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LIST OF ACRONYMS AND ABBREVIATIONS

The following abbreviations and acronyms are defined to allow an understanding of their use within this
document.

Acronyms Definition

COL Combined Operating License
CSA Control Support Area

DCD Design Control Document

EOF Emergency Operations Facility
FBTA Function-Based Task Analysis
HFE Human Factors Engineering
HRA Human Reliability Analysis

HSI Human System Interface

ITAAC Inspections, Tests, Analyses, and Acceptance Criteria
MCA Main Control Area

MCR Main Control Room

NRC Nuclear Regulatory Commission
0CS Operation and Control Centers Systems
OER Operations Experience Review
OSA Operational Sequence Analysis
QDPS Qualified Data Processing System
RO Reactor Operator

SRO Senior Reactor Operator

RSR Remote Shutdown Room

SSD System Specification Document
SOE Sequence of Events

SPDS Safety Parameter Display System
TSC Technical Support Center

V&V Verification and Validation

VDU Visual Display Unit

WPIS Wall Panel Information System
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1 PURPOSE

Chapter 18 of APP-GW-GL-700, “AP1000 Design Control Document” (Reference 1) describes the
human factors engineering (HFE) aspects of AP1000. Section 18.8 of Reference 1 details the human
system interface (HSI) design element of the HFE program.

The first purpose of this document is to address Combined Operating License (COL) Information Item
18.8-1, “Human System Interface Design.” The second purpose of this technical report is to support the
revision of the DCD (Reference 1) from Revision 15 to Revision 16. The mark-ups to Section 18.8 are
documented, along with explanations for the changes. In addition, this document also describes the
revision to the DCD Tier 1 Design Commitment that addresses the HSI design process.
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2 BACKGROUND INFORMATION

Section 18.8 of the DCD (Reference 1) provides an implementation plan for the design of the operation
and control centers system (OCS) and the HSI resources. The OCS includes the main control room
(MCR), the technical support center (TSC), operations support center, radwaste control area, remote
shutdown room, emergency operations facility (EOF) and local control stations. The HSIs include the
plant information system, alarm system, computerized procedures, soft controls, dedicated controls, wall
panel information system (WPIS) and the qualified data processing system (QDPS). -

Section 18.8 of the DCD also describes the HFE design and implementation process and the method by
which the human reliability analysis (HRA), concept of operations, operations experience review (OER),
task analyses, engineering tests and the functional requirements analysis and allocation are integrated into
the design process. The HSI design and implementation process encompasses a number of areas of work,
as follows:

Operations and Control Centers Functional Design
HSI Resource Functional Design

HSI Design Guidelines

HSI Engineering Tests

HSI Design Specifications

HSI Design Implementation

]a,c,c
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3 CURRENT STATUS
This section provides an outline of the scope of the HFE work activities that have been completed in

support of the HSI design as described in the DCD Section 18.8 (Reference 1). It also provides references
that document the completed work.

3.1 OPERATION AND CONTROL CENTERS FUNCTIONAL DESIGN

[

]a,c,e
3.2 CONCEPT OF OPERATIONS

{

]a,c,e

3.3  OPERATIONS AND CONTROL CENTERS SYSTEM FUNCTIONAL
REQUIREMENTS

]a,c,e
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[

]a,c,e
34 HSI RESOURCES FUNCTIONAL DESIGN

[

]a,c,e
3.5 HSI DESIGN GUIDELINES

[

]a,c,e
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[

]a,c,e
3.6 HSI ENGINEERING TESTS

[

]a,c,e
3.7 DESIGN SPECIFICATIONS

[

]egc,e
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4 WAY FORWARD

This section describes the continuing and planned HFE work that is being undertaken in support of the
HSI design process as detailed in the DCD Section 18.8 (Reference 1).

4.1  DESIGN SPECIFICATIONS

]a,c,c

4.2  DESIGN IMPLEMENTATION

]a,c,e
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5 DCD MARK-UPS
5.1 TIER 2 MARK-UPS
5.1.1 General Information

This section details the intended DCD mark-ups for Revision 16 of the DCD Sections 18.8. In instances
where DCD text is bracketed with an asterisk the asterisk refers to the following note, “*NRC Staff
approval is required prior to implementing a change in this information; see DCD Introduction Section
3.5

DCD Section 18.8 is relatively lengthy and the mark-ups are distributed throughout Section 18.8. To
assist the reader, the mark-ups are shown in this document in context; just showing the marked-up text on
its own may make little sense to the reader. Therefore, all of the subsection headings in Section 18.8 are
replicated. The text in each relevant subsection which includes a mark-up is replicated with the
mark-up(s) clearly depicted, and at the end of the subsection, an explanation is provided for each change
and denoted by the subheading “Rationale.” The explanation is not to be incorporated into the DCD
Revision 16, but is presented here in this document to provide the supporting explanation. If the
subsection does not contain any changes, the subsection heading is followed by the statement, “There are
no changes in this section.” Likewise, this statement is not to be incorporated into the DCD Revision 16.

All inserted text is represented by underlining the text, and all the text to be deleted is represented by
striking through the text. The use of sidelines to denote changed or additional text has not been used in
order to avoid potential confusion between changes to the DCD and changes to this report (if required).

To assist in differentiating between the text replicated from the DCD and the notes added for this
technical report, all of the DCD text is contained within quotation marks.

5.1.2 Chapter 18 Section 18.8 Mark-Ups and Explanations
18.8 Human System Interface Design

“This section provides an implementation plan for the design of the human system interface (HSI) and
information on the human factors design for the non-HSI portion of the plant. The human system
interface includes the design of the operatlon and control centers system (OCS) and each of the human
system interface resources. < 81 e i RHisS-tmpiemen €

il of the Combined-Li eant

The operation and control centers system includes the main control room, the technical support center, the
remote shutdown room, emergency operations facility, local control stations and associated workstations
for each of these centers. The AP1000 human system interface resources include:

Wall panel information system
Alarm system

Plant information system
Computerized procedure system
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. Soft controls/dedicated controls
. Qualified data processing system

The wall panel information system presents information about the plant for use by the operators. No
control capabilities are included. The wall panel information system provides dynamic display of plant
parameters and alarm information so that a high level understanding of current plant status can be readily
ascertained. It is located at one end of the main control area at a height such that both operators and the
shift supervisor can view it while sitting at their respective workstations. It provides information
important to maintaining the situation awareness of the crew and for supporting crew coordination. The
wall panel information station provides a dynamic plant display of the plant. It also serves as the alarm
system overview panel display. The display of plant disturbances (alarms) and plant process data is
integrated on this wall panel information system display. The wall panel information system is a
nonsafety-related system. It is designed to have a high level of reliability.

The mission of the AP1000 alarm system, together with the other human system interface resources, is to
provide the operation and control centers operating staff with the means for acquiring and understanding
the plant’s behavior. The alarm system improves the performance of the operating crew members, when
acting both as individuals and as a team, by improving the presentation of the plant’s process alarms.
[The alarm system supports the control room crew members in the following steps or activities of
Rasmussen s operator decision-making model (Reference 25).:1*

. The “alert” activity, which alerts the operator to off-normal conditions
. The “observe what is abnormal” activity, which aids the user in focusing on the important issue(s)
. The process “state identification” activity, which aids the user in understanding the abnormal

conditions and provides corrective action guidance. It guides the operating crew into the
information display system.

The plant information system is a subset of the data display and processing system (non-Class 1E
system), presenting plant process information for use by the operators. The plant information system
provides dynamic indications of plant parameters and visual alerts so that an understanding of current
plant conditions and status is readily ascertained. The plant information system uses color-graphic videe
visual display units located on the operation and control centers workstations to display plant process
data. These displays provide information important to monitoring, planning, and controlling the operation
of plant systems and obtaining feedback on control actions. The displays provided by the plant
information system are nonsafety-related displays, but provide information on both safety-related and
nonsafety-related systems. '

The computerized procedure system has a mission to assist plant operators in monitoring and controlling
the execution of plant procedures. The computerized procedures system is a software system. It runs on
the hardware selected for the operation and control centers. The computerized procedure system is
accessible from the eperator workstations in the main control room. Procedure-development;as-statedin
Seetion13-5-and-18-9-is-the responsibility-of the-Combined-License-apphieant: A procedure writer’s
guide is developed as part of the human system interface design implementation plan for the
computerized procedure system. The writer’s guide is the design guidelines document for the
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computerized procedure system. Information on the writer’s guide and on the computerized procedure
system is found in Reference 31. Application of the computerized procedure system for emergency
operating procedures is licensed outside the United States and is being used in an operating nuclear power
plant. Additionally, the application of the computerized procedure system for turbine-generator startup
and shutdown is being used in another operating nuclear power plant located outside the United States.
Human factors engineering review guidance for computer-based procedures is presented by Reference 9.
The design of a backup to the computerized procedure system, to handle the unlikely event of a loss of the
computerized procedure system, is developed as part of the human system interface design process.
Design options include the use of a paper backup. [The acceptability of the computerized procedure
system and its backup will be confirmed as integral elements of the AP1000 design by the implementation
of the AP1000 verification and validation program (Reference 24).1* Procedure development is

addressed theresponsibility of the-Combined-License-applicant-as-stated in Sections 13.5 and 18.9.

The mission of the controls in the main control room is to allow the operator to operate the plant safely
under normal conditions, and to maintain it in a safe condition under accident conditions. The main
control room includes both safety-related and nonsafety-related controls. The types of controls in the
main control room include both discrete (dedicated) control switches and soft controls. The discrete
control switches are controls dedicated to a single function, with each switch having a single action. As
shown in Figure 18.8-1, the soft control units are control devices whose resulting actions are selectable by
the operator. The instrumentation and control architecture uses both discrete control switches and soft
control units. The soft control units are used to provide a compact alternative to the traditional control
board switches by substituting virtual switches in the place of the discrete switches.

The final configuration of these elements is dependent upon the results of the human system interface
design process described in subsection 18.8.1 below.

The mission of the qualified data processing system is to provide a Class 1E system to present to the main
control room operators the plant parameters which demonstrate the safety of the plant. The qualified data
processing system provides for the display of the variables as described in Section 7.5 through
safety-related displays. The informational content of qualified data processing system displays is
provided to the remote shutdown workstation through the plant information system.”

Rationale:

Change 1:

The above statement is no longer required.

Change 2:  “The wall panel information station provides a dynamic plant display of the plant.”
The above change is a grammatical correction for clarification.

Change 3:  “The plant information system uses color-graphic ¥idee visual display units located on the
operation and control centers workstations to display plant process data.”
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The change from “video” to “visual” is to provide consistency in the terminology used
throughout Section 18.8.

Change 4:  “The computerized procedure system is accessible from the eperater workstations in the
main control room.” '

The deletion of “operator” is to clarify that the computerized procedure system is
accessible from the supervisor workstations as well as the operator workstations.

Change 5:  “Procedure development, as stated in Section 13.5 and 18.9, is the responsibility of the
Combined License applicant” changed to “Procedure development is addressed in
Sections 13.5 and 18.9.”

The statement regarding the responsibility of the Combined License applicant is no longer
required.

Note there are no changes to Figure 18.8-1, “Soft Control Interactions.”
18.8.1 Implementation Plan for the Human System Interface Design

“Figure 18.2-3 provides an overview of the AP1000 human factors engineering process, including the
design stages of the human system interface. The relationship of other human factors engineering process
elements to the human system interface design is shown.

The functional design of the operation and control centers system and the human system interface is the
activity where the functional requirements for the human system interface resources of the main control
room and related operation and control centers system are developed. The output of the functional design
is a set of documents that specify the mission, design bases, performance requirements, and functional
requirements for each human system interface resource. These functional requlrement documents and the
human system interface are-a AR ; : g-design guidelines
are used to develop the design specifications. The design specnﬁcatlons are prov1ded as input to the
“hardware and software system designers for design implementation.

The following subsections describe the activities conducted as part of the human system interface design
and the documents that are produced.”

Rationale:

Change I:  “These functional requirement documents and the human system interface are-applied-to-an
appropriate-set-of human factors-engineering-design guidelines are used to develop the

design specifications.”

The original sentence was misleading. The rewording correctly represents the HSI design
process and clarifies that the HSI design guidelines is a single document (and not a set of
documents).
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18.8.1.1 Functional Design

“A system specification document for the operation and control centers system documents and tracks
human system interface requirements and design specifications. The operation and control centers system
specification document is the umbrella document for capturing human factors requirements and providing
a uniform operational philosophy, and design consistency among the individual human system interface
resources.

Included in the operation and control centers system specification document are functional requirements
and specifications for the AP1000 operation and control centers system, including the main control room,
the technical support center, the remote shutdown room, and local control stations. In addition, functional
requirement documents are generated for each of the individual human system interface resources.. These
documents are referenced by the operation and control centers system specification document.

The operation and control centers system specification document and the individual human system
interface functional requirement documents include mission statements and performance requirements.
The mission statements establish the high level goals and main tasks to be supported by the control center
or human system interface resource. Performance requirements represent high level design goals and
help to clarify the functional designer’s intent. They are high level requirements that may not be readily
verifiable by testing or other quantitative means, but are important considerations for meeting the goals
defined in the mission statements. The design bases establish the foundation for the design and the
rationale behind engineering decisions made and criteria established for the design. Functional
requirements include requirements needed to meet the criteria defined in the applicable codes, standards,
and customer requirements.

The operations and control centers functional requirements documents includes requirements to meet
failure, diversity, electrical separation, and other applicable criterias-they-establish. This document
establishes requirements related to access control, redundancy, independence, identification and test
capability,:they and defines requirements on system inputs and outputs;-they-speeify. It specifies the
system safety classification and deﬁnes appllcable quallty assurarnce, re11ab111ty goals and env1ronmenta1
qualification requirements. The fun al-requiremen en ; 5 -ite
resource-includesa specification of the cogmtlve activities in the operator de0131on-mak1ng model that the
each human system interface resource is intended to support is provided in the operation and control
centers functional requirements document.

Reference 25 describes the operator decision-making model and associated operator cognitive activities.
As shown in Figure 18.8-2, the HSI interface resources are mapped to four major classes of operator
cognitive activities in the model (detection and monitoring, interpretation, control, and feedback).

The contents of this map are then considered in terms of sources of operational complexity that add
operator performance demands. The two general sources of complexity considered are 1) use of multiple
as opposed to single HSI resources, and 2) increasing situational or scenario-based complexity.
Considering the impact of complexity on the mapping leads to “issues”; that is, general cases where
adequate human performance should be confirmed.
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Table 18.8-1 presents the resulting set of human performance issues. Note that “feedback” issues have
been addressed under “control,” rather than as a separate activity, because feedback activities follow
directly from control activities. These buman performance issues serve as input to the development of the
performance requirements for the operation and control centers system specification document and to the
individual human system interface functional requirement documents. The human performance issues
and requirements will be addressed by the verification and validation activities described by

Reference 24.”

Rationale:

Change 1:  The operations and control centers functional requirements documents includes
requirements to meet failure, diversity, electrical separation, and other applicable criteria;
they-establish. This document establishes requirements related to access control,
redundancy, independence, identification and test capability,;-they and defines
requirements on system inputs and outputs:they-speeify. It specifies the system safety
classification and defines applicable quality assurance, reliability goals, and environmental
qualification requirements. The funetional requirements-documentfor-each- human system
interface-resource-ineludesa specification of the cognitive activities in the operator
decision-making model that the each human system interface resource is intended to
support is provided in the operation and control centers functional requirements document.

The rewording clarifies that the operations and control centers functional requirements
document captures requirements for failure, diversity, electrical separation and other
applicable criteria. This document also maps the cognitive activities to the supporting
HSI resource. The original intention was to provide this information in the functional
requirements document for each HSI resource. However, it was determined that it would
be more appropriate and informative if the description of the mapping between the
cognitive activities and the supporting HSI resources is available in a single location. This
facilitates-the explanation of how multiple HSI resources support operator
decision-making,

Note there are no changes to Figure 18.8-2, “Mapping of Human System Interface
Resources to Operator Decision-Making Model.”

Note there are no changes to Table 18.8-1, “Human Performance issues to be Addressed by
the HSI Design.”

18.8.1.2 Design Guidelines

“Guidelines for the human system interface design are have been developed for each-of the human system
interface resources to facilitate the standard and consistent application of human factors engineering
(HFE) principles to the design (see Reference 1). This-guidanee-is-contained-in-aset-of Reference 1
contains standards and conventions guidelines decuments that tailors generic human factors engineering
guidance to the AP1000 human system interface design and defines how those human factors engineering
principles are applied.
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These guidelines become-a-teel-that enable groups of people to simultaneously develop the human system
interface in a consistent manner in accordance with the human factors engineering principles established
for the design. [The guidelines are used to perform the human factors engineering design verification
activity of the human factors verification and validation plan (Reference 24).1*

Human system interface design guideline documents include:

Anthropometric guidelines

Alarm guidelines

Display guidelines

Controls guidelines

Computerized procedures guidelines

The AP1000 human system interface design guidelines documents provides:

. Statements of their intended scope, references to source materials, and instructions for their
proper use
. Specification of accepted human factors engineering guidelines, standards, and prm01ples to .

which the AP1000 human system interface conforms

. Specification of design conventions (for example, coding conventions) to which the
AP1000 human system interface conforms

. Documentation of deviations from human factors engineering guidelines, standards and
principles, and justification based on documented rationale such as trade study results,
literature-based evaluations, demonstrated operational experience, and tests and experiments

Antthastrative-subset-of The accepted human factors engmeermg guldelmes documents that w1-1-1—be were
used in compiling hums .
AP606-the AP1000 human system 1nterface des1gn guldelmes documents are found in References 12

through 8. These-documents-apply-directly-to AP1000.2

Rationale:

The modifications detailed above take into account that the HSI design guidelines have been produced
and to include the corresponding reference (APP-OCS-J1-002, “AP1000 Human System Interface Design
Guidelines,” Reference 11). This was addressed in “AP1000 Standard Combined License Technical
Report on Human System Interface Design Guidelines” (APP-GW-GLR-091, Reference 12). The text
was also changed to reflect that the HSI design guidelines is a single document, and is not a set of
documents.

In addition, the references in section 18.8.6 were updated to specify the documents that were utilized in
the development of the HSI design guidelines. The details of these updates are as follows:
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1. The American National Standards Institute, ANSI HFS-100-1988, “American Standard for
Human Factors Engineering of Visual Display Terminal Workstations,” was deleted. The
information in this document is included and/or superseded in NUREG-0700.

2. NUREG-0899, “Guidelines for the Preparation of Emergency Operating Procedures,” was
deleted. The preparation of procedures is not within the scope of the HSI design guidelines. The
development of procedures is addressed in DCD Chapter 13 (Reference 1).

3. IEEE Std 1023-2004, “IEEE Recommended Practice for the Application of Human Factors
Engineering to Systems, Equipment and Facilities of Nuclear Power Generating Stations and
Other Nuclear Facilities,” has been added. This document provides useful information and is
relatively up-to-date.

4, NUREG-1358, “Lessons Learned from the Special Inspection Program for Emergency,” was
deleted. The lessons learned in this relatively aged document have been included and/or
superseded in other comparable guides, codes and standards documents.

5. IEEE Std 1289-1998, “IEEE Guide for the Application of Human Factors Engineering in the
Design of Computer-Based Monitoring and Control Displays for Nuclear Power Generating
Stations,” has been added. This document provides useful, relatively up-to-date information in an
area in which HFE guidance is not abundant.

6. The reference to NUREG-0700, “Human-System Interface Design Review Guideline,” was
changed from Revision 1 to Revision 2. Revision 2 contains the most up-to-date guidance.

7. NUREG/CR-5908, “Advanced Human-System Interface Design Guidelines,” was not used. The
relevant information in NUREG/CR-5908 is included and/or superseded in NUREG-0700.

8. The U.S. Department of Defense, “Human Engineering Guidelines for Management Information
Systems,” DOD-HDBK-761A, was deleted. The relevant information from this Department of
Defense document is included and/or superseded in NUREG-0700 and MIL-STD-1472.

9. MIL-STD-1472, “Department of Defense Design Criteria Standard: Human Engineering,” was
added. This document contains up-to-date HFE guidance and is particularly useful for addressing
areas such as anthropometrics.

The detailed references can be found at the end of this Section 5.1 where the DCD Chapter 18 references
from Section 18.8.6 are listed. By updating the references to those that were used in the development of
the AP1000 HSI design guidelines, the statement regarding the applicability of the references that were
utilized for AP600 is no longer pertinent and has been deleted.

18.8.1.3 Design Specifications

There are no changes in this section.

Revision 0 - 5-8



WCAP-16801-NP
APP-GW-GLR-082 AP1000

18.8.1.4 Man-in-the-Loop Testing

There are no changes in this section.

18.8.1.5 Mockup Activities

There are no changes in this section.

18.8.1.6 Human System Interface Design Documentation
There are no changes in this section.

18.8.1.7 Task-Related Human System Interface Requirements

“As shown in Figure 18.2-3, the results of other human factors engineering program elements are used as
input and bases for developing the operation and control center system and human system interface
resources functional design (mission statements, performance requirements, design basis, functional
requirements), guideline documents and the design specification documents. Staffing assumptions,
operating experience reviews, functional requirements analysis and allocations, task analysis, and
integration of human reliability analysis provide the bases for identifying the human system interface
requirements needed to support human functions and tasks. The resulting human system interface
requirements are documented in the human system interface resource functional design documents
(operation and control centers system specification document and the individual human system interface
resource functional requirements document), guidelines document and design specification documents.
Subsections 18.8.1.1 through 18.8.1.3 provide descriptions of these documents.

The AP1000 task analysis, described in Section 18.5, includes two eemplimentary complementary
activities: function-based task analysis (FBTA) and traditional task analysis, or operational sequence
analysis (OSA). The function-based task analysis identifies the indications, parameters, and controls that
the operator needs to make decisions about the respective function. There is also a verification that the
indications and controls identified in the process analysis are included in the design. The operational
sequence analysis, completed as part of the task analysis process, focuses on specifying the operational
requirements for the complete set of tasks selected. One of the guidelines used in selecting tasks for
analysis are those tasks that represent the full range of activities in the AP1000 emergency response
guidelines. One type of information provided by the operational sequence analysis is an inventory of
alarms, controls, and parameters needed to perform the task sequences. The operational task analysis
results include the identification of controls, alarms, and parameters needed by the operator to execute
task sequences found within the emergency response guidelines. These results serve as a cross-check
with the function-based task analysis results. Design reviews held during the human system interface
design serve as another means of verifying completeness and identifying and correcting omissions. [7he
task support verification activity of the human factors verification and validation (Reference 24) verifies
that the human system interface design provides the necessary alarms, displays, and controls to support
personnel tasks.]*

The collective results of the task analysis activities identify the tasks and operational information needed
by the operator to execute these tasks. For each display, a display task description is written. The display
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task description includes the identification of the informational needs to be supported by the display. The
features, dynamic characteristics, calculated values, and supporting algorithms for the display are part of
the display task description. The design specification of a display includes the range, precision, and
measurement units of the parameters provided in the display. These parametric characteristics are chosen
to support the task and the operator informational needs. The parametric characteristics, identified in the
design specification, are provided using the guidelines presented in the design guidelines document for
displays. The basis for the parametric characteristics chosen for the displays is found in the design
guidelines document.”

Rationale:

Change 1:  “The AP1000 task analysis, described in Section 18.5, includes two complimentary
complementary activities: function-based task analysis (FBTA) and traditional task
analysis, or operational sequence analysis (OSA).”

This change is a grammatical correction.

18.8.1.8 General Human System Interface Design Feature Selection

There are no changes in this section.

18.8.1.9 Human System Interface Characteristics: Identification of High Workload Situations

There are no changes in the first two paragraphs of this section.

Use of Workload Measurement Techniques

“As part of task analysis activities (Section 18.5), analytic approaches are used to estimate workload.
Analytic methods include the use of cemputer-bs ognitive response ptrol room

Rationale:

Change I:  “Analytic methods include the use of

task analysis.”

This change is to bring this subsection in-line with the changes made in Section 18.5 of the
DCD. In summary, the term “computer based models” was removed to enable the task
analysis implementation plan to determine the most appropriate method to measure
workload and to not prescribe that computer based modeling tools will be utilized. Details
of this change can be found in APP-GW-GLR-081 (Reference 17).
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Usability Guidance

suidelines-and-experience-with-the-use-o oftcontrols”in-existingplan ossil-plants) Usability
guidance is included in the human system interface design guidelines, as discussed in Section 18.8.1.2.”

Rationale:

As stated in the inserted text, usability guidance is included in the HSI design guidelines. Therefore, the
subsection for “Usability Guidance” has been changed to refer the reader to Section 18.8.1.2, “Design
Guidelines.”

Workstation Usage Scenarios

There are no changes in this section.

Environmental Conditions

There are no changes in this section.

Local Control Actions

There are no changes in this section.

18.8.1.10 Human System Interface Software Design and Implementation Process

There are no changes in this section.

18.8.2 Safety Parameter Display System (SPDS)

There are no changes in this section.

18.8.2.1 General Safety Parameter Display System Requirements

There are no changes in this section.

18.8.2.2 Display of Safety Pafameters

“The functionally organized plant information system displays, including the Safety Parameter Display
System-related displays, are accessed on the workstation visual display units (VDU) using a cursor. The
AP1000 operator workstations employ a windowing system which allows a single cursor to cover the

visual display unit screens. The design allows the operator to recover a specific parameter within one or
two actuations of the pointing device.
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The design goal for the AP1000 human system interface is to update the displays every 1 to 2 seconds.
The process data sampling rate is 1 second or less. Sequence of events (SOE) points can be sampled at a
rate of once every milli-second and are available within the AP1000 human system interface. The Safety
Parameter Display System responds to user commands in less than 10 seconds. The design goal for
graphical display response time, from user command to developed graphical display, in the AP1000
human system interface is 2 seconds.

The AP1000 alarm system includes plant overview alarms that are organized around the concept of plant
process functions. These process functions address the five SPDS functions. The alarm system
overviews, including the functional organization, are integrated into the wall panel information system
displays.

During the execution of emergency operating procedures, the computerized procedure system provides a
continuous display of the status of each critical safety function.

The Safety Parameter Display System data and data display organization are available to the control room
staff.

[The AP1000 human system interface process display set (from the plant information system) is organized
into two hierarchies that are linked together. One is focused upon providing the process data from a
Junctional perspective and the other from a physical perspective. Both follow the concept of
abstraction/aggregation suggested by Rasmussen as described in Reference 25. Top levels in the
hierarchy are plant wide summaries, lower levels are component details. The hierarchy is structured so
as to reflect the plant process functional decomposition performed during the function based task analysis
described in Reference 25.1*

Process display presentation for the control room users is organized by functions. The function based task
analysis integrates the functional organization design principles dictated by the Safety Parameter Display
System requirements into the AP1000 human system interface.

Plant process displays and plant controls necessary to operate the plant are located on each of two
redundant workstations. These two reactor operator workstations are in the main control area of the
AP1000 control room.

Because the Safety Parameter Display System requirements are an integral part of the AP1000 human
system interface design, the Safety Parameter Display System workstation is the AP1000 human system
interface control room workstation, the Safety Parameter Display System displays are the workstation
displays; and the display accessing “controls” used to access Safety Parameter Display System displays
are the same as those used to access any workstation display.

Safety Parameter Display System-related information is physically displayed such that the information
can be read from the Safety Parameter Display System user’s position. Each reactor operator’s
workstation contains the human system interface operator process displays. The control room supervisor
(shift foreman) has an independent workstation that has the operator process displays. The wall panel
information system is available to the main control room staff.
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The AP1000 human system interface provides the status of the Safety Parameter Display System
functions. The Safety Parameter Display System functions include:

Reactivity control

Reactor core cooling and heat removal from the primary system
Reactor coolant system integrity

Radioactivity control

Containment conditions

The AP1000 alarm system provides overview alarms addressing the five Safety Parameter Display
System functions. These overview alarms, integrated into the wall panel information system displays, are
continuously displayed. Most of the safety parameters used to monitor the status of each Safety
Parameter Display System function are continuously displayed on the wall panel information system
displays. Those that are not continuously displayed on the wall panel are accessible at the operator’s
workstation threugh-ene-navigatioenal-action. During the execution of emergency operating procedures,
the AP1000 computerized procedure system provides a continuous display of the status of the critical
safety functions.

Safety Parameter Display System-related information is physically displayed such that the information is
readable from the reactor operator workstation. Each reactor operator’s workstation contains the plant
information system process displays. The control room supervisor (shift foreman) has an independent
workstation that also has the process displays. The wall panel information system is available to the main
control room staff.”

Rationale:

Change 1.  “Those that are not continuously displayed on the wall panel are accessible at the

operator’s workstation threugh-one navigational-action>

The statement that one navigational action is required was deleted because the detailed
design of the displays is under development, and therefore, this statement may be incorrect
or cause confusion. The design of the displays may result in the safety parameters actually
being continuously displayed at the operator’s workstation. Alternatively, two
“navigational actions” may be required, which is acceptable from a HFE perspective. The
HSI design guidelines, Reference 11, states that the HSI design should enable user access
to all key or primary displays by no more than two control actions. Furthermore, the
original text “navigational action” was vague. For example, a “navigational action” may
be the selection of an on-screen target or icon, the use of a pull-down or pop-up menu or
the entering of a display page reference number.

18.8.2.3 Reliability

There are no changes in this section.
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18.8.2.4 Isolation

There are no changes in this section.

18.8.2.5 Human Factors Engineering
There are no changes in this section.
18.8.2.6 Minimum Information
There are no changes in this section.

18.8.2.7 Procedures and Training

“As-stated-in Sections 13.2 and 13.5, describe the development of training programs and plant procedures
are-the-responsibility-of the-Combined License-applicant, respectively. Reference 30 describes how
training insights are passed from the designer to the-Combinedicense-applicant operations personnel

who participate as subjects in the human factors engineering V&V activities. Reference 31 provides input
to the Combined-License-apphicantfor-the development of plant operating procedures.”

Rationale:

The statements regarding the Combined License applicant are no longer required.
18.8.3 Opergtion and Control Centers System

There are no changes in this section.

18.8.3.1 Main Control Room Mission and Major Tasks

“The mission of the main control room is to provide a seismically qualified habitable and comfortable
location for housing the resources for a limited number of humans to monitor and control the plant
processes.

The major tasks performed in the main control room include monitoring, supervising, managing, and
controlling those aspects of the plant processes related to the thermodynamic and energy conversion
processes under normal, abnormal, and emergency conditions. Operating staff can monitor, supervise,
manage, and control processes that have a real-time requirement for protecting the health and safety of
operating personnel. The main control room supports the operator’s decision-making process, and
promotes the interaction with other plant personnel, while preventing distractions by non-operating
personnel. The main control room provides the interfacing resources between the operation of the plant
and the maintenance of the plant. Its areas include the main control area, the-switching-and-tagging the

operations work area, the shift supervisor’s office, the-shift-supervisor’s-elerl’s-office, and the operations
staff"s-area break room (see Figure 1.2-8). Habitability systems are described in Sections 6.4 and 9.4.”
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Rationale:

Driven by a utility review of the AP1000 by operations personnel, the design of the MCR, MCA and
surrounding areas has progressed since the issuance of Revision 15 of the DCD (Reference 1). Therefore,
the text in the description of these areas has been updated accordingly. In summary, the changes that have
occurred during the design development of these areas is as follows:

. The switching and tagging area has been renamed the “operations work area.” The switching and
tagging functions may be conducted from an area outside the MCR boundary. The operations
work area is where personnel may undertake non-MCA tasks while remaining within the
MCR boundary.

. The operations staff’s area has been renamed the “operations break room.” This terminology is
more representative in that this area will be provided with kitchen and restroom facilities.

. The shift supervisor’s clerk’s office has been removed. A clerk is not required to be within the
MCR. Therefore, by removing this role and its corresponding office, better use is made of the
available floor space within the MCR.

18.8.3.2 Main Control Area Mission and Major Tasks

Changes to section 18.8.3.2 are made as described in “Editorial Format Change to ‘COL Applicant’
Items” (APP-GW-GLR-130, Reference 19).

18.8.3.3 Switching-and-Tagging Operations Work-Area Mission and Major Tasks

The operations work area provides an area for personnel who support plant operations to work in close
proximity to the main control area, but not in the main control area, in order to minimize distractions to
the plant operators. Personnel in the operations work area can access plant data via one or more
workstations to enable personnel to monitor the current state of systems, major components and
equipment. Additional support equipment may be provided as needed.”
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Rationale.

The explanation for 18.8.3.1 directly applies to the changes in 18.8.3.3. The additional text in 18.8.3.3
provides further details regarding the missions and tasks associated with the operations work area.

18.8.3.4 Remote Shutdown Workstation Mission and Major Tasks

There are no changes in this section.

18.8.3.5 Technical Support Center Mission and Major Tasks

Changes to section 18.8.3.5 are made as described in “AP1000 Technical Support Center” (APP-GW-
GLR-107, Reference 18) and “Editorial Format Change to ‘COL Applicant’ Items” (APP-GW-GLR-130,
Reference 19).

18.8.3.6 Operational Support Center Mission and Major Tasks

Changes to section 18.8.3.6 are made as described in “AP1000 Technical Support Center” (APP-GW-
GLR-107, Reference 18).

18.8.3.7 Radwaste Control Area Mission and Major Tasks
There are no changes in this section.

18.8.3.8 Local Control Stations Mission and Major Tasks
There are no changes in this section.

18.8.3.9 Emergency Operations Facility

Changes to section 18.8.3.9 are made as described in “Editorial Format Change to ‘COL Applicant’
Items” (APP-GW-GLR-130, Reference 19).

18.8.4 Human Factors Design for the Non-Human-System Interface Portion of the Plant
18.8.4.1 General Plant Layout and Design

There are no changes in this section.

18.8.4.1.1 Maintainability

There are no changes in this section.

18.8.4.1.2 Accessibility and Equipment Laydown Provisions

There are no changes in this section.
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18.8.4.1.3 Lighting

There are no changes in this section.

18.8.4.1.4 Radiation Protection and Safety
There are no changes in this section.

18.8.4.1.5 Communication

There are no changes in this section.

18.8.4.1.6 Temperature, Humidity, Ventilation
There are no changes in this section.

18.8.4.1.7 Emergency Equipment

There are no changes in this section.

18.8.4.1.8 Storage

There are no changes in this section.

18.8.4.1.9 Coding and Labeling

There are no changes in this section.

18.8.5 Combined License Information

“The Combined License information requested in this subsection has been fully addressed in this

document (APP-GW-GLR-082). No additional work is required by the Combined Operating License

applicant to address the Combined License information requested in this subsection.”

The following words represent the original Combined Operating License Information Item commitment,

which has been addressed as discussed above:

Combined License applicants referencing AP1000 certified design will address the execution and
documentation of the human system interface design implementation plan that is presented by

Section 8.8.”
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Rationale:

The explanation for this change is provided within the above text. In summary, by virtue of the HFE
work completed to date and the formal plans to conduct and document the forthcoming work, it is
concluded that the COL Information Item 18.8-1 has been addressed.

18.8.6
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5.2 TIER 1 MARK-UPS

A DCD mark-up of the Table 3.2-1 Design Commitment Item 3 “Acceptance Criteria” (3rd column) is
intended for Revision 16 of the DCD. The basis for this change is to identify those areas of work that are
complete.

Note that the Table 3.2-1 Design Commitment Items 6 to 13 that relate to the provision and specific
features of the OCSs and HSI resources remain unchanged.

“A report exists and concludes that the HSI design for the OCS was conducted in conformance
with the implementation plan and includes the following documents:

: : L P : oecification ]

Deleted.
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andards-and-prin

and-anthropometries: Deleted.

Design specifications for the alarm system, plant information
system, wall panel information system, controls (soft and
dedicated) and the qualified data processing subsystem.

HSHdesign” Deleted.
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