intention or arbitrarily) limit the
extent of human operability and
direct (“hands on”) control of
equipment. Operators experience
complacency, lack of vigilance,
boredom, and so forth

The HSI is designed for the capability to conduct all plant operations in an operator
manual mode, and for operators to assume manual control by normal procedural
methods and whenever operators elect to do so at their discretion. The operators retain
ultimate authority and decision-making responsibility.

Operator preferences, experience, familiarity, and acceptance are factored into the
design by having UTILITY operations personnel participate in the control room design
development (from specification through verification).
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Potential Deficiencies of Automation Design and HSI Design Associated with Loss of Situation

Awareness

Features

Presentation of information is
highly serial (sequential) making it
difficult to navigate, assimilate, and
share views of information (that is,
a “keyhole” or “tunnel” effect)

The operator crew is provided with both serial data presentation (primarily at the
operator main control console) and parallel data presentation (primarily at the POPS,
group view panels).

The spatial arrangement of the control room panels allows the entire control room
operating crew to conveniently view information presented on the group view panels.
The crew size and panel arrangement are conducive to teamwork and crew interaction
(joint monitoring, sharing of information, task delegation, notification of key actions
taken at control panels).

The operator has difficulty
understanding the actions and status
of the automation. There is
inadequate time for operator
interpretation, evaluation, and
response.

Operating crew is provided with task-relevant information and automated actions
(taken, in progress, and pending) status.

Automated unit startup and shutdown sequences include hold points (break points) that
provide ample time for operator decision-making. Display designs are intuitive (for
ease of use) and highly discriminating (by mode, by function, by system, and so forth).

System operations (that is, procedures for pre-operations, operation, shutdown, and
surveillance testing) do not require complex or time-consuming “programming” (for
example, logical settings of modes, inhibits, interlocks, data entry, reading and
interpreting displays).

There is insufficient feedback and
warnings to effectively anticipate
problems, and computer displays
are the only sensory input media for
the operator.

The POPS provides fixed-position, plant-level and system-level alarm tiles needed by
the operators.

Safety Parameter Display System (SPDS) aids operators during abnormal and
emergency conditions in (a) determining the unit safety status, (b) assessing whether
abnormal conditions warrant corrective actions by operators to prevent core damage,
(c) monitoring the impact of engineered safeguards or mitigation activities, and (d)
executing symptom-based emergency operating procedures.

Information available to the operator includes diagnostic and trend monitoring data
(for example, equipment vibration monitoring), and information regarding system fault
detection, identification, verification, and recovery.

The operator crew has closed circuit television (CCTV) and intraplant voice
communication systems.
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APPENDIX B: SCENARIOS

Table B-1: Scenarios

SCENARIOS | DETAILED | OPERATIONAL LINK TO PRA | PERFORMANCE ACCEPTANCE METHOD OF DATA ANALYSIS
DEFINITION | CONDITIONS MEASURES CRITERIA
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APPENDIX C: LIST OF PROCEDURES AND OPERATOR SCENARIOS

1. Administrative Procedures

ISEE

a o

= oo

—

—.

Security and Visitor Control

Authorities and Responsibilities for Safe Operation and Shutdown
Equipment Control (e.g., locking and tagging)

Procedure Adherence and Temporary Change Methods

Procedure Review and Approval

Schedule for Surveillance Test and Calibration

Shift and Relief Turnover

Log Entries, Record Retention, and Review Procedures

Access to Containment

Bypass of Safety Functions and Jumping Control

Maintenance of Minimum Shift Complement and Call-In of Personnel
Plant Fire Protection Program

Communication System Procedures

2. General Plant Operating Procedures

ISHEE

a o

= ® om0

— e

L

Cold Shutdown to Hot Standby

Hot Standby to Minimum Load (nuclear start-up)
Recovery from Reactor Trip

Operation at Hot Standby

Turbine Startup and Synchronization of Generator
Changing Load and Load Follow (if applicable)

Power Operation and Process Monitoring

Power Operation with less then Full Reactor Coolant Flow
Plant Shutdown to Hot Standby

Hot Standby to Cold Shutdown

Preparation for Refueling and Refueling Equipment Operation

Refueling and Core Alterations

Procedures for Startup, Operation, and Shutdown of Safety-Related Systems

Instructions for energizing, filling, venting, draining, startup, shutdown, and changing modes of operation is

prepared, as appropriate, for the following systems: Reactor Coolant System, Control Rod Drive System,
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Residual Heat Removal system, Emergency Core Cooling System, Component Cooling Water System,
Containment, Atmosphere Cleanup System, Fuel Storage Pool Purification and Cooling System, Main Steam
System, Emergency Feed Water System, Service Water System, Chemical and Volume Control System,
Auxiliary, Radwaste, and Reactor Building Heating and Ventilation, Control Room Heating and Ventilation,
Electrical Systems, Nuclear Instrument System, Reactor Control and Protection System, and Hydrogen
Recombiner system.

4. Procedures for Abnormal, Off Normal, and Alarm Conditions

Since these procedures are numerous and correspond to the number of alarm annunciators, the procedures are
not individually listed. Each safety-related annunciator has its own written procedures, which normally
contain.

a. The meaning of the annunciator
b. The source of the signal

c. The immediate action that is to occur automatically
d. The immediate operation action

e. The long range actions

5. Procedures for Combating Emergencies and Other Significant Events

Loss of Coolant (including steam generator leak) (large and small, including leak rate determination)

ISR

Loss of Electrical Power (and/or degraded power sources)

Loss of Core Coolant Flow

& o

Loss of Condenser Vacuum
Loss of Containment Integrity
Loss of Service Water

Loss of Component Cooling System and Cooling to Individuals Components

5 @ oo

Residual Heat Removal System

Loss of Feedwater

—

Loss of Protective System Channel

—.

k. Mis-positioned Control Rod or Rods (including Rod Drop)
. Inability to Drive Control Rods
m. Conditions Required to Use Emergency Boration

n. Fuel Cladding Failure of High Activity in Reactor Coolant or Offgas

o. Fire in Control Room or Forced Evacuation of Control Room
p. Turbine or Generator Trips
q. Other Expected Transients

o

Malfunction of Automatic Reactively Control System

s. Malfunction of Pressure Control System
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t. Reactor Trip

u. Plant Fires

v. Act of Nature (e.g. tornado, flood, dam failure, earthquake)
w. Irradiated Fuel Damage while Refueling

x. Abnormal Release of Radioactivity

6. Procedures for Control of Radioactivity

a. Liquid Radiation Waste System
b. Solid Ration Waste System

c. PWR Gaseous Effluent System
d. Radiation Protection Procedures

e. Area Radiation Monitoring System Operation
f.  Process Radiation Monitoring System Operation

g. Meteorological Monitoring

7. Procedures for Control of Measuring and Test Equipment and for Surveillance Tests, Procedures, and
Calibration

a. Procedures of a type appropriate to the circumstance is provided to ensure that tools, gauges, instrument,
control, and other measuring and testing devices are properly controlled, calibrated, and adjusted at
specified periods to maintain accuracy. Specific examples of such equipment to be calibrated and tested
are readout instruments, interlock permissive and prohibit circuits, alarm devices, sensors, signal
conditioners, controls protective circuits, and laboratory equipment.

b. Specific Procured for surveillance test, inspection , and calibrations is written (implementing procedures
are required for each surveillance test, inspection, or calibration listed in the technical specifications):
Containment Leak Test, Containment Isolation Test, Containment Local Leak Detection Test,
Containment Heat and Radioactivity Removal System Test, Containment Tendon Tests and Inspections,
Service Water System Functional Test, Main Steam Isolation Valve Test, Boric Acid Tanks — Level
Instrumentation Calibration, Emergency Rod Operability and Scram Time Test, Reactor Protection
system test and Calibration, Refueling System Circuit Test, Permissive- Test and Calibration, Refueling
system Circuit Test, Emergency Boration System Functional Test, DNB Check and Incore-Excore Flux
Monitor Correlation, Emergency Power Test, NSSS Pressurization and Leak Detection, Inspection of
Reactor Coolant System Pressure Boundary, Inspection of Pipe Hangers, Control Rod Drive System
Functional test, Heat Balance-Flux Monitor Calibrations, Pressurizer and Main Steam Safety Valve Test,
Leak Detection System Tests, Axial and Radial Flux Pattern Determinations, Area, Portable and Airborne
Radiation Monitor Calibrations, Process Radiation Monitor Calibration, Environmental Monitor
Calibrations, Safety Valve Tests, and Water Storage Tanks.

8. Procedures for Performing Maintenance

Procedure for the repair or replacement of equipment those are required to be prepared prior to beginning
work. The following are examples of such procedures for major equipment: Repair of Steam Generator Tube,
Replacement and Repair of control Rod Drive, Replacement of Recirculation Pump Seals, Replacement of
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Important Strainers and Filters, Repair or Replacement of Safety Valves, Repair of Incore Flux Monitoring
System, Replacement of Neutron Detectors.

9. Chemistry and Radiochemical Control Procedures
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APPENDIX D: VERIFICATION RESOURCES AND UTILITY

Reference documents: The application of the documents cited herein, including their approval dates and dates of
any applicable amendments, notices, and revisions are cited in the current issue of the U.S. EPR™ Project
Verification Plan and are used to support the verification endeavor.

General: The U.S. EPR™ Project Verification Plan evaluates at a high level, the layout; detail design,
arrangement, and rationale based on human interface of main control room equipment having an operator
interface. It also assesses operator tasks (see below) associated with that equipment. The verification plan
evaluates the extent to which human performance requirements and applicable human engineering design criteria
as per specifications and standards cited have been incorporated into the layout, design, and arrangement of
equipment having an operator interface. Findings from analysis of operator tasks are presented as part of the
rationale supporting the layout, design, and integration of main control room equipment.

Content: The U.S. EPR™ Project Verification plan contains the following main control room and operator-related
information:

Equipment List: A list of each item of equipment having an operator interface and a brief statement of the purpose
of each item of equipment. Separate lists are provided for each operator’s station.

Specification and drawing list: A list of specifications and drawings approved by human engineering at the time
of the verification plan preparation. When contractually required to prepare and submit the verification plan early
in the development process, the list also addresses documents where human engineering approval is planned.

Main Control Room description: Description of the main control room, emphasizing human engineering design
features. The following aspects of each workstation are described:

Layout and arrangement: One sketch, drawing, or photograph of each work station. These sketches, drawings, or
photographs contains operator and equipment related reference points (for example, operator eye position and seat
reference point) and scale. One sketch, drawing, or photograph of each item of work station equipment is also to
be provided. The point of reference is normal to the item of equipment and the scale is indicated.

Controls and displays. The layout and detail design for each control/display panel (or control/display areas
independent of panels) are evaluated (for example, display technology, brightness, resolution, contrast, color or
other coding, control/display ratio, control force, and range characteristics). Display symbology, display formats,
and control/display operation logic are described with regard to intended use by the operator(s). Control and
display/mode/format use by each system operator are described in the context of primary task performance. For
multifunction display devices, the hierarchy used to access all display pages are described, along with a
description of all the information and controls provided on each page in the hierarchy. This includes all display
symbology, text fields, display formats, control/display operation logic, and so forth.

Operator Field of View (FOV): Operator FOV to work station items of equipment are described using the
operator’s normal eye position(s) as the point of reference. When applicable, operator external FOV is also
described using the operator’s normal eye position(s) as the point of reference. The extent of external FOV is
related to system requirements.
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Environmental factors: Operator support systems, protective clothing and equipment, noise, vibration, radiation,
temperature, ambient illumination, climatic effects, and other relevant environmental parameters.

Ingress/egress: Normal and emergency ingress and egress provisions and procedures.
Work station lighting. Work station lighting characteristics and lighting control systems.

Work station signals. Work station signals including warning, caution, and advisory signals are described with
regard to signal characteristics, signal meaning, signal consequences, operator procedures, cause(s) of signal
activation, and crew control of signal characteristics.

Communications systems: Communication systems and communication systems control.

Special design: Special design, layout, or arrangement features if required by task or system environment.

Multiple operators' stations: Multiple operator station design is described where applicable. Rationale for number
of operators, arrangement of operators, and allocation of functions to the operators must also be described.

Automation/Workload Reduction: Automation and workload reduction techniques (for example, operator
defaults, shortcuts, decision aiding) are described.

Work station geometry: The multivariate-derived operator models are described for each operator position. The
position of each control is described in terms of reach zone (1, 2, or 3) it accommodates throughout its complete
range of motion. True angle to FOV to each item of equipment must also be shown.

Human engineering design rationale: Rationale for human engineering design, layout, and arrangement of each
item of work station equipment having an operator interface is described. The specific considerations of system
task (or system function); equipment operation; operator selection, training, and skill requirements; operator task
performance requirements; and limitations imposed on design by the procuring activity or state-of-the-art are
described. The basis for reaching specific design, layout, and arrangement decisions is presented (human
engineering requirements or guidelines specified in the contract, system engineering analyses, systems analyses,
human engineering studies, trade-off analyses, mock-up results, simulation results, and human engineering test
results).

Alternative to baseline design: Sketch, drawing, or photograph of each item of equipment being considered as
alternatives or changes to the selected (baseline) work station design.

Design changes. Design, arrangement, or layout changes made since the last main control room human system
interface resources ensemble preparation.

During the HSI design process, verification is a design review, which assures the correct incorporation of the
established HFE and design criteria, primarily NUREG-0700 and NUREG-0711and secondly, the other
referenced documents.

As a minimum, verification criteria must include:
e Instruments and displays provided in the control room must represent relevant process parameters;

e Controls and displays, whether computer generated or hardware, are arranged in a consistent and orderly
pattern;
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e Failed instruments and displays are easily recognizable as failed;

o  Workstations are arranged so that access to the control boards is not impeded;

e Adequate controls for air temperature, humidity, and ventilation are provided;

e Controls are located so that the related displays can be used to provide feedback;

e Maintenance, test, and inspection activities can be performed as planned (for example, HMI design, access
space, and so forth);

e Screen designs must meet HSI standards; and

e Procedures and Training Materials are consistent with HSI standards.
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APPENDIX E: OPERATIONALLY DIFFICULT TASKS
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APPENDIXF: ERROR FORCING CONTEXTS
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APPENDIX G: HIGH-WORKLOAD CONDITIONS
G.1 Theories Pertinent for Workload Analysis

G11 Basis
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G.1.2 The Concept of Mental Workload and its Assessment
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G.1.3 Driver Workload — An lllustration
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G14 A Model of Mental Workload, Task Performance, and Demands
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G.1.5 Application
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G.1.6 Subjective Workload
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_G.1.6.1 Time Load
:6-.1.6.2 Mental Effort Load
:G.1.6.3 Stress Load
_G.1 7 Cognitive Workload
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G.1.8 Goals, Operators, Methods, and Selection Rules (GOMS)
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APPENDIX H: FATIGUE AND CIRCADIAN RHYTHMS

H.1 Introduction

Shift work, particularly night work, can present physical and emotional problems for workers, and errors are
likely to occur when people have to adapt to either new schedules or night work hours. Concerns about work
systems have centered around two main questions: How can workers are scheduled so that the demands for
product can be met without increasing immediate per-unit labor costs? How can workers be recruited for these
schedules within these cost limitations? These questions focus on short-term economic gain and ignore potential
long-term human-factors problems. Night work and extended work hours, for example, are viewed as non-profit
ventures. Within this view, acute fatigue is the only perceived human factors problem.

Recent research has indicated that this viewpoint is too narrow. Variations in biology and performance as a
function of time of day have been firmly established. Chronic effects of night work and significant interactions
between off-the-job and on-the-job behavior have been shown. It is incumbent upon the ergonomics professional
to attend to the variety of additional human-factors problems related to shift work and must do so in a systematic
way.

H.1.1 Costs
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H.1.2 Circadian Variations
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H.1.3 Performance

H1.4 Sleep
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__HA15 Sleepiness, Accidents, and Near Misses

H.1.6 Fatigue
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H.A1.7 Drawbacks Related to Shift Work

H.1.7.1 Personal and Social Concerns
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H.1.7.2 Medical Concerns
H.1.7.3 Stomach Ailments -
H.1.7.4 Heart Disease
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H.1.7.5

H.1.7.6

Mental Health

Risks to Women
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