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INFORMATION NOTICE

This document NEDO-33220, Revision 1, contains no proprietary information.

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT
PLEASE READ CAREFULLY

The information contained in this document is furnished for the purpose of obtaining NRC
approval of the ESBWR Certification and implementation. The only undertakings of General
Electric Company with respect to information in this document are contained in contracts
between General Electric Company and participating utilities, and nothing contained in this
document shall be construed as changing those contracts. The use of this information by anyone
other than that for which it is intended is not authorized; and with respect to any unauthorized
use, General Electric Company makes no representation or warranty, and assumes no liability as
to the completeness, accuracy, or usefulness of the information contained in this document.
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1. OVERVIEW

The ESBWR Man-Machine Interface System And Human Factors Engineering
Implementation Plan (NEDO-33217), illustrated in Figure 1, establishes three specific
activities that support operational analysis:

" Functional Requirements Analysis (FRA)

* Allocation of Functions (AOF)

* Task Analysis (TA)

These steps determine:

* Functions required to achieve plant goals and system functions,

" Distribution of functions among human, machine, and shared control, and

* The integrated human actions (HAs) and machine actions required at the task
level.

The overall operations analysis is an iterative integration of the three elements of
functional requirements, allocation of functions, and task analysis to establish
requirements for the Human-System Interface (HSI) design. Plant equipment, software,
personnel, and procedural requirements are systematically defined. As a result,
functional objectives are met. This plan covers the second of these steps, allocation of
functions.

The proper distribution of activities among automation options and human operators is an
essential factor in ensuring safe and reliable operation of nuclear power plants. As shown
in Figure 1 the ESBWR is designed using a systematic process for integrating human
factor engineering principles into the system design using focused inputs and processes.
The foundation for human factors engineering is established in the design control
document (DCD) chapter 18 and is supported by other DCD chapters. One of the early
pivotal processes in the human factors engineering (HFE) design implementation is
operational analysis. Operational analysis is an iterative process that describes plant,
system, or component state changes as a series of tasks including supporting information
requirements. This is accomplished through performance of functional requirements
analyses (FRA), allocations of functions (AOF), and task analyses (TA). They determine
what must be done, who does it (man, machine, or shared), and how it is to be done
(controls, indications, supporting information, etc.). Results of the analyses are design
requirements for the human systems interface (HSI), procedures, and training. This
document outlines how the allocation of function portion of operational analysis is
performed.
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Through the allocation of functions to the most efficient implementer (human, machine,
or shared) human factor improvements help prevent or mitigate potential human error.
Allocation of functions ensures that only those activities and functions that need active
human participation are brought to the attention of operators and other plant personnel.
The allocated functions are then processed through task analysis where information,
controls, and feedback required to complete the tasks that accomplish the overall function
are determined. This detail enables HSI designers and procedure writers to streamline
tasks. This approach to reducing human error simplifies the information reaching the
operating personnel and enables control room personnel to have a clear understanding of
the plant status at any time.

Allocation of function analyzes functional requirements for plant operation and assigns
control functions to:

* Human (e.g., manual control or operation)

* Machine (e.g., automation, automatic control and passive, self-controlling
phenomena)

* Shared (combinations of human and machine control)

Subsequent HFE tasks refine this initial assignment by strategically exploiting human and
machine capabilities. Factors considered during allocation of functions include:

* Existing practice and operational experience,

* Regulatory requirements and the ESBWR mission and supporting goals,

" Reliability of the human, machine and shared control schemes, and

* Capital cost, operating cost and technical feasibility.

1.1.1 Purpose

This plan addresses methods, processes, and criteria for verifying that the allocation of
function portion of operational analysis is consistent with accepted ESBWR HFE
practices and principles. The HFE team uses the allocation of function process to ensure
that overall operational analysis successfully generates allocated tasks to accomplish all
needed system functions. This output forms the requirements for HSI design, training,
procedures, and staffing and qualifications. Through this process, applicable
requirements of NUREG/CR-333 1, NUREG-0700, and NUREG-0711 R2 are met.
Additionally, this implementation plan guides function allocation for the ESBWR plant
design in accordance with the requirements of the ESBWR Man Machine Interface
System (MMIS) and HFE Implementation Plan (NEDO-33217).

Allocation of Function Implementation Plan 2
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The AOF Plan establishes methods to:

* Conduct the AOF consistent with accepted HFE methods

* Promote the ESBWR mission, goals, and philosophy

* Allocate functions between human, machine and shared control

Coordinate human and machine tasks for shared functions during normal,
abnormal, and emergency operation

Coordinate human and machine tasks for shared functions for surveillance
functions

Coordinate human and machine tasks for shared functions for maintenance
functions

Provide analysis method to assess the impact of design, staffing, training,
procedure, and HSI changes on the ability of operators to monitor and
coordinate activities

1.1.2 Scope

This document establishes an allocation of function process that conforms to ESBWR
MMIS HFE design plan and applicable regulatory requirements. Every function from the
FRA that requires monitoring or control is analyzed and allocated to human, machine, or
shared ownership by the AOF process. AOF places emphasis on Human Actions (HAs)
that have been found to affect plant risk by means of Human Reliability Analysis
(HRA)/Probabilistic Risk Assessment (PRA). The probability of successful completion
of these tasks is increased by proper allocation of supporting functions such as machine
backup, machine limits on human actions, and supporting automations.

The details of AOF scope are as follows:

1. AOF allocates functions from the following areas to the appropriate owners:

Normal, abnormal, and emergency operations

Full range of plant operating modes, including startup, low-power, normal
operations, shutdown, abnormal, transient, and emergency operating conditions

2. This plan establishes the following elements for the analysis:

Objectives, performance requirements, and constraints

Allocation of Function Implementation Plan 3
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" Methods and criteria for conducting the AOF in accordance with accepted
human factors principles and practices

* System and function requirements that define function allocation restraints

* Allocation of function incorporates the results of the HRA/PRA, OER/BRR,
and deterministic evaluations

* Each function identified in the FRA is allocated

* AOF output is sets of logical, coherent, and meaningful tasks

1.1.3 Definitions and Acronyms

Definitions

Several terms referred to in this plan are defined to provide a common basis for
communications between this and other plans.

Abnormal Operating Procedures (AOPs) - Procedures that specify steps that operators
take to restore an operating variable to its normal controlled value when it departs from
its normal range or to restore normal operating conditions following a transient.

Emergency Operating Procedures (EOPs) - Abnormal condition procedures that direct
actions necessary for the operators to mitigate the consequences of transients and
accidents that cause plant parameters to exceed reactor protection system or engineered
safety features actuation set points.

Expert Judgment(as it relates to lIFE) - Decisions made that typically require
multivariate judgments based on complex evaluations of probable utility versus probable
risk. [adapted from NUREG/CR-333 1]

Feedback - System or component response (e.g., visual or aural) that indicates the extent
to which the user's desired effect was accomplished. Feedback can be either intrinsic or
extrinsic. Intrinsic feedback is that which the individual senses directly from the
operation of the control devices (e.g., clicks, resistance, control displacement). Extrinsic
feedback is that which is sensed from an external source that indicates the consequences
of the control action (e.g., indicator lights, display changes, aural tones).

Filtering - An alarm display processing technique which may eliminate alarm messages
that are irrelevant, less important, or otherwise unnecessary. These alarm messages are
not available to the operators. (This is in contrast to suppression, which does not make
the alarm messages immediately available but does allow the operator to retrieve them.)
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Full-Scope Simulator - A high-fidelity simulation environment that includes the
physical, environmental, and controls and displays for the environment to be simulated.
This typically refers to the main control room simulator and meets the requirements of
Regulatory Guide 1.149 and ANS-3.5.

Functional analysis: The examination of the functional goals of a system with respect to
available manpower, technology, and other resources, to provide the basis for
determining how the function may be assigned and executed.

Functional requirements analysis - The examination of system goals to determine what
functions are needed to achieve them.

HFE Design Team: The HFE design team (design team) is a team of engineers, as
defined in NEDO-33217, Man-Machine Interface System And Human Factors
Engineering Implementation Plan, responsible for the design of the HSI systems.

Human Factors Engineering (HFE) - The application of knowledge about human
capabilities and limitations to plant, system, and equipment design. HFE ensures that the
plant, system, or equipment design, human tasks, and work environment are compatible
with the sensory, perceptual, cognitive, and physical attributes of the personnel who
operate, maintain, and support the system.

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. [ASME PRA Std]

Human System Interface (HSI) - HSI encompasses all instrumentation and control
systems provided as part of the ESBWR for use in performing the monitoring,
controlling, alarming, and protection functions associated with all modes of normal plant
operation (that is, startup, shutdown, standby, power operation, and refueling) as well as
off-normal, emergency, and accident conditions. Specifically, the HSI is the organization
of inputs and outputs used by personnel to interact with the plant, including the using of
alarms, displays, controls, and job performance aids.

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

Main Control Room (MCR) - Room that provides the location from which actions can
be taken to operate the nuclear power unit safely under normal conditions and to maintain
it in a safe condition under accident conditions, including loss-of-coolant accidents.

Allocation of Function Implementation Plan 5
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Normal Operating Procedures - Plant operating procedures that provide instructions for
energizing, filling, venting, draining, starting up, shutting down, changing modes of
operation, preparing for maintenance or modification, performing maintenance, returning
to service following maintenance and testing (if not contained in the applicable testing
procedure), and other instructions appropriate for operation.

Operational Analysis - An iterative process that describes plant, system, and component
state changes as a series of tasks including supporting information requirements. This is
accomplished through performance of system functional requirements analyses,
allocation of functions, and task analyses. The analysis process determines what must be
done, who does it (man, machine, or shared), and how it is to be done (for example,
controls, indications, supporting information). Results of the analyses are design
requirements for the HSI, procedures, and training.

Risk-Important Human Actions - Actions that are performed by plant personnel to
provide 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.

Risk Significant Local Control Station - A local control station at which risk-important
human actions are performed or which controls safety-related equipment.

Safety-related - A term applied to those plant systems, structures, and components
(SSCs) that prevent or mitigate the consequences of postulated accidents that could cause
undue risk to the health and safety of the public (see Appendix B to Part 50 of Title 10 of
the U.S. Code of Federal Regulations). These are the SSCs on which the design-basis
analyses of the safety analysis report are performed. They also must be part of a full
quality assurance program.

Task Analysis - A method for describing what plant personnel must do to achieve the
purposes or goal of their tasks. The description is in terms of cognitive activities, actions,
and supporting equipment.

Validation - The process of evaluating a system or component (including software and
human interactions) during or at the end of the development process to determine
whether it satisfies specified requirements [adapted from IEEE6 10].
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Verification and Validation (V&V) - The process of determining whether the
requirements for a system or component (including software and human interactions) are
complete and correct. The products of each development process fulfill the requirements
or conditions imposed by the previous process, and the final system or component
(including software) complies with specified requirements [adapted from IEEE6 10].

Verification - The process of evaluating a system or component (including software and
human interactions) to determine whether the products of a given development process
satisfy the requirements imposed at the start of that process [adapted from IEEE610].

Allocation of Function Implementation Plan 7
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Acronyms

The following is a list of acronyms used in this plan:

ABWR Advanced Boiling Water Reactor

AOF Allocation of Function

BRR Baseline Review Record

BWR Boiling Water Reactor

CBP Computer Based Procedure

COL Combined Operating License

COLOG COL Owner's Group

DCD Design Control Document

EOP Emergency Operating Procedure

ESBWR Economically Simplified Boiling Water Reactor

FRA Functional Requirements Analysis

HA Human Action

HEP Human Error Probability

HFE Human Factors Engineering

HFEITS Human Factors Engineering Issue Tracking System

HPM Human Performance Monitoring

HRA Human Reliability Assessment

HSI Human System Interface

LCS Local Control Station

MCR Main Control Room

MMIS Man Machine Interface System

NRC Nuclear Regulatory Commission

Allocation of Function Implementation Plan 8
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OER Operating Experience Review

PFRA Plant-level Functional Requirements Analysis

PRA Probabilistic Risk Assessment

RSR Results Summary Report

RSS Remote Shutdown System

SDS System Design Specifications

SFGA System Function Gap Analysis

SFRA System Functional Requirements Analysis

SPDS Safety Parameter Display System

SSC System, Structure, and Component

TA Task Analysis

V&V Verification and Validation

Allocation of Function Implementation Plan 9
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2. APPLICABLE DOCUMENTS

Applicable documents include supporting documents, supplemental documents, codes
and standards and are given in this section. Supporting documents provide the input
requirements to this plan. Supplemental documents are used in conjunction with this
plan. Codes and standards are applicable to this plan to the extent specified herein.

2.1 Supporting Documents and Supplemental GE Documents

2.1.1 Supporting Documents

The following supporting documents were used as the controlling documents in the
production of this plan. These documents form the design basis traceability for the
requirements outlined in this plan.

1. ESBWR DCD, Tier 2, Chapter 18 Rev 3, (GE 26A6642BX)

2. NEDO 33217, Rev 2, ESBWR Man-Machine Interface System And Human
Factors Engineering Implementation Plan

2.1.2 Supplemental Documents

The following supplemental documents are used in conjunction with this document plan:

1. NEDO-33219, Rev 1, ESBWR Functional Requirements Analysis
Implementation Plan

2. NEDO-33221, Rev 1, ESBWR Task Analysis Implementation Plan

3. NEDO 33229, Rev 1, ESBWR I&C Software Development Plan

4. NEDO-33251, Rev 0, ESBWR Diversity and Defense in Depth Plan

5. NEDO-33262, Rev 1, ESBWR Operating Experience Review Implementation
Plan

6. NEDO-33266, Rev 1, ESBWR Staffing and Qualifications Implementation Plan

7. NEDO-33267, Rev 1, ESBWR Human Reliability Analysis Implementation Plan

8. NEDO-33268, Rev 2, ESBWR Human System Interface Design Implementation
Plan

9. NEDO-33274, Rev 2, ESBWR HFE Procedures Development Implementation
Plan

10. NEDO 33275, Rev 1, ESBWR Training Program Development Plan

Allocation of Function Implementation Plan 10
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11. NEDO 33276, Rev 1, ESBWR Verification & Validation Implementation Plan

12. NEDO 33277, Rev 2, ESBWR Human Performance Monitoring Plan

2.2 Codes and Standards

1. IEEE- 1023, IEEE Recommended Practice for the Application of Human Factors
Engineering to Systems, Equipment, and Facilities of Nuclear Power Generating
Stations and Other Nuclear Facilities, 2004, (IEEE)

2.3 Regulatory Guidelines

1. NUREG/CR-333 1, A Methodology for Allocating Nuclear Power Plant Control
Functions to Human or Automatic Control, 1983, (U.S. Nuclear Regulatory
Commission).

2. NUREG/CR-2623, The Allocation of Functions in Man-Machine Systems: A
Perspective and Literature Review, 1982, (U.S. Nuclear Regulatory Commission).

3. NUREG-0700, Rev. 2, Human System Interface Design Review Guideline, 2002,
(U.S. Nuclear Regulatory Commission)

4. NUREG-07 11, Rev. 2, Human Factors Engineering Program Review Model,
2004, (U.S. Nuclear Regulatory Commission)

5. NUREG-0800, Rev. 1, Standard Review Plan, Chapter 18 - Human Factors
Engineering, 2004

2.3.1 DOD and DOE Documents

None

2.3.2 Industry and Other Documents

1. EPRI-NP-3659, Human Factors Guide for Nuclear Power Plant Control Room
Development, 1984
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3. METHODS

3.1 The Allocation of Function

3.1.1 Background

The allocation of functions to humans and machines takes place as a part of the top-down
HFE design process. The HFE team utilizes the System Design Specifications (SDS) and
the output of functional requirements analysis to allocate those functions required by
regulatory or system requirements. The AOF is performed in accordance with the
ESBWR MMIS and HFE Design Implementation Plan. The design allocation of
function, shown in Figure 2, processes tasks at the plant and system level that support all
aspects of normal operating modes. The detailed allocation of functions processes tasks
that support all aspects of abnormal and emergency operations. The economic allocation
of functions processes tasks that support all aspects of plant maintenance, calibration,
inspection, and testing.

The AOF process is based on a number of underlying ergonomics principles as follows:

(1) Human cognitive strengths are fully exploited by the designer. There are some
things that humans do better than machines. The three disciplines of engineering,
ergonomics, and psychology, must work in harmony to exploit these strengths.
Humans can successfully perform very complex tasks or processes that are
difficult and costly to automate.

(2) Automation starts with the most prescriptive procedural functions first. Those
manual functions that are memorized or performed prescriptively by detailed
procedures are automated whenever possible. This reduces the burden on
operators when performing many routine control loop actions and shifts the
human function to monitoring.

(3) Automation is used to reduce human cognitive overload. Humans can suffer from
information overload and consequent mental overload. This can occur from high
information rates, multiple tasks competing for operator attention, or task
complexity. An example is trying to manually control xenon oscillations and
power level in a large reactor core at the same time. Whenever the designer can
predict this problem, or whenever operating experience demonstrates it to be so,
automation is used to relieve the human of the function that causes the problem.
Tasks that have been assigned to automation should not be returned to a human
when the automation fails. In general, humans do not act effectively as a back up
for a machine, when the timing for a recovery action involving multiple control
function actions is very short. For example, if automated systems for turbine
speed control are lost, it is unlikely that the operator could control the power

Allocation of Function Implementation Plan 12
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production for very long without a generator trip. Thus, this control circuit is a
candidate for automation with no expectation of human backup.

(4) Automation is used when system requirements exceed the capacity for human
control (e.g., processors can evaluate multiple inputs simultaneously, make a
comparison, and initiate a function). Consequently, human back up for the same
control function is unlikely to be appropriate. In this case human actions address
a backup plan such as power reduction or plant trip to achieve protection from
safety barriers in a new defense-in-depth configuration, which is within human
response capability.

(5) Automation is considered for actions that occur infrequently, if it is expected that
human performance on control of the task diminishes over time based on the level
of planned training or actual experiences.

(6) During a system failure automated systems are designed to clearly indicate the
system status and minimize the need for operator intervention. This can be
accomplished by achieving required functions by redundant or diverse active
systems or passive systems. Operators can perform some simple valve alignments
if sufficient cues, procedures and time are available.

(7) Automation and feedback information is used to protect the general public from
the fallibility and variability of humans. This requires an analysis of the control
function requirements for proposed human tasks to identify possible errors, the
HSI cues for making corrections, and the consequences of an uncorrected error.

(8) Particular attention is paid to risk-important functions. The tasks are automated if
it is practical, feasible and cost-effective.

(9) The correct process for balancing human and machine actions is an
institutionalized part of system design. The right balance does not emerge until
there are common processes in use by designers, operators, and management,
which reflect the correct principles and embody proven practices.

(10) The evaluations include consideration of the professional motivation and
psychological well being of the operator.

(11) Ultimate control remains with humans, in that the human can set objectives for
starting or stopping a process. In the ESBWR design, the control room operator
maintains control.

(12) Override capability is given to humans to correct automatic control if necessary.
The ESBWR design allows the main control room operator to intervene in the
automatic process.

Allocation of Function Implementation Plan 13
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(13) Information is provided to humans concerning the actions of automatic controls
and their objectives. Using break-point logic, the ESBWR operator monitors and
controls automated processes, allowing them to continue at predefined steps.

(14) Control logic of machines is designed for the intended manual operating strategies
and associated manual control actions.

(15) The information system presentation to the operator (computer generated displays
and controls) are behaviorally suitable.

(16) Adequate cognitive support is available to the operator, so that the operator has an
adequate mental model when assuming control.

3.1.1.1 Goals

The process begins with the ESBWR mission and analyzes plant functions for all
operating modes to determine functions that must be completed to meet the plant goals.
The following goals are met while taking advantage of human strengths and avoiding
human weaknesses:

* Control release of radionuclides

* Maintain economic operation

* Maintain emergency preparedness

Additional goals of the AOF process include:

* Minimize active errors

* Limit the impact of latent errors

* Limit the impact of active errors

* Coordinate and implement plans in accordance with NRC guidelines

* Perform analysis of normal, abnormal, and emergency functions

* Execute the HFE plans iteratively from the early design phase through turnover
to the COL Owners Group (COLOG) and COL Applicants

* Follow accepted human factors engineering and I&C practices and processes

* Meet the commitments of ESBWR DCD Chapter 18.

Allocation of Function Implementation Plan 14
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3.1.1.2 Basis and Requirements

The AOF approach follows applicable guidance in NUREG-0800 Section 18, NUREG-
0711 Section 4, NUREG-0700, and NUREG/CR-3 331. Categories of allocated functions
are in accordance with NUREG-0700 and a breakdown of the shared function category is
shown in Table 1. The AOF process is based upon a top-down iterative process as
shown in Figures 2, 3, and 4 and is an integral part of the overall HFE design process as
shown in Figure 1.

3.1.1.3 General Approach

Operational analysis is designed as a multi-step process, as illustrated in Figure 2.
Subsequent iterations contain more detailed information about the system and further
establish the roles of various personnel. The functional requirements analysis generates
the following system level outputs:

* Plant goals

* Plant states

* Plant processes

" Procedure process (EPG, IOP, and EAL) outline

* Plant process and function redundancies

* Critical safety functions

* Plant functions and sub-functions

* Inventory of critical safety parameters

* Requirement for HSI design

" Outlines for simulator scenarios

" System Operating Modes

* System Change Modes

" Component Lineups

* Component Operational Requirements (i.e. components required to be remotely
operated)

" Component control requirements (i.e. automatic, manual, etc.)
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" Component manipulations required to change modes (as defined for normal and
abnormal system operating procedure development)

" Functional logic diagrams

Each of these sets of functions are processed and presented by FRA as sequenced data
structures. These data structures provide inventories of required parameters, indications
and controls, and outline sequences to be processed by AOF. The general approach to
AOF is shown in Figure 2 with specific actions required to implement this approach
shown in Figures 3 and 4. The function outline sequences are evaluated using the AOF
process. Each function or sub-function in the sequence is evaluated and allocated to one
of the following resources for execution:

" Human Only - the function is executed entirely by plant personnel. The HSI is
used to carry out the actions and monitoring performed by humans. The
machine has no direct control, backup, or limiting actions associated with the
function(s) being allocated.

* Machine Only - the function is executed entirely by plant automation. Humans
have no direct control, backup, or limiting actions associated with the
function(s) being allocated.

* Shared - the function is executed using a combination of both human and
machine resources. Table 1 outlines the various combinations of
human/machine sharing that can be allocated. Shared functions are broken
down into initiation, control, termination, and monitoring sub-functions. These
sub-functions are assigned to the most efficient and appropriate combination of
human and/or machine performance, limitation, and backup. Most functions are
allocated as shared.

The allocated function data structures produced by AOF are provided as inputs to the task
analysis process. Task analysis processes the allocated functions with respect to (1) the
detailed task sequences and associated logic determined by FRA to meet the goals and
requirements and (2) the resource to which the function was allocated in AOF.

The resulting task sequences provide lOP outlines and PAS logic used by HSI design,
procedures, training, and S&Q. Procedures and machine logic generated by a common
data structure minimize potential errors when transferring control from manual to
automatic, as well as when human action is required.

The V&V, HSI design, procedures, S&Q, training, and HPM processes provide feedback
that is evaluated to determine whether or not additional iterations of the operational
analysis process are warranted in specific areas. When feedback is received, the HFE
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design team evaluates potential resolutions including changes to operational analysis
determinations, HSI design, plant design, training, procedures, etc. If a solution is not

identified through this normal feedback loop, the issue is entered into HFEITS for
tracking and resolution. Once all issues are resolved and the appropriate changes are

made, the HPM process monitors performance over time. Future enhancements are

identified as they become apparent.

3.1.1.4 Application

When the allocation of function plan is implemented in the method shown in Figures 2, 3,
and 4, the goals of the plan are fulfilled. Allocations are made using criteria that seeks to
take advantage of human strengths and avoid human weaknesses [NUREG-071 1, Rev 2].

Additionally, AOF is performed in a manner that seeks to eliminate human error and
minimize the impact of latent and active errors should they occur. All FRA data
structures will be allocated to the implementing resource that is best suited to meet AOF
goals. Functions and sub-functions will be allocated to human, machine, or shared
ownership for implementation.

3.1.1.5 Design Allocation of Functions

The design allocation of functions shown in Figure 2 processes tasks at the plant and

system level that support aspects of all normal operating modes. Using the HRA/PRA,
OER/BRR, D3 Plan, and DCD, normal operating inputs are processed and presented by
FRA as sequenced data structures. These data structures provide inventories of required
parameters, indications and controls, and outline sequences for normal operations to be
processed by AOF. These normal operating function outline sequences are evaluated
using the AOF process. Each function or sub-function in the sequence is evaluated and

allocated to the most appropriate resource for execution.

3.1.1.6 Detailed Allocation of Functions

The detailed allocation of functions processes tasks that support all aspects of abnormal

and emergency operations. Using the HRA/PRA, OER/BRR, D3 Plan, and DCD,
abnormal/emergency operating inputs are processed and presented by FRA as sequenced
data structures. These data structures provide inventories of required parameters,
indications and controls, and outline sequences for abnormal/emergency operations to be
processed by AOF. These abnormal/emergency operating function outline sequences are

evaluated using the AOF process. Each function or sub-function in the sequence is
evaluated and allocated to the most appropriate resource for execution.

3.1.1. 7 Economic Allocation of functions

The economic allocation of functions processes tasks that support all aspects of plant

maintenance, calibration, inspection, and testing. Using the HRA/PRA, OER/BRR, D3
Plan, and DCD, maintenance, calibration, inspection, and testing inputs are processed and
presented by FRA as sequenced data structures. These data structures provide
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inventories of required parameters, indications and controls, and outline sequences for
maintenance, calibration, inspection, and testing to be processed by AOF. These
maintenance, calibration, inspection, and testing function outline sequences are evaluated
using the AOF process. Each function or sub-function in the sequence is evaluated and

allocated to the most appropriate resource for execution.
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4. IMPLEMENTATION

4.1 Allocation of Function Implementation

The HFE design team applies the allocation of function criteria and logic presented in this
plan to the data structures generated in the FRA process. The data structures (now
allocated to the appropriate human and/or system resources) are processed through task
analysis where the actions required to accomplish functions are broken down into task
sequences. These task sequences establish requirements for HSI design, controls,
displays, automations, procedures, training, and staffing and qualifications.

4.1.1 Assumptions

This plan assumes:

" ESBWRs are operated as a standardized fleet of nuclear plants.

" The ESBWR mission is safe economical power generation.

* All plants in the ESBWR fleet use the same HFE processes, as defined in DCD,
Tier 2, Chapter 18.

* All normal plant controls, indications, and procedures use the same names and
numbering of plant equipment.

* All ESBWR plants meet the standards developed.

* The ESBWR is designed to operate with many passive systems.

* The control systems for the ESBWR have a high level of automation. All

systems are automated unless regulation or HFE analysis results dictate
otherwise.

4.1.2 Inputs

AOF is the second step in the iterative operational analysis process and as such it takes
process input only from FRA. Inputs into the overall operational analysis process are
summarized below in order to establish understanding of the basis for FRA output.

Direct inputs to the overall operational analysis process include the following:

* Regulatory Requirements - Regulations set many of the minimum standards for
the HFE process and guide the analysis of ESBWR control functions and tasks.

* HRA/PRA - Provide analysis results used to coordinate the roles of individuals
to reduce the likelihood and/or consequences of human error associated with
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risk-important HAs needed to manage accident sequences, and the use of

advanced technology in the ESBWR.

* OER/BRR - Provide lessons learned from pertinent events and deficiencies
noted in previous plant designs and problems with their operation. This

information is gathered and maintained in the OER/BRR database for
generating lessons learned involving HFE issues. It is used to enhance

operational analysis by applying lessons learned from past experience. The

OER should also be used to identify modifications to function allocations, if
necessary. If issues are identified, then an analysis should be performed to:

- Justify the original analysis of the function

- Justify the original man-machine allocation

- Identify changes to processes such as training or procedures that will

address the OER issue. [NUREG-071 1, Rev 2]

* Defense in Depth and Diversity - Provides the basis for ensuring that the

distributed control and information system is sufficiently fault tolerant,

redundant, and diverse to meet probabilistic safety-related goals.

Design Control Document - provides the overall plant design and system
information that, coupled with system design specifications, form the basis for
plant-level goals, system functions, interdependencies, and redundancies.

Feedback inputs to the overall operational analysis process include:

* Issues or enhancement opportunities relating to the allocation of functions
identified during:

- Training development or implementation

- Procedure development or use

- Staffing and Qualification evaluation process or implementation

- HSI design, testing, or use

- Task analysis workload assessment.

* Verification and Validation - V&V enhancements are a feedback input into the
AOF process. The revised results are then put through the V&V process again

to validate the adequacy of the changes.
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Human Performance Monitoring - Human Performance Monitoring
enhancements are a feedback input into the procedure, training, and AOF
processes. The revised results are then put through the V&V process again to
validate the adequacy of the changes.

The operational analysis inputs outlined above are processed through functional analysis
to generate the lists and sequences of manipulations, decisions, parameters, controls, and
indications to be allocated to the appropriate human and/or system resources. FRA inputs
into AOF include the following:

1. The plant functional requirements analysis (PFRA) provides an integrated top
down approach to functional analyses by linking plant-level goals, function,
interdependencies, and redundancies with system level functions.

2. The system functional requirements analysis (SFRA) yields a data structure that
describes the functional dependencies within systems and relationship among
systems. The data structure provides system lineups, component manipulations,
and process control requirements as inputs to the AOF.

3. The system functional gap analysis SFGA links the PFRA and SFRA data
structures creating a data structure that describes the plant function requirements
down to the component level. The SFGA generates design inputs to ensure that
design fulfills the ESBWR mission and goals. This data structure provides
inventories of required parameters, indications and controls, and outline
sequences to be processed by AOF.

4.1.3 Process

Plant safety and reliability are enhanced by exploiting the strengths of personnel and
system elements, including improvements that can be achieved through assigning control
to these elements with overlapping and redundant responsibilities. Allocations of
functions are based upon HFE principles using a structured and well-documented
methodology that provides personnel with logical, coherent, and meaningful tasks. It is
not based solely on technology considerations that allocate to plant personnel everything
the designers cannot automate. The technical basis for all allocations is documented;
including the allocation criteria, rationale, and analysis method used. The technical basis
for function allocation can be one, or a combination of factors. [compiled and adapted
from NUREG-071 1, Rev 2]

Allocation of function is a qualitative process relying heavily on the judgment of the
expert teams and their analysis of available data. Multi-disciplined teams perform the
allocation of function analyses and make the appropriate decisions. These teams contain
the minimum skills and experience specified in the ESBWR Man-Machine Interface
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System And Human Factors Engineering Implementation Plan. They are formally
chartered and contain members presenting expert opinions from the perspective of
operations, engineering, and HFE, as a minimum. The teams use the processes outlined
in Figures 2, 3, and 4 to ensure that:

* Conservatism is fundamental to the judgment process, and allocations:

- Result in safe, reliable, and efficient operation of the ESBWR in
compliance with regulations

- Place reasonable demands on and provide reasonable support of personnel

- Meet HFE principles

- Take advantage of human strengths and avoid human weaknesses.

* All available information is gathered and made available, including:

- Past performance of analogous systems including OER/BRR results

- Quantified engineering predictions including PRA results

- Human factors experimental data

- Previous system cost data and future cost estimates

- Input/output data from connected subsystems of the design

- Previously completed allocations of identical or substantially similar
functions.

* Allocation decisions are broken into their logical elements.

* Allocations are the sum of expert professional judgments.

* Judgment is made by a consensus of qualified people.

* Each judgment is informed by an expanding body of analysis and design data.

* All aspects are considered.

* Allocation is closely responsive to other design decisions, and change when the
other design decisions change.

* Formal records are kept that capture the criteria, rationale, and analysis method
for use during later cycles of redesign or plant modifications. [compiled and
adapted from NUREG/CR-333 1]

Figure 2 presents the phases in which allocations of function are performed and the
expected outcomes. Figure 3 presents the methodology, logic, and sequence by which
allocation decisions are made. Figure 4 presents the methodology, logic, and sequence by
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which the details of shared allocation decisions are made. Each of the decision points in
the attached Figures are described below.

4.1.3.1 Allocation of Function Flow Chart Process

(1) Safety-Related Function - Those plant structures, systems, and components
(SSCs) that prevent or mitigate the consequences of postulated accidents that
could cause undue risk to the health and safety of the public (see Appendix B to
Part 50 of Title 10 of the U.S. Code of Federal Regulations). These are the SSCs
on which the design-basis analyses of the safety analysis report are performed.
ESBWR DCD and Technical Specifications further define which systems are
safety-related or have functions that support the operability of safety-related
systems.

(2) Automatic Actuation Required - Functions that must be carried out by the
machine due to regulatory requirement, design, or expert judgment. Later steps in
the allocation of function logic will determine if human actions are also required
to support successful completion of the function. Some criteria considered when
determining if automatic actuation is required include:

" Regulatory requirement

* Design requirement

" PRA basis assumption

* HRA significance

* OER/BRR significance

* Human cognitive limitations

* Human response time limitations

" Human physical limitations

" Hostile environment including atmosphere, temperature, and radiation

(3) Human Backup Required - Functions allocated to the machine that due to their
importance or nature require either concurrent or supporting human action as
specified by regulatory requirement, design, or expert judgment. Later steps in
the allocation of function logic will determine the nature of human actions
required to support successful completion of the function. Some criteria
considered when determining if human backup is required include:

* Regulatory requirement
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* Design requirement

* PRA basis assumption

" Economic risk

" OER/BRR significance

" Consequence of automation failure

* Vesting ultimate control in the human

* Ensuring the human retains necessary emergency control

* Qualitative, discretionary, or deductive decision making required

(4) Automatic Backup Required - Functions allocated to the human that due to
their importance or nature require either concurrent or supporting machine action
as specified by regulatory requirement, design, or expert judgment. Later steps in
the allocation of function logic will determine the nature of machine actions
required to support successful completion of the function. Some criteria
considered when determining if automatic backup is required include:

" Regulatory requirement

* Design requirement

* PRA basis assumption

* Economic risk

* OER/BRR significance

* Consequence of human failure

" Human limitations/machine capabilities

" Cognitive overload

* Human workload

(5) Configuration Change Required - Functions which have been analyzed and
found not to be safety-related and for which the affected component(s) do not
change state during normal, abnormal, or emergency operation. An example of
such a component is a feed water manual isolation valve inside containment. The
feed water isolation valve is only operated when the plant is shutdown, feed water
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is to be isolated, and personnel are inside containment. Such a valve does not
need automation but may need remote operation capability due to its physical
location inside containment.

(6) Remote Operation Required - Functions that must be carried out from a
location detached from the component(s) to be monitored, controlled, or
manipulated due to regulatory requirement, design, or expert judgment. Later
steps in the allocation of function logic will determine if machine actions are also
required to support successful completion of the function. Some criteria
considered when determining if remote operation is required include:

" Regulatory requirement

" Design requirement

* PRA basis assumption

* HRA significance

* OER/BRR significance

" Design layout - is the SSC accessible?

* Human response time limitations

* Human physical limitations

" Broader plant control or monitoring requirements than is available locally

" Hostile environment including atmosphere, temperature, and radiation

" Human workload

* Safety or economic risk associated with local operation

* Economic benefit - centralized work location, fewer humans required, or
other considerations

(7) Plant Automation System - Functions that are carried out using the ESBWR's
HSI computers, their associated programming and logic, and linked remote
control and indications capabilities. Later steps in the allocation of function logic
will determine if human actions are also required to support successful
completion of the function.
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(8) Machine Only - This output allocation assigns the function data sequences
generated in FRA for the function being analyzed exclusively to the machine for
implementation.

(9) Shared - This output allocation assigns the function data sequences generated in
FRA for the function being analyzed to a combination of both human and
machine for implementation. Figure 4 outlines the process used to refine and
define shared allocations so as to take advantage of human strengths and avoid
human weaknesses. Table 1 summarizes the possible shared function allocations.

(10) Human Only - This output allocation assigns the function data sequences
generated in FRA for the function being analyzed exclusively to the human for
implementation.

4.1.3.2 Shared Function Detailed Flowchart Process

(1) Machine Control Required - Aspects of the shared functions that must be
carried out by the machine due to regulatory requirement, design, or expert
judgment. Later steps in the allocation of function logic will determine what
human actions are also required to support successful completion of the function.
Some criteria considered when determining if machine control is required include:

" Regulatory requirement

" Design requirement

" PRA basis assumption

" HRA significance

" OER/BRR significance

* Human cognitive limitations

* Human response time limitations

* Human physical limitations

* Hostile environment including atmosphere, temperature, and radiation

(2) Machine Control Practical - Aspects of the shared functions to be carried out by
the machine due to regulatory requirement, design, or expert judgment. This
decision point evaluates whether or not functions allocated to the machine can be
realistically carried out. Later steps in the allocation of function logic will
determine if design changes to the ESBWR are required and what human actions
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are also required to support successful completion of the function. Some criteria
considered when determining if machine control is practical include:

* OER/BRR findings

* Technical feasibility

" Economic feasibility

" Reliability

* Predictability

* Development time

" Component availability

* Cost

(3) Human Backup Desired - Aspects of the shared functions allocated to the
machine that due to their importance or nature require either concurrent or

supporting human action as specified by regulatory requirement, design, or expert
judgment. These supporting human actions take the form of either limitations
requiring human action for automation to proceed or human backup in the form of

human execution of functions allocated to the machine but which were not
completed. This logic block is used when deciding between human backup and

human limitations to machine functions. Some criteria considered when
determining whether to allocate human backup or human limitation include:

* Regulatory requirement

* Design requirement

* PRA basis assumption

* Economic risk

* OER/BRR significance

* Consequence of automation failure

* Vesting ultimate control in the human

" Ensuring the human retains necessary emergency control

* Qualitative, discretionary, or deductive decision making required
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" Human workload

* Human limitations/machine capabilities

" Cognitive overload

(4) Machine Control Desired - Aspects of the shared functions that can be carried
out by either human or machine assigned the machine due to design or expert
judgment. Later steps in the allocation of function logic will determine what
human actions are also required to support successful completion of the function.
Some criteria considered when determining if machine control is desired include:

* PRA risk significance

* HRA significance

* OER/BRR significance

* Human cognitive limitations

* Human response time limitations

" Human physical limitations

* Hostile environment including atmosphere, temperature, and radiation

" Risk to the operator

* Degree to which function is predictable or repeatable

" Impact on vigilance and situational awareness

" Human limitations for:

- Functions which are lengthy

- Functions which require high consistency

- Functions which require high accuracy

- Functions which involve boredom or monotony for the operator

(5) Error Consequence Acceptable - Aspects of the shared functions for which
machine control is neither required nor desired that are to be carried out by the
human due to design or expert judgment. This logic block is used when deciding
whether the consequences of potential human errors of omission or commission
are acceptable. Later steps in the allocation of function logic will determine what
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machine actions are also required to support successful completion of the
function. Some criteria considered when determining if potential human error
consequences are acceptable include:

* Can the error be corrected to eliminate adverse consequences?

* Could the error cause a scram, turbine trip, or initiate a transient?

* Could the error prevent the performance of a safety-related function?

* Could the error result in an release of radionuclides?

* Could the error result in unplanned radiation exposure?

* Could the error result in exceeding environmental or other regulatory
limits?

" Cognitive overload should an error occur

* Human workload should an error occur

* Economic risk

* Regulatory margin

* HRAIPRA results

(6) Human Control Practical - Aspects of the shared functions for which machine
control is neither required nor desired that are to be carried out by the human due
to design or expert judgment. The consequences of potential human errors of
omission or commission have been evaluated and found acceptable. This decision
point evaluates whether or not functions allocated to the human can be
realistically carried out. Later steps in the allocation of function logic will
determine what machine actions are also required to support successful
completion of the function. Some criteria considered when determining if human
control is practical include:

* Cognitive abilities of humans

* Physical capabilities of humans

* Human response time limitations

* Economic feasibility

* Impact on operator workload
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" Hostile environment including atmosphere, temperature, and radiation

* Risk to the operator

" Economic risk

" Degree to which function is predictable or repeatable

" Impact on vigilance and situational awareness

* Human limitations for:

- Functions which are lengthy

- Functions which require high consistency

- Functions which require high accuracy

- Functions which involve boredom or monotony for the operator

(7) Error Mitigated by Human - Aspects of the shared functions for which machine

control is neither required nor desired that are to be carried out by the human due
to design or expert judgment. The consequences of potential human errors of

omission or commission have been evaluated and found acceptable. Human
control of the function has been evaluated and found to be practical. This

decision point evaluates whether or not the human can mitigate the consequences
of potential errors of omission or commission. Some criteria considered when

determining if error mitigation is provided by the human include:

* Information and controls available to the operator

* Time period between the error and unacceptable consequence

* Speed with which error consequences manifest themselves

" Methods by which error can be identified

" Error type: active or latent

* Is error reversible prior to the occurrence of an undesired result?

* Cognitive abilities of humans

* Human response time limitations

* Impact on vigilance and situational awareness

* Qualitative, discretionary, or deductive decision making required
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0 Human ability to properly diagnose and respond to the error

(8) Error Mitigated by Machine - Aspects of the shared functions for which machine
control is neither required nor desired that are to be carried out by the human due
to design or expert judgment. The consequences of potential human errors of
omission or commission have been evaluated and found to be unacceptable. This
decision point evaluates whether or not the machine can mitigate the
consequences of potential errors of omission or commission. Some criteria
considered when determining if error mitigation is provided by the machine
include:

* Speed with which error consequences manifest themselves

" Ability of the machine to detect the error

* Error type: active or latent

* Is error reversible prior to the occurrence of an undesired result?.

" PRA risk significance

" HRA significance

* OER/BRR significance

" Technical feasibility

" Economical feasibility

" Impact on situational awareness

" Vesting ultimate control in the human

* Ensuring the human retains necessary emergency control

(9) Machine, Human Limited - This output allocates the aspect of shared function
to plant equipment and automation for performance. This performance is limited
in one or more steps in the function data structure sequence by required human
action of some kind. The required action can be an acknowledgement of a HSI
queue alerting the operator to impending action or it can be more detailed. One
example of when this allocation is selected is where economic impacts may result
if the machine sequence continues.

(10) Machine, Human Backup - This output allocates the aspect of shared function
to plant equipment and automation for performance. Plant personnel monitor the
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machine and perform or complete performance of the function in the event that

the machine does not complete its execution. Analysis has shown that while the
machine is best suited to perform the function sequence, plant personnel are

capable of performing the sequence if called upon. Additionally, analysis has

determined that the consequences of partial or incorrect performance are such that

operator performance of the functions following machine failure is warranted.

(11) Human, Machine Assist - This output allocates the aspect of shared function to

plant personnel for performance. Equipment and automation assist plant
personnel in performance of the function. Analysis has shown that the human is

capable of mitigating error consequences. One or more forms of machine

assistance is provided to aid in the performance of the function.

(12) Human, Machine Backup - This output allocates the aspect of shared function

to plant personnel for performance. The machine monitors human performance of

the function and performs or completes performance of the function in the event
that the human does not complete its execution. Analysis has shown that while

the human is best suited to perform the function sequence, potential error
consequences are unacceptable and the machine is capable of mitigating the

consequences of potential human errors.

(13) Design Input - This output is reached as shown in Figure 4 when allocation

analysis reached an unacceptable conclusion with the design and allocation
options presented. Aspect of shared functions or sub-functions that reach this

output conclusion are feedback inputs to the ESBWR design process for the

development of design changes that correct the issue. If a design solution cannot
be identified using the normal iterative HFE design process then the issue is
entered into HFEITS for resolution.

4.1.4 Outputs

The function outline sequences generated in FRA and processed through AOF typically
contains a common sequence of sub-functions that must be allocated to the appropriate
human and/or system resources. This typical sequence includes:

* Initiate

* Control

* Terminate

* Monitor

The function outline sequences are evaluated using the logic and sequence shown in

Figures 2 and 3, and the criteria that has been established for each of these decision
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points. Each function or sub-function in the sequence is evaluated and allocated to one of
the following resources for execution:

* Human Only - the function is executed entirely by plant personnel. The HSI is
used to carry out the actions and monitoring performed by humans. The
machine has no direct control, backup, or limiting actions associated with the
function(s) being allocated.

* Machine Only - the function is executed entirely by plant automation. Humans
have no direct control, backup, or limiting actions associated with the
function(s) being allocated.

* Shared - the function is executed using a combination of both human and
machine resources. Table 1 outlines the various combinations of
human/machine sharing that can be allocated.
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5. RESULTS

5.1 Results Summary Reports

The AOF process design, the personnel implementing it, the methodology employed, and
the process outcomes are presented in the results summary report (RSR). The RSR is
developed upon completion of initial MCR, RSS, and risk-significant LCS design. As
identified in NUREG-0711 R2, the content of the results summary report includes:

" General approach including the purpose and scope of AOF

" AOF implementation team members and backgrounds

* A summary of AOF results

" The process for refining and updating functional allocations as the plant is
modified or HPM indicates the need for changes

" Overall assessment of how well the AOF process and results adhere to this plan.

5.2 Periodic Reports

The COLOG defines the periodicity and content of any AOF process periodic reports.

5.3 Technical Output Reports

The COLOG defines the periodicity and content of any AOF process technical output
reports.
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Figure 2 Allocation of Function Phases
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Figure 3 Allocation of Function Flowchart
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Figure 4 Shared Function Detailed Flowchart
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Table 1 Shared Sub-functions

Machine Human

Subtask Human Human Machine Machine
Limited Backup Limited Backup

Human Machine Human Machine Human Machine Human Machine

Initiate --- I I I I --- I

Control --- C --- C C --- C

Terminate T T T T T T T

Monitor M M M M M M M M
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Appendix A: Human Capabilities and Limitations

Al Criteria that Limit or Preclude Human Participation in a System
Function

Consideration should be given to the exclusion of the human in performing a function
when one or more of the criteria below apply [NUREG/CR-2623]:

Application of Force Large, precise, or extended applications of
force preclude the human. Human
instantaneous peak force is limited to a
mean force of 50 Newtons (11.24 pounds
force).

Response to Stimuli/Signals The human operator experiences a finite lag
between the onset of a stimulus and the
ability to make a response to it. This lag
varies from a mean of 100 msec for auditory
stimuli and approximately 120 msec for
visual stimuli, to lags in excess of 1 second
for responses involving a choice among
alternatives.

Precise Calibration and Measurement Humans are incapable of making precise
measurements and calibrations mentally.

Reliable Response Because of the variability of human
response, humans should be precluded from
performing functions which require the
unvarying repetition of one or more
responses.

Time Sharing Under most circumstances, humans act as a
single-channel information processor and
should ordinarily be precluded from
performing multiple time-shared tasks.

Continuous Performance Humans should be precluded from
performing functions which cannot be
interrupted or which require sustained
attention for long periods of time (e.g., in
excess of 20 minutes).

Detection of Infrequent Events Humans should be precluded from
performing functions that require detecting
rarely occurring stimuli, events, or

I conditions.
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A2 Criteria that Define Unique Human Capabilities

Human participation in the performance of a function is mandatory when the function
requires one or more of the following capabilities [NUREG/CR-2623]:

Develop a Strategy Human involvement is mandatory when
* Operations cannot be reduced to preset

procedures
* The form and content of all inputs and

outputs cannot be specified or predicted
" The relationship between inputs and

outputs may require restructuring during
task performance.

Integrate a Large Amount of Humans must be included in the
Information accomplishment of a function when:

" Signals must be detected against a noisy
background

" Patterns of information and trends must be
extracted from several sources.

Make and Report Unique Humans must be included when a function
Observations requires that observation be made of:

" The performance of others;
* The performance of the individual;
" Ephemeral (continuous, endless events,

etc.)
Assign Meaning and Value to Events Humans must be included when performance

of a system or function requires that meaning
and relative values be assigned to events.
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INFORMATION NOTICE

This document NEDO-33268, Revision 2, contains no proprietary information.

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

PLEASE READ CAREFULLY

The information contained in this document is furnished for the purpose of obtaining NRC
approval of the ESBWR Certification and implementation. The only undertakings of General
Electric Company with respect to information in this document are contained in contracts
between General Electric Company and participating utilities, and nothing contained in this
document shall be construed as changing those contracts. The use of this information by anyone
other than that for which it is intended is not authorized; and with respect to any unauthorized
use, General Electric Company makes no representation or warranty, and assumes no liability as
to the completeness, accuracy, or usefulness of the information contained in this document.
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1 OVERVIEW

The Human System Interface (HSI) design process translates functional and task requirements
into HSI characteristics, displays, software, and hardware for monitoring, control, and protection
functions during normal and accident situations. The HSI is based on the use of a structured
methodology that guides designers in identifying and selecting candidate HSI approaches,
defining the detailed design, and performing HSI tests and evaluations. It describes the
development and use of HFE guidelines that are tailored to the unique aspects of the ESBWR
design. The plan develops the process by which the ESBWR HSI design requirements are
identified, refined, and established. The purpose is to ensure consistency with accepted HFE
guidelines, principles, and methods. The result is a safe, simple, and standardized plant design.

This plan systematically delineates the requisite HFE principles necessary to translate functional
and task requirements to the design of alarms, displays, controls, and other aspects of the control
and instrumentation systems and HSI. Figure 1 shows where this HSI Design Implementation
Plan fits into the overall HFE Process.

The HSI design methodology establishes standardization and consistency in applying HFE
guidelines, principles, and methods. The process and the rationale for the HSI design are
documented and managed under General Electric Energy Nuclear (GEEN) Quality Assurance
(QA) and the ESBWR MMIS and HFE Implementation Plan.

An objective of the HFE program is to resolve issues related to the detailed design of specific
aspects of the Man-Machine Interface System (MMIS) during HSI design rather than at HSI
Verification and Validation (V&V). Acceptable display formats or alarm system-processing
design tradeoffs are established during the HSI design activities through the systematic
application of HFE principles.

The Nuclear Regulatory Commission's guidance document NUREG-0700, Rev. 2, breaks the
HSI into three (3) basic elements:

1. Information Displays

2. User-Interface Interaction and Management

3. Controls

Those elements are delineated into seven (7) system functions, which are:

1. Alarms

2. Safety Function and Parameter Monitoring

3. Group-View Displays

4. Soft-Controls

5. Computer-Based Procedures

Human-System Interface Design Implementation Plan 1
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6. Computerized Operator Supports

7. Communication

NRC guidance documents discuss workstation and workplace design as well as HSI support.
The ESBWR HSI implementation plan takes into account and uses as practical and appropriate
the NUREG guidance that is provided as baseline HSI plan development.

The HSI Design Implementation Plan establishes:

1. The methods and criteria for HSI design in accordance with accepted human factors
practices and principles

2. That the HSI design

a. Implements the information and control requirements developed through the
operational analyses, including the displays, controls, and alarms necessary for the
execution of those tasks identified in the task analyses as being critical tasks

b. Defines the basis for a style guide for alarms, displays, and controls as defined the
ESBWR operational analyses

3. The methods for comparing the consistency of the HSI human performance, equipment
design, and associated workplace factors with those modeled and evaluated within the
completed task analysis

4. The HSI design criteria and guidance for control room operations during periods of
maintenance and test

5. The test and evaluation methods for resolving HFE/HSI design issues. These test and
evaluation methods include the criteria to be used in selecting HFE/HSI design and
evaluation tools

The electronic screen formats, which form a major portion of the HSI are developed in
preliminary form as a portion of the HSI part-task simulator and are developed in final format in
compliance with the HSI design requirements as part of the entire software development activity.

The HSI design includes features, which facilitate operator activities intended to maintain the
operators' vigilance. Features of the HSI are designed using methods that are based upon
applicable industry research and publications. The bases for the features, including a review of
the experience of selected HSI features are a part of the documented design.

The design of the information and controls located at the operator sit-down workstation are
integrated with the design of the mimics displayed on the wide display panel (WDP) for
consistency in nomenclature, symbols, and color.

Human factors principles are followed and the color-coding, mimics, labeling, and demarcation
are applied consistent with the main control room consoles.
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1.1 Purpose

This plan develops the process by which the ESBWR HSI design requirements are identified,
refined, and established. The purpose is to ensure consistency with accepted HFE guidelines,
principles, and methods. The result is a safe, simple, and standardized plant design.

This plan systematically delineates the requisite HFE principles necessary to translate functional
and task requirements to the design of alarms, displays, controls, and other aspects of the control
and instrumentation systems and HSI. Figure 1 shows where this HSI Design Implementation
Plan fits into the overall HFE Process.

1.2 Scope

The scope of this HSI Design Implementation Plan establishes:

1. The methods and criteria for designing the HSI in accordance with accepted human factors
guidelines, principles, and methods

2. HSI information and control requirements

a. Support critical tasks identified through the operational analyses

b. Identify the displays, controls, and alarms necessary for the execution of those tasks

c. Ensure identified plant parameters used for calculation of operational limits are
presented as alarms, displays, and controls

d. Eliminate errors associated with risk-important human actions

e. Identify error-likely situations

3. Methods for comparing the consistency of the HSI human performance, equipment design,
and associated workplace factors with those identified and evaluated through the operational
analysis

4. HSI design criteria and guidance for operations during periods of maintenance and test

5. Test and evaluation methods to identify HFE/HSI design issues

6. Documentation for any human engineering discrepancies (HEDs) as well as strategies for
HED resolution

Human-System Interface Design Implementation Plan 3
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1.3 Definitions and Acronyms

Several terms are defined to provide a common basis for developing training recommendations
referred to in this plan.

L3.1 Definitions

Accident - an event that has the potential for release of significant amounts of radioactive
material, or that leads to a plant shutdown and/or personnel injury.

Accident situation - an abnormal plant state occurring during an accident, which may lead to a
new damage condition. Operating crews' actions can prevent, mitigate or exacerbate the
accident progression.

Action - involves observable movement from one location to another during task performance.

Allocation of Functions - assignment of responsibility for performing operations required for
accomplishing functions to humans, machines, or some combination of both.

Cognitive task - the thinking portion of a task, often performed by the control room operators.
This involves determining the present condition or state of the plant and the proper recovery
action(s) to be performed.

Consequences - the results of (that is, events that follow and depend upon) a specified event.

Control Function - keeping measured functional parameters within bounds though a process of
manipulating low-level functions to satisfy a higher-level function (NUREG-071 1, Rev. 2).

Framework - a systematic organization of tasks or activities used in a specified type of analysis.

Function - an activity or role performed by a human, structure, or automated system to fulfill an
objective (System Functional Requirements Analysis Implementation Plan).

Human error - a mismatch between a performance demand and the human capability to satisfy
that demand.

Human Action (HA) - actions 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.

HFE Issue Tracking System (HFEITS) - 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.
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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 (ASME/PRA Std).

Human-System Interfaces (HSIs) - the human-system interface (HSI) is that part of the system
through which personnel interact to perform their functions and tasks. Major HSIs include
alarms, information displays, controls, and procedures. Use of HSIs can be influenced directly
by factors such as:

1. Organization of HSIs into workstations (for example, consoles and panels)

2. Arrangement of workstations and supporting equipment into facilities such as a main control
room, remote shutdown station, local control station, technical support center, and
emergency operations facility

3. Environmental conditions in which the HSIs are used, including temperature, humidity,
ventilation, illumination, and noise

4. HSI use is also affected indirectly by other aspects of plant design and operation such as
crew training, shift schedules, work practices, and management, and organizational factor
cultures (NUREG 0700, Rev. 2)

Human Task - the activity of a human required to accomplish a function. For example, the
human user conserves, reduces, or adds information, and supplies or controls energy.

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.

Man-machine Interface System (MMIS) - the MMIS encompasses all instrumentation and
control systems provided as part of the ESBWR which perform the monitoring, control,
alarming, and protection functions associated with all modes of plant normal operation (that is,
startup, shutdown, standby, power operation, and refueling) as well as off-normal, emergency,
and accident conditions.

Maintenance - activities carried out to keep systems and equipment available. Specific types of
maintenance include preventive, and corrective. Activities associated with preventive
maintenance include testing, surveillance, inspection, and calibration. Activities associated with
corrective maintenance include repair, replace, and modify.

Mistake - a category of human errors where a wrong action was taken or the correct action was
not taken because the intent for the action was formed incorrectly.

MMIS Design Team - the MMIS Design Team (Design Team) is a multi-disciplinary team, as
defined in the MMIS and HFE Implementation Plan, responsible for the design of the MMIS
systems.
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Mockup - a static representation of a human-system interface

Operating experience review (OER) - a systematic review, analysis and evaluation of operating
experience that can apply to the development of the man machine interface design.

Performance Shaping Factor (PSF) - a factor that influences human error probabilities as
considered in a PRA's human reliability analysis and includes such items as level of training,
quality/availability of procedural guidance, time available to perform an action, and so forth.
(ASME/PRA Std).

Performance Shaping Factors - physiological, psychological, and environmental influences
affecting human performance.

Pre-initiator human failure events - human failure events that represent the impact of human
errors committed during actions performed prior to the initiation of an accident, (for example,
during maintenance or the use of calibration procedures) (ASME/PRA Std).

Recovery - a general term describing restoration and repair acts required to change the initial or
current state of a system or component into a position or condition needed to accomplish a
desired function for a given plant state (ASME/PRA Std).

Recovery - (1) a set of interactions intended to restore failed equipment or to find alternatives to
achieve their function, or (2) the event that represents (1).

Response - to react to a cue for action in initiating or recovering a desired function.

Risk-Important Human Actions - actions 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 systems - those systems that are designed to prevent or mitigate a design-basis accident
(ASME/PRA Std).

Situation Awareness - the relationship between the operator's understanding of the plant's
condition, and its actual condition at any given time.

Slip - a category of human errors where the intent to take the correct action was formed, but
because of the physical or mental environment a wrong action was taken or the correct action
was not taken.
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Style Guide - a document that contains tailored guiding principles that describe the
implementation of HFE guidance to a specific design, such as for a plant control room.
Adherence is expected and deviations justified.

Support system - a system that provides a support function (for example, electric power, control
power, or cooling) for one or more other systems (ASME/PRA Std).

Task - a collection of activities with an identifiable start and endpoint for which human actions
are performed.

Verification - the process by which the design is evaluated to determine whether it acceptably
satisfies personnel task needs and HFE design guidance.

L3.2 Acronyms
The following is a list of acronyms used in this plan.

10 CFR Title 10, Code of Federal Regulations
ABWR Advanced Boiling Water Reactor
AEO Auxiliary Equipment Operator
ANSI American National Standard Institute
AOF Allocation of Function
AOP Abnormal Operating Procedure
ASME American Society of Mechanical Engineers
BRR Baseline Review Record
BWR Boiling Water Reactor
CA Corrective Action
CAP Corrective Action Program
CBP Computer Based Procedures
COL Combined Operating License
COLOG Combined Operating License Owners Group
CRDT Control Room Design team
CTA Cognitive Task Analysis
D3 Distributed Control and Information System
DCRDR Detailed Control Room Design Review
EMI/RFI Electromagnetic Induction/Radio Frequency Induction
EID Ecological Interface Design
EOC Extent-of-Condition
EOF Emergency Operations Facility
EOP Emergency Operating Procedures
EPG Emergency Procedure Guidelines
EPRI Electric Power Research Institute
ERP Eye Reference Point
ESBWR Economically Simplified Boiling Water Reactor
FRA Functional Requirement Analysis
FSS Full Scope Simulator
GDC General Design Criteria
GEEN General Electric Energy Nuclear
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HA
HED
HEP
HF
HFE
HFEITS
HPES
HPM
HPMIP
HRA
HSI
HVAC
I&C
IAEA
IEC
IEEE
INPO
ISA
ISI/IST
LCS
LCSs
LER
LOCA
MCR
MMIS
MPL
N-DCIS
NRC
NPP
OER
OSHA
P&ID
PAM
PAS
PDA
PFRA
PMM
PRA
PRA/HRA
PSF
QA
RE
RSR
RSS
RWCU
S&Q

Human Actions
Human Error Discrepancy
Human Error Probability
Human Factors
Human Factors Engineering
Human Factors Engineering Issues Tracking System
Human Performance Evaluation System
Human Performance Monitoring
Human Performance Monitoring Implementation Plan
Human Reliability Analysis
Human-System Interface
Heating, Ventilation, and Air Conditioning
Instrumentations and Control
International Atomic Energy Agency
International Electrotechnical commission
Institute of Electrical and Electronic Engineers
Institute Nuclear Power Operations
Instrument Society America
In-Service Inspection / In-Service Testing
Local Control Station
Local Control Stations
Licensee Event Report
Loss of Coolant Accident
Main Control Room
Man-Machine Interface Systems
Master Parts List
Nonsafety-Related Distributed Control and Information System
Nuclear Regularly Commission
Nuclear Power Plant
Operating Experience Review
Occupational Safety & Health Administration
Piping and Instrument Diagram
Post Accident Monitoring
Plant Automation System
Piping Design Analysis
Plant-Level Functional Requirements Analysis
Project Management Manual
Probabilistic Risk Assessment
Probabilistic Risk Assessment / Human Reliability Assessment
Performance Shaping Factor
Quality Assurance
Responsible Engineer
Results Summary Reports
Remote Shutdown System or Station
Reactor Water Cleanup
Staffing and Qualifications

Human-System Interface Design Implementation Plan 8



NEDO-33268

SAMG Severe Accident Mitigation Guidelines
SDC Shutdown Cooling
SDS System Design Specifications
SFGA System Function Gap Analysis
SFRA System Functional Requirements Analysis
SME Subject Matter Expert
SPDS Safety Parameter Display System
SRO Senior Reactor Operator
SRP Standard Review Plan
SRP Seat Reference Point
SSC Systems, Structures, and Components
STD Standard
URD Utilities Requirements Document
TA Task Analysis
TL Task Leader
TMI Three Mile Island
TSC Technical Support Center
WDP Wide Display Panel
V&V Verification and Validation
VDU Video Display Unit
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2 APPLICABLE DOCUMENTS

2.1 Supporting and Supplemental GE Documents

2.1.1 Supporting Documents
The following supporting documents were used as the controlling documents in the production
of this plan. These documents form the design basis traceability for the requirements outlined in
this plan.

1. NP-2010 COL Demonstration Project Quality Assurance Plan, NEDO-33181

2. ESBWR Design Control Document Chapter 18 (26A6642BX)

2.1.2 SupplementalDocuments

1. NEDO-33262, ESBWR HFE Operating Experience Review Implementation Plan

2. NEDO-33219, ESBWR HFE Functional Requirements Analysis Plan Implementation Plan

3. NEDO-33220, ESBWR HFE Allocation of Functions Implementation Plan

4. NEDO-33221, ESBWR HFE Task Analysis

5. NEDO-33266, ESBWR HFE Staffing and Qualifications Plan

6. NEDO-33267, ESBWR HFE Human Reliability Analysis Implementation Plan

7. NEDO-33268, ESBWR Man-Machine Interface System and Human Factors Engineering
Implementation Plan

8. NEDO-33223, ESBWR HFE Verification and Validation Plan

9. NEDO-33224, ESBWR HFE Procedure Development Plan

10. NEDO-33275, ESBWR HFE Training Program Development Plan

11. NEDO-33278, ESBWR HFE Design Implementation Plan

12. NEDO-33277, ESBWR HFE Human Performance Monitoring Implementation Plan

2.2 Codes and Standards
1. IEEE Std 1023-2004, Guide for the Application of Human Factors Engineering to Systems,

Equipment, and Facilities of Nuclear Power Generating stations

2. IEEE Std 1012-1998, IEEE Standard for Verification and Validation Plans

2.3 Regulatory Guidelines

1. 10 CFR 50, Domestic Licensing of Production and Utilization Facilities, December 1981
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2. 10 CFR 73, Physical Protection of Plants and Materials, Paragraph 55, August 1980

3. NUREG-0696, Functional Criteria for Emergency Response Facilities, 1980

4. NUREG-0700, Rev. 2 Human System Interface Design Review Guideline

5. NUREG-071 1, Rev. 2 Human Factors Engineering Program Review Model

6. NUREG-0737, Supplement 1, Requirements for Emergency Response Capability, 1980

7. NUREG-0800, Standard Review Plan (SRP), Chapter 18 - Human Factors Engineering,
2004

8. NUREG-0835, Human Factors Acceptance Criteria for the Safety Parameter Display
System, 1983

9. NUREG-0899, Guidelines for the Preparation of Emergency Operating Procedures, 1982

10. NUREG/CR-333 1, A Methodology for Allocating Nuclear Power Plant Control. Functions
to Human and Automated Control, 1983, (US Nuclear Regulatory Commission)

11. NUREG/CR-4227, Human Engineering Guidelines for the Evaluation and Assessment of
Video Display Units, 1985

12. NUREG/CR-5228, Techniques for Preparing Flowchart Format Emergency Operating
Procedures (Vols. 1 & 2), 1989

13. NUREG/CR-5439, Human Factors Issues Associated with Advanced Instrumentation and
Controls Technologies in Nuclear Plants, 1990

14. Regulatory Guide 1.97, Rev. 4, Instrumentation for Light-Water-Cooled Nuclear Power
Plants to Assess Plant and Environs Conditions During and Following an Accident

2.4 DOD and DOE Documents
1. AD/A223 168, System Engineering Management Guide. (Defense Systems Management

College, Kockler, F., et. al.), 1990

2. DOD-HDBK-761A, Human Engineering Guidelines for Management Information Systems,
1989

3. DOD-HDBK-763, Human Engineering Procedures Guide, 1987

4. DOE-HDBK-1 140-2001 Human Factors/Ergonomics Handbook for the Design for Ease of
Maintenance

5. ESD-TR-86-278, Guidelines for Designing User Interface Software, 1986
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6. MIL-H-46855B, Human Engineering Requirements for Military Systems, Equipment and
Facilities, 1995

7. MIL-HDBK-759A, Human Factors Engineering Design for Army, Material, 1981

8. MIL-STD-1472F, August 1999, Human Engineering Design Criteria for Military Systems,
Equipment and Facilities: Department of Defense Design Criteria Standard Human Factors
Engineering

2.5 Industry and Other Documents
1. Advanced Light Water Reactor, Utility Requirements Document, Volume III, Chapter 10,

Man-Machine Interface Systems

2. ANSI HFS-100, American National Standard for Human Factors Engineering of Visual
Display Terminal Workstations (American National Standards Institute), 1988

3. ANSI/ISA-S 18.1, Annunciator Sequences and Specifications (Instrument Society of
America), 1992

4. ANSI/ISA-S5.5, Graphic Symbols for Process Displays (Instrument Society of America),
1985

5. Bikson T. K., & Gutek B. A. (1983). Advanced office systems: An empirical look at use and
satisfaction. Proceedings of the AFIPS National Computer Conference, 52,319-328

6. BNL TR-E2090-T4-1-9/96, Human-Systems Interface Design Process and Review Criteria,
1996

7. BNL TR-E2090-T4-4-12/94, Ri. (1996). Group-View Displays: Functional Characteristics
and Review Criteria

8. Boddy D., & Buchanan D. (1982). Information technology and the experience of work". In
L. Bannon, U. Barry, & 0. Holst (Eds.), Information technology: Impact on the way of life
(144-157). Dun Laoghaire, Dublin: Tycooly International

9. Buxton W. (1982). An informal study of selection-positioning tasks. '82,323-328

10. Buxton W. (1983). Lexical and pragmatic issues of input structures". Computer Graphics,
17(1), 31-37

11. Buxton W., Fiume E., Hill R., Lee A., & Woo C. (1983). Continuous hand-gesture driven
input. Proceedings of Graphics Interface 83,191-195

12. Buxton W., Lamb M., Sherman D., & Smith K. C. (1983). Towards a comprehensive user
interface management system. Computer Graphics, 17(3), 35-42

13. Card S. K., Moran T. P., & Newell A. (1983). The psychology of human-computer
interaction. Hillsdale, NJ: Lawrence Erlbaum Associates
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14. Draper S. W. (1985). The nature of expertise in UNIX. In B. Shackel (Ed.), INTERACT '84:
First conference on human computer-interaction

15. Draper, S. W. & Norman, D. A. (1986). User centered system design: New perspectives on
human-computer interaction. New Jersey: Lawrence Erlbaum

16. Enderwick, T. P., & Meister, D. (2002). Human factors in system design, development, and
testing. New Jersey: Lawrence Erlbaum.

17. Endsley, M. R. Towards a Theory of Situation Awareness in Dynamic Systems. Human
Factors, 37, 65-84. 1995

18. Gould J. D., & Lewis C. (1985). Designing for usability: Key principles and what designers
think. In B. Shackel (Ed.), INTERACT '84: First conference on human-computer
interaction. Amsterdam: North-Holland

19. EPRI NP-3659, (1984). Human factors guide for nuclear power plant control room
development. Electric Power Research Institute

20. FAA HFDS 2003 Human Factors Design Standard

21. Hix, D. & Hartson, H. R. (1993) Developing user interfaces: Ensuring usability through
product and process. NY, Wiley

22. NASA-STD-3000, Rev. B 1995 Man-Systems Integration Standards

23. Rasmussen, J. (1986). Information processing and human-machine interaction: An approach
to cognitive engineering. New York: North-Holland

24. Woods, D. D., & Roth, E. M. (1988). Cognitive systems engineering. In M. Helander (Ed.),
Handbook of human-computer interaction (pp. 3-43). New York: Elsevier

25. Woods, D. D., Watts, J. C., Graham, J. M., Kidwell, D. L., & Smith, P. J. (1996). Teaching
cognitive systems engineering. Proceedings, 259-263
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3 METHODS

This document meets the following objectives:

1. Describes the HSI design process

2. Presents the HSI Implementation Plan and the proposed HSI style guide that is used to
execute the design process

3. Provides guidance to the HSI design team members to understand their roles and direct their
design activities

4. Provides illustration to regulatory authorities that the new HSI is designed following the
process guidance found in the respective industry documents

5. Means to select technology for design application (presented in the HIS style guide)

3.1 Concept Design
The HFE team uses several approaches for developing a concept design as described in
NUREG-07 11, Rev. 2. The operational analysis (including development of a functional
requirement specification), modification of predecessor designs, surveys of the state-of-the-art in
HSI technologies, and predecessor and ABWR reference designs contribute significantly to HSI
development. Human performance issues identified from previous operating experience with the
predecessor designs are resolved in the conceptual design.

Evaluation of the conceptual design includes comparison with operating experience and
literature analyses, tradeoff studies, engineering evaluations, and experiments. Alternative
concept designs are considered for elements of the HSI. Evaluations provide reasonable
assurance that the selection process is based on a thorough review of design characteristics and a
systematic application of selection criteria. Tradeoff analyses, based on the selection criteria,
provide a rational basis for the selection of concept designs. HSI design performance
requirements are identified for components of the selected HSI concept design. These
requirements are based on the functional requirement specifications but are refined to reflect HSI
technology considerations identified in the survey of the state of the art in HSI technologies and
human performance considerations identified in the human performance research. A flow chart
that illustrates the process for designing computer-generated displays is shown in Figure 3.

3.A1 Background
Revision 2 of NUREG-0700 provides the base guidance for the ESBWR HSI design process.
NUREG-0700 was first published (Revision 0) in 1981 as a response to the Three Mile Island
(TMI) accident. Following TMI, all U.S. nuclear power plants were required to conduct detailed
control room design reviews (DCRDRs), including review of remote shutdown panels, to
identify and correct human factors design deficiencies. NUREG-0700 Revision 0 provided
extensive guidelines to support those reviews. Revision 1 to NUREG-0700, published in June
1996, updates the guidance to address the emergence of advanced HSI technologies into nuclear
power plant design. Revision 2 published in May 2002 has expanded the guideline information
included in the following areas:
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1. HSI design process

2. Information display

3. User interface interaction and management

4. Process control and input devices

5. Alarm systems

6. Safety Function and Parameter Monitoring

7. Group-View Display System

8. Soft Control System

9. Computer-Based Procedure System

10. Computerized Operator Support system

11. Communication System

12. Workstation Design

13. Workplace design

14. Maintainability of Digital Systems

Identification of the HFE/HSI issues is performed through a document review and the conduct of
personnel surveys in the operating experience review activity. The ESBWR OER identifies and
analyzes HFE/HSI-related issues encountered in plant operating history and in the general
nuclear power industry so that they are avoided in the development of the new HSI design.

The operating experience review encompasses the following aspects:

1. Document review

2. Plant personnel (MCR operator) surveys

3. HFE issues analysis and documentation

4. Completion and analysis of questionnaire identifying positive features of existing HSI

Function allocation is defined as the "analysis of the requirements for plant control and the
assignment of control functions to:

1. Personnel (for example, manual control)

2. System elements (for example, automatic control and passive, self-controlling phenomena)
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3. Combinations of personnel and system elements (for example, shared control and automatic
systems with manual backup)"

The function allocation is a human factors engineering process that is used to determine the level
of automation for a system. The function allocation process exploits the strengths of personnel
and system elements.

The function allocation process is based on HFE principles using a structured and well-
documented methodology that seeks to provide plant operators with logical, coherent, and
meaningful tasks. Function allocation is not based solely on technology considerations that
allocate to plant personnel everything the designers cannot automate. Such an approach results
in activities that are likely to negatively affect operator performance. The design does not
embrace automation for the sake of automation, but rather selectively automates in order to
maintain operator situational awareness and vigilance.

The function allocation report describes the approach to determining function allocation and
presents the results for safety functions. NUREG/CR-3331 and the top-down approach are used
to develop the approach for making the function allocation decisions.

For each system identified in the functional requirements analysis, the function allocation
methodology is applied and a level of automation is specified and documented. The result
summary report includes a specification of the current level of automation and personnel
responsibility for safety functions, and the associated safety-related processes and systems. The
rationale for the current plant function allocation decisions, pertaining to the ESBWR safety
functions, is also documented.

The function allocation results summary report also includes a description of HFE activities that
are conducted as part of the HSI design process to verify the adequacy of current function
allocation decisions, and establishes the capability of operators to perform the role assigned to
them. This includes:

* How human factors input is provided early in the design process

* How the role of the operator is considered in assigning function allocation

" Mechanisms available for reconsidering, and if necessary, changing function
allocations in response to operating experience and the outcomes of ongoing analyses
and trade-off studies

While this initial function allocation documents the current level of automation (and the
rationale) for systems affecting the safety systems, the function allocation is revised, if needed,
following completion of the OER/BRR report. If, after considering OER/BRR results, a function
allocation decision changes the current level of automation (function allocation) and the
respective system is part of the decomposition of one of the critical safety functions (functional
requirements analysis), then the function allocation documentation is revised.
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3.1.2 Goals

The primary goal for HSI designs is to facilitate 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. To achieve the operator
performance goals, information, displays, controls, and other interface devices in the control
room and other plant areas are designed and implemented in a manner consistent with good HFE
practices. The goals can be summarized as fulfilling the following:

* Maximize plant capacity/output power levels

* Achieve and maintain high reliability

* Achieve and maintain high availability

" Maintain high levels of safety

* Maintain high levels of operator awareness of the plant and equipment states

* Minimize the likelihood of human errors

* Integrate fault tolerance and fault recovery into the systems (both from potential human
and equipment errors)

The objective of the HSI concept design process is to produce an HSI design that presents plant
information and controls in a useful, effective, and operator-friendly manner and allows the
operators to safely monitor and control the plant under all operating conditions. A well-defined
design process that incorporates industry-accepted human factors engineering principles is used
to achieve this objective.

3.L3 Basis and Requirements

The HFE team develops functional requirements for the HSI to address the concept of
operations; personnel functions and tasks defined in the operations analysis; task and
staffing/qualifications analysis; and requirements for a safe, comfortable working environment.
The HSI requirements address the various types of HSIs, for example, alarms, displays, and
controls. The three components of HSI design: concept design, style guide, and detailed design
share similar bases and requirements.

The concept design uses human factor elements, as defined in the DCD Chapter 18 and the
MMIS and HFE Implementation Plan, to address HFE issues during the HSI design process.
The HSI design, hardware, software, logic, controls, indications and the style guide that governs
their creation conform to the principles set forth in regulations including:

* NUREG-0700 Rev. 2

* NUREG-0711 Rev. 2

* NUREG-0800 Section 18

* ANSI/ISA-S 18.1

* DG-1145, Section C.I.18
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The HFE design team reviews and verifies that the HSI concept design uses accepted HFE
principles in its form and presentation of information and in its interactions with plant personnel.
Additionally, the Computer Based Procedures (CBPs) presented by the HSI conform to the
principles set forth in NUREG/CR-6634 and NUREG-0700 Rev. 2.

3.L4 GeneralApproach

Due to increasing regulatory and utility requirements, and demands for greater plant availability,
it is necessary to incorporate innovative designs reflecting advances in computer-based
technology. In recent years, the major nuclear plant vendors have been developing control
complexes that make use of computers to process plant parameter data and display information
to personnel. Computer based applications reduce the number of hardwired instruments needed
to provide information about plant operations. In addition, computer-aiding routines are
incorporated to unburden plant personnel, thereby allowing them to direct their attention to
monitoring, and analysis and decisions regarding plant operations.

Figure 1 outlines the overall flow of the HFE process and the portions of the process that provide
input to HSI design. Processes that receive input from HSI design are also shown. The primary
input to HSI design is data processed through operational analysis. Operational analysis receives
input from:

" HRA/PRA results and risk significance determinations

* OER/BRR results and lessons learned

" Defense-in-Depth and Diversity (D3) requirements

* Design Control Document (DCD) specifications and requirements

* System Design Specifications (SDS)

These inputs are processed through design, detailed, and economic analyses in the functional
requirements analysis, allocation of function, and task analysis phases of operational analysis.
Outputs from task analysis form the inputs to HSI design. Operational analysis provides or
refines:

* Requirements to the HSI Implementation Plan

• Detailed procedure outlines to the Procedure Development Plan

* Task sequence and interlock logic for plant automation and auto control of functions

Operational analysis identifies the individual mental and physical tasks necessary to support the
functions allocated to humans, machine, or shared.

The Staffing and Qualification (S&Q) process provides additional input to HSI Design that when
combined with operational analysis specifications in accordance with the HSI style guide
generate HSI specifications.

Feedback inputs to the HSI design process include issues and lessons learned impacting HSI
design from:
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" Training program

" Procedure program

" Validation and Verification (V&V)

" Human Performance Monitoring (HPM)

" HFEITS

Figure 2 outlines the flow of information and processes within the HSI design process. The first
step in this process is the HSI concept design, which lays out the overall framework from which
the ESBWR style guide and the detailed HSI design are developed and refined.

The data input into HSI concept design is processed as shown in Figure 3. A summary of the
HSI design process is presented in the following steps:

Step 1: Workspace and Environmental Conditions Design

The external MCR and RSS display features are defined including general layout, fields of
vision, access and egress, seating, procedure lay down areas, general anthropometric dimensions,
and environmental temperature/humidity expectations.

Step 2: Panel Layout Design

The components mounted on the MCR and RSS panels and console, and their organization and
arrangement are defined.

Step 3: Alarm System Design

The alarm system is defined including conceptual display hierarchy, presentation, and layout.

Step 4: Displays and Control Design

The information and controls requirements derived from the operational analysis and other inputs
(Figure 3) are implemented into the MCR and RSS components.

Step 5: Communication System Design

Design aspects of a communication system are defined.

3.L.5 Application
A most critical question for the behavioral specialist is: Who is the user and/or operator of the
system to be designed? More important, what is this human supposed to do? The behavioral
specialist is aware of the physical functions to be performed by the system (because these
determine the behavioral functions the human performs), but the primary concern is the
derivation of behavioral functions from physical ones.

For example, if a display is presented to the operator of a system, the behavioral functions of
monitoring, analyzing, and interpreting are inevitably involved. The more information provided
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by the technology, the more detailed is the derivation of the human function/sub function. If the
designer of an interface merely says a display is provided, the specialist can deduce only that
perceptual-cognitive activity is required. If the designer says that the display is a multivariate
display reporting the interactions of multiple dimensions (level, pressure, temperature, and so
forth), the specialist is able to decompose the perceptual-cognitive function into more
meaningful sub functions (Enderwick & Meister, 2002).

The conceptual design portion of the overall HSI design process analyzes the basic HSI
requirements generated in operational analysis and the human factors insight gained from HFE
specialists and generates the HSI conceptual design. The conceptual design meets the process
goals by satisfying the HSI design requirements in a manner that takes advantage of human
strengths while avoiding human weaknesses.

3.2 HSI Specific Guidance - Style Guide

The purpose of the HSI style guide is to provide a set of HSI design guidelines to be used by the
HSI designers to help ensure that a consistent design philosophy is applied. As suggested
throughout NUREG-0700, ESBWR implementation guidelines are developed by tailoring the
requirements of NUREG-0700 to the ESBWR specific applications. Other HSI guidelines and
standards are also used as input to the style guide. The resulting HSI implementation guidelines
include the following:

1. Anthropometric and ergonomic data and design guidelines

2. HSI display format philosophy

3. Display implementation guidelines

The anthropometric and ergonomic data and design guidelines document provides the
anthropometric and ergonomic data and guidelines that are used in the design of the HSI
environment. The anthropometric data include 5th percentile female and 9 5th percentile male
data from the United States populations for measures such as arm length, sitting eye height,
functional reach, and so forth. This helps designers produce guidelines for physical clearances
and reach envelopes. Employing these guidelines ensures that objects in the control room do not
impede operator actions, and that a wide range of operators is accommodated.

Ambient and direct lighting, glare, and viewing distance guidelines are noted to provide
sufficient readability of all text-based and color-coded items in the control room. Auditory
thresholds and guidelines are outlined so alarms and auditory signals are designed for maximum
operator detection.

Guidelines for environmental factors such as temperature, humidity, and radiation exposure are
addressed to provide comfort and safety for the operators in the control room at all times.

The HSI display format philosophy document establishes the basic philosophy requirements for
the display formats made available to the operators. Descriptions of display hierarchy,
presentation, and navigation are provided in the style guide.
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The purpose of the HSI display implementation guidelines document is to define a set of
standards (such as general layout, text size, usage of colors, symbols, static/dynamic elements,
and so forth) that are followed by multiple display designers to ensure consistency when creating
the various display formats for the ESBWR project. The guidelines for the conventional HSI are
also included in the HSI display implementation guidelines document.

Figure 2 illustrates the inputs used to develop the HSI implementation guidelines and the
relationship of these guidelines to the HSI design effort. The HSI implementation guidelines are
used along with the HSI conceptual design documentation to develop the HSI design
specifications.

3.2.1 Background

The following sources of information provide input to the HSI design process:

1. Analysis of Personnel Task Requirements - The analyses performed in earlier stages of the
design process are used to identify requirements for the HSI. These analyses include:

a. Operational experience review - Lessons learned from other complex human-machine
systems, including ABWR reference designs and designs involving similar HSI
technology are used as an input to HSI design.

b. Functional requirement analysis and function allocation - The HSI supports the
operator's role in the plant, for example, appropriate levels of automation and manual
control.

c. Task analysis - The set of requirements to support the role of personnel is provided by
task analysis. The task analysis identifies:

i. Tasks that are necessary to control the plant in a range of operating conditions for
normal, abnormal, and accident conditions

ii. Detailed information and control requirements (for example, requirements for
display range, precision, accuracy, and units of measurement)

iii. Task support requirements (for example, special lighting and ventilation
requirements)

iv. Risk-important HAs and their associated performance shaping factors, as identified
through HRA are given special attention in the HSI design process

d. Staffing/qualifications and job analyses - The results of staffing/qualifications analyses
provide input for the layout of the overall control room and the allocation of controls
and displays to individual consoles, panels, and workstations. They establish the basis
for the minimum and maximum number of personnel to be accommodated and
requirements for coordinating activities between personnel.

2. System Requirements - Constraints imposed by the overall Instrumentation and Control
system are considered throughout the HSI design process.

3. Regulatory Requirements - Applicable regulatory requirements are identified as inputs to the
HSI design process.
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As the design progresses the HFE team identifies other requirements that become inputs to the
HSI design.

3.2.2 Goals
The style guide defines the HSI structure, layout, color schemes, screen hierarchy, and hardware
options from which the HSI is designed and developed. It also provides direction regarding how
the criteria are to be applied. Compliance with style guide criteria when designing the HSI to
meet the requirements set forth by operational analysis ensures the following goals are met:

* Standardization

" Consistency

* Uniformity

* Relevancy of meaning

* Discrimination of alarms and states

• Accommodation of user expectations

" Navigability

* Compliance with good HFE practices

* Minimize human error

3.2.3 Basis and Requirements

The design uses human factor elements, as defined in the DCD Chapter 18 and the MMIS and
HFE Implementation Plan, to address HFE issues during the HSI design process. The HSI
design, hardware, software, logic, controls, indications and the style guide that governs their
creation conform to the principles set forth in regulations including:

* NUREG-0700 Rev. 2

* NUREG-0711 Rev. 2

* NUJREG-0800 Section 18

* ANSI/ISA-S 18.1

* DG-1145, Section C.I.18

The HFE design team reviews and verifies that the HSI design uses accepted HFE principles in
its form and presentation of information and in its interactions with plant personnel.
Additionally, the CBPs presented by the HSI conform to the principles set forth in
NUREG/CR-6634 and NUREG-0700 Rev. 2. The style guide generated in this portion of the
process presents design options for use in the ESBWR and the requirements for use and
presentation of the HSI elements and CBPs. The HFE design team uses the style guide to
properly combine and structure the HSI design elements and operational analysis requirements.
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3.2.4 General Approach

The ESBWR HSI style guide is both a product of the HSI design effort and a governing input to
it. The style guide is one of the first products generated by the HSI design team. The style guide
will be created using input from similar guides from previous designs such as the ABWR, HSI
style guides from other industries, NUREG-0700, NUREG/CR-4539, and other applicable
documents. The style guide is a compilation of HSI equipment, control, display, interface, and
structures from which designers can select the most appropriate option for a given application.
Additionally, the style guide sets requirements for when and how to incorporate the various
hardware options.

Similar guidance is provided in the area of HSI software including workstation design and
presentation content, format, and logic. Style guide requirements maintain consistency in
presentation, navigation, and interface mechanisms between various portions of the HSI.
Because human factors criteria and best practices are infused in the style guide requirements, its
use ensures HSI design minimizes the likelihood of human error.

3.2.5 Application

Having better theories of users and task domains allows building more usable human-computer
interfaces, but it is important to realize that the ultimate usability of a system in a given
environment is governed as much by the organization of work around the system as it is by
fundamental characteristics of the technology itself. Boddy and Buchanan (1982), in a report on
case studies of new technology applications, note how the technology can be used to
complement or replace human capabilities, and that both the level of worker satisfaction and the
overall use of the technology were sensitive to the organization of work as a whole rather than to
specific aspects of systems.

Bikson and Gutek (1983) found that a key feature that predicts how well users integrate
information technology into their work and how happy they are involves the amount of variety
they have in their work. This does not imply that lower-level issues of user interface design are
unimportant, rather it points out that the design of interfaces includes a concern for how features
of the interface might accommodate different kinds of work organization, allowing for flexible
tailoring of the system to accommodate particular user groups.

Although the technology does not determine the work organization, it can bias things so that
certain kinds of procedures are more likely to be adopted than others. It is at this level that
designers can influence how work gets done. This argues for a more thorough analysis of the
operating philosophy beyond traditional task analysis and examining the social and
organizational context that influences the operation of work activities. Restricting a person to
abstract work procedures and designing systems at this level can lead to unworkable systems.

Insight gained in this area is infused in the criteria contained in the ESBWR HSI style guide.
This ensures that HFE goals are met when the technical requirements defined in operational
analysis are incorporated into the HSI design in accordance with the style guide.
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3.3 HSI Detailed Design and Integration
The detailed design incorporates all of the goals, attributes, and criteria already presented in the
conceptual design and style guide discussions above. The detailed design refines and enhances
the framework conceptual design. The comprehensive HSI design is created integrating the
broad system designs from the conceptual design effort and supporting details including:

• Alarm hierarchy and detailed presentation requirements

• System mimic displays and presentation requirements including;

- Color schemes

- Equipment symbols

- Data requirements, presentation, sampling and update rates

- Linked supporting information pages

- Trending and recording

- Interfaces and display of linked programs such as clearances

* Integrated plant displays and presentation requirements (similar to system mimics
above) including those incorporating SPDS requirements

* Computer based procedure requirements including standard displays, linked
automations, linked trending, imbedded controls, procedure place-keeping, and so forth

• Plant control displays, standards, and requirements for linked automations, trend
graphing, and so forth

• Incorporation of or links to supporting software based administrative programs such as:

- LCO tracking

- Clearance process

- Operator log keeping

- Corrective action program

- Work management program

- Risk evaluation/management program

- Electronic permanent records storage program

• HSI feedback mechanisms including:

- Prompts

- Audible or visual queues

- Alarms

- Error messages
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3.3.1 Background

The principal objectives of the HSI design are to provide the indications and displays necessary
to provide the operator with accurate, complete, and timely information regarding the functional
status of plant equipment and systems. HSI also provides control capability to both the plant and
the operator. An additional objective of the HSI design is to permit plant commissioning to take
place effectively and to permit timely installation, modifications, and maintenance of the HSI.

The diversity and defense-in-depth plan (D3) identifies the requirements for functional isolation.
The need for functional isolation and physical separation where safety and non-safety systems
are brought into close proximity are integrated into the design.

The control room provides an environment where tasks are performed without discomfort,
excessive stress, or physical hazard. In accordance with habitability requirements, appropriate
measures are taken to safeguard the occupants of the control room against potential hazards such
as unauthorized access, undue radiation resulting from an accident condition, toxic gases, and
consequences of fire, which could jeopardize necessary operator actions.

In order to minimize event-initiators HSI design facilitates:

* Normal operations,

* Abnormal operations,

* Emergency operations,

" Maintenance activities, and

• System and function monitoring.

The HSI basic design is standardized with desired HSI features that enhance the ability of
operators to carry out monitoring, planning and response tasks.

HSI inputs include:

1. Regulatory guidance

2. Operating Experience Review (OER) / Baseline Record Review (BRR)

3. Human Reliability Analysis (HRA) / Probabilistic Risk Assessment (PRA)

4. Operational analysis requirements from:

a. Plant and system Functional Requirements Analysis (FRA)

b. Allocation Of Functions (AOF)

c. Task Analysis (TA)

5. Staffing and Qualification (S&Q) requirements

6. Training
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7. Procedures

8. Feedback input from Human Performance Monitoring (HPM) and Validation and
Verification (V&V)

These design inputs are translated into hardware and software design requirements. These
requirements are included in the applicable specifications as well as in the hardware drawings
and software programs. Central to this plan is the generation of both a concept design and style
guide, both of which input into and govern the development of the detailed design.

In order to evaluate these requirements (for example, operator time critical and reliability critical
requirements), studies and tests are performed as necessary. Mockups and models are
constructed and/or dynamic simulations performed as necessary to validate the designs.

Figure 2 defines the overall design process described in this plan. In this figure, the expected
inputs and outputs are identified. The relationship between this plan and other implementation
plans is also identified in Figure 2.

3.3.2 Goals
The primary goal for HSI designs is to facilitate safe, efficient and reliable operator performance
during all phases of normal plant operation, abnormal, and emergency conditions. Maintenance,
test, and inspection activities are also considered. To achieve the operator performance goals,
information, displays, controls, and other interface devices in the control room and other plant
areas are designed and implemented in a manner consistent with good HFE practices. The goals
can be summarized as fulfilling the following:

• Maximize plant capacity/output power levels

* Achieve and maintain high reliability

* Achieve and maintain high availability

* Maintain high levels of safety

* Maintain high levels of operator awareness of the plant and equipment states

* Minimize the likelihood of human errors

* Integrate fault tolerance and fault recovery into the systems (both from potential human
and equipment errors)

3.3.3 Basis and Requirements

The bases and requirements of the HSI detailed design are similar to the previous two elements.
The detailed design uses human factor elements, as defined in the DCD Chapter 18 and the
MMIS and HFE Implementation Plan, to address HFE issues during the HSI design process.
The HSI design, hardware, software, logic, controls, indications and the style guide that governs
their creation conform to the principles set forth in regulations including:

* NUREG-0700 Rev. 2
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• NUREG-0711 Rev. 2

• NUREG-0800 Section 18

" ANSI/ISA-S 18.1

° DG-1145, Section C.I.18

The HFE design team reviews and verifies that the HSI detailed design uses accepted HFE
principles in its form and presentation of information and in its interactions with plant personnel.
Additionally, the CBPs presented by the HSI conform to the principles set forth in
NUREG/CR-6634 and NUREG-0700 Rev. 2. Detailed design including software and hardware
elements are generated in accordance with the style guide.

3.3.4 General Approach

1. Specific HFE design guidance is developed using operational analysis requirements and the
HFE principles incorporated into the style guide. This guidance is used in the design of the
HSI features, layout, and environment.

2. The HSI detailed design supports personnel in their primary role of monitoring and
controlling the plant while minimizing personnel demands associated with use of the
displays (for example, window manipulation, display selection, display system navigation).
High-level HSI design review principles reflect NUREG-0700 Rev. 2 guidelines.

3. For risk-important Human Actions (HAs), the design seeks to minimize the probability that
errors occur and maximize the probability that an error is detected if one is made.

4. When developing detailed HSI design requirements for monitoring and control capabilities
provided either in the control room or locally in the plant, the following factors are
considered:

a. Communication, coordination, and workload

b. User feedback

c. Local environment

d. Inspection, test, and maintenance

e. Risk-important elements

5. The layout of HSI within consoles, panels, and workstations is based upon

a. Analyses of operator roles (job analysis)

b. Systematic strategies for organization such as arrangement by importance, frequency of
use, and sequence of use

c. Accommodation of diversity and defense-in-depth (train segregation)

6. Personnel and task performance is supported during minimal, nominal, and high-level
staffing.

Human-System Interface Design Implementation Plan 27



NEDO-33268

7. The design process addresses the use of the HSIs over the duration of a shift where
decrements in performance due to fatigue may be a concern.

8. HSI characteristics support human performance under the full range of environmental
conditions, for example, normal as well as credible extreme conditions. For the main control
room, requirements address conditions such as loss of lighting, loss of ventilation, and main
control room evacuation. For the remote shutdown facility and local control stations,
requirements address constraints imposed by the ambient environment (for example, noise,
temperature, contamination) and by protective clothing (if necessary).

9. HSIs are designed to support inspection, maintenance, test, and repair of (a) plant equipment
and (b) the MMIS. HSIs are designed so that inspections, maintenance, test, and repair of the
MMIS does not interfere with other plant control activities.

10. Modifications to predecessor HSI designs to be used for ESBWR applications are reviewed
to address the following considerations.

a. As practical, maintain consistency with user's existing strategies for gathering and
processing information and executing actions in the task analysis.

b. As practical, maintain or improve existing support for crew coordination through
shared view of plant information and, awareness of others' actions and crew
communications.

c. Developments of design requirements to assure that the relationship among plant
systems are consistent with original design, if the modification changes the degree of
integration between plant systems.

3.3.5 Application
A major aspect of the endpoint vision of the control room is the determination of the
capability/functionality of the systems and interfaces. In the past, nuclear power plants had
commonly looked at "like-for-like" replacements when defining the modernization of old
systems. That is, the plants just implement the same functionality and capability of the old
system with new technology. At the most, some simple interface or other minor changes were
made. This may be the best modernization solution in some cases. However, in most cases it is
not. Therefore, it is important to look at and take advantage of the improvements that modern,
digital technology can bring now and in the future. To accomplish this HSI design addresses the
following attributes discussed in detail below.

3.3.5.1 Control Room Interfaces

Standard Design Features

Using requirements from the ESBWR Design Control Document (DCD), results of the
operations analysis (plant and system functional analysis, allocation of functions, and task
analysis), and the operating experience of BWRs and ABWRs, as part of the design development
a program is planned for the purpose of "studying the application of man-machine technologies
to enhance the efficiency of operational control of NPPs". A variety of tests, studies, and
evaluations are performed in a number of areas of control room equipment design. These studies
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and evaluations culminate in the fabrication and testing of prototype control room HSI
equipment designs.

The HSI design program includes:

1. Consideration of existing control room operating experience

2. Review of trends in control room designs and existing control room data presentation
methods

3. Evaluation of new HSI technologies, alarm reduction and presentation methods

4. Adoption of successful HSI technologies from highly hazardous process control industry,
military, and other complex system advances

5. Review of operations analyses

6. Validation testing of the prototype. The prototype is evaluated in accordance with the
methods and criteria defined in this plan and the Human Factors V&V Implementation Plan

Following the completion of the prototype tests and implementation of their results, the detailed
control room HSI standard design features are finalized.

Location and Protection

Location

The MMIS related to HSI is located where it is 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 the plant conditions, yet evacuate from the location if the location becomes
uninhabitable.

Protection

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

1. Fire Protection

Attention is given to using nonflammable materials in the HSI. The HSI area in the MCR
is equipped with fire detection and fire suppression systems.

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. Cable insulation and sheathing materials are
fire-retardant and consistent with applicable national codes for flame propagation, release
of combustion products and materials where applicable.
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2. 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.

3. Missile Protection

The HSI design includes assessment and protection against missiles.

4. 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.

5. Security

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

3.3.5.2 Human Centered Design
Realization of a human-centered design requires an understanding of the method of
decision-making of a human operator. ESBWR HFE design team has modified an operator
decision-making model that is based upon a model developed by Rasmussen to clearly define the
role of feedback in the decision-making process.

The model identifies four major cognitive activities supported by the HSI:

* Detection and monitoring/situation awareness

* Interpretation and planning

* Control

* Feedback

The HSI resources are designed to promote not only rule-based reasoning by the operators but
also knowledge-based reasoning. MCR operators are required to follow procedures while
executing plant maneuvers and plant and equipment state changes. The HSI is designed to
promote the efficient execution of plant procedures (rule-based reasoning). HSI resources are
also designed to promote knowledge-based reasoning. Knowledge-based reasoning is defined as
human decision-making based upon their knowledge, training, and plant experience.

Detection and Monitoring/Situation Awareness
Operators monitor plant parameters to understand the plant state. The model is defined broadly
to address detection and monitoring during each plant condition. It includes active monitoring
guided by procedures or a supervisor, and passive monitoring, such as board scanning. It also
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includes monitoring to support awareness of the goals and activities of other agents, both people
and machines.

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.

The need for coordination in carrying out procedures is not explicit in the performance model.
The process of initial allocation to human and automated sources, and later coordination of tasks
(goals to be addressed) is included in the interpretation and planning area of the model. The HSI
model makes explicit the monitoring of goal achievement, which is a means to assess how well
each operator or automated system is progressing in achieving goals.

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 must be coordinated to execute a task. While
the control area of the model does not explicitly call out the process of locating the controls, it is
considered to be part of this area of the model.

Feedback

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 an evaluation of
whether the operational goal is achieved.

3.3.5.3 Automation Design

The ESBWR incorporates selected automation of the operations required during normal plant
startup/shutdown and during normal power range maneuvers.

The Plant Automation System (PAS) is the primary ESBWR system for providing the
automation features for normal ESBWR plant operations while ensuring that ultimate control of
the plant remains with the operator.

1. Automated Operation

During transitions between plant operation modes, the PAS, when in automatic operation,
performs sequences of automated plant control operations by sending system or component
state change commands and setpoint changes to lower level, non-safety related plant
system controllers. The PAS cannot directly change the status of a safety related system.
When a change in the status of a safety related system is required to complete the selected
operation sequence, the PAS provides prompts to guide the operator in manually
performing the change using the appropriate safety related HSI controls provided on the
main control console.
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Automatic actuations such as design basis safety-related automatic actuations or isolations
cannot be prevented by normal human actions unless an engineered inhibit or bypass is
provided (EOPs and/or SAMGs provide for additional emergency inhibits, and bypasses).
Plant automations designed to assist human operation of the plant are provided with
alternate human performance and/or human override capability where operational analysis
indicates such capabilities are appropriate. The PAS logic also monitors plant status, and
automatically reverts to manual operating mode when a major change in plant status occurs
(for example, reactor scram or turbine trip).

2. Semi-Automated Operation

The PAS also includes a semiautomatic operational mode that provides automatic operator
guidance for accomplishing the desired normal changes in plant status. The operator must
activate all necessary system and equipment controls for the semiautomatic sequence to
proceed, The PAS monitors the plant status during the semiautomatic mode in order to
check the progression of the semiautomatic sequence and to determine the appropriate
operator guidance to be activated.

3. Manual Operation

The manual mode of operation in the ESBWR corresponds to the manual operations of
conventional BWR designs in which the operator determines and executes the appropriate
plant control actions. The manual mode provides a default operating mode in the event of
an abnormal condition in the plant or the failure of automation. The operator can
completely stop an automated operation at any time by simply selecting the
manual-operating mode.

3.3.5.4 Staffing and Qualifications

The HFE team develops a concept of operations indicating personnel staff composition and the
roles and responsibilities of individual staff members based on anticipated staffing levels. The
concept identifies the relationship between personnel and plant automation by specifying the
responsibilities of the crew for monitoring, interacting, backing-up, and overriding automations
and for interacting with computerized procedures systems and other computerized operator
support systems.

3.3.5.5 Mockups, Part-Task Simulation, and Full Scope Simulation

Mockups, part-task simulations, and full-scope simulators provide for:

* Developing and validating the HSI

* Developing and validating requirements for procedures

* Training and qualifying operators

* Re-qualifying operators

Simulators range from those that emulate a portion of the plant or a system (part-task simulators)
to those that fully reproduce the control room environment (full-scope simulators). Both have
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been used to facilitate HSI designs that support safe, efficient and reliable operator performance
during all phases of normal plant operation, abnormal events and accident conditions, as well as
for maintenance, test, surveillance, and inspection activities. To achieve operator performance
goals, information, displays, controls, and other interface devices in the control room and other
plant areas are systematically designed and implemented consistent with good HFE practices.

3.3.5.6 Tests and Evaluations
The HFE team develops testing and evaluation plans for the HSI designs that are iteratively
conducted throughout the HSI development process. The types of tests and evaluations
performed vary depending on the specific point in the design process (Figure 4).

The methodology used for testing applies the following criteria:

Trade-Off Evaluations
To adequately consider human performance the HFE team uses the following example factors
when performing trade-off analyses and evaluations to make design choices.

• Personnel task requirements

" Human performance capabilities and limitations

• HSI system performance requirements

* Inspection and testing requirements

• Maintenance requirements

• Use of proven technology and the operating experience of predecessor designs

The HFE team makes trade-off evaluations to determine the relative benefits of selected design
alternatives.

Performance-Based Tests
The HFE team plans performance-based tests to address the specific questions and design
features being addressed. The tests and selection of participants, depends on the purpose of the
evaluation, the questions being addressed, and the maturity of the design. The performance
measures consider measurement characteristics, identification and selection of variables, and
performance criteria. Testbed selection is based on test requirements and design maturity.

To the degree possible the test design minimizes bias, confounds, and error variance (noise).
Test data is collected using appropriate techniques such as those shown in Figure 5. Design
solutions are developed to address problems that are identified during the testing and evaluation
of the HSI design.

The following performance measures are included in the test plan as appropriate for the specific
test being performed:

* Systems measures relevant to plant safety (avoiding alarm conditions and technical
specification violations)

Human-System Interface Design Implementation Plan 33



NEDO-33268

" Personnel primary task performance (task times and procedure violations)

" Personnel errors (intention errors related to assessing the plant conditions, and
execution errors related to using the HSI)

• Situation awareness

" Workload (cognitive: decision making; physical: motion)

* Personnel communications and coordination (information sharing and coordinated
control actions, and crew synchronization)

" Dynamic anthropometry evaluations (reach and dexterity issues)

* Physical positioning and interaction with the HSI (physical motion between panels and
workstations and information display-space navigation)

" Secondary task control (display format navigation, information search, and so forth)

HSI Design Analyses, Reviews and Evaluations

This section provides a description of the methods and tools to be used for analysis, reviews and
evaluations of the HSI during the design process.

Techniques are appropriate for the evaluation of HSI include, but are not limited to:

• Checklists

* Structured interviews

" Direct observation of operator behaviors

" Analysis of historical records of operational problems with similar equipment

• Physical measurements

• Experiments

* Subject Matter Expert (SME) rating of alternative designs

Criteria that may be used in selecting HFE techniques are the following:

Type of design. Taking into account the type of design, there are some techniques that may not
apply.

Type of technology (proven or not). In accordance with Section 3.2 of the EPRI URD NP-5795,
the MCR design uses proven technology. Advanced systems, equipment, software and firmware
may be justified if proven in other applications as defined in the EPRI URD NP-5795, or in
ABWRs.

Additional considerations in the selection of FE techniques include:

* Relative time to perform
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* Relative complexity

* Relative cost

* Relative cost effectiveness

* Demonstrated by use of dynamic displays, simulator, and so forth

The design evaluation is based on the objectives of the systems design. What should the system
do, who will use it, where will it be used and when will it be used? If the objectives are clear,
the evaluation of the results is made simpler. Numerous methods are available for evaluation of
designs. Figures 4 and 5 provide guidance on selecting appropriate and useful methods.

Definition of the Design/Evaluation Tools for the HSI Design Analyses

Considering the criteria listed in Section 3 and criteria to be used in selecting HFE/HSI Design
and Evaluation Tools, the following techniques are used in the conduct of the HSI design
analyses.

Design Criteria Checklist

A checklist includes a series of equipment and facilities design requirements taken from human
engineering standards and guides that address HSIs. The checklist is divided into categories of
design criteria corresponding to major equipment or facilities. These categories might consist of
visual displays, audio displays, controls, and so forth; NUREG-0700 Rev. 2 provides examples
of checklist formats.

Drawings

Engineering drawings or sketches of interest to the HFE Design Team may be further
categorized as:

* Hardware drawings

• Workspace layout drawings

* Console drawings

* Panel arrangement drawings

Mock-ups

Mock-ups are constructed in the development of the HSI as tools used to evaluate the system
design before the actual manufacture of system hardware.

These mockups will provide a basis for resolving access, workspace and related human
engineering problems, and incorporating these solutions to the problems into HSI design. In
those design areas where systems/equipment involve critical human performance and where
human performance measurements are necessary, functional mockups may be provided. The
mockups are available for inspection as needed.

Human-System Interface Design Implementation Plan 35



NEDO-33268

In addition to the performance of normal, abnormal, and emergency evaluations, the mock-up is
also used to evaluate maintenance, tests, and inspection activities. Based on the fidelity of the
mock-up, volume studies may be performed to assess equipment pull-space, personnel, and tool
envelopes for these activities.

Questionnaires and Interviews

Questionnaires and interviews are used for obtaining information about the problems and
positive system features that have been noted in the course of evaluations.

1. Questionnaires

The questionnaire is a subjective measurement tool for systematically obtaining attitudinal
responses from a selected group of individuals. The questionnaire provides a structured
method for asking a series of questions in order to obtain measurable expressions of
attitudes, preferences, and opinions. The questionnaire is used to assess a wide variety of
qualitative variables such as acceptance, ease of use and preference.

2. Interviews

The interview technique is the process of the evaluator discussing the test events with the
participants.

The purpose of an interview is to find out either objective facts related to the system about
which the interviewee has some knowledge, or subjective information, attitudes, or
opinions about how the interviewee feels about some test aspect.

Test and Evaluation Methods for Evaluating and Resolving HFE/HSI Design Issues

The Evaluation Process

Evaluation is an integral part of the design process, with the results of evaluation efforts leading
to interaction through the other phases of the design process. Therefore, planning for evaluation
proceeds in parallel with design rather than after a prototype design has emerged.

It is necessary to establish the objectives of the design prior to the evaluation.

The evaluation process, which is to be efficient in terms of both time and cost, is an integral part
of design. The evaluation process is iterative in the sense of including multiple phases of
evaluation, with the results of each phase being used to enhance the design of the system as
necessary to meet HFE goals.

The combined objectives of efficiency and design-oriented successive refinement dictate that the
overall evaluation process includes multiple evaluation methods. Alternative methods may range
from checklists or paper/electronic evaluations to part-task and full-scope simulator evaluations.
The sequencing of these methods depends on the nature of the evaluative issues being addressed.
There are three basic types of issues:
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1. Compatibility

A system is compatible to the extent that the physical presentations to the operator and the
responses expected from the operator are consistent with human input-output abilities and
limitations.

2. Understandability

A system is understandable if the structure, format and content of the operator-system
dialogue result in meaningful communication.

3. Effectiveness

A system is effective to the extent that it supports an operator (or 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.

Methods of Evaluation

Figure 6 illustrates how multiple methods are sequenced to pursue the evaluation issues. This
figure is not meant to imply that all five types of evaluation (that is, electronic, paper, part-task,
full-scope, and in-plant) are required for every evaluation effort. The methods employed first are
those that are relatively fast and inexpensive and that can be employed earliest in the design
process.

Electronic, paper and part-task simulator evaluation methods are used in the design phase. Full-
scope simulator and in-plant evaluation methods are used in the integrated verification and
validation process.

1. Electronic Evaluation

The primary purpose of the electronic evaluation is to assess compatibility in the sense of
determining the degree to which a design takes advantage of MCR operator's abilities
while avoiding their limitations.

Since much of the documentation and design is being developed on computers, an
electronic version of documentation is available early in the design phase allowing for
evaluating and resolving HFE/HSI design issues.

2. Paper Evaluation

The results of a typical paper evaluation include a list of problems identified (human
engineering deficiencies) and recommendations for modifying the system to eliminate the
problems.

In order to expand the scope of a paper evaluation to include understandability and perhaps
a few effectiveness considerations, the design team carefully analyzes the system design to
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see that it satisfies information requirements and to assess, if possible, the degree to which
system objectives are achieved.

The paper evaluations of compatibility are performed, using human factors engineering
guidance.

It should be noted that both the electronic and paper evaluation methods are used in either a
static or "dynamic" evaluation process. When used statically, the images (either on paper
or electronic screen) are examined from a human factors perspective. When used
dynamically, the images are used in a talk-through process to verbalize what is expected to
appear in a specified event, and to examine this from a human factors perspective.

3. Simulator Evaluation

A wide range of part-task simulators is possible, with static mockups on the low end.

The primary objective of part-task simulator evaluation is to assess understandability. As
discussed earlier, this involves determining whether operators can comprehend the
messages transmitted to them by the system, and whether they can communicate their
desires, and perhaps intentions, to the system.

The purpose of evaluating understandability is to assess the validity of the answers
generated during design by answering the following questions:

a. Do operators actually comprehend the messages presented by the system?

b. Do operators correctly formulate responses to these messages?

c. Do operators correctly communicate their responses to the system?

Dynamic simulation techniques are used as a human engineering design tool when
necessary 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 in any plan for dynamic simulation.

3.3.5.7 Procedures

Human factor improvements in plant procedures help prevent or mitigate potential human error.
Procedure development supports improvements in the Human System Interface (HSI), plant
hardware (e.g. in ergonomic layout), training, and other areas. The approach to reducing human
error is to simplify the information reaching the operating personnel and to enable control room
personnel to have a clear understanding of the plant status at any time. Through the HSI and
procedures, operating personnel control the plant under normal, abnormal, and emergency
conditions. As shown in Figure 1, the ESBWR is designed using a systematic process for
integrating human factor engineering principles into the system design as well as the procedures
that are used to operate the plant. Figure 1 also demonstrates how the Human Factors
Engineering (HFE) procedure development plan is an integral part of the Man-Machine Interface
System (MMIS) and HSI development for the ESBWR.
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Procedures specific to the ESBWR design and operating philosophy are developed or modified
to reflect the characteristics and functions of the ESBWR plant improvements. As the details of
the HSI are finalized, the Verification and Validation (V&V) processes shown in Figure 1
support evaluation of the HSI and the procedures. To verify complete integration and
consistency in the procedures, human factors principles are applied to both the hardware and
procedure development aspects of the HSI. Tools, such as dynamic simulators that represent the
control room HSI, the plant response to selected events, and the operator control actions taken,
are used to validate the integrated design.

Information flow analysis is conducted for each of the categories of CBPs including normal,
abnormal, and emergency procedures including EOPs and SAMGs.

3.3.5.8 Panels and Consoles
Main Control Console

The workstation for licensed reactor operators that operate the controls in the MCR is the main
control console. It is configured such that each operator is provided with controls and
monitoring information necessary to perform assigned tasks and allows the MCR operators to
view all of the displays on a wide display panel (WDP) from a seated position.

The design of the information and controls located at the operator workstation is integrated with
the design of the mimics displayed on the WDP for consistency in nomenclature, symbols, and
color.

The HSI design includes features, which facilitate operator activities that tend to keep the
operators alert and attentive. Features of the HSI are designed based upon applicable industry
research and publications to assure operator vigilance. The basis for the features, including a
review of the experience of selected HSI features, is part of the documented design.

The main control console, in concert with the WDP, provides the controls and displays required
to operate the plant during normal plant operations, abnormal events and emergencies. The main
control console controls and displays include the following:

1. The grouped workstations, controls, displays, and equipment used by control room
personnel to monitor and control ESBWR operation.

2. Non-safety related on-screen control VDUs for non-safety system control and monitoring,
and safety system monitoring, driven by the N-DCIS.

3. Safety-related on-screen control VDUs for safety system control and monitoring, driven by
the Q-DCIS. The operation of these VDUs is fully independent of the DCIS.

4. Fixed-position, dedicated function switches, controls, or other equipment specified in
operational analysis requirements processed in HSI design.
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3.3.5.9 Control System
The control system is the combination of software constructs and hardware interfaces used by
operators to interact with the HSI and plant equipment. Each of the controls is selected,
presented, and set up to operate based upon options presented in the style guide that best meet
the operational analysis requirements for the control. Additionally, the aggregate control
presentation for a system or display screen is designed in accordance with the style guide. This
process ensures that the combination of computer and hardwired controls used to operate the
ESBWR individually and collectively meet HFE requirements and goals including:

" Control displays are consistent and easy to read including

- Size coding

- Shape coding

- Color coding

- Status coding (open, closed, on, off)

- Control variable displays (temperature, flow, pressure)

- Control versus display only coding

- Overall display structure

- Display hierarchy for multi-screen control displays

- Links to trending, monitoring, assistance automation, procedure, or other HSI control
assistance features

• Control point labeling is consistent with end device designation and name

* Input devices are appropriate for the application considering required accuracy,
duration active input is requires, and work space limitations including options such as
(adapted from NUREG-0700):

- Cursor keys

- Touch screens

- Light pens

- Mouse

- Trackball

- Joystick

- Hardwired controls (rotary, rocker, toggle, thumbwheel, and so forth)

* Controls that are easy to identify

* Control operation is in manner and direction in keeping with convention

• Controls that react and provide feedback in keeping with convention

• Feedback telling the worker how effective his/her decisions and control actions were
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3.3.5.10 Display System

VDUs Driven by the N-DCIS

A set of.on-screen control VDUs is incorporated within the main control console for the
following functions and tasks:

1. Monitoring of plant systems, both safety and non-safety related

2. Control of non-safety related system components

3. Presentation of system and equipment alarm information

The N-DCIS displays and controls non-safety systems including the alarm system. The N-DCIS
is independent from the safety related safety systems and their associated processors. All
systems, safety and non-safety may be displayed on the non-safety VDUs, but safety systems
may only be controlled from the safety system VDUs.

VDUs Driven by the Q-DCIS

Safety related VDUs that are physically separate, and functionally independent, of the N-DCIS
are installed within the main control console. The VDUs are dedicated, divisionally separated
devices, and qualified with supporting display-processing equipment, to safety-related standards.
These VDUs are only used for monitoring and control of equipment within a given safety
division.

3.3.5.11 Alarms

Alarm presentation provides for the display of certain key alarms or similar alarm-like
information, which needs to be brought to operator attention. The specific items to be displayed
as alarms are determined in the HSI design process for the alarm system. Additional alarms are
presented within display screen of the HSI and prompt the attention of operators where
appropriate. Alarm functions are designed using the physical characteristics and functional
characteristics set forth in the style guide.

Alarms are presented in a manner and intensity in keeping with their significance and risk.
Alarm presentation possibilities include single parameter, grouped, combined, trip point, trend,
or calculational variables that have alarming requirements specified in operational analysis.
Alarms integrated into the HSI and displayed on VDUs may be displayed with linked controls,
trends, indications or procedures.

Following the occurrence of an event or transient, actuation of the appropriate alarms:

• Alert operators to off normal conditions, which require them to take action;

• Redirect the operators, to the extent possible, to the appropriate response;

• Assist the operators in determining and maintaining an awareness of the state of the
plant and its systems or functions;
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Minimize distractions and unnecessary workload placed on the operators by the alarm
systems.

3.3.5.12 Workstations

Workstation Configuration

The physical elements of the HSI are organized into workstations at which plant personnel carry
out the tasks of monitoring and controlling the ESBWR. Workstations can be stand-up, sit-down
or a combination of both. HFE principles governing attributes such as reach, field of vision, and
comfort are integral to the options contained in the HSI style guide and are therefore
incorporated into the design.

Size and shape of HSI equipment such as: control consoles, desks, boards, panels and chairs are
determined from the anthropometric requirements and other human engineering considerations.
Details considered during workstation design include (adapted from NUREG-0700, Rev. 2):

* Workstation height (operators, supervisors, and any other)

* Benchboard slope, angle, depth, available lay down space

* Control device locations

* Display device locations

* Accommodations for human body positioning including leg clearances, arm rests, and
so forth

Display and control equipment layout

Style guide HFE principles address both individual elements of the HSI and their grouping. The
aggregate main control console, RSS, and LCS workstation configurations are consistently and
logically laid out to enhance human awareness, understanding, control, and long-term use.
Details considered during workstation layout design include (adapted from NUREG-0700, Rev.
2):

* Grouping of related controls

* Placement of controls to provide ease of access and minimize inadvertent actuation

* Placement and arrangement of display devices

* Overall grouping of controls and displays

3.3.5.13 Workplace

1. Space

The operator work area has sufficient space to allow performance of all necessary actions.
Attention is paid to providing work areas, writing space, and storage space for documents:
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a. Work areas manned on a continuous basis are designed for seated operation and
adequate seating is provided. The workstations do allow for standing operations as
well.

b. Where writing and access to documentation are normal parts of HSI duties, adequate
writing space is made available. Laydown space for documents in use is available.

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

2. Configuration

The HSI is designed giving due consideration to:

a. ESBWRs operating principles

b. Allocation of Functions

c. Standardized ESBWR design determines the extent of controls present in the control
room

d. Supervision criteria, which determine the number of VDUs and the extent to which
hardwired controls are required, if any

e. ESBWR fleet and COLOG technological options and preferences (choices)

f. The control room has operating areas where each operator obtains access to all controls
and information required to perform the assigned tasks under operational and accident
conditions

g. The operating area and HSI equipment such as control desks, boards, and panels are
arranged according to human factors engineering principles

3.3.5.13.1 Grouping of operating areas

The MCR and LCS are divided into operating areas where each operator has all the controls and
indications required to perform the tasks assigned in various operating conditions including start
up, normal operation, shutdown and emergencies. Consideration is also given to tasks related to
maintenance, testing, and inspection activities. The configuration minimizes interference among
operator tasks.

Control Boards and Arrangement

The arrangement of control panels, desks and boards in the MCR, RSS, and LCSs include:

a. Allowing each operator to have 'sufficient space among the panels for immediate and
direct access to the information and controls pertinent to tasks

b. Eliminating conflicting paths for the various operators

c. Facilitating communications and coordination among the operators
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3.3.5.14 Environment

Environmental conditions in the MCR are such that the operators can perform tasks effectively
and comfortably. The environmental conditions are consistent with the MCR habitability
requirements.

The MCR environmental specification includes requirements for:

1. Heating, Ventilation and Air-Conditioning (HVAC)

The MCR ventilation system design accommodates postulated accident conditions of the
plant. The HSI is designed in accordance with the MCR environmental conditions.

2. Illumination

MCR lighting system gives special attention to uniformity, and control of shadows, glare,
reflections, and highlighting.

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

3. Auditory Environment

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

The special environmental requirements for the MCR are defined in the post accident monitoring
references RG 1.97 and IEEE 497.

3.3.5.15 Communications

Communications capability options presented in the HSI style guide cover the full operating
spectrum of the ESBWR including normal, abnormal, and emergency operations. Provisions are
made for clear verbal communications in and near operator workstations. Additional provisions
are made for communications with one or more persons at remote locations. Distance
communication options presented in the style guide include:

" Sound powered phones

* Conventional telephones - attributes of telephone communications to be considered
include:

- Robustness and reliability of emergency communication links

- Locations of access points

- Characteristics of equipment chosen such as microphone and speaker clarity,
sensitivity, robustness, frequency ranges, noise limiting enhancements, and volume
controls
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- Ergonomic considerations including handset of remote ear piece shape, keypad or
display readability, cord length or wireless range, and so forth

- Ability for selected stations to override and break into communications to ensure that
emergency communications can take place.

Radio wave based devices such as PDAs, cell phones, portable radios, pagers, and hand
held computers. Attributes of telephone communications to be considered include:

- Clarity

- Coverage in required areas

- Verifiable compatibility with plant equipment in usage areas (EMI/RFI studies
completed)

- Robustness of equipment

- Data handling, processing, input, storage, and transmission capabilities

- Ergonomic considerations including handset of remote ear piece shape, keypad or
display readability, wireless range, and so forth

- Need for and positioning of repeaters

* Public address systems Public address attributes to be considered include:

- Access and input mechanism (microphone, telephone handset, or other)

- Receiving location(s) and the ability to choose specific announcement areas

- System usage: normal, emergency, fire, evacuation, and so forth

- Locations that can access the system

- Ability to override communications of lesser significance

• Intercoms

* Computer based communications including e-mail, electronic logs, instant messaging,
and formal record keeping. Computer based communication attributes to be considered
include:

- Ability to perform the necessary communication functions in parallel and without
interference to plant control and monitoring activities.

- Ability to draft, edit, cancel and address messages at will prior to sending or saving.

- Permanent and retrievable archiving of all official plant communications

- Ability to edit or annotate saved official plant communications meeting all applicable
regulatory and QA program requirements for such changes.

- Automatic time and user stamping of messages

- Ability to group or link communications such as log entries to provide continuity
when communication involves several messages extending over time
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3.3.5.16 Software

In addition to providing the vehicle by which all of the other HSI attributes presented in this plan
are displayed and provide user input/output capability, HSI software incorporates or links to
supporting software based administrative programs such as:

- LCO tracking

- Clearance process

- Operator log keeping

- Corrective action program

- Work management program

- Risk evaluation/management program

- Electronic permanent records storage program

3.3.5.17 Graphical User Interface

Graphical user interface (GUI) is prepared and is used as design input to the NE-DCIS for HSI.
This helps to ensure consistency in VDU design with inputs from different team participants or
suppliers. The GUI style guide applies to GUI displays used in the MCR for both VDUs and
GUIs used at safety related local panels in the plant.

3.3.5.18 SPDS

The principal purpose of the SPDS is to aid control room personnel during abnormal and
emergency conditions in determining the safety status of the plant and in assessing whether
abnormal conditions warrant corrective action by operators to prevent core damage. During
emergencies, the SPDS serves as an aid in evaluating the current safety status of the plant, in
executing symptom-based emergency operating procedures, and in monitoring the impact of
engineered safeguards or mitigation activities.

The SPDS is required to be designed so that the displayed information is readily perceived and
comprehended by the MCR staff. Compliance with this requirement is assured because of the
incorporation of accepted HFE principles into the overall implementation process. All of the
continuously displayed information necessary to satisfy the requirements for the SPDS, as
defined in NUREG-0737, Supplement 1, are included in the fixed-position displays and the
SPDS design and implementation are evaluated against the requirements of Paragraph 3.8a of
NUREG-0737, Supplement 1, to confirm that all applicable criteria are met. Selection of the
parameters for inclusion in the SPDS display is based, in part, upon the ESBWR emergency
procedure guidelines (EPGs). The SPDS also operates during normal operation, continuously
displaying information from which the plant safety status is readily and reliably assessed.
Principal functions of the SPDS are integrated into the overall control room display capability in
a manner which complies with of NUREG-0737, Supplement 1.
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4 IMPLEMENTATION

4.1 Concept Design

Conceptual design and style guide development take place in parallel with each other and as
new operational analysis elements become available. Operational analysis requirements
dictate control, monitoring, interface capabilities, and attributes that must exist in the HSI
design. As these requirements are processed within the HSI design process, conceptual
design possibilities are developed and considered. The HFE design team performs the
research and analysis required to create the style guide criteria for the HSI element being
considered. This criterion is then applied to the element and similar elements in the future.
The interaction between HSI conceptual design and style guide is an iterative process and
takes place throughout the HSI conceptual design.

The conceptual design translates operational analysis requirements and HFE principles
contained within style guide specifications into design specifications.

4.L_1 Assumptions

The three phases of the HSI design process (concept design, style guide, and detailed design)
utilize the same basic assumptions listed below:

" ESBWRs are operated as a standardized fleet of nuclear plants.

• The training program, procedures, and HSI designs are generic to the ESBWR.

" All normal, abnormal, and emergency operating procedures use the same names
and numbering of plant equipment and HSI controls, indications, and presentations
used by the plant operators.

" The ESBWR is designed to operate with many passive systems and the HSI design
provides for the standby readiness monitoring of these systems and verification of
their performance when called upon to operate.

" The control systems for the ESBWR have a high level of automation. All systems
are automated unless regulation or HFE analysis results dictate otherwise.

" All computer based functions used by operators in the MCR, RSS, or risk
significant LCSs are imbedded in or accessed through the HSI.

• CBPs are accessible anywhere the HSI can be accessed.

• SPDS displays can be viewed anywhere the HSI is accessible.

4.1.2 Inputs

Requirements Developed from Operations Analyses

Operations analyses (system functional analysis, allocation of functions and task analysis)
results provide the basis for the design of the HSI.
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Figure 3 shows how the system functional requirements analysis, allocation of functions and
task analysis implementation plans are interrelated and provide input to the HSI design.

The system functional requirements "analysis determines the performance requirements and
constraints of the HSI design and establishes the functions, which are accomplished to meet
these requirements.

The allocation of functions to personnel, systems or personnel-system combinations is made
to reflect: sensitivity, precision, time and safety requirements, required reliability of system
performance, and the number and level of skills of personnel required to operate each system.

The task analysis identifies the behavioral requirements of the tasks associated with
individual functions.

The types of task requirements information that are identified in the task analysis, include:

a. Information and Decision-Making Requirements

b. Response Requirements

c. Feedback required for monitoring and evaluating the adequacy of actions taken.

d. Cognitive and physical workload demands

e. Task Support Requirements

f. Workplace Factors

g. Staffing and Communication Requirements

h. Potential Hazard Identification

The HSI design is based on the staffing requirements defined in the staffing and qualification
plan. The MCR staff, size and roles are finalized after the completion of the V&V activities.

Operating Experience Review of Previous NPP MMIS Designs

Operating experience lessons learned from events, operational problems, and enhancement
opportunities from previous plant HSI designs is gathered, categorized, and provided to HSI
designers. This information has been gathered and maintained in the OER/BRR database for
generating lessons learned involving HFE issues. It is used to correct and enhance HSI
design issues to improve overall HSI effectiveness. This process also provides for the
continuous review and improvement of the HSI as ESBWR specific operating experience is
gathered over time.

Other Industries

The HFE Design Team reviews HSIs being used in other industries such as fossil plants,
aerospace, petrochemical, and so forth for features and approaches applicable to the ESBWR.
Some design features used in other industries and considered for use in the ESBWR HSI
include:
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* Use of flat panel and Video Display Unit (VDU) displays

* Use of electronic on-screen controls

* Use of Wide Display Panel (WDP)

* Use of prioritized alarm systems

* Automation of process systems

* Operator workstation design integration

Operating experience reviews are performed on potential applications and include:

" Review of reports provided by industry organizations (NRC, EPRI, INPO, and so
forth)

" Review of applicable research in these design areas, as may be documented in
reports from universities, national laboratories, the NRC, and in proceedings
published by HFE professional societies

* Review of applicable research and experience reports published by HSI equipment
vendors

Operating experience review in each of the three areas specified above also includes
feedback obtained from actual users. If the documents selected for the conduct of the
operating experience review for a particular area do not include the results of user feedback,
then interviews with users of at least two applications of that particular technology area are
also conducted.

4.1.3 Process

HFE criteria are applied along with all other design requirements to select and design the
particular equipment for application to the MCR and RSS HSI. The HSI design implements
the information and control requirements that have been 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 configuration of the equipment
design is established to satisfy the functional and technical design requirements and the
design process ensures the HSI is consistent with HFE principles.

The HSI design criteria applied to the ESBWR MCR is also used in the design of the
information displayed on the VDUs located in the TSC and EOF. The information displayed
in the TSC/EOF and Emergency Operating Procedures (EOPs), a subset of information, is
available to the operator in the MCR. HSI as defined for ESBWR also includes the operator
interface at the RSS displays and risk significant LCSs.

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
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overall plant development schedule. HSI development is performed in accordance with the

MMIS and HFE Implementation Plan NEDO-33217.

Physical layout of the plant is determined early so that building construction can begin.

MCR workspace interfaces are considered first. Panel design proceeds within constraints of

workspace design decisions. Communications system interfaces are next considered, 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 the integrated systems approach.

Human factor design criteria have been developed through experience and evaluation of
previous interface designs. Applicable human capabilities and characteristics for the project

are provided as fundamental human factors design data, consistent with the top-down
approach. Such data include HFE requirements that are directly applicable to the plant staff
for the MCR, RSS and other HSI. The data also includes HFE requirements that are

applicable to operators and maintenance staff. Related areas include the following:

1. Anthropometric considerations

2. Population human perceptual system capabilities

3. Auditory and visual capabilities and characteristics

4. Human ability to process information

4.L4 Outputs

The output of conceptual design defines the basic form, content, equipment, layout, and
environment used by plant personnel to monitor and control the ESBWR during all phases of
plant operation. Operational analysis requirements are incorporated in accordance with HSI
style guide criteria to ensure the safe and efficient operation of the plant in normal, abnormal,
and emergency conditions. Conceptual design provides for:

* Information display

* User-system interaction

* Process control and input devices

" Alarm systems

• Analysis and decision aids

* Inter-personnel communication

* Computer based procedures

HSI software
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0 Workplace design

Significantly more detail regarding some of the specific attributes of these outputs is
available in section 4.3.

An additional output from the conceptual design process is design options and criteria for use
in the development and refinement of the style guide. Information flow is a two way
iterative process that continues throughout the design process.

4.2 HSI Specific Guidance - Style Guide

Options for satisfying operational analysis requirements are selected and evaluated for use in
the ESBWR HSI. Those that are approved by the HFE design team for possible use in the
ESBWR HSI are incorporated into the style guide. Additionally, requirements, attributes,
supporting details, presentation formatting and any other supporting detail that the HFE
design team associates with the HSI element being considered is incorporated into the style
guide. The HFE infused style guide design guidance created in this fashion ensures
consistency of design between the MCR, RSS, and risk significant LCSs as well as between
the sub elements of each of these control centers.

4.2.1 Assumptions

The three phases of the HSI design process (concept design, style guide, and detailed design)
utilize the same basic assumptions listed below:

* ESBWRs are operated as a standardized fleet of nuclear plants.

* The training program, procedures, and HSI designs are generic to the ESBWR.

" All normal, abnormal, and emergency operating procedures use the same names
and numbering of plant equipment and HSI controls, indications, and presentations
used by the plant operators.

" The ESBWR is designed to operate with many passive systems and the HSI design
provides for the standby readiness monitoring of these systems and verification of
their performance when called upon to operate.

* The control systems for the ESBWR have a high level of automation. All systems
are automated unless regulation or HFE analysis results dictate otherwise.

* All computer based functions used by operators in the MCR, RSS, or risk
significant LCSs are imbedded in or accessed through the HSI.

" CBPs are accessible anywhere the HSI can be accessed.

* SPDS displays can be viewed anywhere the HSI is accessible

4.2.2 Inputs

The requirements generated in operational analysis are inputs to the conceptual design phase
where various options for hardware and software are considered. Each of these options is
input to the style guide element analysis where it either becomes an HSI design element
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option with associated HFE usage and supporting detail specifications, or is rejected as an
option for use in the ESBWR. The technical option inputs are analyzed using HFE principles
and practices provided by the HSI design team HFE specialist, along with the desired
attributes established in the operations analysis. Options selected are used to generate style
guide HSI element alternatives with associated human factors usage specifications.

The training, procedures, V&V, and HPM processes provide feedback inputs that can result
in revisions to the lists of allowable elements and their specifications and requirements
contained in the style guide.

4.2.3 Process

The style guide is created using input from similar guides from previous designs such as the
ABWR, HSI style guides from other industries, NUREG-0700, NUREG/CR-4539, and other
applicable documents. As operational analysis requirements are processed for
implementation in the HSI design, the HSI design team will consider existing alternatives
contained in the style guide. If style guide alternatives do not adequately address the
requirement being considered or if potential enhancements to options are proposed, then
additional HSI element options are evaluated for use in the ESBWR HSI. If approved, the
new element options are incorporated into the style guide and are made available for use by
HSI design team. The style guide is a compilation of HSI equipment, control, display,
interface, and structures from which designers can select the most appropriate alternative for
a given application. Additionally, the style guide sets requirements for when and how to
incorporate the various hardware alternatives.

Similar guidance is provided in the area of HSI software including workstation design and
presentation content, format, and logic. Style guide requirements maintain consistency in
presentation, navigation, and interface mechanisms between various portions of the HSI.

This iterative process continues throughout the HSI design process.

4.2.4 Outputs

The output of the style guide design activity is a document presenting hardware, software,
and usage alternatives from which the HFE design team constructs the ESBWR HSI.
Additionally, the guide outlines the basic requirements and formatting specifications
associated with each alternative incorporated into the HSI. The guide is a living document
that takes input from the conceptual design process (HSI design elements being considered).
The guide in turn provides input back into the conceptual design process in the form of
approved human factors alternatives and usage specifications. Through this iterative process,
the HSI design team is provided the flexibility and the HFE guidance to create an HSI that
meets ESBWR goals.

4.3 HSI Detailed Design

The detailed design uses the alternatives and features selected in the conceptual design
process and the guidance contained in the style guide to generate detailed HSI designs. The
detailed design process addresses all hardware, software, layout, formatting, and features
incorporated into the HSI design to meet ESBWR human centered design goals.
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4.3.1 Assumptions

The three phases of the HSI design process (concept design, style guide, and detailed design)
utilize the same basic assumptions listed below:

* ESBWRs are operated as a standardized fleet of nuclear plants.

0 The training program, procedures, and HSI designs are generic to the ESBWR.

* All normal, abnormal, and emergency operating procedures use the same names
and numbering of plant equipment and HSI controls, indications, and presentations
used by the plant operators.

* The ESBWR is designed to operate with many passive systems and the HSI design
provides for the standby readiness monitoring of these systems and verification of
their performance when called upon to operate.

* The control systems for the ESBWR have a high level of automation. All systems
are automated unless regulation or HFE analysis results dictate otherwise.

* All computer based functions used by operators in the MCR, RSS, or risk
significant LCSs are imbedded in or accessed through the HSI.

* CBPs are accessible anywhere the HSI can be accessed.

0 SPDS displays can be viewed anywhere the HSI is accessible.

4.3.2 Inputs

The basic design of the ESBWR HSI is created during the conceptual design. The
established design elements are input to the detailed design process where required
supporting design features and characteristics are identified. They include:

* HSI requirements and design characteristics developed from operating experience
and literature analyses, tradeoff studies, engineering evaluations and experiments,
and benchmark evaluations, as well as records of the basis of the design changes.

" Detailed HSI descriptions including its form, function, and performance
characteristics.

" The results of tests and evaluations performed in support of HSI design.

4.3.3 Process

Human factors specialists work closely with other development team participants and confer
with the project architect-engineers to identify design constraints for the size and shape of
control room. They help to coordinate control system engineering concerns with layout
alternatives, suggesting advantageous console configurations and profiles and recommending
arrangements of major furnishings. Human factors specialists also interact with lighting
system engineers, heating and air-conditioning engineers, decorators, and other design
specialists responsible for decisions that influence environmental conditions and other
aspects of control room habitability. They also assess preliminary layouts, identifying
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potential performance degrading effects of design features and recommending ways to
overcome them. The project human factors specialists are given sign-off authority for
drawings at each step in control room design to ensure that human factors issues are
adequately addressed.

Main control console profiles that are compatible with task requirements have been defined
in DCD Chapter 18. The design team assesses the interactive implications of proposed main
control console profiles and configurations with respect to the control room size and shape.
The main control console profiles and dimensions must be consistent with the defined user
population, regulatory criteria (for example, NUREG-0700, Rev. 2) and the utility
requirements. General requirements for ambient environmental conditions in the control
room are defined as well as recommendations for preliminary layout of the MCR.

The steps included are the following:

1. Define proposed MCR dimensions

The MCR is as compact as possible while accommodating all necessary equipment and
allowing for freedom of movement in performing assigned tasks. A compact MCR
reduces walking and viewing distances associated with task performance, enhances
unaided voice communications, and discourages incursions by unauthorized visitors.
The size and shape are established as follows:

a. Identity architectural-engineering constraints

b. List major equipment that must be accommodated

c. Estimate required floor space with dimensions

2. Define proposed main control console configurations

The main control room panel system design description presents the MCR, main
control console and the large display panel design based on the ESBWR DCD and the
ESBWR Standard Plant Design Program. To define proposed MCR configurations:

a. Consider advantages and disadvantages of different types of configuration using

results of operational analysis

b. Select proposed MCR configurations

3. Define proposed main control console profiles

a. Determine appropriateness of standing, seated, or sit-stand console profiles

b. Adjust profile for operator viewing

c. Determine relation to console profiles in other plant locations

d. Select proposed main control console profiles

4. Assess interactive implications of proposed main control console selections
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5. Define general requirements for ambient environmental conditions

Human engineering principles and criteria are applied to design of work environments.
Drawings, specifications and other documentation for work environment, MCR staff,
facilities, and MMIS reflect incorporation of human engineering requirements under
normal, abnormal and emergency conditions.

After proposed main control console configurations and profiles have been defined, and
their iterative implications for MCR size and shape have been assessed, the ambient
environmental conditions necessary to support personnel performance are generally
defined as follows:

a. Determine lighting requirements

b. Identify ways to moderate sound

c. Consider influences of surface properties in the control room

d. Specify climatic conditions

6. Produce recommendations for MCR preliminary layouts

a. Consider the criteria included in the applicable regulatory guidelines, and utility
requirements in preparing MCR preliminary layout recommendations:

b. Locate operator furnishing in relation to consoles

c. Provide access space, for example, for repair and testing activities

d. Ensure adequate storage space for MCR staff and safety equipment

e. Locate provisions for shift supervisor's activities

f. Establish means for limiting visitor access

g. Locate personal conveniences, for example, restroom, locker, kitchen

h. Locate aisle way doors for personnel passage

7. Review of alternative designs by HFE team

8. Define dimensions for selected main control console profiles

9. Define detailed design features for desks and other furnishings

10. Identify hazard avoidance features

11. Define specific lighting features

4.3.4 Outputs

4.3.4.1 Control Room Interfaces

Visible and Audible Coding
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Coding principles are established in an early stage of HSI design. The coding principles are
consistent with guidelines of NUREG-0700, Rev. 2. The coding system is consistent
throughout the HSI. This applies to location, information, color, and illumination codes.
Coding is consistent among HSI in the MCR, LCS, and back panels.

The simulator coding is consistent with the plant MCR. The equipment symbols,
abbreviations, and acronyms are defined in the DCD. Use of symbols for coding of
components should be consistent with the shapes defined in the DCD. New shapes are
defined and documented in the style guide.

The coding method selected for application is determined considering the relative advantages
of the types of coding.

Coding method and guidelines are as follows:

1. Physical Coding

a. Size coding - Not more than three different sizes are used for discrimination by
absolute size.

b. Shape coding - Number of shapes is limited in shape coding.

c. Color-coding - The number of colors used for coding is kept to the minimum to
provide necessary information. Less than eight colors are preferable and not more
than 12 colors, including black and white, are used.

To ensure the correct use of color-coding, the following rules are applied:

i. Color is used in a redundant mode. This is necessary to allow for variations in
lighting conditions.

ii. The choice of colors allows all users to discriminate between each color under
all conditions of use.

iii. The colors used contrast adequately with the background of the display. In
addition, adjacent colors contrast adequately with each other.

iv. Consistency of meaning assigned to each color is essential. The use of color
codes with symbols is consistent across all applications within the control room
and LCS.

v. For VDU display, the background color is pure and free from noise patterning.

vi. In selecting color codes, common human perception of the color meaning (for
example, red-stop, green-go, and so forth.) as well as industry standards and
practices which have been identified for advanced control rooms are used.

d. Auditory coding - Auditory coding by frequency is permissible but not more than
five separate frequencies should be used. Auditory coding may be implemented
based on frequency, rate of change, patterns, and location of auditory device. EPRI
has performed studies related to alarm systems and these are considered.
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e. Intensity coding - Use of intensity coding should be minimized (that is, contrast
between two characters on a screen) auditory and visual displays.

2. Information Coding

Coding of displays can improve the usability of the information by aiding
comprehension and assimilation. The code employed enhances the flow of information
from the process to the user and does not require the user to decipher information in
order to use it.

The most important factor of the code is to enhance discrimination.

Purely abstract codes such as arbitrary associations of items with data are avoided
because they are difficult to learn and use.

3. Location Coding (structuring coding)

The use of consistent relative positioning of information reinforces the intended
message in addition to the information transmitted by a pointer, character, a group of
characters or a symbol.

4. Data Coding

A major use of data coding is abbreviations. Abbreviations used on labels, displays and
VDU fQrmats comply with a standardized set of abbreviations based on formal rules,
which meet the user population needs. Abbreviations are used consistently between
VDUs, labels, and so forth. Coding on VDU displayed information is consistent with
coding used on the WDP. This includes the use of colors and abbreviations.

Abbreviations and acronyms for the ESBWR project are defined in the DCD. New
abbreviations or acronyms are identified and documented in the place of use (that is,
document, drawing, and so forth).

5. Enhancement coding

Enhancement coding is used to reinforce the data being transmitted. The available
techniques include reverse video and blinking of 3 Hz to 5 Hz on VDU displays and
symbol size and style brightness on all types of displays.

Labeling

Adequate labeling is provided in the control room. The labeling is consistent with
NUREG-0700, Rev. 2, other labeling in the plant, and in accordance with accepted human
factors engineering practices and principles for readability by the user population.
Additional guidelines related to labeling are found in applicable documents in the style guide.

The criteria for the labeling areas include the following:
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1. Labels appear on all components, systems and are readily visible by plant personnel.

2. Labels are designed and mounted so that text is oriented horizontally for ease of reading.

3. The format of presentation (for example, order, position) is consistent on all labels.

4. The acronyms and abbreviations are concise and consistent in all systems, SDSs,
drawings, procedures, and easily identifiable to the full names.

5. Characters used on labels are sized for optimum viewing with considerations for the
local environment conditions (for example, illumination).

4.3.4.2 Human Centered Design

ESBWR HFE design team has modified an operator decision-making model that identifies
four major cognitive activities supported by the HSI:

• Detection and monitoring/situation awareness

* Interpretation and planning

* Control

* Feedback

Detailed HSI design supports human centered design goals by providing support for both rule
based and knowledge based modes of operation. HSI computer based procedures and their
supporting assistance features coupled with support for any paper based procedures used by
operators, ensures rule based operational goals are met. HSI resources are also designed to
promote knowledge-based operations. HSI system data, alarm condition, and parameter
trending presentation capabilities support knowledge based operations including event
diagnosis, and decision making.

4.3.4.3 Automation Design
The allocation portion of operational analysis determines where responsibility for
performance of plant monitoring and control tasks is assigned. Those functions and tasks
allocated to machine or shared performance (machine-human limited, machine-human
backup, human-machine limited, or human machine backup) have automations designed to
support performance of the operational analysis requirements. Software management plans
referenced in NEDO-33268, ESBWR Man-Machine Interface System and Human Factors
Engineering Implementation Plan, lay out how the software supporting the required
automations is designed, developed, tested and implemented. The following is a very brief
description of each automation class:

Machine Only - the function is executed entirely by plant automation. Humans have no
direct control, backup, or limiting actions associated with the function(s) being allocated.

Machine, Human Limited - This output allocates the function to plant equipment and
automation for performance. This performance is limited in one or more steps in the function
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data structure sequence by required human action of some kind. The required action can be
an acknowledgement of a HSI queue alerting the operator to impending action or it can be
more detailed. One example of when this allocation is selected is where economic impacts
may result if the machine sequence continues.

Machine, Human Backup - This output allocates the function to plant equipment and
automation for performance. Plant personnel monitor the machine and perform or complete
performance of the function in the event that the machine does not complete its execution.
Analysis has shown that while the machine is best suited to perform the function sequence,
plant personnel are capable of performing the sequence if called upon. Additionally, analysis
has determined that the consequences of partial or incorrect performance are such that
operator performance of the functions following machine failure is warranted.

Human, Machine Assist - This output allocates the function to plant personnel for
performance. Equipment and automation assist plant personnel in performance of the
function. Analysis has shown that the human is capable of mitigating the consequences he
may make. One or more forms of machine assistance are provided to aid in the performance
of the function.

Human, Machine Backup - This output allocates the function to plant personnel for
performance. The machine monitors human performance of the function and performs or
completes performance of the function in the event that the human does not complete its
execution. Analysis has shown that while the human is best suited to perform the function
sequence, potential error consequences are unacceptable and the machine is capable of
mitigating the consequences of potential human errors.

4.3.4.4 Staffing and Qualifications
The HSI design process receives input from the staffing and qualifications process when
establishing HSI conceptual design specifications. Conceptual design combines the
requirements and ownership allocations generated in operational analysis with the most
appropriate human owner based upon qualifications and number of personnel available in the
required location.

Feedback is provided from HSI detailed design to the staffing and qualification and
operational analysis processes when the design process is unable to generate detailed design
output that meets the requirements of operational analysis and staffing and qualifications
concurrently. Additionally, feedback is provided in the form of cumulative workload for
specific staff positions and qualifications for use in workload analyses.

4.3.4.5 Mockups, Part-Task Simulation, and Full Scope Simulation

The detailed HSI design is used to develop mockups, part task simulators, and full scope
simulators that emulate the final plant design to the requirements of 10 CFR55.46,
Regulatory Guide 1.149, ANSI/ANS-3.5-2005 and other applicable requirements. These
mockups and simulators are used to V&V the work performed and the results obtained
during implementation of the HFE design process shown in Figure 1.
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Training for all normal, abnormal, and emergency operating conditions is validated through
simulator testing where applicable, or through mockups. NUREG-07 11, Rev. 2 sets forth
test objectives and testbed validation requirements that are discussed in the V&V plan. As
shown in Figure 1 the V&V process supports HFE evaluation of the HSI design, all normal,
abnormal, and emergency operating procedures and their CBP equivalents, and the output of
the training plan.

In addition to testing stand-alone procedures, a test process is developed to verify that the
separate procedures convert into an integrated set of procedures. These procedures have a
common language and the names of systems and components are consistent throughout the
procedure set. The test process includes dynamic simulation of startup, power operation, and
shutdown. During power operation the ARPs and AOPs are simulated to verify that trained
operators respond properly. V&V is performed using a variety of means including part-task
simulations, talk through evaluations, walk through evaluations using mock-ups, and full
scope simulation.

The process includes dynamic simulation of startup, power operation, and shutdown. Any
issues identified during the V&V process are provided as feedback to the originating process
for resolution. Based upon the nature of the issue, procedures may be revised, HSI design
may be modified, or the issue is input to the training program so that operators are taught the
conditions necessary for consideration during plant operations. The priority for modifying
the HSI design, procedures, or training in response to a human factor discrepancy is guided
by an assessment of risk impact from the PRA/HRA interface.

4.3.4.6 Tests and Evaluations
Appropriate design tools and techniques are selected to analyze the HSI design, depending on
the nature of the aspect being evaluated. There are two main types of HSI analysis. The first
analysis verifies that the HSI design meets established human factors criteria. The second
analysis verifies that the HSI meets other technical requirements established as design
requirements from task analysis, operator evaluation, and applicable plant procedures.

1. Techniques that are appropriate for the evaluation of HSI include, but are not limited to:

a. Checklists

b. Structured interviews

c. Direct observation of operator behavior

d. Analysis of historical records of operational problems with similar equipment

e. Physical measurement

f. Experiments

g. SME rating of alternative designs

2. Criteria that may be used in selecting HFE techniques are the following:

a. Safety and/or risk significance
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b. Type of design (taking into account the type of design, there are some techniques
that may not apply)

c. Type of technology (in accordance with EPRI URD NP-5795, the MCR design uses
proven technology. Advanced systems, equipment, software and firmware may be
justified if proven in other applications as defined in the EPRI URD NP-5795, or in
ABWRs)

d. Relative time to perform

e. Relative complexity

f. Relative cost

g. Relative cost effectiveness

h. Demonstrated by use of dynamic displays, simulator, and so forth

The design evaluation is based on the objectives of the systems design. What should the
system do, who will use it, where will it be used and when will it be used?. Numerous
methods are available for evaluation of designs. Figures 4 and 5 provide guidance on
selecting appropriate and useful methods.

4.3.4.7 Procedures

An implicit design goal in most discussions of human-system interfaces is that system design
enables users, to be in control of the technology.

Procedures enable users to accomplish daily tasks adequately. However, without at least a
common-sense understanding of how the procedures relate to the underlying system, users
are unable to adapt them to new situations, to deal with either system malfunctions or the
consequences of their own errors, or to adapt to new or evolving systems.

The HSI pertinent to procedures and their use is applied in meaningful ways that
accommodate these concerns. A basis of user system understanding is developed along with
procedures. Thus full generalization and well-informed procedure development and use are
enabled.

4.3.4.8 Panels and Consoles
The physical elements of the HSI are organized into workstations at which plant personnel
carry out the tasks of monitoring and controlling the ESBWR. Workstations are stand-up,
sit-down or a combination of both. HFE principles governing attributes such as reach, field
of vision, and comfort are integral to the alternatives contained in the HSI style guide and are
therefore incorporated into the design.

Size and shape of HSI equipment such as: control consoles, desks, boards, panels and chairs
are determined from the anthropometric requirements and other human engineering
considerations. Details considered during workstation design include (adapted from
NUREG-0700, Rev. 2):

0 Workstation height (operators, supervisors, and any other)
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• Benchboard slope, angle, depth, available lay down space

* Control device locations

• Display device locations

" Accommodations for human body positioning including leg clearances, arm rests,
and so forth

Display and control equipment layout

Style guide HFE principles address both individual elements of the HSI and their grouping.
The aggregate main control console, RSS, and LCS workstation configurations are
consistently and logically laid out to enhance human awareness, understanding, control, and
long-term use. Details considered during workstation layout design include (adapted from
NUREG-0700, Rev. 2):

• Grouping of related controls

• Placement of controls to provide ease of access and minimize inadvertent actuation

* Placement and arrangement of display devices

* Overall grouping of controls and displays

The primary design function served in this portion of the detailed HSI design is the aggregate
HFE treatment of all of the workstations and displays at a given control location.

4.3.4.9 Control Systems
Control Display Integration

Controls and their associated displays are correctly integrated to ensure effective operation of
the plant. Control-display integration is in accordance with the proposed method of plant
operation as identified in the operations analysis performed for each system by the HFE
Design Team.

The control-display integration meets the following principal requirements:

1. Hardware controls should be located near the associated display. Operation of controls
should produce a compatible change in the relevant display.

2. The operation of systems and components by "soft" and "hard" switches. Soft switches
are controls located in the VDUs.

3. The form of control adopted is consistent with HSI requirements.

4. The grouping of controls and their associated displays reflect the need to achieve system
objectives that are consistent with the user's mental thought process.

5. Where sequence of use is a key factor, the organization of controls and displays reflects
cause/effect relationships.
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6. The organization of controls takes into consideration any user population stereotype
groupings.

The form of codes used for displays and their associated controls is consistent between the
MCR and RSS.

4.3.4.10 Display Systems
The HSI display system is designed with consideration for the human capabilities and
characteristics of the user population.

1. The major functional requirements of the display system are as follows:

a. The display system covers appropriate variables, consistent with the assumptions of
the safety analysis and with the information needs of the operator in normal
operation and accident conditions. The accuracy and range of displays are
consistent with the assumptions of the safety analysis.

b. A display is provided for showing bypassed or deliberately inoperable conditions of
plant and auxiliary systems.

c. Safety related information displays are suitably located and specifically identified.

d. Appropriate types of displays are developed depending on the intended purpose for
the displayed information.

e. The display system also considers support for maintenance, test, and inspection
activities.

2. There are many types of displays available such as:

a. Display with Indicators and Lamps

Information display arrangements with analog or digital indicators, indication lamp,
illuminated graphic symbols, and so forth, are made based on human characteristics
and ergonomic considerations.

Principles of the location aids such as coding by color, shape, and so forth, are
applied to those indicators, lamps, and so forth, themselves. Scales of analog
indicators and the movement of indication are consistent to changes of relevant
process variables and the population human perceptual system capabilities.

b. VDU Displays

The major functional requirements for VDU displays are as follows:

i. Necessary information is available to the operator whenever it is required.
ii. The display communicates the intended information to the operators without

ambiguity or loss of meaning.

iii. Symbols are standardized and the range of symbol sizes is limited.
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Direction of process flow paths and sequence events in schematic displays should
be in accordance with population human perceptual system capabilities and mimics
on control room panels.

VDU displays are designed considering human factors and design criteria shown
above and should be compatible with both the associated controls and
instrumentation and the perceptual and cognitive needs of an operator.

c. Large Screen Displays

Consider using large screen displays when:

i. A group of operators is required to interact as a team based on the same
information.

ii. One or more operators are required to move about, and require frequent referral
to information to make decisions.

iii. Space or other considerations such as a limited number of individual displays
preclude the use of individual displays for each team member to call up the
commonly used information.

It may be desirable to have general (for example, overview or summary)
information available to persons who should not interrupt ongoing group operations
by looking over the shoulders of individual operators to view their individual
displays.

Direct-view or projection VDU systems offer the advantage of allowing use of
displays developed for smaller screens. If screen size is limited by space or other
considerations, existing displays may be redesigned using larger characters and
symbols to achieve the character heights required.

d. Large Wall-Sized Fixed Mimic

The HSI design includes an integrating overview mimic in the MCR. This mimic
meets the requirements for integration into the HSI design process.

This mimic is intended to support the operation team approach to control activities
by providing a spatially dedicated, continuously available reference to the status of
essential equipment controlled in the MCR.

The overview mimic provides for the display of a limited number of critical plant
operating parameters. The specific parameters are determined in the design
process, to enable the operators to shutdown the reactor.

The overview mimic provides for the display of the system equipment operational
status, for example, flow or no-flow, energized or de-energized, on or off, open or
close, and so forth, of a limited number of essential components controlled or
monitored from the MCR. The specific displays are determined in the design
process; however, the following are considered for incorporation:
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i. Feedwater and condensate system pumps

ii. Containment Isolation valves

iii. Safety systems valves

iv. RWCU/SDC pumps and valves

v. Power supply breakers

vi. Auxiliary power supply breakers

vii. Safety and relief valves

viii. Circulating water pumps

The specific items to be displayed are determined in the HSI design process for the
alarm system.

e. Design of Displays

The requirements of a display or suite of displays are determined with a proper and
systematic analysis of the proposed use of the data being displayed. For each
proposed item of information, the HSI designer should consider the following
attributes:

i. For whom is the data required? Formats should be structured or revised to
meet operator needs

ii. For what purpose or purposes is the data required? (For example,
maintenance data are separated from operational data)

iii. Whether comparisons with other data on VDU formats or other displays are
required

iv. When is the data required? (For example, relevance to operator actions)

v. The accuracy with which the data are read

vi. The characteristics of the data in terms of rate of change, noise, and so forth

vii. What errors of interpretation are acceptable, if any

viii. The degree of detail or abstraction, which is required

Following the occurrence of an event or transient only the following should appear
as alarms:

i. Alert operators to off normal conditions, which require them to take action

ii. Redirect the operators, to the extent possible, to the appropriate response

iii. Assist the operators in determining and maintaining an awareness of the state
of the plant and its systems or functions
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iv. Minimize distractions and unnecessary workload placed on the operators by
the alarm systems

The location of data display facilities should take into account the intended
operational staffing levels, the assignment of operational responsibilities and
functions and the need to optimize the number of displays consistent with adequate
manning of each operator workstation. The latter consideration is dependent on
anthropometric factors such as viewing angle, viewing distance, proximity to
associated controls and indications, and so forth, and amount of data to be
displayed.

The HSI design team identifies and documents all bases and assumptions.

f. General requirements of VDU design

Displays should be as simple, clear and comprehensible as possible. Where
complex or highly detailed displays are necessary, a good organization and
structure are required.

The HFE design team uses a HSI design specification to assure that all applicable
HFE practices and principles are applied in a consistent manner for all VDU display
designs. The specification assures that the "look and feel" of all of the Graphical
User Interfaces (GUI) is consistent. The specification is based on a GUI style guide
applicable to the HSI.

Where safety criteria require raw, unprocessed data to be presented in addition to
the processed information, the display organization and identification differentiate
between the two types of information. The HSI design is consistent with the design
specifications and the applicable references for HFE guidelines.

i. Availability

Necessary information is displayed to the operator whenever it is required.

ii. Legibility

Information shown on VDU is clearly presented in all operating conditions.

To obtain the necessary legibility of the VDU, the format specification is based
on HSI documents and design team recommendations.

iii. Accuracy

The display communicates the intended information to the operator without
ambiguity or loss of meaning. The scaling of graphs and histograms enables the
operator to resolve indications adequately and the maximum or current value is
annotated with the numerical value on the graph. For digital displays, the
number of decimal places displayed matches the required accuracy of the
measurements.
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iv. Consistency

Standardization of displays can be beneficial, but it does not take precedence
over the more important criteria defined above.

All items within a suite of displays, which represent the same information,
should be similarly named.

When using the same items on different displays they should be consistent for
each display. This includes data fields, symbols, and so forth. Grouping
techniques should be consistently applied with standardized headings and style.

g. Form of presentation, use of symbols and graphics

The most important design principle is to make the display as simple and clear as
possible, while not losing either essential detail or important principles and
relationships.

i. The display format needs to consider operator issues in dealing with high rates
of information changes during transient and trip conditions.

ii. Suitable logic for prioritizing the information flow is needed to minimize the
potential for information overload

iii. The time resolution for displays should address realistic operator needs,
considering transients in the ESBWR inherently occur slower than in previous
BWR plants

Symbols are standardized and the range of symbol sizes is limited to a progression,
which allows easy recognition of the various sizes.

Related plant items are organized in a way that reflects their functional relationship
with the appropriate degree of abstraction being employed, yet avoid complicating
the display. The presentation should be compatible with other related forms of
information display within the same location. Use of grouping and coding
techniques for enhancement of the perceptions of displayed information is
important.

Process flow paths and event sequence should generally progress from left-to-right
and from top-to-bottom, in accordance with population human perceptual system
capabilities. Schematic displays on the VDUs should be formatted and oriented in
accordance with the fixed-position mimic.

Sequence and message construction should present good syntax and where possible
a standardized hierarchical message structure should be employed.

The layout of information should reflect the sequence, if any, in which it is used.
Rows of tabular information are normally divided into groups of not more than five.
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4.3.4.11 Alarms
1. Alarm System Purpose

An alarm system is the basic operator support system for managing abnormal situations
and has the following two functions:

a. The primary function of the alarm system is to warn the operator about a situation
that is not normal. The warning function helps the operator control the future
behavior of a complex plant by drawing attention to undesired process conditions.

b. The secondary function of the alarm system is to serve as an alarm and event log.
The log function supports the operator's need to analyze the events that have lead to
the current or previous process conditions.

In addition to the alarm system, a number of other information sources may be important
in the management of abnormal situations, such as trending, video surveillance, overview
displays, process simulations and advanced condition monitoring.

2. Design and Operation

a. The alarm system design is based on an alarm philosophy, which constitutes the
basic rationale for the alarm system.

b. Every alarm requires an operator response, either physically or mentally. If the
event does not require such a response, it is an event, not an alarm.

c. Design to ensure that the alarm system remains usable in all process conditions, by
ensuring that unacceptable demands are not placed on operators thereby exceeding
their perceptual and cognitive capabilities. The aim is to configure the alarm limits
in such a way that the operators have time to carry out an action before an
automatic shutdown action is taken.

i. Maximize use of combined and computed alarms.

ii. Use combined and computed alarms for suppression of alarms with less
information content.

iii. Alarm message content should minimize the need for information recall from
long-term memory.

d. Alarm limits are based on:

i. Plant mode, status, and situation dynamics

ii. Shutdown, Tech Spec, and component limits

iii. Likely rate of change of the signal during off-normal conditions

iv. Response time of the operator to correct the condition

Moreover, for each alarm, a procedure document, (for example, alarm sheet or alarm
response procedures) are provided to explain to the operator the likely reasons of the
alarm and the corrective actions required. Computer based operator aids may be used for
explaining the importance of particular combinations of alarm signals.
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3. Display of Alarms

The display of alarms on alarm-tiles, the WDP or on VDUs meets the following:

a. Combining relevant process and alarm information in the WDP mimic display
provides spacially dedicated alarm overview under all process conditions,
improving management of alarm overload.

b. Alarms are integrated into process displays, using symbols and icons close to the
components or functions to which they are related.

c. An alarm is annunciated where the operator has the necessary means for initiating
corrective actions;

d. Any new alarm starts an audible warning and flashes a tile light or VDU symbol;

e. An alarm may be steadied after it has been acknowledged;

f. The steadied alarm is indicated to ensure that its existence is not forgotten;

g. When the cause of alarm has been corrected, the alarm display may be returned to
the normal mode manually or automatically. In either case, the control room staff is
notified by audible and visual cues that the cause has been corrected.

h. Navigation in alarm displays allows quick access to additional information, such as
online alarm procedures, and to displays that offer more, real-time detail.

Alarm Processing Logic

Alarm prioritizing and filtering logic enhances the presentation of meaningful alarm
information to the operator and it reduces the amount of information, which the operators
must absorb and process during abnormal events.

Signal filtering is used to prevent measurements that fluctuate around their alarm limits from
generating useless, repeated alarms that are a nuisance and might contribute to alarm
flooding. Low pass filtering and dead-bands can remove process noise and fluctuations
around the alarm limit. Dead-bands may be adjustable by the operator with administrative
controls. Time-delay and time limit mechanisms may also be employed where low pass
filtering is not possible.

Alarm suppression, on the other hand, is used to ensure that the presented alarms at any time
are relevant to the operator's most important task under the current plant conditions and to
avoid alarm flooding. Alarm suppression must be documented in such a way that it is
familiar and understandable to the operator. In order to trust the alarm system, it is important
that operators understand why some alarms are suppressed while others are not.

Alarm suppression is based upon the following concepts:

Suppression Based on the Operating Mode: The plant operating mode is defined on
the basis of the hardware or process status, and alarms which are not relevant to the
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current operating mode are suppressed. For example, alarms, which are needed in
the "RUN" mode but are unnecessary in the "SHUTDOWN" mode are suppressed.

Suppression of Subsidiary Alarms: Alarms are suppressed if they are logically
consequent to the state of operation of the hardware or to the process status. For
example, scram initiation (a plant-level alarm condition announced with a fixed-
position alarm tile on the WDP) logically leads to scram accumulator low pressure
(also an alarm condition). Such subsidiary alarms are suppressed if they simply
signify logical consequences of the system operation.

* Suppression of Redundant Alarms: When there are overlapping alarms, such as
"high" and "high-high" or "low" and "low-low", only the more severe of the
conditions is alarmed and the others are suppressed.

* Suppress alarms for components that are out of order or unavailable due to
maintenance, testing, etc.

" Even alarms that are suppressed under current conditions are available in detailed or
special displays.

4.3.4.12 Workstations

People come in different size and different shapes. One workstation dimension that is
suitable for one individual may be totally inappropriate or another. The goal, therefore, is to
design workstations that fit the greatest number of people while inconveniencing the fewest.

Anthropometry relates to the physical dimensions of the work envelope, with two essential
applications: to establish proposed workstation dimensions and, to evaluate existing
workstations. The theory is to use anthropometric data to enable workstations to be designed
using established guidelines based on stature, so that workstations fit people, rather than
forcing people to adjust to workstations.

By definition, anthropometrics is "the measurement, collection and use of data pertaining to
such physical characteristics as shapes and size of human beings." A large portion of a given
population is selected and measurements of body size and shapes are compiled in databases.

The goal is accomplished by fixing a dimension at a point where the majority of people "fit"
or by making the workstation to allow for individual variances. For example, it is impossible
to design an overhead clearance that is adjustable; therefore, doorways are designed to
accommodate all but the most extreme statures. On the other hand, chairs are constructed
easily with adjustable features to achieve the same result.

Anthropometric data takes two forms: static data and dynamic data. Static data is derived
from a person in static postures; dynamic data is based on movements, which approximate
most work environments.

Regardless of the type of data, it follows a statistical phenomenon known as normal
frequency distribution. When the frequency of occurrences is plotted on a graph against the
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actual measurement, it forms a normal (bell) frequency distribution curve. The significance
of this is that designers of products, tools, equipment, and so forth have a quantifiable design
basis on which to make design decisions where human factors are involved.

At various points along the distribution curve, it is determined what percentage of the
population fall below and above the given dimension. These points are referred to as
percentiles. At the 50th percentile, 50 per cent of the population is smaller or larger than the
given size measurement. Likewise, at the 5th percentile, five percent are smaller and 96 per
cent are larger, and at the 95th percentile, only five percent are larger.

Using this information, it can be seen that there are definite dangers in using the 50th
percentile in design criteria, as only half of the population would be accommodated unless
adjustability was built in. In keeping with the desire to accommodate as many people as
possible (and practical), normal design is for either the 5th or 95th percentile depending on
the component in question.

4.3.4.13 Workplace
The proposed dimensions for the MCR and the consoles are defined to assure that the MCR
arrangement allows for the necessary support staff work areas. Initial minimum
requirements were based on the EPRI NP-5795, 1991. The arrangement may be modified in
accordance with the detailed human factors analysis and requirements.

4.3.4.14 Environment
Environmental considerations are taken into account to ensure that they do not adversely
impact the ability of humans to effectively use the HSI. Environmental variables considered
include:

* Noise

* Lighting

" Flooring and slip, trip, and fall potential

• Accessibility

• Vibration

* Temperature

4.3.4.15 Communications
Communication systems are provided to facilitate safe and efficient plant operation.
Consideration is given to the design of communication systems to be used in the abnormal or
accident conditions to communicate with the emergency facilities.

Access to the communication system should be administratively controlled.
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Provision of nonverbal communication systems such as data-links (between computers), and
other forms of message systems are desirable, between the control room, and other
emergency facilities in order to provide secondary (backup) communications.

The communication systems are designed in accordance with accepted HFE principles,
practices and guidelines as defined in the applicable documents.

Verbal Communication Systems

1. On-site Telephone Communications

For general communication under normal operating conditions, a telephone system with
a necessary number of extensions is installed. The telephone system allows the
operations staff to preprogram telephone numbers. The number of extensions provided
in the control room is based on the MCR operational requirements. The MCR
telephone systems are designed in accordance with regulatory requirements for
emergency response facilities. Capability is provided for communication among
operators and maintenance technicians using portable, wireless communication
equipment supported by appropriate base stations, antennas, amplifiers and/or
repeaters. The voice communication systems are designed in accordance with
operating utility requirements.

Voice communications systems and equipment are provided to support all phases of
operations and maintenance, including emergency operations.

2. Plant-wide Paging and In-plant Telephone System

A page system is provided to give capability of plant-wide paging of personnel.

Communication by radio to the control room using mobile transmitters is provided.

Operating radio frequency interference analysis is considered in the design, cabling,
location and testing of the I&C systems. Areas where transmitters may not be used,
such as the control equipment room, are identified and appropriate warning signs
posted.

3. Off-site Communications

A speech and/or computer-based system are provided for communication to the off-site
authorities and emergency, governmental and public agencies. These systems are
designed to meet site specific needs while complying with applicable regulatory
requirements.

4. Local Arrangement

The MCR is also designed as the communication center of the plant for normal
operation and during the early stages of an accident. Communications equipment for
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communicating with locations off-site should be located on a special communication
desk or panel with extensions on the MCR desk and other locations as appropriate.

Non-verbal Communication System

Non-verbal communication systems between the control room and emergency facilities are
available in accordance with utility administrative controls for distribution of plant
information. Data communication links between computers in the MCR and emergency
facilities are in accordance with utility administrative controls.

4.3.4.16 Software
The system has data acquisition, display, and alarm functions. The system also has recording
and memory functions for the plant process variables important-to-safety and availability, for
analysis, and for reporting within the operating organization and external authorities.

Information processing functions are provided to support high-level mental processing by the
operator as a means of:

* Aiding decision-making

* Improving monitoring performance and capability

* Improving availability and reliability of information

* Providing feedback for organization of actions

* Improving communication among staff

* Improving a record of transients and accidents for analysis purposes

* Expanding available information to cover implicit data

The information system provides data acquisition, data processing, display, and alarm
functions for operators and non-shift support staff. The system also provides recording and
printing functions.

The functions defined below are provided in the ESBWR through the HSI in the MCR. Plant
status is also available at remote terminals located in the TSC, RSS, EOF, and LCS.

1. Information for operators

In accordance with the design features of the ESBWR, the overall plant status is
monitored by MCR operators using information presented on the wide display panel
(WDP).

The operator is able to obtain, at any time, detailed plant information from the
information presented in HSI (VDUs).

Visual and audio devices indicate deviations from normal operation. When these
occur, the information systems enable the operators to:
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a. Recognize any current or potential plant safety or availability hazards

b. Know the actions being taken by automatic systems

c. Analyze the cause of the disturbance and follow its course

d. Determine any necessary manual counteractions

The design basis for information systems, including their measurement devices, takes
into account their risk importance. The intended safety function of each system and its
importance in enabling the operators to take proper pertinent actions in anticipated
operational occurrences or accident conditions are identified in the SFRA and are used
as an input to any MMIS categorization method selected.

2. Information function for non-shift support staff

Although the MCR is the information and control center of the plant for the operators
during both normal operation and accident conditions, it may also be used as the
primary center to direct the initial stages of off-site activities depending on national,
state, local and utility principles for emergency operations support.

Information systems are extended to supply information to separate outside support
facilities.

3. Printing

An adequate number of printers are provided in or adjacent to the MCR to allow for
hard copy output of process variables and chronological information about the
performance and behavior of the plant.

Hard copy output of plant variables may be necessary for the following purposes:

a. Backup information for shift operators providing short-term and long-term trends

b. General operational information for plant management

c. Short-term and long-term analysis of operation, transients and accidents

Distributed Control and Information System (DCIS)

The requirements related to data acquisition and processing systems are covered in the
ESBWR DCD Chapter 7, Instrumentation and Control Systems. The DCIS provides
redundant and distributed control and instrumentation data communications networks to
support the monitoring and control of interfacing plant systems.

These systems include electrical devices and circuitry (such as multiplexing units, bus
controllers, formatters and data buses) that connect sensors, display devices, controllers, and
actuators, which are part of these plant systems. The DCIS also includes the associated data
acquisition and communication software required to support its function of plant-wide data
and control distribution.
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4.3.4.17 Graphical User Interface

Implementation User-Interface Design

The following points are guidelines to good software interface design. These guidelines
apply to the content of screens. In addition to following guidelines, effective software also
necessitates using techniques, such as 'storyboarding', to ensure that the flow of information
from screen to screen is logical, follows user expectations, and follows task requirements.

1. Consistency

a. Certain aspects of an interface should behave in consistent ways at all times for all
screens

b. Terminology should be consistent between screens

c. Icons should be consistent between screens

d. Colors should be consistent between screens of similar function

2. Simplicity

a. Break complex tasks into simpler tasks

b. Break long sequences into separate steps

c. Keep tasks easy by using icons, words and so forth

d. Use icons/objects that are familiar to the user

3. Human Memory Limitations

a. Organize information into a small number of "chunks"

b. Try to create short linear sequences of tasks

c. Do not flash important information onto the screen for brief time periods

d. Organize data fields to match user expectations, or to organize user input (for
example, auto-formatting phone numbers)

e. Provide cues/navigation aids for the user to know where they are in the software or

at what stage they are in an operation

f. Provide reminders, or warnings as appropriate

g. Provide ongoing feedback on what is and/or just has happened

h. Let users recognize rather than recall information

i. Minimize working memory loads by limiting the length of sequences and quantity
of information

4. Cognitive Directness

a. Minimize mental transformations of information (for example, using
'control+shift+esc+8' to indent a paragraph)
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b. Use meaningful icons/letters

c. Use appropriate visual cues, such as direction arrows

d. Use 'real-world' metaphors whenever possible (for example, desktop metaphor,
folder metaphor, trash can metaphor and so forth)

5. Feedback

a. Provide informative feedback at the appropriate points

b. Provide appropriate articulatory feedback - feedback that confirms the physical
operation you just did (for example, typed 'help' and 'help' appear on the screen).
This includes all forms of feedback, such as auditory feedback (for example, system
beeps, mouse click, key clicks and so forth)

c. Provide appropriate semantic feedback - feedback that confirms the intention of an
action (for example, highlighting an item being chosen from a list)

d. Provide appropriate status indicators to show the user the progress with a lengthy
operation (for example, the copy bar when copying files, an hour glass icon when a
process is being executed and so forth)

6. System messages

a. Provide user-centered wording in messages (for example, "there was a problem in
copying the file to your disk" rather than "execution error 159")

b. Avoid ambiguous messages (for example, hit 'any' key to continue - there is no 'any'
key and there's no need to hit a key, reword to say 'press the return key to continue)

c. Avoid using threatening or alarming messages (for example, fatal error, run
aborted, kill job, catastrophic error)

d. Use specific, constructive words in error messages (for example, avoid general
messages such as 'invalid entry' and use specifics such as 'please enter your name')

e. Make the system 'take the blame' for errors (for example, "illegal command" versus
"unrecognized command")

7. Anthropomorphization

a. Do not anthropomorphize (that is, do not attribute human characteristics to objects)
- avoid the "Have a nice day" messages from your computer

8. Modality

a. Use modes cautiously - a mode is an interface state where what the user does has
different actions than in other states (for example, changing the shape of the cursor
can indicate whether the user is in an editing mode or a browsing mode)

b. Minimize preemptive modes, especially irreversible preemptive modes - a
preemptive mode is one where the user must complete one task before proceeding
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to the next. In a preemptive mode other software functions are inaccessible (for
example, file save dialog boxes)

c. Make user actions easily reversible - use 'undo' commands, but use these sparingly

d. Allow escape routes from operations

9. Attention

a. Use attention grabbing techniques cautiously (for example, avoid overusing 'blinks'
on web pages, flashing messages, 'you have mail', bold colors and so forth)

b. Do not use more than 4 different font sizes per screen

c. Use serif or sans serif fonts appropriately as the visual task situation demands

d. Don't use all uppercase letters - use and uppercase/lowercase mix

e. Don't overuse audio or video

f. Use colors appropriately and make use of expectations (for example, do not have an
OK button colored red! use green for OK, yellow for 'caution, and red for 'danger'
or 'stop')

g. Do not use more than 4 different colors on a screen

h. Do not use blue for text (hard to read), blue is a good background color

i. Do not put red text on a blue background

j. Use high contrast color combinations

k. Use colors consistently

1. Use only 2 levels of intensity on a single screen

m. Use underlining, bold, inverse video or other markers sparingly

n. On text screens do not use more than 3 fonts on a single screen

10. Display issues

a. Maintain display inertia - make sure the screen changes little from one screen to the

next within a functional task situation

b. Organize screen complexity

c. Eliminate unnecessary information

d. Use concise, unambiguous wording for instructions and messages

e. Use easy to recognize icons

f. Use a balanced screen layout - do not put too much information at the top of the
screen - try to balance information in each screen quadrant

g. Use plenty of 'white space' around text blocks - use at least 50% white space for text
screens

h. Group information logically
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i. Structure the information rather than just presenting a narrative format
(comprehension can be 40% faster for a structured format)

11. Individual differences

a. Accommodate individual differences in user experience (from the novice to the
computer literate)

b. Accommodate user preferences by allowing some degree of customization of screen
layout, appearance, icons and so forth

c. Allow alternative forms for commands (for example, key combinations through
menu selections) (Hix and Hartson, 1993)

In order to effectively apply these design principles, one needs to understand users' tasks and
requirements. Understanding and applying principles is meaningless if users are unhappy
with the final product.

The goal for user interface design is to have the interface positively support users' endeavors
and never intrude adversely. The interface should be transparent to the task the user is trying
to accomplish and be efficient, satisfying.

Design Principles

Simplicity: Do not compromise usability for function

Keep the interface simple and straightforward. Users benefit from function that is easily
accessible and usable. A poorly organized interface cluttered with many advanced functions
distracts users from accomplishing their everyday tasks. A well-organized interface that
supports the user's tasks fades into the background and allows the user to work efficiently.

Basic functions should be immediately apparent, while advanced functions may be less
obvious to new users. Function should be included only if a task analysis shows it is needed.
Therefore, keep the number of objects and actions to a minimum while still allowing users to
accomplish their tasks.

Support: Place the user in control and provide proactive assistance

To give users control over the system, enable them to accomplish tasks using any sequence
of steps that they would naturally use. Do not limit them by artificially restricting their
choices to your notion of the "correct" sequence.

Most users perform a variety of tasks, being expert at some and novice at others. In addition
to providing assistance when requested, the system recognizes and anticipates the user's
goals, and offer assistance to make the task easier. Ideally, assistance provides users with
knowledge that allows them to accomplish their tasks quickly.

Familiarity: Build on users' prior knowledge
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Allow users to build on prior knowledge, especially knowledge they have gained from
experience in the real world. A small amount of knowledge, used consistently throughout an
interface, empowers the user to accomplish a large number of tasks. Concepts and
techniques are learned once and then applied in a variety of situations. Users do not have to
learn new things to perform familiar tasks.

The use of concepts and techniques that users already understand from their real world
experiences allows them to get started quickly and make progress immediately.

In the past, designers tended to invoke a principle of consistency when no single design
alternative appeared to be the best answer. By choosing to be consistent with something the
user already understands, an interface can be made easier to learn, and more productive.

Avoid the tendency to employ consistency without understanding users, their tasks, and their
shared experiences. When choosing a dimension within which to be consistent, seek to
understand what the user expects and be consistent with those expectations. Providing a
familiar experience is the ultimate use of consistency in which a truly intuitive interface
results.

Obviousness: Make objects and their controls visible and intuitive

Where possible, use real-world representations in the interface. Real-world representations
and natural interactions (direct action) give the interface a familiar look and feel and can
make it more intuitive to learn and use. Icons and windows were early attempts to draw on
user experiences outside the computing domain. As designs move toward real-world
representations, reliance on such computer artifacts should decline. In an object-oriented
interface the objects and concepts presented to users parallel familiar things from the real
world; for example:

* Trash can - when things are thrown away, usually some type of trash receptacle or
"trash can" is used. An object on the desktop displayed as a trash can
communicates to users that it is a place for discarding things. It should look like the
real object rather than like an abstract container, and the user should be able to
show its contents in a meaningful way.

* Telephone - the actions taken with telephones are so familiar to most people that
they require little thought. A telephone object on the desktop indicates to users that
it allows them to perform phone-related tasks, and users expect it to behave like the
real thing.

The controls of the system should be clearly visible and their functions identifiable. Visual
representations provide cues and reminders that help users understand roles, remember
relationships, and recognize what the computer is doing. For example, the numbered buttons
on the telephone object indicate that they can be used to key in a telephone number.
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Allow users to interact directly with objects and minimize the use of indirect techniques.
Identifying an object and doing something with it (like picking up the handset of a phone to
answer it) usually are not separate actions in the real world.

Encouragement: Make actions predictable and reversible

A user's actions cause the results the user expects. In order to meet those expectations, the
HSI designer must understand the user's tasks, goals, and mental model. Use terms and
images that match users' task experience, and that help users understand the objects and their
roles and relationships in accomplishing tasks.

For applications other than plant control features, users should feel confident in exploring,
knowing they can try an action, view the result, and undo the action if the result is
unacceptable. Users feel more comfortable with interfaces in which their actions do not
cause irreversible consequences.

Avoid bundling actions together, because the user may not anticipate the side effect. For
example, if a user chooses to cancel a request to send a note, only the send request should be
cancelled. Do not bundle another action, such as deletion of the note, with the cancel
request. Rather than implementing composite actions, make actions independent and provide
ways to allow users to combine them when they wish.

Satisfaction: Create a feeling of progress and achievement

Allow the user to make uninterrupted progress and enjoy a sense of accomplishment. Reflect
the results of actions immediately; any delay intrudes on users' tasks and erodes confidence
in the system. Immediate feedback allows users to assess whether the results were what they
expected and to take alternative action immediately. The user can then decide if the effect is
what was desired and, if not, can change it before switching attention to something else.

Offer a preview of the results of an action when it would be inconvenient for a user to apply
the action and then reverse it. This saves the user a lot of time by not having to reverse the
action that's been applied to an entire document and enhances the user's confidence in the
system.

Avoid situations where users may be working with information that is not up-to-date.
Information should be updated immediately or refreshed as soon as possible so that users are
not making incorrect decisions or assumptions. This becomes especially important in
networked environments where it is more difficult to maintain state between networked
systems dynamically.

Availability: Make all objects available at all times

Users should be able to use all of their objects in any sequence and at any time. Avoid the
use of modes, those states of the interface in which normally available actions are no longer
available, or in which an action causes different results than it normally does.
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Modes restrict the user's ability to interact with the system. Modal dialogs tend to lock users
out of their system; to continue, users must complete - or cancel - the modal dialog. If users
need to refer to something in an underlying window to complete the dialog, they must cancel
the dialog, access the information they need and re-invoke the dialog.

Safety: Keep the user out of trouble

Users are protected from making errors. The burden of keeping the user out of trouble rests
on the designer. The interface should provide visual cues, reminders, lists of choices, and
other aids, either automatically or on request. Humans are much better at recognition than
recall. Contextual and hover help, as well as agents, can provide supplemental assistance.
Simply stated, eliminate the opportunity for user error and confusion.

Users should never have to rely on their own memory for something the system already
knows, such as previous settings, file names, and other interface details. If the information is
in the system in any form, the system should provide it.

Two-way communication may be necessary at times to allow users to clarify or confirm
requests, or to remedy a problem. In the past, many interfaces have treated communication
with users as primarily one-way, computer-to-user. The communication should be
interactive - as rich in presentation and interaction capabilities as the rest of the interface. It
presents relevant information, provides access to related information and help, and allows
users to make task-specific decisions to continue.

Adopt the following design perspective: users know what they want to accomplish, but
sometimes they find it difficult to express their desires using the objects and actions
provided, and the system is unable to recognize their request. Two-way communication may
be used to help users reach their goals.

Versatility: Support alternate interaction techniques

Allow users to choose the method of interaction that is most appropriate to their situation.
Interfaces that are flexible in this way are able to accommodate a wide range of user skills,
physical abilities, interactions, and usage environments.

Each interaction device is optimized for certain uses or users and may be more convenient in
one situation than another. Pen input is helpful for people who sketch, and mouse input
works well for precisely indicating a selection. Alternative output formats, such, as
computer-generated voice output for foreign language instruction, are useful for some
purposes. No single method is best for every situation.

Users are allowed to switch between methods to accomplish a single interaction. For
example, allow the user to swipe-select using the mouse, then to adjust the selection using
the keyboard. At the same time, users should not be required to alternate between input
devices to accomplish what they perceive as a single step or a series of related steps in a task.
Users should be able to complete an entire useful sequence through the same input device.
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Providing a range of interaction techniques recognizes that users are individuals with
different abilities and situations. The differences include disabilities, preferences, and work
environments.

Affinity: Bring objects to life through good visual design

The goal of visual design in the user interface is to surface to the user in a cohesive manner
all aspects of the design principles. Visual design should support the user model and
communicate the function of that model without ambiguities. The final result should be an
intuitive and familiar representation that is second nature to users.

The following are visual design principles that promote clarity and visual simplicity in the
interface:

* Subtractive design - reduce clutter by eliminating any visual element that doesn't
contribute directly to visual communication.

" Visual hierarchy - by understanding the importance of users' tasks, establish a
hierarchy of these tasks visually. An important object can be given extra visual
prominence. Relative position and contrast in color and size can be used.

" Affordance - when users can easily determine the action that should be taken with
an object, that object displays good affordance. Objects with good affordance
usually mimic real world objects.

* Visual scheme - design a visual scheme that maps to the user model and lets the
user customize the interface. Do not eliminate extra space in your image just to
save space. Use white space to provide visual "breathing room".

4.3.4.18 SPDS
Displays of critical plant variables, sufficient to provide information to plant operators about
the following critical safety functions, are continuously displayed on the WDP as an integral
part of the fixed-position displays:

" Reactivity control

* Reactor core cooling and heat removal from the primary system

• Reactor coolant system integrity

* Radioactivity control

• Containment conditions

Displays to assist the plant operator in execution of symptom-based emergency operating
procedures are available at the main control console VDUs. Examples of these VDU
displays are trend plots and operator guidance. Information regarding entry conditions to the
symptomatic emergency procedures is provided through the fixed-position display of the
critical plant parameters on the WDP. The critical plant parameters on the WDP are also
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viewable from the shift supervisors' console. The supplemental SPDS displays on the VDUs
on the main control console are also accessible at the shift supervisors' console and may be
provided in the TSC and, optionally, in the EOF. The SPDS displays are available to be
displayed on display equipment defined by the utility.

Entry conditions to symptomatic emergency operating procedures are annunciated on the
alarm windows on the WDP. The WDP also displays the containment isolation status, safety
systems status, and other critical parameters.
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5 RESULTS

5.1 Results Summary Report

The results of the HSI design process outlined in this plan are summarized in a Results
Summary Report (RSR). The RSR provides a list of the design specifications for the HSI,
instruments required to comply with regulations, and the HSI style guide developed during
implementation of this plan. The RSR is written with sufficient detail to document how the
methodology outlined in this plan was implemented to provide the results. In addition, the
RSR outlines:

* General approach including the purpose and scope of HSI design

" HSI design team members and backgrounds

* HFE standards and documents used in the HSI design activity

" Style guide and design specifications for HSI design including:

- The development and basis for the guide

- The scope, topical contents, and procedures contained in the guide

- Procedures used to maintain the style guide

* List of instruments that complies with RG 1.97 and supporting analysis

* The methods used for the evaluation and verification of the HSI

" The process for refining and updating HSI design including:

- Modifying and updating the HSI

- Making temporary changes to the HSI

- Creating operator defined HSIs (temporary displays defined by operators for
monitoring specific plant situations)

- Procedures governing permissible operator initiated changes to HSIs

" Overall assessment of how well the methodology and implementation of the
procedure development process and results adhere to this plan.

5.2 Periodic Reports

The COLOG defines the periodicity and content of any HSI design process periodic reports.

5.3 Technical Output Reports

The COLOG defines the periodicity and content of any HSI design process technical output
reports.
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Table 1
Summary of accident monitoring variable types/source documents

Type'1] Selection Criteria for a measured plant variable [l] Typical Source Documents[21
A Variable supports planned manual controlled actions to accomplish Plant Accident Analysis Licensing Basis

safety related function for which there is no automatic control.

EPGs or plant specific EOPs[
1

Plant AOPs [3

B Variable supports the process of assessing actions for accomplishing or Functional restoration EPGs or plant specific
maintaining plant critical safety functions. EOPs[31

Plant critical safety functions related to the

EOPs

Plant Critical safety function status tree

C Variable indicates the potential for or actual breach of the three fission Plant Accident Analysis Licensing Basis
product barriers.

Design basis for the fission product barriers

EPGs or plant specific EOPs[31

D Variable indicates the performance of safety systems. Plant Accident Analysis Licensing Basis

Variable indicates the performance of auxiliary supporting features Event specific EPGs or plant specific EOPsp1

Variable indicates the performance of other systems necessary to Functional restoration EPGs or plant specific
achieve and maintain safe shutdown conditions. EOPs'31

Variable verifies safety status Plant AOPs[31

E Variable monitors the magnitude of radioactive material releases through Procedures for determining radiological
identified pathways releases through plant identified pathways

Variable monitors the environment conditions used to determine the Procedures for determining plant environs
impact of releases of radioactive material through identified pathways radiological concentration

Variable monitors the radiation levels and radioactivity in the plant Procedures for determining plant habitability
environs.

Variable monitors the radiation levels and radioactivity in the control
room and selected plant areas where access may be required for
recovery.

Notes
[1] The classification and definitions are from IEEE Std. 497-2002

[2] The identification of the manual action is developed through the Allocation of functions, the Task Analysis and the PRA/HRA

[3] During Design the results of allocation of functions and task analysis are substituted prior to EPG, EOP and AOP development
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Table 2
Example of Coding Scheme

Equipment/ S C 1 1
Component Symbol Color Shape Status Condition
Pump tbd Filled Running Normal

tbd Hollow Not Running Normal

tbd Hollow Not Running Abnormal (Should be
running)

tbd Filled Running Abnormal (Should not
be running)
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Table 3
Example Displays and Controls for DCIS Operation

System Qualitative Quantitative 1 Back LOperating Information Needed Information Needed Controls Needed MCR Panel Local
Mode/Task

Normal PAS Subloop Automation None None x
Failure Status

Normal PAS Mode Status None PAS Manual Mode x
Pushbutton Switch PAS Semi-Automatic

Mode
PAS Automatic Mode

Normal PAS Phase Pushbutton None PAS Startup
Switch PAS Shutdown

PACS Power Range

Normal DCIS Operating Status None None x

Normal Alarm Processing Operating None None x
Status

Normal Display Processing None None x
Operating Status

Normal Procedure Tracking None None x
Operating Status

Normal Fixed Mimic Display None None x
Operating Status

Normal Data Acquisition/ None None x
Communication Operating
Status

Normal Data Recording Operating None None x
Status

Normal Data Archive Operating None None x
Status

Normal Reactor Core Monitoring None None x
Operating Status

Normal Tech Spec Monitoring None None x
Operating Status

Normal Safety System Monitoring None None x
Operating Status

Normal Thermal Performance None None x
Monitoring Operating Status

Normal SPDS Operating Status None None x

Normal Large Variable Display None None x
I _ _ _ Operating Status
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Figure 1 HFE Process
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Figure 2 Human-System Interface Design Implementation Process
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Figure 4 Flow Chart of Elements for Design of Computer-Generated Displays
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Figure 6 Levels of Design and Evaluation
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Appendix A: Human Factor Principles Derived From Operating Experience
Reviews of Previous NPP HSI Designs

A.1 ControlRoom Design
1. The large size of the control room and console and their configuration contributed to

operator dissatisfaction.

2. Traffic flows should not be impeded by placement of consoles.

3. Adequate levels of illumination are necessary to ensure that visual effectiveness is sufficient
for task performance. Emergency lighting should be available.

4. Noise levels in the MCR should be maintained within acceptable industry levels.

5. The climate control system in the control room should be capable of continuously
maintaining temperature and humidity within the human comfort zone.

6. Convenient storage should be provided so that procedures, logs, and drawings needed for
routine job performance are conveniently available. Storage should also be provided for
equipment needed for emergency operation.

A.2 Control Board Design

1. Control boards should be optimized for minimum manning.

2. Panels in the control rooms were observed to have large arrays of identical controls and
displays and repetitive labels. The systems, subsystems, and components should be
separated by appropriate demarcation methods.

3. Controls and related displays should be located in close proximity so that the two items are
readily associated and can be used conveniently with one another. Controls should be
placed in an obvious and consistent order. The displays and controls used to monitor major
system functions should be assigned to and arranged in functional groups.

4. Flow arrangements between VDU display formats and controls on panels should not differ.

5. Flow mimics should be used to aid (and not unintentionally mislead) the operators.

6. Panel arrangements for similar systems should be the same.

7. Location of controls in areas and orientations that render them vulnerable to accidental
contact and disturbance should be avoided.

8. Unclear, illogical, overly complex, or mirror-imaged control board or panel layout
arrangements have been observed to promote operational mishaps and should be avoided.
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A.3 Computer
1. Computer data should be available on VDU.

2. Computer audible alarms should not be distracting.

A.4 VDUDisplays

1. The nomenclature, labeling, and arrangement of systems on the VDU displays should be
similar to the panels.

2. VDU displays should be comprehensible with a minimum of visual search. When data is
presented in lines and columns, the lines of data should be separated by a space (blank line),
one character high, every 4-5 lines.

3. Display access should be efficient and require a minimum of keystrokes.

4. VDU displays should have convenient brightness, focus, and degauss controls.

5. The character height should be the appropriate height for the viewing distance during normal
and emergency conditions.

6. Visibility of VDU displays should not be affected by glare.

A.5 Anthropometric
1. Panel dimensions should accommodate the 5th- to 95th-percentile range of the user

population to ensure that personnel can see and reach the displays and controls or the front
and back panels. Displays should not be placed beyond the visual range of the operators.

2. Controls should not be located in the control panels that require the operator to lean into the
panel. This is a potential health risk to the operator and to the equipment.

A.6 Controls

1. Large controls were observed to have been used in place of preferred smaller controls.
Larger controls impact panel size and should be avoided.

2. Labeling or coding techniques should be used to differentiate controls and indicator lights of
similar appearance.

3. Control configurations should not introduce parallax problems.

4. Control switches that must be held by the operator for operation should be avoided unless
necessary.

5. Projecting control handles should not cover or obstruct labels.

6. Key lock switches requiring administrative control should be avoided if possible.
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7. Control handles should not be difficult to operate and should not cause the operators to
resort to using unauthorized mechanical leveraging devices (that is, "cheaters") to achieve
reduced difficulty in operation.

8. Controls should be built and installed following standard conventions for OPEN/CLOSE
and INCREASE/DECREASE. Setpoint scales should not move up in response to a
downward movement of the controller thumbwheel.

9. Inadvertent operation of adjacent controls may be reduced through the use of shape coding
such as using similar shaped handles for similar functions (that is, pistol grips for pumps and
round handles for valves).

A. 7 Indicator Lights

1. Instances of improper use of qualitative indicators were observed where quantitative
displays such as meters would be more effective.

2. Light status (on/off) should be visible to the operator. Extinguished bulbs should be obvious
and a test method provided. Lamp designs should allow for easy access for lamp removal.

3. The use of so-called negative indications (the absence of an indication) should not be used to
convey information to the operator.

4. Indicator design selection and layout should be standardized to conserve panel space.

5. A color code standard should be established for indicating lights.

A.8 Display and Information Processing

1. Plant parameter validity should not have to be inferred. In addition to secondary
information, the quality or validity of the displayed parameter should be available to allow
operators to readily identify improper ESF or other safety equipment status under various
operating modes.

2. Necessary information should be available during events such as SBO (Station Black Out)
and LOOP (Loss Of Offsite Power). Systems and indications such as Neutron Monitoring
System, control rod position indication, and drywell area radiation indication should all be
available during these events.

3. The MCR should contain an integrating overview display. The overview display should
provide a limited number of key operating parameters.

4. The operators should use the same displays that are used during normal operation during
accident conditions to ensure their familiarity with the interface.

A.9 Meters

1. Proper use of minor, intermediate, and major scale markings in association with scale
numerals should be made. Formats should be customized to take into account identification
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of normal operating values and limits. Scale numerical progressions and formats should be
selected for the process parameter being presented.

2. Placement of meters above and below eye level, making the upper and lower segment of the
scale difficult to read, (especially with curved scales), can present parallax problems.

3. Meters were observed that fail with the pointer reading in the normal operating band of the
scale. The instrument design should allow the operator to determine a valid indication from
a failed indication.

4. Placement of meters on panels should prevent glare and reflections caused by overhead
illumination.

5. Where redundant channels of instrumentation exist, software-based displays should provide
for easy inspection of the source data and intermediate results without the need to display
them continuously.

6. Data presented to the operator should be in a usable form and not require the operator to
calculate its value. Scale graduations should be consistent and easily readable. Zone
markings should be provided to aid in data interpretation.

7. Meter pointers should not obscure the scale on meters.

8. Process units between the control room instruments and the operating procedures should be
consistent.

A.IO Chart Recorders

1. Recorders should not be used in place of meters. Recorders should be selected with
consideration given to minimizing required maintenance and high reliability.

2. A recorder designed to monitor 24 parameters was observed to have 42 parameters assigned
to it. This makes it extremely difficult to read the numerical outputs on the chart paper. The
inputs assigned should be consistent with the design of the recorder.

3. Operational limits should be defined on recorders. Proper selection of recorder scales will
eliminate the need for overlays. The units for the process should be labeled on the recorder.

4. Monitored inputs should be assigned to recorder pens in alphabetical order. The correlation
of pen color to input parameter should be clearly defined by multi-pen recorder labels.

5. The change of chart speed should also be noted on the chart paper when the paper is
changed. The paper scales should match the fixed scales.

6. Recorders should have fast speed and point select capability.

7. Proper placement of recorders and adequate illumination should prevent glare and parallax
problems with recorder faces.
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8. The pointers should not cover the graduation marks.

9. When upper and lower pens coincide, the printout of the upper scale should still be visible.

A.11 Annunciator Warning Systems

1. Annunciators should be located near the control board panel elements to which they are
related. Divisional arrangements should be consistent. Annunciators should be functionally
located near the applicable System.

2. "Advisory alarms" reporting expected conditions should not be grouped with true alarms.
The audio and visual warning system signal should be prioritized to reduce the audio and
visual burden placed on the operators during an event.

3. Some alarms were observed to lack specificity. Multi-input alarms, for example, xyz
pressure/levels, hi/lo, frustrate, rather than inform the operator.

4. Excessive alarms were observed during emergency conditions. Auditory signals should be
coded to aid the operator in determining the panel location.

5. Alarm operating sequence control should be placed at specific locations to encourage
operator acknowledgment.

6. For standing and sit-down workstations, window size and lettering height should be
consistent with the viewing distance.

7. The labels should use consistent abbreviations and nomenclature and not be ambiguous.

8. For traceability to response procedures, the windows should be identified with a location
reference code.

9. A consistent color-coding convention should be employed.

10. A "First Out" feature should be provided that presents prioritized parameters important to
safety parameters for immediate operator response.

11. Means should be provided for identification of out-of-service annunciators.

12. Annunciators for conditions, which signal an EOP entry condition, should be located based
on the functional analysis.

A.12 Coding of Displays and Controls

1. The color codes for the control boards should be systematically applied. Effective color-
coding should be used to aid in differentiating between identical controls placed in close
proximity.

2. The coding of indicators should inform the operator whether a valve is open or closed.

3. Systematic approach to color and shape coding of controls should be taken.
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A.13 Labeling
1. Label abbreviations, numbering, and nomenclature should be consistent. A label placement

standard for the control room should be established. Labels should be placed consistently
above or below the panel elements being identified and not placed between two components.

2. Hierarchical labeling schemes including size coding or differentiation of labels should be
used to identify major console panels, sub-panels, and panel elements. Hierarchical labeling
will eliminate the need to place redundant labels on control or display devices.

3. The content of the labels should be consistent with the procedures used by the operators.

4. The labels should meet the readability guidelines and should not be obscured by the
equipment that they mounted near. A control room standard for labels should be established
that address label character size and font.

5. Maintenance tags should not obscure or panel components such as displays.

6. To minimize the mispositioning of valves and other equipment, the controls and displays
should be labeled with the unique number or name of the valve or piece of equipment.

A.14 Communications
1. Communications in the control room should consider the ambient noise levels in the control

room and plant. The control room operator should be able to communicate with necessary
personnel in the plant. Communication equipment should also be provided at the remote
shutdown panel.

2. Communications equipment design should not limit the operator's access to the controls or
displays.

3. The communication system should be accessible from the operator's workstations.

A.15 Task Analysis
1. Controls and displays should be located for effective operator response to postulated events.

Information needed by the operator in the control room should be readily available and not
located at remote panels in the plant.

2. In addition to normal and emergency conditions, plant displays and controls should also
consider low power and shutdown scenario information requirements.

A.16 Procedures
1. The measurement units in the procedure and the values indicated on display scales should be

consistent.

2. Control board designs should make provisions for the operator's simultaneous referral to the
procedures and the operation of the control boards.
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3. The parameters displayed on electronic information systems or on the control boards should
be designed to support the EOPs as well as other required monitoring tasks.

4. The safety function parameter status should be presented in an organized, readily accessible
format compatible with the EOPs.

5. A procedure should address operator action in the event of computer, VDU, or printer
problems or complete failure.

A.17 Operator Errors
1. Operator mishaps were observed to be caused by the absence of a timely, attention-getting

indication (either qualitative or quantitative) that informs the operator that some element of
the system is not operating properly.

2. Operator mishaps were also observed to result from incorrect lineup of valves.

A.18 Maintenance and Testing
1. The MCR should be designed in such a way that minimizes the need for maintenance and

test personnel to work, or at least limit their presence, in the control room.

2. Control room displays should be designed and installed for easy calibration and
replacement.

3. Access for inspection, operation, and routine maintenance of components should not be
restrictive.

Human-System Interface Design Implementation Plan 100



GE Energy
Nuclear

3901 Castle Hayne Rd
Wilmington, NC 28401

NEDO-33276
Revision 1

eDRF# 0000-0048-2820
eDRF Section# 0000-0051-3917

Class I
March 2007

LICENSING TOPICAL REPORT

ESBWR HFE VERIFICATION AND VALIDATION IMPLEMENTATION
PLAN

Copyright 2007 General Electric Company



NEDO-33276

PROPRIETARY INFORMATION NOTICE

This document NEDO-33276, Revision 1, contains no proprietary information.

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

PLEASE READ CAREFULLY

The information contained in this document is furnished for the purpose of obtaining NRC
approval of the ESBWR Certification and implementation. The only undertakings of General
Electric Company with respect to information in this document are contained in contracts
between General Electric Company and participating utilities, and nothing contained in this
document shall be construed as changing those contracts. The use of this information by anyone
other than that for which it is intended is not authorized; and with respect to any unauthorized
use, General Electric Company makes no representation or warranty, and assumes no liability as
to the completeness, accuracy, or usefulness of the information contained in this document.
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1 OVERVIEW

This document presents the plan for verifying and validating that the Human Factors
Engineering (HFE) of the ESBWR design is consistent with regulatory guidance and current
accepted human factors principles.

Verification is the process of determining and documenting that an implemented design (a
product, process, procedure, method, etc.) 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 ofNUREG-071 1, Rev 2 Human Factors
Engineering (HFE) Program Review Model. V&V, in the context of liFE, assures that the
design of Human-System Interfaces (HSIs):

1. Are complete

2. Conform to HFE principles

3. Are operable

4. Are free of safety issues and human performance issues

5. Are correctly implemented in a final, "as built" form

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

1.1 Purpose

The purpose of this document is to prescribe a plan for comprehensively verifying and validating
that the HSI supports important actions that are identified through the operational analysis.
Required manual tasks are identified through operational analysis described in NEDO-33219,
NEDO-33220, and NEDO-33221. The risk important actions are identified through the
quantitative PRA/HRA process. Experience-based tasks are identified through review of
operating experience data.

This plan is used to supplement GE Energy Nuclear Engineering Operating Procedures (GEEN
EOPs) under which all GE ESBWR Project design work is done.

1.2 Scope

1.2.1 General

This plan prescribes V&V requirements, and a program of compliant V&V activities, for
verifying and validating the human factors engineering of the ESBWR HSIs. Figure 1 shows
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how V&V interfaces with other elements of the overall HFE plan. Figure 2 shows the
relationship of V&V activities and their inputs and outputs.

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

1. Program Management (how V&V quality is managed)

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

3. Trainees/End-Users as Participants (including provisions for audits and witnessing) (who
V&V is done with)

4. Methods and Procedures (how and where V&V is done)

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

6. Acceptance Criteria and Performance Measures (what the designs are V&V'd against)

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

The following are verified and validated in accordance with this plan.

1. Human-System Interface (i.e., controls, displays, and alarms including use of Safety
Parameter Display System)

2. Layout/configuration and anthropometrics of workstations (including installed equipment

such as phones and radios)

3. Automation features

4. Display navigation (efficient information retrieval and access to controls)

5. Crew Communications (i.e., methods and equipment)

6. Procedures (hardcopy and electronically displayed)

7. Operator work environment (e.g., lighting, space, air conditions, floor design, noise
mitigation)

8. Provisions for routine tests and maintenance (i.e., cleaning touch-screen displays, testing
alarm windows, replacing mimic components)

The incorporation of 1IFE principles into all phases of HSI design for ESBWR is consistent with
the HFE program review model in NUREG-071 1, Rev 2. The Main Control Room (MCR) is the
primary location for HSI panels for safety important actions. Under various anticipated events
such as a fire in the MCR alternate control stations provide backup HSI panel locations outside
the MCR. Additional local control stations (LCSs) that have control and monitoring features
involving safety-related tasks include:

* Remote Shutdown Station (RSS) outside the MCR

" Fuel movement in the Fuel Building (FB)

" Control of potentially radioactive water in Radwaste Building
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Plant monitoring in the emergency response facilities, such as the Technical Support
Center (TSC) and the Emergency Operations Facility (EOF)

HSI design also encompasses the Technical Support Center (TSC) and the Emergency
Operations Facility (EOF) portions of emergency response facilities. This plan addresses HFE
V&V for the TSC and EOF with respect to the following:

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

2. Equipment to duplicate or to link the EOF to the plant process database used to support the
MCR and the TSC.

3. Scenarios evaluated that include critical actions taken outside the MCR and directly
involve the TSC and/or EOF.

HFE V&V methods and activities are presented in Section 3. HFE V&V activities
implementation is covered in Section 4. The implementation described in this plan is predicated
on the use of the following test and evaluation environments, as discussed in Section 4:

1. GE Test System (GETS)

2. Baseline Simulator (BS)

3. Full Scope Simulator (FSS)

The validation supports training program development, although the link between validation
activities and training support is not directly part of the V&V process. However, training
benefits by using the training team and operators in training to perform various verification and
validation tasks. The training team benefits from the development of simulator scenarios that
can be kept in a library for future use. The information collected during the validation process
also acts as benchmarks for the way that crews perform for the various scenarios. It also provides
confirmation that procedures, HSI and training are working in an integrated fashion.

1.2.2 Program Management Requirements, Goals and Scope

1. The scope of the program encompasses the design bases (e.g., ESBWR Design Control
Document (DCD) requirements), standard design features of the ESBWR MCR, and the
results of ESBWR HFE analyses.

2. Facilities within the scope of the program include, but are not limited to, the MCR, the
RSS, and locations of LCSs critical to plant safety. The FB, the Radwaste Building, the
TSC, and the EOF are included to the extent they directly involve actions critical to plant
safety (e.g., as defined through Task Analysis, PRA/HRA, safety analyses, etc.).

3. HSIs within the scope of the program include HSIs used for operations, accident
management, maintenance, test, inspection, and calibration interfaces (including
procedures).

4. Plant staff positions addressed in the program includes those positions identified by the
Staffing and Qualifications Plan (NEDO-33266).

5. Validity of the MCR, RSS, and LCS designs are determined on the basis of:
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a. ESBWR operator performance (human error, situation awareness, vigilance)

b. Physical workload and cognitive workload (including diagnosis) imposed on the
ESBWR operators

c. Tolerance to human errors (omitting required actions, committing wrong actions) and
machine faults (hardware and software)

1.2.3 Process and Procedures for Quality Assurance

1. Persons managing, leading, and directing HFE V&V activities are responsible for:

a. Developing HFE V&V plans and procedures

b. Reviewing HFE V&V tests and evaluation activities

c. Facilitating corrective actions to deficiencies identified during HFE V&V

d. Confirming the implementation of corrective actions

e. Assuring that HFE V&V activities comply with this plan

f. Scheduling HFE V&V activities

2. Responsible Design Organizations (RDOs) or functions within RDOs for the V&V
program are identified. The lead organization for a particular HFE V&V activity is clearly
identified if more than one organization is involved. Organizations have the authority to
ensure that their responsibilities are met (e.g., controlling further processing, delivery,
installation, or use of an HSI until a nonconformance, deficiency, or unsatisfactory
condition is corrected).

3. The composition of the HFE V&V team includes persons with the qualifications specified
in Table 1.

4. Team staffing is described in terms of job descriptions and personnel assignments.

5. The HFE V&V process is defined, inclusive of input and output relationships with other
HFE activities. Critical checking and witnessing points are identified so that evaluations of
the effectiveness of the HFE V&V can be made.

6. A schedule of HFE V&V activity showing relationships among activities, products, and
reviews is developed.

7. Documentation items are identified and described.

8. HFE V&V requirements, or reference to this document, are included in subcontracts;
subcontractor compliance is auditable.

9. HFE-related issues identified throughout the HFE V&V process are documented in the
ESBWR Human Factors Engineering Issue Tracking System (HFEITS).

1.2.4 Program Management Implementation

1. The lead organization for ESBWR HFE V&V is GE.

2. Defining, managing, leading, and executing the HFE V&V program is the responsibility of
the HFE Lead. This person coordinates with the procedure development group to establish
plans and processes for V&V of procedures. This person also coordinates with the I&C
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V&V lead to ensure the I&C plans adequately address those portions of the HSI V&V
required to fulfill this plan.

3. The HFE V&V program of activities is performed in accordance with the ESBWR QA
Plan and GEEN EOPs.

4. Design changes are processed in accordance with GEEN EOPs and ESBWR Project
Procedures (EPPs). Other design changes may be verified as part of the ESBWR Project
configuration control process.

5. GE uses an internal system for work scheduling and tracking on the ESBWR Project in
accordance with GEEN EOP 25-5.00. Therefore, it is not necessary that this V&V plan
document contain detailed work schedules for the activities specified herein, although such
schedules are prepared later during the project.

6. The HFE V&V activities are performed to ensure the quality of product design and
development and their associated documentation. This type of verification is performed on
each design document produced as part of the design and development process in
accordance with GEEN EOPs 40-7.00 and/or 42-6.00.

7. The HFEITS is managed and maintained by the HFE task lead within GEEN. Status
reports of HFE issues are maintained and updated monthly throughout the ESBWR project.
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1.3 Definitions and Acronyms

1.3.1 Definitions

Several terms are defined to provide a common basis for developing V&V recommendations
referred to in this plan.

Accident - Event that has the potential for release of significant amounts of radioactive material,
or leading to a plant shutdown and/or personnel injury.

Action - Involves observable movement during task performance.

Alarm - The term alarm is used in the broad sense, i.e., a plant parameter, component, system, or
function that is currently in a state requiring the attention of plant personnel. For example, a
monitored parameter exceeds a specified limit (setpoint), the deviation is evaluated by the
processing portion of the alarm system, and a message is conveyed to the operator via the
display portion of the alarm system.

Alarm condition - A plant condition requiring attention of operators.

Allocation of functions - Assignment of responsibility for performing operations required for
accomplishing functions to either humans, equipment, or some combination.

Component - The meaning of the word component depends on its context. In context of the
entire plant, it is an individual piece of equipment such as a pump, valve, or vessel; usually part
of a plant system. In a human-system interface context, a component is one part of a larger unit,
such as one meter in a control board. In a maintenance context, a component is a subdivision of a
unit of equipment that can be treated as an object by the maintainer, but which can be further
broken down into parts. A mounting board together with its mounted parts is an example of a
component.

Crew - The group of people at the plant that manage and perform activities that are necessary to
operate the plant and maintain its safety as performed in full-scope simulator.

Emergency Procedures - A simplified description of the post event procedures that include the
EOPs, ARPs, and AOPs that provide instructions for controlling events with the potential for a
release of radioactive material.

Event - Any planned (e.g., power change) or unplanned (e.g. process system component failure)
occurrence that impacts on operations of process systems in such a way that achievement of
required safety and productivity levels is jeopardized.

EPG/SAG - Emergency Procedure Guidelines are documents that identify the equipment or
systems to be operated and list the steps necessary to mitigate the consequences of transients and
accidents and restore safety functions. Severe Accident Guidelines define strategies for
responding to emergencies and severe accidents when primary containment flooding is required.
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Feedback - System or component response (e.g., visual or aural) that indicates the extent to
which the user's desired effect was accomplished. Feedback can be either intrinsic or extrinsic.
Intrinsic feedback is that which the individual senses directly from the operation of the control
devices (e.g., clicks, resistance, control displacement). Extrinsic feedback is that which is sensed
from an external source that indicates the consequences of the control action (e.g., indicator
lights, display changes, aural tones).

Functional requirements - Quantitative performance criteria that systems must satisfy.

Functional requirements analysis - The examination of plant or system goals to determine
what functions are needed to achieve them.

Human error probability (HEP) - A measure of the likelihood that plant personnel will fail to
initiate the correct, required, or specified action or response in a given situation, or by
commission performs the wrong action. The HEP is the probability of the human failure event.

Human factors - A discipline concerned with the systematic study and application of what's
known about human behavior to system development decisions.

Human factors engineering (HFE) - The application of knowledge about human capabilities
and limitations to plant, system, and equipment design. HFE ensures that the plant, system, or
equipment design, human tasks, and work environment are compatible with the sensory,
perceptual, cognitive, and physical attributes of the personnel who operate, maintain, and support
it (see human factors).

Human reliability analysis (HRA) - A structured approach used to identify potential human
failure events and to systematically estimate the probability of those events using data, models,
or expert judgment.

Human Task - The activity of a human required to accomplish a defined objective. For
example, the human user conserves, reduces, or adds information, and supplies or controls
energy.

Human-system interface (HSI) - The human-system interface (HSI) is that part of the plant
through which personnel interact to perform their functions and tasks. Major HSIs include
annunciators, information displays, controls, and procedures. Use of HSIs can be influenced
directly by factors such as, (1) the organization of HSIs into workstations (e.g., consoles and
panels); (2) the arrangement of workstations and supporting equipment into facilities such as a
main control room, remote shutdown station, local control station, technical support center, and
emergency operations facility; and (3) the environmental conditions in which the HSIs are used,
including temperature, humidity, ventilation, illumination, and noise. HSI use can also be
affected indirectly by other aspects of plant design and operation such as crew training, shift
schedules, work practices, and management and organizational factors.

Initiating event - Any event either internal or external to the plant that perturbs the steady state
operation of the plant, if operating, thereby initiating an abnormal event such as transient or Loss
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of Coolant Accident (LOCA) within the plant. Initiating events trigger sequences of events that
challenge plant control and safety systems whose failure could potentially lead to core damage or
large early release.

Input - (1) Information entered into a system for processing. (2) The process of entering
information. (3) Pertaining to the devices that enter information.

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

Monitoring - Purposefully observing displays to assess plant operations. If available information
suggests abnormality, additional information is sought and a diagnosis of the difficulty is
attempted.

Panel - Any surface upon which measures of equipment operations are displayed or controls that
directly effect equipment operations are provided; includes display pages presented on video
display units (VDUs), as well as conventional console panels.

Parameter - Any physical property whose value reflects a plant condition.

Plant safety - Also called "safe operation of the plant." A general term used herein to denote the
technical safety objective as articulated by the International Nuclear Safety Advisory Group of
the International Atomic Energy Agency (IAEA) in the "Basic Safety Principles for Nuclear
Power Plants" (IAEA, 1988): "To prevent with high confidence accidents in nuclear plants; to
verify that, for all accidents taken into account in the design of the plant, even those of very low
probability, radiological consequences, if any, would be minor; and to provide reasonable
assurance that the likelihood of severe accidents with serious radiological consequences is
extremely small."

Probabilistic risk assessment (PRA) - A qualitative and quantitative assessment of the risk
associated with plant operation and maintenance that is measured in terms of frequency of
occurrence of risk metrics, such as core damage or a radioactive material release and its effects
on the health of the public (also referred to as a probabilistic safety assessment, PSA).

Procedures - Written instructions providing guidance to plant personnel for operating and
maintaining the plant and for handling disturbances and emergency conditions.

Risk - probability and consequences of an event, as expressed by the risk triplet that is the
answer to the following three questions - (1) What can go wrong? (2) How likely is it? and (3)
What are the consequences if it occurs?

Safety function - Safety functions are those functions that serve to ensure higher-level
objectives and are often defined in terms of a boundary or entity that is important to plant
integrity and the prevention of the release of radioactive materials. A typical safety function is
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"reactivity control." A high-level objective, such as preventing the release of radioactive material
to the environment, is one that designers strive to achieve through the design of the plant and that
plant operators strive to achieve through proper operation of the plant. The function is often
described without reference to specific plant systems and components or the level of human and
machine intervention that are needed to carry out this action. Functions are often accomplished
through some combination of lower-level functions, such as "reactor trip." The process of
manipulating lower-level functions to satisfy a higher-level function is defined here as a control
function. During function allocation the control function is assigned to human and machine
elements.

Safety system - System required to minimize the probability and magnitude of release of
radioactive material into the environment by maintaining plant conditions within allowable
limits established for each design basis event.

Safety-related - A term applied to those plant structures, systems, and components (SSCs) that
prevent or mitigate the consequences of postulated accidents that could cause undue risk to the
health and safety of the public. These are the SSCs on which the design-basis analyses in the
safety analysis report are performed.

Simulator - A computer driven system that physically represents the human-system interface
configuration of the main control room or other control interface and that dynamically represents
the operating characteristics and responses of the plant in real time. Simulators include both
part-task models that represent specific aspects of one or more systems and full scope models
that integrate the dynamic behavior of all plant systems and HSIs working together to match the
real world performance of the main control room. Part task simulators such as mockups and
GETS simulate elements of the control room and systems during the early engineering
development and initial V&V activities. The baseline simulator provides a platform for
integrating the system models and refining the control room HSI, system dynamic interactions,
malfunction responses, control systems, alarm logic settings, and displays. When validated for
accurate systems and complete plant responses to event scenarios, it becomes the high-fidelity
full-scope simulator where the final V&V activities are performed. The full-scope simulator is
used to support procedure verification and operator training.

Task - Operations that must be performed by personnel and having identifiable initiating and
terminating cues.

Task analysis - An analytical process for applying what is known about human behavior to
descriptions of tasks. It involves determining the sensing, associating, interpreting, remembering,
and responding demands imposed on personnel by personnel-plant interactions,
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1.3.2 Acronyms

The following is a list of acronyms used in this plan:

Acronym

AOF
AOP
ARP
BOP
BRR
BS
COL
COLOG
CCTV
CD/LERF
CRDT
DCD
DCIS
DCT
D3
DPDS
EOF
EOP
EPG/SAG
EPRI
ESF
FB
FPD
FRA
FSS
GEEN
GEENEOP
GETS
HA
HE
HED
HEP
HFE
HFEITS
HRA
HSI
IOP
I&C

Definition

Allocation of Function
Abnormal Operating Procedure
Annunciator Response Procedure
Balance of Plant
Baseline Review Record
Baseline Simulator
Combined License
COL owners group
Closed Circuit Television
Core Damage/Large Early Release Frequency
Control Room Design Team
Design Control Document
Distributed Control and Information System
Display Connection Tables
Defense-in-Depth and Diversity
Display Primitives Design Specifications
Emergency Operations Facility
Emergency Operating Procedures
Emergency Procedure and Severe Accident Guidelines
Electric Power Research Institute
Engineered Safety Features
Fuel Building
Flat Panel Displays
Functional Requirement Analysis
Full Scope Simulator
General Electric Energy Nuclear
General Electric Nuclear Engineering Operating Procedures
General Electric Test System
Human Actions
Human Error
Human Engineering Discrepancies
Human Error Probability
Human Factors Engineering
Human Factor Engineering Issue Tracking System
Human Reliability Analysis
Human System Interface
Integrated Operating Procedure
Instrumentation and Control
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Acronym Definition

ITV Industrial Television
LCS Local Control Station
MCR Main Control Room
MMIS Man-Machine Interface System
NRC Nuclear Regulatory Commission
NPP Nuclear Power Plant
NSSS Nuclear Steam Supply System
OER Operating Experience Review
OLPS Online Procedure System
PAS Plant Automation System
P&ID Piping and Instrument Diagram
PFD Process Flow Diagram
PRA Probabilistic Risk Assessment
PSF Performance Shaping Factor
QA Quality Assurance
RDO Responsible Design Organization
RSS Remote Shutdown System
RSR Results Summary Reports
SDS System Design Specifications
S&Q Staffing and Qualifications
SCMP Software Configuration Management Plan
SDP Software Development Plan
SDD System Design Description
SFRA System Functional Requirements Analysis
SOP System Operating Procedures
SPDS Safety Parameter Display System
SPE Software Project Engineering
SRO Senior Reactor Operator
SSLC Safety System Logic and Control
STAR Stop, Think, Act, Review
T&E Test and Evaluation
TA Task Analysis
TLX Task Load Index
TSC Technical Support Center
USNRC United States Nuclear Regulatory Commission
V&V Verification and Validation
VDU Video Display Unit
WDP Wide Display Panel
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2 APPLICABLE DOCUMENTS

Applicable documents include supporting documents, supplemental documents, codes and
standards and are given in this section. Supporting documents provide the input requirements to
this plan. Supplemental documents are used in conjunction with this plan. Codes and standards
are applicable to this plan to the extent specified herein.

2.1 Supporting and Supplemental Documents

2.1.1 Supporting Documents

The following supporting documents were used as the controlling documents in the production
of this plan. These documents form the design basis traceability for the requirements outlined in
this plan.

1. ESBWR Design Document Control, Chapter 18, Rev 3, (26A6642BX)

2. NEDO-33217, Rev 1, ESWBR Man-Machine Interface System and Human Factors
Engineering Implementation Plan

3. NEDO-33181, Rev 1, NP-2010 COL Demonstration Project Quality Assurance Plan

2.1.2 Supplemental Documents

The following supplemental documents are used in conjunction with this document plan:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

NEDO-33219, Rev

NEDO-33220, Rev

NEDO-33221, Rev

NEDO-33226, Rev

NEDO-33245, Rev

NEDO-33262, Rev

NEDO-33266, Rev

NEDO-33267, Rev

1, ESWBR Functional Requirements Analysis Implementation Plan

1, ESWBR Allocation of Functions Implementation Plan

1, ESBWR Task Analysis Implementation Plan

1, ESBWR I&C Software Management Plan

1, ESBWR I&C Software Quality Assurance Plan

1, ESBWR Operating Experience Review Implementation Plan

1, ESBWR Staffing and Qualifications Plan

1, ESBWR HFE Human Reliability Analysis Implementation Plan

NEDO-33268, Rev 2, ESBWR Human-System Interface Design Implementation Plan

NEDO-33274, Rev 2, ESBWR HFE Procedure Development Implementation Plan

NEDO-33275, Rev 1, ESBWR HFE Training Program Development Implementation Plan

NEDO-33277, Rev 2, ESBWR HFE Human Performance Monitoring Implementation Plan

NEDO-33278, Rev 2, ESBWR HFE Design Implementation Plan

EOP 25-5.00, Rev 1,Work Planning and Scheduling

EOP 40-7.00, Rev 1, Design Review

EOP 42-6.00, Rev 1, Independent Design Verification

EOP 42-10.00, Rev 1, Design Record Files
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2.2 Codes and Standards

The following codes and standards are applicable to the HFE program to the extent specified
herein.

1. ANSI/AIAA G-035-1992, American National Standard: Guide to Human Performance
Measurements

2. ANSI/ANS 3.5-1998, American National Standard, Nuclear Power Plant Simulators for
Use in Operator Training and Examination

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

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

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

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

2.3 Regulatory Guidelines

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

2. NUREG/CR-4227, W.E. Gilmore, Human Engineering Guidelines for the Evaluation and
Assessment of Video Display Units, 1985

3. NUREG/CR-5228, Techniques for Preparing Flowchart-Format Emergency Operating
Procedures, Vol. 1, 1989

4. NUREG/CR-6393, Integrated System Validation: Methodology and Review Criteria, 1997

5. NUREG/IA-0 137, Study of Control Room Staffing Levels for Advanced Reactors, 2000

6. NUREG-0700, Rev 2, Human -System Interface Design Review Guidelines, 2002

7. NUREG-071 1, Rev 2, Human Factors Engineering Program Review Model, February 2004

8. NUREG-0899, Rev 0, Guidelines for the Preparation of Emergency Operating Procedures,
1982

9. NUREG-1358, Lessons Learned from the Special Inspection Program for Emergency
Operating Procedures, 1989 with Supp #1, 1992

10. NUREG-1503, Final Safety Evaluation Report for the ABWR

11. Regulatory Guide 1.33, Rev 2, Quality Assurance Program Requirements, 1978

2.4 DOD and DOE Documents

1. AD-A223 168, System Engineering Management Guide (F. Kocler, T., Withers, J.
Poodiack, M. Gierman), Defense Systems Management College, 1990
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2. AD-A226480, U.S. Army Test and Evaluation Command, Human Factors Engineering,
Test Operation Procedure, TOP 1-2-610 (Part 1), 1990

3. DOD 5000.2, Defense Acquisition Management Policies and Procedures

4. MIL-HDBK-46855A, Human Engineering Requirements for Military Systems, Equipment,
and Facilities, DOD, 1999 (Replaces DOD-HDBK-763 & MIL-STD-46855B)

5. MIL-HDBK-761A Human Engineering Guidelines for Management Information Systems,
DOD, 1989,

6. MIL-STD-1472D, Human Engineering Design Criteria for Military Systems, Equipment
and Facilities, DOD

2.5 Industry/Other Documents

Reference documents that have been removed may be re-added to the next revision, as they
become available to the HFE design team.

1. Meister, David, Behavioral Analysis and Measurement Methods. New York: John Wiley
& Sons [ISBN 0-471-89640-3], 1985

2. BWR Owner's Group, Emergency Procedure and Severe Accident Guidelines
(EPGs/SAGs), Rev 2, March 2001

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

4. EPRI NP-6560-L, A Human Reliability Analysis Approach Using Measurements for
Individual Plant Examination, 1990

5. NSAC-39, Verification and Validation for Safety Parameter Display Systems, 1981
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3 METHODS

Section 3 describes the methods that are used to perform the five key HFE V&V activities, as
well as other important topics, consistent with NUREG-0711 R2.

Objectives of the five HFE V&V key activities are as follows:

1. Use of Operational Condition Sampling to guide the selection of HSIs to review.

2. Assure that HSI functions and components are based on HFE analyses by applying Human-
System Interface (HSI) Inventory and Task Support Verification.

3. Check that HFE requirements are met by performing Human Factors Engineering (HFE)
Design Verification.

4. Confirm proper operability of humans and HSI using Integrated System Validation.

5. Resolve identified HF issues by performing Human Factors Issue Resolution Verification.

This section also includes the following topics that relate to the HFE V&V plan.

* Final Plant HFE/HSI Design Verification

* Relationship Between HFE V&V and Hardware/Software V&V

S WHFE V&V Team

* V&V Management

* End-Users as Participants and Test Subjects

Figure 1 provides an overview of the HFE process activities with their associated inputs and
outputs, including the operational analysis (FRA, AOF and TA). The figure shows the
relationship of V&V (in gray) to other parts of the HFE process.

Figure 2 shows the relationship between HFE V&V process activities.

3.1 Activity 1 - Operational Condition Sampling

V&V responsibility is to assure the entire HSI is consistent with the requirements. Even for a
plant like the ESBWR, evolving from a large base of predecessor BWRs and ABWRs, the
number of individual HSI differences from predecessors is expected to be large. It would be
impractical, and perhaps more importantly, unnecessary to review every HSI to demonstrate a
satisfactory V&V process. Sampling of operational conditions to support HFE V&V in new
plants is appropriate because of the large number of new individual HSIs. Therefore, the
ESBWR HFE V&V plan uses a sampling strategy for the selection of HSIs to review.

The sampling methodology is used to identify a range of operational conditions to be included in
the V&V activities. Operational conditions include those that:

1. Have a range of events that are representative of those encountered during plant operation

2. Reflect the characteristics that are expected to contribute to system performance variation
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3. Consider the safety significance of HSI components

These sampling characteristics are identified by using a multidimensional sampling strategy to
provide variation of important dimensions for inclusion in V&V activities. The
multidimensional sampling strategy for establishing the sample of required operator actions for
specific plant conditions used during simulations uses the actions defined as required to achieve
the safety functions from the operations analysis.

The strategy also samples human backup actions to automatic systems, actions required during
normal startup, shutdown, and trip simulation scenarios. The strategy includes the use of risk
important actions required in scenarios that lead to core damage as quantitatively identified in
the PRA/HRA. The strategy also includes actions identified through the OER process and a
sampling of actions that use the HSI information and control features.

The selection of actions sampled is followed by the incorporation of the actions into a set of
scenarios that cover all important actions, information, and control features that are tested under
different conditions during V&V simulation phases.

The final set of scenarios defined for use in the integrated validation phase satisfies the criteria
for the range of plant conditions, personnel tasks, and situational factors known to challenge
personnel performance. The combined set of sequences comprises all of the HSI and actions
represented in the information and control needs derived from the operations analysis.

3.2 Activity 2 - IISI Inventory and Task Support Verification

HSI Task Support Verification is verification with a relatively narrow scope (compared to HFE
Design Verification described in the next section). Initial HSI Task Support Verification is a
document-based, static evaluation process that includes independent verification in accordance
with the GEEN 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 could
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 HSI 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 (e.g., response time, accuracy, precision, etc.).

HSI components are considered deficient if, for example, there are:

1. Unsupported tasks where a required control, display, or alarm is missing (i.e., absence of
on-screen pushbuttons).
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2. Partially supported tasks where HSI characteristics do not fully meet the operability
requirements (e.g., poor real-time response and feedback when using a manual/auto
controller or inadequate pushbutton tactile feedback).

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

3.3 Activity 3 - HFE Design Verification

HFE Design Verification is a form of verification that is broader in scope than HSI Task Support
Verification. It is evaluation of the HSI with respect to a particular end user population, but is
not an evaluation of the end users. Individual HSI components are checked against plant
engineering criteria, human engineering criteria, and operating and functional requirements. The
verification is performed in accordance with ESBWR GEEN EOP requirements that include
requirements for independent verification.

HFE Design Verification verifies that each HSI component design meets personnel task
requirements and operational considerations, and reflects HFE guidelines, standards, and
principles reflected in the ESBWR Style Guide. The Style Guide includes reference to general
HFE guidelines such as NUREG-0700. HFE Design Verification covers design aspects
including HSI characteristics and the environment in which they are used such as:

1. HSI characteristics (e.g., coding, conventions, input devices, dialog, display navigation,
etc.)

2. Inter-personnel communication systems that support users of the HSI (e.g., functional
capabilities, equipment performance, ease of use, etc.)

3. Hardcopy procedures and electronically displayed ("on-line") procedures

4. Room layouts and panel configurations (e.g., anthropometrics, ergonomics, grouping,
labeling, etc.)

5. Work environment (e.g., lighting, space, air conditions, floor design, noise mitigation)

Designs are compared to HFE guidelines to determine whether they account for human
characteristics and capabilities. Deviations from accepted HFE guidelines, standards, and
principles are documented in the HFEITS for resolution/correction and acceptably justified on
the basis of documented rationale such as trade study results, literature-based evaluations,
demonstrated operational experience, tests, and experiments.

3.4 Activity 4 - 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 are not evaluated with analysis (e.g., task support or HFE design
verification activities). Discrepancies identified during previous verification activities should be
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
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high-fidelity simulators that can facilitate regulatory reviews and witnessing. Integrated System
Validation confirms the following:

1. Adequacy of the entire HSI configuration for achieving HFE program goals consistent with

HFE practices and principles

2. Allocation of functions and the degree of task dependence on procedures

3. Adequacy of the HSI to support the crew in accomplishing critical functions and tasks

4. Human performance assumptions in PRA/HRA

5. Tolerance to human error and system faults

6. Efficient search and retrieval of information and controls is facilitated by the HSI

7. The effect of HSI characteristics on operator workload

8. Adequacy of staffing

9. Adequacy of procedures

Procedure validation confirms that the procedures

1. Are consistent with the HSI in terms of controls, displays, alarms, and data processing

2. Are useable

3. 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:

1. HSI Task Support Verification and HFE Design Verification for minor design changes.

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

3. Major design changes require re-validation to confirm that the change corrected the
deficiency.

Integration concerns integration/interfacing of HSI elements (controls, displays, alarms,
communication devices, etc.) 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 and Information System
(DCIS) is the total, fully integrated system and final, complete validation is only achieved with
the entire DCIS.

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 DCIS. For instance,
the non-safety portion of DCIS is an integration of different process system controls and several
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HSIs (displays, mimic, alarms, large variable display, switches). It is testable and it can be
partially validated separately of other DCIS portions, including safety-related portions.

3.5 Activity 5 - Human Factors Issue Resolution Verification

HFE Issue resolution is 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:

1. Evaluate issue to determine the need for correction

2. Identify a design solution for risk significant issues

3. Verify implementation of design solutions

HFE Issues are tracked in the ESBWR HFEITS, which is maintained throughout the ESBWR
project. Details of this are found in separate docuinentation of the ESBWR HFEITS.

3.6 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, ESBWR HFE Design Implementation Plan, NEDO-33278.

The functionality of data and video interfaces with the TSC, as well as equipment to duplicate or
link the EOF to the plant process database, are verified during I&C V&V process and tests.
Verification of these components is completed during integrated system validation testing at the
site as part of the Final Plant HFE/HSI Design Verification activity.

It is noted that verification of MCR and RSS HSI components occurs as part of the normal
course of engineering design in accordance with ESBWR I&C Software Quality Assurance Plan
requirements that include requirements for independent verification.

3.7 Relationship Between HFE V&V and Hardware/Software V&V Processes

HFE V&V is a process for assuring HFE-related quality of the HSI, as well as operating and
emergency procedures and other aspects of the ESBWR design. Among other things, HFE V&V
identifies, documents, and facilitates resolution of deficiencies in the HSI. Resolution could
impact hardware/software design (e.g., components, graphic displays, performance,
arrangements, etc) depending on the specific nature of the deficiency. Likewise, the I&C V&V
process will also impact HSI design. The relationship between the two V&V processes is such
that resolution of V&V findings from both processes are integrated into the development, design
and implementation phases of HSI hardware and software.

The ESBWR DCIS is primarily based on digital technology; therefore, the HSIs are primarily
implemented with that technology. The development and design of the HSI hardware and
software, conducted in accordance with applicable GE EOPs, incorporates HFE principles as
part of the design inputs and throughout the project. Figure 3 shows the close relationship and
the interfaces between HFE and I&C aspects of the ESBWR design.

Verification and Validation Implementation Plan 225



NEDO-33276

ESBWR I&C V&V is conducted in accordance with the following plans which are included in
the references listed in section 2.

The ESBWR I&C Software Management Plan (SMP) establishes:

1. The administrative processes for the design and delivery activities for the safety and
nonsafety-related software-based I&C systems; which perform the monitoring, control, and
protection functions, associated with all modes of plant conditions.

2. The quality standards and technical direction in design and development of the software-
based I&C systems in accordance with the GE policies and procedures and the applicable
industry codes and standards.

The ESBWR I&C SMP encompasses the following software plans: Software development plan,
software integration plan, software operation and maintenance plan, software training plan, and
software installation plan.

The ESBWR I&C Software Quality Assurance Plan (SQAP) establishes the SQA activities and
tasks to monitor and to control the software design and development activities of the software-
based I&C systems and identify the organization responsible for the SQA program and its
organizational boundaries. The ESBWR I&C SQAP includes the software V&V plan (SVVP)
requirements under SQAP Section 7.0.

The SVVP establishes the formal set of standards and procedures necessary to comprehensively
verify and validate the safety and nonsafety-related software-based I&C systems during the
software design and development activities. The SVVP establishes the specific V&V steps
required during the software development process that ensures that:

a. The design documents meet the requirements of the ESBWR MMIS and HFE Design
Implementation Plan and the plans listed above.

b. The developed software meets its specified requirements.

c. The developed software performs it intended functions correctly.

d. The developed software performs no unintended functions.

e. The quality and reliability standards for the software-based products are achieved.

The SVVP establishes that V&V activities are performed as part of the ongoing software
development process to facilitate the timely detection of errors. The SVVP also establishes that
for the ESWR software-based I&C systems, software V&V activities are also included to
analyze and test the software with respect to its hardware interfaces and user interactions.

The V&V activities performed ensure the quality of the design and development of software-
based I&C systems and their associated documentation, as prepared by both GE and GE vendors
for the ESBWR I&C systems. The SVVP establishes the performance of V&V that is fully
documented, including:

1. Preparation of a verification package or test report for each V&V activity performed.

Verification and Validation Implementation Plan 26



NEDO-33276

2. Preparation of an anomaly report (as part of a verification package or test report) to
document the anomalies discovered during a V&V activity. An anomaly is anything
observed in the documentation or operation of software that deviates from expectations
based on previous verified software-based products or reference documents.

3. Preparation of a management review report to summarize SQA activities. This report also
includes the V&V activities and status, including unresolved anomalies and resolution
plans, specific V&V milestones, and recommendations.

4. Preparation of a final V&V report that includes a summary of all V&V tasks and results
and a summary of all anomalies and resolutions.

The ESBWR I&C Software V&V activities, as provided in the SVVP and supported by the
related software plans referenced above, are comprehensive and fully consistent with the HFE
V&V plan. The results of any of the V&V activities conducted in accordance with the SVVP
may be utilized to fulfill applicable portions of the HFE V&V Plan. Therefore, it is not
necessary to repeat V&V activities conducted during software V&V as part of the HFE V&V
tasks. However, HFE V&V may need to check certain hardware aspects, and HSI impacts on
human performance (e.g., physical and cognitive workloads), if not included in software V&V.

3.8 HFE V&V Team

There is no single HFE V&V team responsible for all of the activities in this plan. The term
"HFE V&V Team" is used herein as a general term to refer to the persons who conduct an HFE
V&V activity. Those persons may be from a single organization or more than one organization.
Table 1 lists some typical expertise and contributions of the HEE V&V team. A team member
may contribute a combination of expertise and qualifications.

3.9 Verification and Validation Management

The HFE V&V Activity Lead is responsible for the following:

1. Managing the overall administration and review of the activities

2. Approving HFE Verification & Validation Test Plans (HFEVVTPs)

3. Planning and coordinating the HFE V&V activity with the activity of another group if the
two activities require shared used of the mockup or simulator

4. Reviewing and approving HFE issues

5. Preparing report documentation

6. Maintaining records

The HFE V&V Activity Director is responsible for the following:

1. Being the lead representative and spokesman while conducting the EFE V&V activity

2. Scheduling the HFE V&V activity and managing personnel assignments

3. Producing timely, accurate records
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4. Supporting reviews of HFEVVTPs to ensure consistent objectives within the scope of liFE
V&V

5. Reviewing and approving HFE issues

3.10 End-Users as Participants and Test Subjects

Participants conduct an HFE V&V activity jointly with GE. COL applicant personnel are
participants in the following HFE V&V activities:

1. Human-System Interface (HSI) Task Support Verification

2. Human Factors Engineering (HFE) Design Verification

3. Integrated System Validation

4. Final Plant HFE/HSI Design Verification (beyond this plan)

The training programs administered by GE and the COL applicant includes personnel
participating in V&V activities. Test Subjects are evaluated as part of an HFE V&V activity.
COL applicant personnel are test subjects in the Integrated System Validation activity.
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4 HFE V&V IMPLEMENTATION

This section provides implementation details for the five main HFE V&V activities and the HFE
Issue Tracking System (HFEITS). The following aspects are addressed for each HFE V&V
activity, to the extent applicable:

1. Scope, e.g., Items tested or evaluated (i.e., the scope of HSI that the respective HFE V&V
activity applies to)

2. Objectives

3. Participants, Test Subjects, and Observers. Examples include:

a. Staffing needs and personnel skills/experience

b. Personnel roles and responsibilities

c. Provisions for audits and witnessing

4. Methods and Procedures. Examples include:

a. Task performance diagrams

b. Interviews and questionnaires

c. Checklists

d. Walkthroughs and talkthroughs

5. Test and Evaluation (T&E) Conditions. Examples include:

a. Test environment, test equipment, and tools (including any requiring development
and qualification)

b. Test sequencing and T&E time estimates

6. Acceptance Criteria (for making pass/fail/retest decisions for each test) for performance
measures (e.g., safe operating ranges, alarm conditions, and personnel response times per
plant Technical Specifications)

7. HSI Equipment Performance Measures. Examples include:

a. Dynamic response

b. Display navigation

8. Operator Performance Monitoring (qualitative and quantitative). An Example is:

a. Operational performance relevant to plant safety (e.g., error avoidance, avoiding
alarm conditions and Technical Specification violations)

9. Data collection and analysis.

10. Results documentation
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4.1 Activity 1 - Implementation of Operational Conditions Sampling

4.1.1 Scope

The sampling methodology identifies a wide range of operational conditions to guide V&V
activities. The scope includes addressing various dimensions used to identify and select
conditions, and their integration into scenarios.

4.1.2 Objectives

The objective is to identify a sample of operational conditions that:

1. Includes conditions that are representative of the range of events that could be encountered
during operation of the plant

2. Reflects the characteristics that are expected to contribute to system performance variation

3. Considers the safety significance of HSI components

4. Test scenarios are prepared based on integration of these sample conditions.

4.1.3 Participants, Test Subjects, and Observers

Participants are GE; test subject and observers are not applicable.

4.1.4 Methods and Procedures

4.1.4.1 Sampling Dimensions

1. Select samples from each of the following plant conditions:

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

b. Failure events:

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

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

c. Transients and accidents:

" Transients (e.g., turbine trip, loss of off-site power, station blackout, loss of all
feedwater, loss of service water, loss of power to selected buses or main control
room (MCR) power supplies, and safety and relief valve transients)

* 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)
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0 Reactor shutdown and cooldown using the remote shutdown system

d. Reasonable, risk-significant, beyond-design-basis events, determined from the
ESBWR PRA

e. Consideration of the role of the equipment in achieving plant safety functions [as
described in the ESBWR DCD] and the degree of interconnection with other plant
systems, where the initial failure could propagate over the connections (important
when assessing non-class 1 E electrical systems)

2. Select samples from each of the following types of personnel tasks:

a. All risk-important HAs are included in the sample. These include those identified in
the ESBWR PRA and those identified as risk-important in safety evaluation reports.
Situations where human monitoring of an automatic system is risk-important are
considered. Additional factors sampled that contribute highly to risk, as defined by
the PRA, include:

• Dominant human actions (selected via sensitivity analyses)

" Dominant accident sequences

" Dominant systems (selected via PRA importance measures such as Risk
Achievement Worth or Risk Reduction Worth)

b. OER-identified difficult tasks - The sample includes all personnel tasks identified as
problematic in review of operating experience.

c. Range ofprocedure guided tasks - These are tasks that are well defined by normal,
abnormal, emergency, alarm response, and test procedures. The sample includes
appropriate procedures in each relevant category:

" Administrative procedures

" General plant operating procedures

" Procedures for startup, operation, and shutdown of safety-related systems

" Procedures for abnormal, off normal, and alarm conditions

" Procedures for combating emergencies and other. significant events

* Procedures for control of radioactivity

Procedures for control of measuring and test equipment and for calibration
testing and calibration

* Procedures for performing maintenance

* Chemistry and radiochemical control procedures

d. Range of knowledge-based tasks - these are tasks that are not as well defined by
detailed procedures. A situation may require knowledge-based decision-making if
the rules do not fully address the problem, or the selection of appropriate rule is not
clear. Errors in knowledge-based decision-making result from mistakes in higher-
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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 thus, are not amenable to pre-established rules.

e. Range of human cognitive activities:

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

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

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

failures)

" Response implementation (e.g., in-the-loop control of plant systems, assuming
manual control from automatic control systems, and carrying out complicated

control actions)

" Obtaining feedback (e.g., of the success of actions taken)

f. Range of human interactions - from independent action to a crew team, including:

" Main control room operators (e.g., operations, shift turnover walkdowns)

" Main control room operators and auxiliary operators

" Main control room operators and support centers (e.g., the technical support

center and the emergency offsite facility)

* Main control room operators with plant management, NRC, and other outside

organizations

g. Task that are performed with high frequency

3. Select samples from each of the following situational factors that are known to challenge
human performance, such as:

a. Operationally difficult tasks - Tasks found to be problematic in the operation of
NPPs, e.g., procedure versus situation assessment conflicts, as reflected in the
operating history of BWRs.

b. Error-forcing contexts - Situations specifically designed to create human errors to
assess the error tolerance of the system and the capability of operators to recover
from errors should they occur.

c. High-workload conditions - Situations where human performance variation due to
high workload and multitasking situations are assessed.

d. Varying-workload situations - Situations where human performance variation due to
workload transitions are assessed. These include conditions that exhibit:

* A sudden increase in the number of signals that must be detected and

processed.
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A rapid reduction in signal detection and processing demands following a
period of sustained high task demand.

e. Fatigue and circadian factors - Situations where human performance variation due to
personnel fatigue and circadian factors are assessed.

f. Environmentalfactors - Situations where human performance variation due to
environmental conditions such as poor lighting, extreme temperatures, high noise,
and simulated radiological contamination are assessed.

4.1.4.2 Identification of Scenarios

1. The results of the sampling are combined to identify a set of scenarios to guide subsequent
analyses. A given scenario may combine many of the characteristics identified by the
operational event sampling.

2. The scenarios should not be biased in the direction of over representation of the following:

a. Scenarios for which only positive outcomes are expected

b. Scenarios that for integrated system validation are relatively easy to conduct
administratively (scenarios that place high demands, data collection or analysis are
avoided)

c. Scenarios that for integrated system validation are familiar and well structured (i.e.,
which address familiar systems and failure modes that are highly compatible with
plant procedures such as "textbook" design-basis accidents)

3. V&V scenarios are developed to call on the required human actions for normally operating
the plant (e.g., startup and shutdown using manual trip, monitoring actions, calibration and
testing actions, and tagging control processes). Scenarios are developed to trigger each
representative alarm type to verify the process for entering and acting upon the AOPs.

4. Scenarios are developed to verify human actions needed to monitor and respond to the
design basis events; they exercise all entry conditions and required actions in each EOP.
Scenarios based on risk important PRA/HRA cutsets are used to develop a set of ESBWR
specific malfunctions for use in V&V simulations. The library of malfunctions and their
combined use supports V&V and future training exercises.

4.1.5 Test and Evaluation Condition

N/A. In later testing.

4.1.6 Acceptance Criteria

N/A. In later testing.

4.1.7 Performance Measures

N/A. In later testing.

4.1.8 Data Collection and Analysis

N/A. In later testing.
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4.1.9 Results Documentation

Results of operational conditions sampling and scenario development are documented for use in
other V&V activities and audit.

4.2 Activity 2 - Implementation of HSI Inventory and Task Support Verification

4.2.1 Scope

The scope of the task support verification is the HSIs that provide the annunciators, information,
and control capabilities that are required for the tasks identified in the operational analysis,
which includes the task analysis.

The criteria for identifying tasks that are safety critical include those tasks with high importance
identified through the PRA/HRA, the tasks identified in the EOPs, and those identified as
important through the OER process.

4.2.2 Objectives

The objectives of HSI Inventory and Task Support Verification 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/EOP 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
operator tasks.

4.2.3 Participants, Test Subjects, and Observers

COL applicant participation with GE is expected in these areas:

1. Panel drawings

2. Room layout/arrangement

3. Computer-generated displays

4.2.4 Methods and Procedures

An inventory of all HSI components associated with the personnel tasks based on the identified
operational conditions is 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 HSI
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
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3. Associated personnel fimctions/subfumction

4. Type of HSI component.

a. Computer-based control (e.g., touch screen or cursor-operated button and keyboard
input)

b. Hardwired control (e.g., J-handle controller, button, and automatic controller)

c. Computer-based display (e.g., digital value and analog representation)

d. Hardwired display (e.g., dial, gauge, and strip chart recorder)

5. Display characteristics and functionality [e.g., 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 [e.g., 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 (e.g., navigation aids and menus)

8. Location in data management system (e.g., identification code for information display
screen)

9. Physical location in the HSI (e.g., control panel section), if applicable

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

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 Specifications
(SDSs), 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 place of panel drawings and room layout drawings
(i.e., 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 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 PRAIHRA, Task Analysis, and HSI design, are propagated
throughout the plant design and systems designs through 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 (e.g., HSI Design Implementation Plan, Style Guide for
Graphical User Interfaces, and Display Primitives Design Specification) are imposed on the
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various HSI hardware and software components. These requirements are included (directly or
by reference) in hardware and software specifications (e.g., DCIS Hardware/Software
Specification).

Verification equivalent to detailed HSI Task Support Verification concerning task performance
requirements occurs during DCIS factory acceptance tests. These tests are performed in
accordance with test specifications (e.g., 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.

An HSI discrepancy is identified when:

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

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

3. An HSI is available but is 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 identified
and any shortcomings in that analysis are resolved.

4.2.4.1 Panel and Room Layout/Arrangement Drawings

Several groups and organizations achieve HSI Task Support Verification of panel drawings
through an iterative process of reviews. The groups and organizations include the CRDT,
individual system designers, independent verifiers, HFE analysts, procedure developers, and
COL applicant.

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 ESBWR 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.

4.2.4.2 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 SDS, Logic Diagrams, P&IDs. In some cases, COL applicant members
also review selected reports.

4.2.5 Test or Evaluation (T&E) Conditions

Specific T&E conditions are defined in test plans and test specifications.
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4.2.6 Acceptance Criteria

The Acceptance Criteria is that the objectives are met.

4.2. 7 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.

4.2.8 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.

4.2.9 Results Documentation

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

The following criteria are used for considering entries to the HFEITS from the task support
verification:

* HSI needed for task performance, but not available

* HSI characteristics do not match personnel task requirements

* HSI present but not needed for any task

The information included in the HFEITS is described in section 4.6.

4.3 Activity 3 - Implementation of HFE Design Verification

4.3.1 Scope

HFE Design Verification applies to:

1. Panel anthropometrics

2. Operating procedures (including abnormal and emergency)

3. HSI components (e.g., controls, displays, alarms, data processing, communications
equipment) required to accomplish human tasks and actions (as defined by the TA, EOP
analysis, and PRA/HRA critical operator actions)

4. Industrial Television equipment in the MCR

5. Work environment and workplace layout (MCR, RSS, LCS critical to safety)

4.3.2 Objectives

The HFE design verification verifies that the characteristics of the HSI and the environment
conform to the ESBWR HSI Style Guide. The verification record is maintained in a GE
electronic documentation system.
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The criteria for HFE Design Verification are contained in the ESBWR HSI Style Guide. HFE
Design Verification covers design aspects such as:

1. The HSI characteristics meet ESBWR HSI Style Guide requirements for overall plant
consistency (e.g., coding, conventions, input devices, dialog, display navigation, grouping,
and labeling).

2. HSI consistently incorporates applicable system level and other information on the VDUs
based on HFE requirements (ESBWR HSI Style Guide), and results in an intuitive
interaction process for maneuvering on screens for all operator MCR tasks.

3. Room layouts and panel configurations meet ESBWR HSI Style Guide (e.g.,
anthropometrics, ergonomics, and panel interaction requirements).

4. MCR and other LCS areas meet environmental requirements needed to accomplish tasks
identified through the HFE process (e.g., lighting, space, air conditions, floor design, noise
mitigation, and habitability conditions).

The HSI designs are compared to the ESBWR Style Guide to determine whether they account
for human factors characteristics and capabilities.

4.3.3 Participants, Test Subjects, and Observers

Participation is as follows:

1. HFE team members perform and verify that operators can interact appropriately with the
HSIs.

2. COL applicant operators participate with GE in verifying partially dynamic graphic display
images (i.e., displays not connected to a simulator).

4.3.4 Methods and Procedures

4.3.4.1 Panel Anthropometries

Verification of the anthropometrics is accomplished as an integral part of the HFE evaluations
performed with mockups and simulator versions of the MCR and RSS panels.

The anthropometric design of digital ABWR control rooms has undergone two evolutions. The
balance between VDU space on the control panel and the mimic board has been clearly refined.
The ESBWR MCR design uses the current control rooms as a starting point and verify that
physical changes for ESBWR conditions do not violate anthropometric issues for the US
operators.

The design of the ESBWR attempts to minimize complex actions by providing a large time
interval to take the action, by using natural circulation for cooling and maintaining a passive heat
removal system for decay heat.

The validation of actions begins with the part task simulator, which provides an accurate control
room interface for each system. In this case, outside actions at local system control stations are
evaluated using drawings or mockup panels.
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The validation of integrated actions begins with the full scope simulator (which may use
electronic versions of back panels and the RSS).

If some complex actions cannot be fully validated during full scope simulation the process can
be extended to the plant itself to verify that complex coordinated actions between the control
room and local stations can be carried out using the plant procedures and HSI.

4.3.4.2 Operating Procedures

The objective of the HFE Procedures V&V is to verify that the operating procedures are clearly
usable by the control room crew in performing the key tasks determined by the operational
analysis, risk important tasks from the PRA/HR.A, actions from the OER, and actions identified
in the procedures. The HFE guidelines for procedure verification focus on the dynamic usability
given cues from the HSI. Verification criteria are ease of locating the procedure, space for using
the procedure, names and symbols in the procedures match the HSIs, and response actions can be
identified and performed for allowed configurations of the plant.

The operating procedures include the following specific types of procedures:

1. Integrated Operating Procedures (IOP)

2. System Operating Procedures (SOP)

3. Abnormal Operating Procedures (AOP)

4. Emergency Operating Procedures (EOP)

5. Annunciator Response Procedures (ARP)

6. Calibration, Inspection and Test Procedures

EOPs undergo a significant degree of development and verification before the HFE verification
process. For example, procedures are based upon the ESBWR Plant Specific Technical
Guidelines (PSTGs) that, in turn, are derived from the BWR Owners' Group Emergency
Procedure and Severe Accident Guidelines (EPGs/SAGs), Revision 2, dated March 2001. The
EOPs consist of EOP Support Procedures and EOP Flowcharts. The EOP Support Procedures
may consist of certain SOPs and AOPs containing detailed instructions for abnormal system
operation or abnormal overrides of interlocks. EOP flowcharts address the four main guideline
controls (RPV Control, Primary Containment Control, Reactor Building Control, and
Radioactivity Release Control) and the three contingencies (Emergency RPV Depressurization,
RPV Flooding, and Level/Power Control). The flowcharts also include EOP graphs.

Prior to the HFE Verification, written procedures are developed in accordance with the
procedure writer's approved QA program. Procedures are checked for:

1. Compliance with the Procedure Development Implementation Plan, ESBWR Procedure
Writer's Guide and other requirements and guidelines (e.g., BWR Owners Group
Emergency Procedure Guidelines and Severe Accident Guidelines, BWROG EPGs/SAGs)

2. Technical accuracy and format quality

3. Correct references to HSI components

Verification and Validation Implementation Plan 39



NEDO-33276

4.3.4.3 HSI Components

The objective of the HFE V&V for HSI components is to verify that they are clearly usable by
the control room crew in performing the key tasks determined from the operational analysis, risk
important tasks from the PRA/IRA, the OER, and actions identified in the procedures. The
verification focus for HSI components is on their dynamic usability to provide monitoring of the
plant state, cues for actions, feedback on actions taken (including the process of changing state),
and response of the plant to the changed condition. Verification criteria are ease of monitoring
key parameters, clarity of plant status, clarity of cues for taking actions, consistency of the
process for implementing control actions through VDU, hand switches or push buttons, clarity of
dynamic feedback of component response to a control action, and ease of monitoring the overall
plant response to a change in configuration.

Verifications of HSI component designs and implementations are checks that the full-scope
simulator components are built as specified. Design specifications such as, 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.

4.3.4.4 Industrial Television

Industrial Television (ITV) is a stand-alone system with a user console adjacent to the Shift
Supervisor Console and two television units mounted in the Wide Display Panel (WDP). The
ITV system is verified in accordance with ESBWR GEEN EOPs that include requirements for
verification. HFE Design Verification confirms that the console design, and televisions at the
WDP, meets user requirements, exhibit proper HFE design practices, and effectively integrate
with the MCR arrangement and work environment. The HSI at the ITV user console is not
subjected to HFE V&V because it is an off-the-shelf product that does not perform process
control and monitoring functions.

4.3.4.5 Work Environment

HFE design verification of MCR, RSS, and LCSs critical to safety work environment aspects
(e.g., lighting, space, air conditions, floor design, noise mitigation) is part of the normal
engineering, design change, and verification process. Final verification against the ESBWR
Style Guide occurs during the final design verification as described in NEDO-33278.

4.3.4.6 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 verification against the
ESBWR Style Guide occurs during the final design verification as described in NEDO-33278.

4.3.5 Test or Evaluation (T&E) Conditions

The part task simulations and full scope test scenarios are developed to address actions that are
defined in four categories. The first set comes from the operational analysis. The second set
comes from PRA/HRA identified risk important actions that involve multiple actions in the same
scenario from different locations. The third set comes from specific actions identified in the
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procedures for systems or integrated plant actions. The fourth set of actions is based on events
and experience.

4.3.5.1 Mockup

A full-scale mockup of the MCR panels is staged to facilitate design, verification, and evaluation
activities. The staging area is large enough that portable partitions can be used to mockup 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.

The purpose of a mockup is to use experience with current control rooms and verify the physical
control room layout by demonstrating sight lines, workspace arrangement and operator activity
patterns during procedure and event walk/talk-throughs to verify that anthropometric conditions
for the control room are suitable for the intended population of operators. Operating experience
has established general boundaries and arrangements that have been effective in the past. The
predecessor designs diminish the need to use a mockup for HFE anthropometric evaluations of
the MCR and RSS panels. The mockup process can be handled using computers.

4.3.5.2 General Electric Test System (GETS)

The GETS is not a verified simulator. It is a partial-scope ESBWR simulation and test system
for developing, testing, verifying, and partially validating the following:

1. Plant simulation models

2. Control systems

3. Operator displays

4. Procedures

GETS hardware includes:

1. Flat Panel Displays (FPD) with touchscreen or other controls

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

3. Simulation computers

4. Ethernet network controllers and node bus interface units that interconnect the
workstations

GETS 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. Transient Analysis Code (TRAC) for modeling core kinetics and NSSS for the reactor
pressure vessel

The initial GETS configuration does not include:
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1. Hardware switches (but they are emulated at the Instructor Station to facilitate display
evaluations using operating procedures)

2. Alarms

3. Online procedures

4. Maintenance/test/calibration/diagnostic displays

5. Wide Display Panel

6. Simulator sequence-of-events recording/playback

4.3.5.3 Baseline Simulator (BS)

The ESBWR Baseline Simulator (BS) is the earliest available simulator that meets the model
software requirements of ANSJ/ANS-3.5-1998. The BS scope is limited to a system or group of
systems and may be used to verify the operational analysis for these systems. It supports the
verification of system level tasks for controlling, testing, calibration, maintenance, and
monitoring of the system. It is characterized by the following HSI:

1. Fully prototypic MCR panels (excluding communication equipment and closed-circuit
television equipment)

2. Fully prototypic RSS panels

3. Some fully prototypic LCSs (e.g., RC&IS)

4. Operator displays covering representative plant systems, inclusive of all necessary safety-
related systems

5. Prototypic operator displays for Safety Parameter Display System (SPDS)

6. Historian function

7. General Displays - This includes Operator Aid displays (i.e., Near-Criticality Trends, Low-
Power Water Level Control, Power Flow Map, Reactor Heat Up Rate, Safety Systems
Bypassed and Inoperable Status Indication, and Post Scram Status)

8. Balance of necessary displays available in non-prototypic, yet animated form

9. Geographical representation of the alarm system with static alarm prioritization

The BS is updated with more recent design input data as part of completing the full scope
simulator prior to operator training at the site.

The BS is used to verify HFE design of the following:

1. Panels (MCR, RSS, LCSs critical to safety)

2. Displays

3. Annunciators

4. Procedures
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4.3.5.4 Full Scope Simulator (FSS)

The FSS contains the full functionality of the MCR and RSS HSIs not available in the BS. It is
used to verify the fully integrated HSIs including any changes to procedures and training. It is
verified to the fidelity and scope requirements of ANSI/ANS-3.5 and is suitable to verify the
plant-level and system-level operational analyses. The full scope simulator provides the means
to evaluate dynamic interactions through the HSI for the integrated systems, procedures, and
event types.

The FSS is used as a tool to validate:

* Suitability of the HFE design of the MCR and RSS for manual tasks

* Plant automation of allocated tasks

* Plant procedures

* Licensed operator-training programs

The FSS is suitable for training and evaluating licensed operators.

FSS functions that may not be in the BS include the following:

1. Plant Automation System

2. OLPS (a "job performance aid")

3. Dynamic alarm prioritization

4. Graphic Displays for BOP and auxiliary plant systems

5. Group Point Displays (part of Transient Recording and Analysis function)

6. Sequence of Events (SOE) monitoring

4.3.5.5 Test Bed Verification

The test beds are validated as matching the plant at each phase of testing by noting that the same
software and computers used for development of the part task simulators and full scope
simulator match what is going into the plant. The HSI is adjusted as the system is developed so
that by the time the full scope simulator is developed the HSI design should be stabilized.

The software system for simulating plant behavior is upgraded as improved data becomes
available for the plant sensors, controllers, and other components. The simulation code elements
are verified by a combination of experience from similar systems in operating plants,
experiments in areas where processes are new and use of engineering principles to verify correct
use of the models to realistically model the plant dynamic behavior.

4.3.6 Acceptance Criteria

The HFE guidelines of the ESBWR Style Guide, which are based on NUREG-0700, Rev 2, is
used for HFE Design Verification. The guidelines are criteria for verifying the design and their
applicability depends on the specific design feature that is verified. The ESBWR Style Guide is
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also used when developing design-specific HFE guidelines documents and checklists. Design-
specific HFE guidelines documents are identified whenever such documents are used as criteria
for HFE V&V activities.

4.3.7 Performance Measures

Performance measures concern performance of the HSI. The measures are embodied in
requirements contained in HSI design specifications.

4.3.8 Data Collection and Analysis

Verifications are recorded on checklists along with any related analyses.

4.3.9 Results Documentation

The HSI component characteristics are compared with HFE guidelines throughout the HFE
Design Verification process. For each guideline, it is determined if the HSIs are acceptable or
discrepant. Any noncompliance, full or partial, is deemed discrepant, and the nature of the
discrepancy is documented, and is logged into the HFEITS.

4.4 Activity 4 - Implementation of Integrated System Validation

4.4.1 Scope

Simulations are used by plant personnel to demonstrate successful task performance on
operational events and to validate the ability of operators to use the HSI to support safe plant
operations. This is performed after significant discrepancies from HFE verification are resolved.

The operator tasks that are evaluated during integrated system validation are those that are
defined through the operational analysis, through the PRA/HRA as risk important actions, and
those directly called out in the procedures.

Integrated System Validation applies to:

1. Panel layouts (anthropometrics) and labeling

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

a. Operator displays and their associated FPDs

b. Fixed-position (hard) switches

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

d. Alarm tiles

e. Alarms displayed via FPDs

f. Large variable display

g. Mimics

h. Electronic (on-line) procedures [Joint GE and COL applicant responsibility]
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i. Phone, radio, page party, and public address devices

3. Hardcopy procedures [COL applicant responsibility]

4. Portable utility board for EOP flowcharts (and perhaps shift turnover information) [COL
applicant responsibility]

5. Portable cart for hardcopy procedures [COL applicant responsibility]

6. The standard design features of the ESBWR Main Control Room HSI (see ESBWR DCD
Chapter 18)

4.4.2 Objectives

The objectives are to confirm:

1. HFE-adequacy of the integrated HSI configuration

2. Automation functions (allocation of functions and the degree of task dependence on
procedures)

3. Adequacy of the HSI (equipment performance, dynamic and time-dependent aspects) to
support the crew in accomplishing critical functions and tasks (e.g., evaluating plant status,
diagnosing transients, performing control actions to maintain safety) during normal
operation, transients, accidents, and risk-significant events beyond design basis

4. Human performance assumptions in PRAiHRA

5. Tolerance to human error and system faults

6. That the HSI facilitates efficient search and retrieval of information and controls

7. The effect of HSI characteristics on operator workload

8. Adequacy of staffing

9. Adequacy of procedures

4.4.3 Participants, Test Subjects, and Observers

The HFE V&V teams performing qualitative validation of display usability for a wide range of
tasks in the mockup, part task, and full scope simulators include GE personnel, COL applicant
personnel (operations, maintenance, training, QA, etc.), and GE subcontractors. The personnel
selected for the validation includes BWR/ABWR/ESBWR trainers, people with SRO licenses at
various nuclear plants, start up engineers, I&C engineers, PRA/HRA engineers and Human
Factors engineers. The crews include former SROs and people training to be ESBWR operators
and SROs.

For mockups and part task simulations one simulated crew member at a time might be sufficient
to test the HSI for a single system. In the case of a full scope simulator, a minimal crew of three
is used to test the HSI.

The observers are selected as appropriate from staff experienced in HFE, I&C, Nuclear
Engineering, System Engineering, Plant Operation, Computers, Procedures, Training,
PRA/HRA, SPDS, System Safety Engineering, Maintainability, and Reliability.
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4.4.4 Methods and Procedures

Performance evaluations cover human performance and integrated HSI performance.
Performance is evaluated on the basis of whether the acceptance criteria are met. The following
outlines typical steps taken to prepare and produce evaluation procedures for HFE V&V
activities using the simulators:

1. Define the evaluation team (participants)

2. Identify the operating crew (test subjects) and support staff to operate simulators and
recording apparatus (e.g., video cameras)

3. Identify required witnesses and authorized observers

4. Train (or rehearse with) the evaluation team and operating crews (as necessary)

5. Obtain operating crew biographical information (age, anthropometrics, qualifications,
experience, age, license held, etc.)

6. Define the scenarios (including initial conditions)

7. Define evaluation criteria

8. Document assumptions (e.g., concerning plant operating conditions, tasks such as tagouts
performed by other plant staff personnel, automation, etc.)

9. Brief the evaluation team and operating crew on purpose, objectives, and how evaluations
are conducted

10. Explain the scenarios and test conditions to the evaluation team and operating crew

1t. Acquire the materials and resources for data collection methods (interview guides,
questionnaires, observation forms, recording equipment and user manuals, etc.)

12. Identify source documents (e.g., procedures, PRA/HRA, Technical Specifications, etc.)
that delineate expected operator responses and expected plant behavior

13. Schedule the evaluation

4.4.4.1 Evaluating Operational Safety and Task Performance

Operator crews are subjected to a set of test scenarios run on the simulator. The test scenarios
have predefined initial conditions, applicable symptoms, and expected system responses and
plant behavior. Test subjects are not told what particular scenario will be simulated. The
evaluation team observes the simulated exercise and documents crew performance. Debriefmgs
and structured interviews are held after the simulated scenarios. Evaluators take notes on these
discussions to supplement video recordings and visual observations.

Crews may be subjected to a given scenario twice prior to the final V&V process. The reuse of a
scenario for the same crew for HSI validation is used to capture the improvement in the use of
the HSI. The data is not collected to evaluate crew capabilities, but rather to validate that the
HSI can be used to effectively manage the normal operation and accident situations. If
information is available to the crew and it is not understood initially, then the second run
provides a second look at the HSI. If the same issue continues, then improvements to the HSI
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are considered and a discrepancy is initiated as appropriate. Data from the second session is not
used to support HRA evaluations.

It is recognized that simulator testing environments cannot fully replicate the influence that
Performance Shaping Factors (PSFs) such as stress and noise have on operator human
performance in real situations. Simulator testing environments can also bias operator behavior.
For example, during a simulator test scenario, the operator anticipates an abnormal situation
occurring. The anticipation heightens the operator's attention and alertness to an abnormal
event. Operator responses are also shaped by adherence to procedure and the absence of
potential conflicts between rote procedure compliance and economic demands (e.g., maximizing
the unit's capacity factor). However, these factors are not expected to have the same influence
on all personnel and thereby significantly denigrate the overall results.

Validation is a progressive, cumulative activity. ESBWR procedures play a vital role in
validation during the integrated system test program on the full scope simulator. This testing is
performed after the part task simulations of systems are used to verify that the system level
procedures are consistent in form, style, and accuracy. System procedures guide responses to
cues that may require system level responses in the MCR and local control stations. Until
ESBWR procedures are fully developed, existing procedures for similar systems may be useful
in system level validation testing.

When scenarios are used to challenge multiple system operation, the ESBWR EOPs are verified
as usable in whatever form they are in (e.g., electronic or paper), names in procedures match the
component and HSI component names, and required actions are clearly defined. The integrated
procedures should have a consistent style and maneuvering process as all the procedures and
their input and output names need to match with each other.

The ESBWR operating procedures are defined in activity 3 and refined in activity 4.

A standard design feature of the ESBWR is the Safety Parameter Display System (SPDS)
function integrated into the MCR HSI as displays and fixed-position indicators at the Wide
Display Panel (WDP). Validation demonstrates that the ESBWR SPDS aids operators during
abnormal and emergency conditions in:

1. Determining the unit safety status

2. Assessing whether abnormal conditions warrant corrective actions by operators to prevent
core damage

3. Monitoring the impact of engineered safeguards or mitigation activities

4. Executing symptom-based emergency operating procedures

4.4.4.2 Detecting Human Error

Errors are detected by comparing operator actions (observed and recorded) to reference
(predefined) responses. Observed and recorded actions include crew communications and test
subjects describing their observations and intended actions during the testing.
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Documented PRA/HRA assumptions regarding operator performance and the HSI are validated.
The assumptions relate to the tasks definition, time allowed for each task, and the probability of
operator success to perform the task in the allowed time. The following are samples of
assumptions:

1. Intentional deviation from standard operating procedures is due to misdiagnosis or
misleading indication and operator discretionary decision to deviate.

2. Procedures exist for providing backup DC power to ADS valves under station blackout
conditions.

3. Control room staffmg is:

a. Unit Control Room Supervisor

b. Unit Senior Reactor Operator (Shift Supervisor)

c. Unit Reactor Operator

d. Unit Auxiliary Operator

4. Procedures are available in a clear written form.

5. Information is available to help operators diagnose events and carry out mitigating actions
for those credited in the PRA.

6. Accessibility of control is available for successful action in an appropriate time frame.

4.4.4.3 Evaluating Situation Awareness

The HSI is an integration of proven technologies based on human factors principles and human-
centered automation. Validation to confirm situation awareness does not require defining or
developing a cognitive model. Instead, simulated operator test scenarios inherently involve
many features of the HSI that reinforce situation awareness. Table 3 describes these types of
features.

Operator situation awareness is qualitatively evaluated based on acquired test data (recordings
and observations). Test data is expected to provide evidence regarding whether or not:

a. Mental and physical tasks are within operator performance capabilities

b. Situation awareness and vigilance is acquired and maintained

c. Potentially new types and possibilities of human error are not introduced

Situation awareness is evaluated using a method similar to the Situation Awareness Control
Room Inventory (SACRI) method developed by OECD Halden Reactor Project of Institutt for
Energiteknikk. The SACRI method is based on the Situation Awareness Global Assessment
Technique (SAGAT) used in the aviation industry. A simulated scenario is suspended at
preselected points unknown to the operators. Operators are requested to turn away from displays
and answer questions (about process parameters) deemed highly relevant to situational
awareness.
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The questions concern the qualitative status of each parameter (e.g., increasing, decreasing, no
change) over time (past, present, and future). Examples of questions:

* Compared to initial water level, how has water level changed?

" Compared to expected water level under normal conditions, how has current water
level changed?

" Compared to the current water level, what do you expect to happen to water level?

Supplementary information to support the assessments is obtained by questioning the operators
(during the suspended scenario) on how they perceive the different situations with respect to
their task objectives. Operators can be "walked back through" the scenario at a slower pace.
The recorded operator responses are compared to time-tagged simulator data logs to assess
correctness, gauge operator situational awareness, and critique crew performance.

Equally important (as HSI design) to situation awareness (and reliable operator performance in
general) are training and procedures. The following are undertaken to promote and maintain
situation awareness:

1. Using simulators to test for overdependence on automation (i.e., identify conditions when
operators are reluctant to act despite being certain about abnormal conditions). The goal of
such tests is to encourage operator discretion, reinforce the operator being "in the loop,"
promote learning from potential mistakes, and motivate operators to learn by giving them
the opportunities to experiment.

2. Training operators on what the automation does, both well and not well, and what the
automation does not do. This includes understanding the operator's supervisorial, or
mission manager, decision-making role.

3. Confirming adherence to procedures expressly developed for effective transfer and
communication of unit information during shift changeovers.

4.4.4.4 Assessing Operator Workload

Workload (physical and cognitive) concerns the magnitude of task loading placed on operators
during operational conditions (normal and abnormal). Operator performance can be adversely
impacted if processing and response task demands of the system exceed operator capacity to
perform the tasks. Workload is a function of:

1. Time available to complete the tasks

2. The number of tasks

3. Task duration

4. Task difficulty

Workload assessment methods are discussed in the Task Analysis Implementation Plan.
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4.4.4.5 Evaluating Crew Communication and Coordination

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

Inoperable communication equipment (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 HiFE/HSI Design Implementation activity.

HSI support for crew communication and coordination are subjectively evaluated on the basis of
how well crews exhibit the following:

1. HSI supports well-defined roles and responsibilities are executable from the assigned
station (simulated transients require infrequent movement from the control station).

2. HSI supports crew teamwork by providing information needed by the individual team
members working as a team.

3. HSI permits two operators to use the same information (e.g., displays, alarms, procedures)
at the same time so that operators are able to identify, analyze, plan, and implement
responses based on information from the workstation displays.

4. HSI permits proactive monitoring and observation (to enhance situation awareness and
progress assessment monitoring is from the local workstation).

5. HSI is organized for efficient movement between information pages, panels, and control
screens at workstations (only use several screen maneuvering actions to adjust screens to
find information during a simulated event).

4.4.4.6 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.

4.4.4.7 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.

4.4.4.8 Validating Operating Procedures

Initial validation of hardcopy SOPs is performed with the GETS. The validation is partial
because it is limited to examining consistency between operator display content and those
procedure steps involving use of displays.
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Validation of hardcopy procedures continues with the BS 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 BS and FSS. The procedures are
adapted and finalized for implementation in the MCR and the simulator procedure computerized
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 Shift Supervisor Console are purposely designed
for layout of multiple drawings and 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 function as a whiteboard for shift turnover information
purposes. This option can be validated during procedure validation activities with the BS and
the FSS.

4.4.4.9 Validating Displays Using GETS

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.

4.4.4.10 Validating Displays Using BS and FSS

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

4.4.4.11 Validating Displays Without Simulation

The BS and 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.

4.4.5 Test or Evaluation (T&E) Conditions

Scenario selections are based upon a wide range of samples of operational conditions as
discussed in Section 4.1. 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 are 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:
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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, e.g., similar to plant shift turnover).

3. Events (e.g., failures) to occur and their initiating conditions, e.g., time, parameter values,
or events.

4. Definition of workplace factors, such as environmental conditions.

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

6. Staffing objectives.

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

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

9. 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.

When evaluating performance associated with operations remote from the main control room,
the effects on crew performance due to potentially harsh environments (i.e., high radiation) are
simulated as practical (e.g., additional time to dress in protective clothing and access
radiologically controlled areas).

Specific scenario details are not included in this implementation plan as they are developed and
documented in test procedures as the ESBWR design progresses.

The scenarios are defined to challenge the human actions identified through the operational
analysis, the risk important PRA/HRA actions, the OER, and procedural actions. The scenarios
address normal startup and shutdown for each system and the plant. The scenarios include each
initiating event group that is expected to impact power operation, and is modeled in the PRA.

The risk important sequences that lead to core damage are evaluated. Complex sequences are
developed considering realistic loss of electrical power events, fires, and flooding that impact an
area of the plant. Computer control system faults identified through experience are developed.

4.4.5.1 General Electric Test System (GETS)

The T&E conditions are one-system-at-a-time evaluations against normal operational sequences.

4.4.5.2 Baseline Simulator (BS)

The T&E conditions are those of the normal evolutions, malfunctions, transients, and automatic
actions, for the simulator-testing program.
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4.4.5.3 Full Scope Simulator (FSS)

The T&E conditions are similar to that for the BS except that the FSS includes the full
simulation of the capabilities that are provided in the MCR. The complete range of events and
scenarios planned for integrated system validation, as well as operator training facilities, are
available.

4.4.6 Acceptance Criteria

4.4.6.1 Operational Safety and Task Performance

Human performance during simulated event scenarios provides a framework for demonstrating
acceptable margin based on the face validity determined by the knowledgeable observers. The
qualitative factors that support the observations are:

1. High degree of situational awareness from the HSI

2. Effective use of procedures to guide actions

3. Effective use of time during the simulated event

4. Consistency of actions between different operators and crews on repeated simulations

5. The overall integrated response results in an acceptable plant state (e.g., passive cooling of
decay heat load)

4.4.6.2 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.

4.4.6.3 Situation Awareness

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

4.4.6.4 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, 1985).
Meister notes the following, 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 used to investigate potential improvements (e.g., to HSI, to
procedures, to training, etc.) rather than reject the design.

4.4.6.5 Crew Communications and Coordination

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

4.4.6.6 Anthropometrics

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

4.4.6.7 Automation

Human-centered automation is automation to any extent provides that safe, economic plant
operation and maintenance remain within the capabilities of the operators and maintainers.
Acceptance of the integrated HSI is based, in part, on the HSI exhibiting the following general
human-centered automation design principles:
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OPERATOR (or MAINTAINER) AUTOMATION

" Retains ultimate authority and 9 Facilitates control and operation in
decision-making responsibility appropriate modes (full auto, semi-auto,

manual) and at appropriate levels (plant,
system, component)

" Remains involved and is able to * Provides quality, timely information.
accomplish tasks within time,
performance, and workload criteria

* Is well-informed 9 Provides task-relevant information, and
explains actions (taken, pending, anticipated)

* Is able to effectively anticipate 9 Supports a high degree of operator vigilance
problems and "situation awareness" (e.g., monitors

trends, aids operator decision-making, and
provides fault detection, identification,
verification, and recovery)

" Understands the automation e Is human-engineered for simple, cognitive,
and intuitive operation (i.e., low probability
of human error)

" Is able to manage task support * Effectively integrates task support resources
resources and the HSIs for NSSS, BOP, and T/G

4.4.6.8 Operating Procedures

Acceptance criteria for operating procedures include:

1. Correct execution of the procedure meets the intended purpose of the procedure

2. Procedures are conveniently accessible and retrievable

3. EOPs can be navigated effectively

4. ARPs meet the criteria of the ESWBR Style Guide

5. Electronic procedures aid the operator

6. User acceptance

4.4.6.9 Validating Displays Using GETS

The acceptance criteria for operator displays on the GETS are:

1. The displays enable normal operating procedure tasks to be accomplished effectively

2. Displays are complete
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a. There is good 1-to-I correspondence with operating procedure tasks and information

b.. System process images correlate well with P&IDs, PFDs, and DCTs

3. Displays are compatible with operators (and other applicable end users)

a. Readable

b. Touch screens work effectively

c. Active touch areas are suitably sized

d. Easy to navigate

e. Multiple FPDs can be used simultaneously

4. Displays are understood by the operator (and other applicable end users)

a. Consistent "look and feel"

b. Colors and color coding scheme are effective

c. Dynamic behaviors are easily recognized and understood

d. Appropriate units, number of significant digits, decimal places

e. Easy to learn

5. Displays are not a cause of human error

6. Display operability is validated and includes aspects such as:

a. Effective control using on-screen Manual/Auto (M/A) stations

b. Clear status feedback (e.g., valve open/closed, pump on/off, etc.) from color coding
and labeling

c. Ability to abort actions or retract inputs without adverse effects

d. Navigation features function effectively

e. Touch screen responsiveness and ease of selecting touch points correctly

4.4.6.10 Validating Displays Using BS and FSS

The acceptance criteria for operator displays on the BS and FSS is the same criteria as displays
on the GETS, with the additional criteria that the displays enable abnormal and emergency
procedure tasks to be accomplished effectively.

Acceptance criteria for SPDS displays comply with NUREG-0737 (Supplement 1), including
incorporation of applicable results of ESBWR PRA/HRA, and that SPDS is addressed in training
programs for abnormalities and emergencies.

4.4.7 Performance Measures

Performance measures cover human performance and HSI performance.
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4.4.7.1 Operational Safety and Task Performance

Human performance measures include:

1. Error avoidance

2. Avoiding alarm conditions

3. Avoiding technical specification violations

4. Response time

5. Task completion time

6. Procedure compliance

4.4.7.2 Human Error

Human errors in various industries (i.e., power generation, aerospace, naval, communication) fit
six general categories as follows:

1. Observing the state of the unit or system

2. Making a diagnosis (making hypotheses, judgments, assumptions, guesses)

3. Testing their diagnosis

4. Deciding on their goal/objective

5. Selecting a procedure

6. Executing a procedure (adhering to instructions and executing the tasks)

The errors are errors of commission (i.e., doing what should not have been done) and errors of
omission (not doing what should have been done). Failure to perform the tasks listed in the
Situation Awareness section is an example of error.

4.4.7.3 Situation Awareness

The ability of the HSI to support situational awareness is subjectively evaluated by analysis of
one or more of the following measures at different phases of the V&V:

* Timing of operator cues and operator actions

* Appropriateness of operator actions

* Consequence (good or bad) of operator actions

* Observation of operator actions, procedure use and communications

" Freezing the simulator after an operator cue has been simulated and querying the
operator about plant status

" Post scenario video reviews and interviews

Verification and Validation Implementation Plan 57



NEDO-33276

If more than one operator with suitable training cannot take appropriate corrective actions within
an appropriate time window, the observation is considered for documentation as a discrepancy
on the HSI.

Measures of performance are the operator's effectiveness at tasks that include:

1. Observing the state of the unit or system. An example is:

a. Recognizing off-normal trends before the onset of a significant upset condition.

2. Diagnosis (making hypotheses, judgments, assumptions, guesses), which includes:

a. Classifying symptoms and events correctly.

b. Diagnosing conditions in a timely and accurate manner.

c. Using information and reference material (drawings, books, charts, emergency
response procedures, etc.) appropriately and effectively.

3. Testing a diagnosis. An example is:

a. Informing others of intended action and executing appropriate if-then-else steps in
abnormal operating procedures.

4. Deciding on a goal/objective. An example is:

a. Determining if a trip is needed, cooling at high pressure, or at low pressure, which
includes making decisions correctly (e.g., while following emergency procedures).

5. Selecting a procedure. An example is:

a. Referring to, and transitioning between, the appropriate procedures in a timely
manner.

6. Executing a procedure (with or without OLPS), which includes:

a. Adhering to procedures, cautions, and limitations (i.e., no deviating even if the
deviation appears to have no detrimental consequences).

b. Executing procedural steps in correct sequence.

c. Locating and accessing controls and information correctly and efficiently.

d. Using controls in a timely and effective manner.

4.4.7.4 Operator Workload

Data acquired from test scenarios is analyzed to determine physical workloads that are average
workloads per task over defined task time periods. Cognitive workload is evaluated qualitatively
using a rating method that considers operator views of task loading and difficulty and actual
operator performance during test scenarios.

Workload is assessed from test scenarios by means of:

1. Evaluating navigation, which includes all actions indicating that the operator actively
searches and answers demands from the system, or follows procedure logic.
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2. Evaluating information gathering, which includes the monitoring of plant parameters to
evaluate plant status, depending on the plant situation.

3. Evaluating plant operations, which include all actions that have a direct effect on the
simulated process (opening or closing valves, or switching on/off automatic programs).

4. Evaluating alarm interaction, which involves acknowledging incoming alarms.

5. Analyzing the information that is needed to assess plant situation and step logic while
performing other activities per task over defined task time periods.

6. Analyzing the memory demands to perform operational tasks.

7. Evaluating the crew's subjective ratings (an output from questionnaires and interviews
concerning task loading, difficulty, and operator performance during test scenarios).

8. Evaluation of results using crew ratings to NASA TLX scales that are composed of six
factors: mental demand, physical demand, temporal demand, own performance, own effort
and own frustration. More details about NASA TLX dimensions are included in Table 2.

4.4.7.5 Crew Communications and Coordination

Crew communication and coordination are subjectively evaluated on the basis of how well crews
exhibit the following:

1. Effective leadership and clear chain of command. Cooperation and composure under
supervisor's direction without micromanagement.

2. Well-defined roles and responsibilities

3. Teamwork. The crew performs as an integrated unit and interacts effectively (i.e.,
everyone contributing, supporting and backing each other up as needed, ease of task
delegation, using a consensus approach to problem solving and decision making, informing
key personnel outside the control room).

4. Open dialogue (sharing information and knowledge)

5. Use of same information (displays, alarms, procedures)

6. Clear directions and repeat-backs (confirmations, acknowledgements)

7. Correct, accurate, concise, and relevant information exchange (e.g., always designating the
specific unit, division, train, etc.)

8. Proactive monitoring and observation (for situation awareness and progress assessment)

9. Efficient movement between panels and workstations

4.4.7.6 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.

4.4.7.7 Automation

Performance measures include:
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1. Operability (i.e., effective operator use) of PAS 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

Observers measure operator cognition and monitoring of automated states as indicated by the
HSI by observation of when the operators acknowledge changes in operational mode, by release
of automation break points, or by debrief of the operators at the end of the simulation response
session.

4.4.7.8 Operating Procedures

Refer to operator performance measures regarding situation awareness.

4.4.7.9 Display Validation

Performance measures for graphical displays is a developing art which involves software and
there are no human 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.

The graphical displays on the HSI provide situational awareness to the operators. Therefore,
display cues and navigation must support timely operator actions. The performance measures
for graphical displays are that the status of valves and pumps is known during all phases of a
control interaction.

Color changes and symbol changes that represent the system configuration are consistent
throughout the VDUs. Each stage of a control action is clearly observable through HSI (e.g.,
selection of a controlled element, defining the action to take, sending the signal, feedback on the
change and verification of the position during the change period, and the final new state).

4.4.8 Data Collection and Analysis

Validation activities with the BS 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:
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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 are baselines for expected operator task execution.

2. Expected operator movement pattern diagrams (developed following validations with the
BS) 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

2. Elapsed time from first significant alarm to first manual safety-related action

3. Time used to navigate to the appropriate screen display

4. Time used to find and access the correct procedure (hardcopy and electronic)

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. Test
subjects support the evaluation team by interpreting videotaped sessions and interrelating
recorded events with test data. However, operating experience has shown that MCR traffic and
crew movement patterns are not significant in modern digital control rooms, in contrast to
traditional control rooms

The methods for analyzing the simulation results draw from experience in EPRI ORE program
as summarized in EPRI NP-6560-L, which provides estimates of the median response time and
the standard deviation associated with different types of cue response as measures of consistency
between crews and individuals.

HSI acceptance criteria (e.g., usability, operability, maintainability) are that standard deviation
falls within the ranges of responses demonstrated in existing plant simulations for multiple
crews. For larger deviations between crews an examination of the HSI for improvement is
documented as a discrepancy.

The analysis inputs are verified by comparing observer inputs and comparison with the computer
generated event logs. The observer inputs 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.

Human errors are analyzed for root cause.
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4.4.9 Test Design

4.4.9.1 Presentation of Scenarios to Crews

A discussion prior to the simulations is conducted to describe the overall objective of the testing
process which is to validate the HSI and for operating team to consider difficulties and issues
they have in using the HSI for the planned scenarios (e.g., normal operational startups,
shutdowns, accidents from full power or partial power, and management of outage conditions).
A shift turnover process is used to define the plant status including possible equipment tagouts.
The use of the simulation freeze capability for questions about situational awareness is
discussed.

4.4.9.2 Test Procedures

1. A simulation scenario known to the observers is selected from at least five different ones.

2. The simulation start is announced.

3. The initial condition lasts for several minutes before any new malfunction is introduced.

4. Recording of plant alarms, screen changes, control actions and key parameter traces is
maintained throughout the simulator-training interface.

5. The timing for each malfunction is entered from a preset file that permits each simulation
to be repeated for other crews.

6. The simulation continues until the planned actions are completed and the plant reaches a

stable state.

7. Records of the simulation from the simulation are saved in an electronic file for future use.

8. The operators are debriefed after the simulation to obtain information that made control
tasks difficult.

4.4.9.3 Training of Test Conductors

The test conductors include the simulator operator, training instructors, and observers with
control room and simulator observation experience. Team training is performed by setting up
scenarios with set malfunctions, or by running through existing scenarios to define possible and
expected responses based on procedures and general operating rules.

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

4.4.9.4 Training of Test Participants

The test participants should have had basic operator training on ESBWR technology, use and
meaning of the screen protocols and HSI interaction processes, have completed training on each
procedure that is used, and have training on potential human errors (e.g., the error reduction
technique STAR - Stop, Think, Act, Review).

Verification and Validation Implementation Plan 62



NEDO-33276

4.4.9.5 Pilot Studies

Initial pilot studies on use of the HSI by the designers and the HFEs can be used to test out
scenarios and interactions on computers that provide simulation capability. The pilot studies
address resolution of issues identified early in the process.

4.4.10 Results Documentation

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

2. Results are 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 GEEN EOPs.

5. Deficiencies identified by evaluators are documented and logged into the HFEITS if it
matches at least one of the HFE issue entry criteria.

Conclusions of the validation are documented, including the bases for acceptable performance.
The bases include for example, that the HSI in the MCR, the RSS, and LCSs provide the
information for monitoring automatic actions that change the state of the plant. The HSI
provides cues for human actions that are identified through operational analysis, the PRA/HRA,
OER, and in procedures. The HSI names match the procedures. The HSI screen maneuvering
and information displays support planning of control actions. The HSI provides for easy
implementation while protecting from inadvertent actions. The HSI provides timely feedback on
actions taken and permits monitoring of the entire plant status including equipment under testing,
calibration, inspection, or tagged out for maintenance and repair.

The validation conclusions also address potential limitations to the HSI validation that include
discrepancies that have been resolved on the basis of risk priority, engineering judgment, and
management decision.

4.5 Activity 5 - Implementation of Human Factors Issue Resolution Verification

4.5.1 Scope

The verification applies principally to significant discrepancies in the HFEITS requiring
resolution (i.e., those with potential for risk-significant human error and adverse impact on plant
safety or performance).

4.5.2 Objectives

The objective is to ensure that issues are acceptably resolved and corrections are implemented (if
applicable).
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4.5.3 Participants, Test Subjects, and Observers

GE, as custodian of the HFEITS, performs verification for the issues that are resolved prior to
plant startup. The COL applicant performs verification of any issues thereafter.

4.5.4 Methods and Procedures

Verifications by GE are performed in accordance with the GEEN EOPs and QA requirements

4.5.5 Test or Evaluation (T&E) Conditions

N/A

4.5.6 Acceptance Criteria

Acceptance is obtained through formal design change and verification processes in accordance
with QA requirements and program requirements specified in this document. For significant
issues, the criteria for acceptance include the following:

1. Reducing, or eliminating, the potential for risk-significant human error and adverse impact

on plant safety or performance

2. Independent review determines the resolution to be adequate

3. Approval by GE and COL applicant

4.5.7 Performance Measures

N/A

4.5.8 Data Collection and Analysis

N/A

4.5.9 Results Documentation

HFEITS contains traceable references to issues, resolutions, and implementation.

4.6 Implementation of HFEITS

The HIFEITS tool is a database that is used to record and track HFE issues and their resolution.
Records within the database include the following (as fields within a record). An example of an
HFEITS database record:

I. HFE Issue tracking identifier

2. Design lifecycle process (or activity thereof) that led to the identified issue

3. Area (of MCR, RSS, Simulator, or LCS) affected by the issue

4. HFE principle or guideline pertinent to the issue (e.g., workspace, legibility, screen
content, etc.)

a. Plant system(s) affected
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b. Control panel(s) affected

c. Component(s) or feature affected (e.g., switch, mimic, display, lighting)

d. Operator task(s)/function(s) affected

e. Human performance characteristic affected (e.g., vision, hearing, cognitive, motor
skill, etc.)

5. Date that the issue was identified

6. Brief description of the issue

7. Name of person (or group, or organization) identifying the issue

8. Qualified evaluator's "Yes/No" designation that the issue requires corrective action

9. Qualified evaluator's justification statement if no corrective action is needed

10. Date when the need for corrective action was evaluated

11. Name of the qualified evaluator

a. Safety/Risk Significance (see below)

12. Description of the proposed corrective action

13. Date that the corrective action was proposed

14. Name of engineering discipline responsible for proposed corrective action

15. Organization responsible for evaluation of proposed corrective action

16. Date that the evaluation was completed

17. Statement (and/or summary of findings) confirming completion of corrective action

18. Name of person confirming completion of corrective action

19. Date of confirmation statement

20. Name of HFE Group Member authorized to signify that the issue has been closed

21. Date of closure

HFE Issue Safety/Risk Significance Methodology, shown in Figure 4, is for HFE issue
compilation, ranking, and screening purposes. It is a methodology to rank or prioritize new and
unresolved issues in terms of their significance and potential impact on plant safety and
performance. The intent is to facilitate evaluation and resolution of issues in a manner consistent
with the guidelines of NITREG-0700 and NUREG-071 1.

However, in order to assure that resources are applied in a risk informed manner, it is important
to first evaluate the safety/risk significance of each HFE issue. If it is determined that the issue
is not significant to safety, further evaluation to determine the need for corrective action may not
be needed.

As shown in Figure 4, if the HFE issue is risk-important (e.g., is in important sequences or
appears in importance measures), and is addressed in the ESBWR PRA, a risk reduction strategy
is determined. The issue is then closed out as indicated in the lower right-side box. If the issue
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is not risk-important (e.g., is not in top events, is below cutoff frequency, or not in importance
ranking), the evaluation then goes to question 4 as shown.

Also, as shown in Figure 4, if the HFE issue is not addressed in the ESBWR PRA and there is
increased potential of frequency of core damage/large early releases (CD/LERF), this could
involve, e.g., unsafe conditions, technical specification violation, and dependency with other
issues. Then the issue is evaluated for risk significance via HRA/PRA.

If the issue can be addressed in the ESBWR PRA, this may require development of a
performance shaping factor (PSF) that modifies a human error probability. If it cannot be
addressed in the PRA, then issue close out is via consideration of training, procedures or S&Q as
shown.

Figure 4 shows that if the issue is not addressed in the PRA, and does not qualitatively increase
the potential for core damage/large early releases, and the issue does not conform to the Style
Guide, it can be closed out by resolving this nonconformity. If Style Guide conformity is met,
then the issue can be closed with consideration of future human performance monitoring.
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5 DOCUMENTATION, REPORTING, AND INTEGRATION

5.1 HFE V&V Results Summary Report

Documentation facilitates identifying BFE-related deficiency categories in terms of HSI
components and the level of task support. Results of the BYE V&V activities are documented in
reports that address the following:

1. Objectives

2. Participants (name, position, experience/qualifications, relevant demographics)

3. Descriptions of HSIs involved (or references to applicable documents)

4. Test Conditions

5. Personnel performance issues (if any) as applicable to the activity

6. Methods and procedures used (by reference to this plan document)

7. Deviations (if any) from test methods, procedures, and acceptance criteria

8. Documentation and administration of deviations (i.e., recorded, assessed for impact,
resolved, justified, etc.)

9. Presentation and discussion of test data (e.g., performance measurements), test results, and
findings

10. Examination of any EWE issues, including training related issues, with respect to learning
objectives and post-training performance

11. Conclusions

12. Recommendations such as design changes or corrective actions (e.g., by reference to
corresponding HFEITS record)

13. Recommendations for the verification and validation efforts of the Design Implementation
activity (described in the referenced plan of the same title) to address issues which were
not feasible to perform in this V&V activity due to the state or nature of the simulated
environment

The final design, as implemented in the FSS, is documented in accordance with the QA
requirements. Proceedings and results of the HFE V&V program are recorded and documented
in a manner that allows effective review and understanding by reviewers in accordance with
GEEN EOPs.

The results of all HFE V&V activities are summarized in an EWE V&V Results Summary Report
(RSR). The RSR provides results of V&V activities of this Plan, including operational
conditions sampling, design verification, integrated system validation, and HFE issues
identification and resolutions.

5.2 HFEITS

The ESBWR HFE issues tracking system (HFEITS) is used to identify, record, track, and
document HFE issue evaluation and resolution consistent with NUREG-071 1, Rev 2.
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5.3 I&C Software V&V

As discussed in section 3.7 of this report, the development and design of I&C software is
carefully controlled in accordance with formal plans and procedures that assure a high level of
quality. This includes extensive testing, verification and validation throughout the various
software (S/W) design, development, and testing. SIW design changes to correct errors are
documented in the design change process. This provides a high level of confidence that errors
are identified and corrected in a timely manner.

Additionally, the I&C software (developed by GE and GE's vendor) is subjected to V&V in
accordance with formal plans and procedures. Documentation and reporting of the V&V
activities are described in Section 3.7.

As indicated in section 3.7, the HFE V&V activities utilize, and do not necessarily duplicate, the
I&C S/W V&V activities. The S1W V&V documentation is part of the V&V records that are
auditable by the NRC staff.

Experience has shown on predecessor BWR projects that S/W V&V activities identify and
correct most errors and anomalies that could otherwise become HFE Issues at a later phase in the
plant design process. This greatly reduces the number of HFE Issues that arise during the formal
BFE V&V activities that are evaluated and tracked as part of the HFEITS. The early
identification and correction of anomalies, before many of the LFE V&V activities are
conducted, avoids the cost and schedule delay that results from having to make changes much
later in the plant design process. This also allows HFE resources to provide more focus on risk-
significant LFE Issues, and their overall integrative effects, as part of the HFEITS evaluations.
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Table 1 HFE V&V Team Composition
**Note: This table presents typicalfunctions, qualification and expertise that are available in the ESBWR project but does not mean that there is
an "HFE Team" organizational entity. Also, the composition does not apply in its entirety to any single HFE V&V activity.

Scope/Function Minimum Qualifications Expertise/Contribution (Typical)

a. Technical * Bachelor of Science degree Define, Plan, Lead, Monitor and Complete the
Project (or * 5 years experience in nuclear power plant project (or program)
Program) design operations
Management * 3 years management experience.

b. Systems * Bachelor of Science degree Knowledge of:
Engineering * 4 years cumulative experience in at least 3 of * The purpose, operating characteristics,

the following areas of systems engineering; performance, and technical specifications of
design, development, integration, operation, plant systems
and test and evaluation. * Statistical data analysis methods

* V&V methods
c. Nuclear * Bachelor of Science degree Knowledge of:

Engineering * 4 years nuclear design, development, test or * Reactor physics
operations experience. * Nuclear systems operability and

performance
d. Instrumentation a Bachelor of Science degree Knowledge of:

and Control * 4 years experience in design of process e HSI component design and technologies
(I&C) control systems, and experience in at least one * HSI component functionality and
Engineering of the following areas of I&C engineering; performance

development, power plant operations, and test * HSI O&M and installation
and evaluation. * Scenarios involving HSI malfunctions

e. Architectural * Bachelor of Science degree Knowledge of:
and Civil a 4 years power plant control room design * The overall design, layout, and structure of
Engineering experience. the plant and its facilities

f. Human Factors * Bachelor of Science degree in human factors Knowledge of:
Engineering engineering, engineering psychology or * Human performance

related science * HF design and evaluation practices
* 4 years cumulative experience related to the * HF principles, guidelines, and standards

human factors aspects of human-computer * HF analyses
interfaces. Qualifying experience shall e Resolving HF issues
include experience in at least 2 of the * V&V methods
following human factors related activities;
design, development, and test and evaluation,

* 4 years cumulative experience related to the
human factors field of ergonomics.

g. Plant * Have or have held a Senior Reactor Operator Knowledge of:
Operations license * Operational activities and requirements

* 2 years experience in relevant (BWR • O&M personnel tasks and characteristics
preferred) nuclear power plant operations. * HSI characteristics

* Environmental characteristics
* Scenarios for validation
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Table 1 HFE V&V Team Composition (continued)

Scope/Function Minimum Qualifications Expertise/Contribution (Typical)

h. Computer a Bachelor of Science degree in Electrical Knowledge of.
System Engineering or Computer Science, or . V&V methods
Engineering graduate degree in other engineering a Software functions (e.g., data processing)

discipline (e.g., Information Technology, e Display and alarm design and
Mechanical Engineering or Chemical implementation
Engineering * Scenarios involving HSI malfunctions
4 years experience in the design of digital
computer systems and real time systems
applications.

i. Plant Procedure * Bachelor's degree Knowledge of:
Development * 4 years experience in developing nuclear 9 Operational tasks

power plant operating procedures. 9 Procedures of current plants
e Procedure writing
* Emergency procedure guidelines

j. Personnel 0 Bachelor's degree Knowledge of:
Training * 4 years experience in the development of - Training programs

personnel training programs for power plants e Training issues arising from HSI design and
* experience in the application of systematic procedure design

training development methods. * The HSI
* Scenarios for training and validation

k. System Safety 0 Bachelor's degree in engineering/technology Knowledge of:
Engineering * 4 years experience in developing and/or 9 Nuclear safety systems

performing system safety engineering * Safety system design/operation
design, analysis or evaluation. e Plant technical specifications

9 System requirements

1. Reliability/ 0 Bachelor's degree in engineering/ Knowledge of:
Availability/ technology 9 Reliability evaluation tools for measurement,
Maintainability/ e 4 years experience in developing and/or evaluation and statistical analysis
Inspectability performing equipment reliability, 9 Reliability practices/programs
Engineering maintenance or inspection engineering e Human-machine interaction on reliability

activities, evaluation
e Equipment maintenance or inspection

principles
9 Maintenance or inspection standards and

practices

m. Quality 0 Bachelor's degree in technically related field Knowledge of:
Assurance * 4 years experience in developing and/or 0 QA practices, tools and programs

performing QA activities. * QA standards
Note: The composition is based on the same composition defined for the certified U.S. ABWR design and is consistent with
NUJREG-07 11. The USNRC staff, during it's review of the HFE program plan for the ABWR, recognized the absence of system
safety engineering, maintainability/inspectability engineering, and reliability/availability engineering expertise. However, the
USNRC staff found the composition acceptable, because the USNRC recognized that these particular areas of engineering
expertise were applicable to the HSI design rather than the other HFE elements of the overall design and implementation process
(NUREG-1503, USNRC Final Safety Evaluation Report for the ABWR). System safety engineering,
reliability/availability/maintainability/inspectability engineering, and quality assurance expertise are included as part of the
ESBWR HSI HFE Implementation Plan.
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Table 2 NASA TLX Scale

NASA TLX SCALE
Rating Scale Definitions

Title Endpoints Descriptions

MENTAL DEMAND Low/High How much mental and perceptual activity was
required? Was the task easy or demanding,
simple or complex, exacting, or forgiving?

PHYSICAL DEMAND Low/High How much physical activity was required? Was
the task easy or demanding, slow or brisk, slack
or strenuous, restful or laborious?

TEMPORAL Low/High How much time pressure did you feel due to the

DEMAND rate or pace at which the task or task elements
occurred? Was the pace slow and leisurely or
rapid and frantic?

PERFORMANCE Perfect/Failure How successful do you think you were in
accomplishing the goals of the task set by the
experimenter (or yourself)?
How satisfied were you with your performance
in accomplishing these goals?

EFFORT Low/High How hard did you have to work (mentally and
physically) to accomplish your level of
performance?

FRUSTRATION Low/High How insecure, discouraged, irritated, stressed

LEVEL and annoyed versus secure, gratified, content,
relaxed and complacent did you feel during the
task?
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Table 3 MCR HSI Features That Reinforce Situation Awareness
*Potential Deficiencies of Automation Design and HSI Design Associated with Loss of Situation Awareness

*Potential Deficiencies Features

* Mode confusion Mode changes invoked through manual actions to keep the operator "in the loop"

Alarm suppression based on operating modes (e.g., 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 A "job performance aid" referred to as Operator aid displays (e.g., T/G Warming and
support resources. Provisions for Startup, Near-Criticality Trends, Low-Power Water Level Control, Feedwater Pump
detecting and recovering from human Switchover, Power Flow Map, NSSS Heat Balance and Reactor Heat Up Rate, Safety
error are limited. There are inadequate Systems Bypassed and Inoperable Status Indication, Post Scram Status, and
provisions for manual aids. 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 (e.g., from a
P&ID-type display) or from a functional standpoint (e.g., 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 accommodates operator use of
hardcopy procedures, large engineering drawings, clipboards, notepads, etc.
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Table 3 MCR HSI Features That Reinforce Situation Awareness (continued)

*Potential Deficiencies of Automation Design and HSI Design Associated with Loss of Situation Awareness

*Potential Deficiencies Features

* 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, etc.).

System operations (i.e., procedures for pre-operations, operation, shutdown, and
calibration, inspection and testing) do not require complex or time-consuming
"programming" (e.g., logical settings of modes, inhibits, interlocks, data entry,
reading and interpreting displays).

* Presentation of information is The operator crew is provided with both serial data presentation (primarily at the
highly serial (sequential) making it operator Main Control Console) and parallel data presentation (primarily at the Wide
difficult to navigate, assimilate, Display Panel, WDP).
and share views of information
(i.e., a "keyhole" or "tunnel" The spatial arrangement of the control room panels allows the entire control room
effect) operating crew to conveniently view information presented on the WDP. 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 automatic controls design (by The HSI is designed for the capability to conduct all plant operations in an operator
intention or arbitrarily) limit the manual mode, and for operators to assume manual control by normal procedural
extent of human operability and methods and whenever operators elect to do so at their discretion. The operators retain
direct ("hands on") control of ultimate authority and decision-making responsibility.
equipment. Operators experience
complacency, lack of vigilance, Operator preferences, experience, familiarity, and acceptance are factored into the
boredom, etc. design by having UTILITY operations personnel participate in the control room design

development (from specification through verification).

" There is insufficient feedback and The Wide Display Panel provides fixed-position, plant-level and system-level alarm
warnings to effectively anticipate tiles needed by the operators.
problems, and computer displays
are the only sensory input media Safety Parameter Display System (SPDS) aids operators during abnormal and
for the operator. 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
(e.g., 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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