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Question 18-36:

A conference call took place May 7, 2009 between NRC staff and AREVA NP representatives to
discuss the EPR Human Factors Engineering (HFE) program. The staff questioned the
relationship between AREVA's previously submitted HFE documents, such as the Inheritance
document, and the elements of NUREG-0711. AREVA acknowledged that the Inheritance
document had evolved as it was being developed. AREVA committed to submit an
implementation plan for each NUREG-0711 element, and additionally committed to develop
additional items, such as an HFE program management plan, a staffing and qualifications plan,
and a mapping of all implementation plans to the Concept of Operations document.

Please identify the documents to be developed, and provide their delivery schedule.

Please also include a mapping of all planned and previously submitted documents to the
NUREG-0711 criteria for HFE.

Response to Question 18-36:

The following implementation plans, described in NUREG 0711 Rev. 2, were provided in the
Response to RAI 171, Question 18-34:

¢ Human System Interface (HSI) Design Implementation Plan.

e Human Factors Engineering (HFE) Design Implementation Plan.

e Verification & Validation Implementation Plan.

¢ Implementation Plan for the Integration of HRA into the HFE Program.
¢ Human Performance Monitoring Implementation Plan.

e Operating Experience Review Implementation Plan.

e Function Analysis and Allocation Implementation Plan.

The HSI Design Implementation Plan and HFE Program Management Plan describe the
iterative nature of the HFE program.

The Response to RAI 171, Question 18-34 also included the following documents, which do not
describe a specific HFE program element from NUREG 0711 Rev. 2:

¢ Inheritance Implementation Plan.

¢ |Initial Staffing Assumptions for the U.S. EPR.

e Concept of Operations for the U.S. EPR Control Room.

The concept of operations and the initial staffing assumptions are based on typical operating
practices used in existing U.S. plants. The concept of operations and staffing assumption will

be evaluated and modified throughout the HFE design process based on results from the
analysis phase, design phase, verification and validation phase, and implementation phase.

The required elements for staffing and qualification are provided in the U.S. EPR Task Analysis
Implementation Plan.



AREVA NP Inc.

Response to Request for Additional Information No. 240, Supplement 1
U.S. EPR Design Certification Application Page 3 of 6

The following documents are enclosed and complete the documents that support the HFE
program:

e U.S. EPR Human Factors Procedure Implementation Plan.

e U.S. EPR Human Factors Training Implementation Plan.

e U.S. EPR Task Analysis Implementation Plan.

¢ U.S. EPR HFE Program Management Plan.

AREVA NP has prepared a matrix that shows the U.S. EPR HFE Program compliance with the
Standard Review Plan (SRP) NUREG-0800. Mapping to this matrix is more relevant to the HFE
program than mapping to the Concept of Operations for the U.S. EPR Control Room because

the concept of operations is a subset of the documents needed for the overall program. The
matrix, SRP, Chapter 18, Compliance Document, is also enclosed.

Table 18-36-1 shows the U.S. EPR Human Factors Engineering plans that address NUREG
0711 guidance.
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Table 18-36-1—NUREG 0711 Cross Reference

NUREG 0711, Rev. 2

Title

Section 2 — HFE Program
Management

HFE Program Management Plan

Section 3 — Operating
Experience Review

U.S. EPR Human Factors Operating
Experience Review (OER)
Implementation Plan

Section 4 — Functional
Requirements Analysis and
Functional Allocation

U.S. EPR Functional Requirements
Analysis and Function Allocation
Implementation Plan

Section 5 — Task Analysis

U.S. EPR Task Analysis (TA)
Implementation Plan

Section 6 — Staffing and

U.S. EPR Task Analysis (TA)

Qualification Implementation Plan
Section 7 — Human Reliability | U.S. EPR Implementation Plan for the
Analysis Integration of Human Reliability Analysis

(HRA) into the Human Factors
Engineering (HFE) Program

Section 8 — Human-System
Interface Design

U.S. EPR Human System Interface
Design Implementation Plan

Section 9 — Procedure
Development

U.S. EPR Human Factors Procedure
Implementation Plan

Section 10 — Training
Program Development

U.S. EPR Human Factors Training
Implementation Plan

Section 11 — Task Analysis

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

Section 12 — Design
Implementation

U.S. EPR Human Factors Engineering
(HFE) Design Implementation Plan

U.S. EPR Human Factors Engineering Program Topical Report - ANP-10279 will be retracted
by AREVA NP letter NRC: 09:079. Safety determinations for the U.S. EPR are provided in the
U.S. EPR HFE Program Management Plan, which is supplemented by the other HFE program
documents submitted for review. Topical report RAls have been reevaluated (as shown in
Table 18-36-2) as they now relate to the U.S. EPR HFE Program Management Plan rather than
the U.S. EPR Human Factors Engineering Program Topical Report - ANP-10279.

Responses to the RAls listed in Table 18-36-2 have been evaluated to confirm that they remain
valid. Superseded RAIs indicate that the response to that RAl is no longer valid because of the
U.S. EPR Human Factors Engineering Program Topical Report retraction and U.S. EPR HFE

Program Management Plan changes.
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Note:

Table 18-36-2—Evaluation of Chapter 18 RAIls

RAI Response Status
18-1 Applicable
18-2 Superseded
18-3 Applicable
18-4 Superseded’
18-5 Applicable’
18-6 Applicable’
18-7 Superseded’
18-8 Applicable’
18-9 Applicable
18-10 Applicable’
18-11 Applicable
18-12 Applicable
18-13 Superseded’
18-14 Applicable
18-15 Applicable’
18-16 Applicable
18-17 Applicable
18-18 Applicable’
18-19 Applicable
18-20 Applicable’
18-21 Applicable’
18-22 Applicable’
18-23 Applicable’
18-24 Applicable
18-25 Applicable’
18-26 Applicable
18-27 Applicable’
18-28 Applicable’
18-29 Applicable
18-30 Applicable
18-31 Applicable’
18-32 Superseded’
18-33 Applicable’

1. The HFE document referenced in the RAI response has been submitted to the NRC.

Information from other EPR projects will be considered for design input to the U.S. EPR HFE
Functional Requirements Analysis, Operating Experience Review, and Task Analysis that will
be performed for the U.S. EPR.

U.S. EPR FSAR Tier 2, Chapter 18 will be revised to reflect the changes that have been made
to the program based on the U.S. EPR HFE Program Management Plan as supplemented by
additional HFE program documents submitted for review.
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FSAR Impact:

U.S. EPR FSAR Tier 2, Chapter 18 will be revised as described in the response and indicated
on the enclosed markup.
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Table 1.6-1—Reports Referenced

Sheet 1 of 4
Report No. Date
(See Notes 1, 2, Submitted FSAR Section
and 3) Title to NRC Number(s)
ANF-89-060P-A Generic Mechanical Design Report High 3/28/91 42
ANF-89-060NP-A Thermal Performance Spacer and
Supplement 1 Intermediate Flow Mixer
ANP-10263P-A Codes and Methods Applicability Report |  11/06/07 4,5.1, 15, 16, and
ANP-10263NP-A for the U.S. EPR 19
ANP-10264NP-A U.S. EPR Piping Analysis and Pipe 11/07/08 3.6,3.7,3.8,3.9,
Support Design Topical Report 3.10,3.12, App. 3A,
and App. 3C
ANP-10266-A AREVA NP Inc. Quality Assurance Plan 06/18/07 7.1,17.1,17.2,
(QAP) for Design Certification of the 17.3,17.5, 18.1,
U.S. EPR Topical Report 18.7, and 18.11
ANP-10268P-A U.S. EPR Severe Accident Evaluation 2/26/08 6.2.5,15.4,19.1,
ANP-10268NP-A Topical Report and 19.2
ANP-10269P-A The ACH-2 CHF Correlation for the U.S. 3/10/08 44,5 7,15, and 19
ANP-10269NP-A EPR Topical Report
ANP-10272 Software Program Manual TELEPERM 12/21/06 7.1and 7.6
XS™ Safety Systems Topical Report
ANP-10273P AV42 Priority Actuation and Control 11/28/06 7 and 16
ANP-10273NP Module Topical Report
ANP-10275P-A U.S. EPR Instrument Setpoint 2/26/08 7 and 16
ANP-10275NP-A Methodology Topical Report
ANP-10278P |18-36 [[U'S. EPR Realistic Large Break Loss of 3/26/07 6.2 and 15
ANP-10278NP Coolant Accident Topical Report
ProgramTopteal Report ard1+8
ANP-10281P U.S. EPR Digital Protection System 3/27/07 3.1.3,4.6,7,
ANP-10281NP Topical Report and 8.1
ANP-10282P POWERTRAX/E Online Core 11/27/07 44
ANP-10282NP Monitoring Software for the U.S. EPR
Technical Report
ANP-10283P, U.S. EPR Pressure-Temperature Limits 4/30/09 5.3 and 16
Revision 1 Methodology for RCS Heat-Up and Cool-
ANP-10283NP, Down Technical Report
Revision 1
ANP-10284- U S EPR Instrumentation-and-Gontrels- 6/20/07 7
Methedelogy Topical Report
Tier 2 Revision 2—Interim Page 1.6-2
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Table 1.9-2—U.S. EPR Conformance with Regulatory Guides

Sheet 8 of 18

U.S. EPR FSAR
RG / Rev Description Assessment Section(s)
1.97, R4 Criteria For Accident Monitoring Y 3.10
Instrumentation For Nuclear Power Plants 311.2
7.1
7.5
11.5
12.3
16.B3.3
18.7
1.98,03/1976 |Assumptions Used for Evaluating the Potential N/A-BWR N/A
Radiological Consequences of a Radioactive
Offgas System Failure in a Boiling Water Reactor
1.99, R2 Radiation Embrittlement of Reactor Vessel Y 5.3.1
Materials 539
1.100, R2 Seismic Qualification of Electric and Mechanical Y 3.10
Equipment for Nuclear Power Plants 311
App 3D, Att. E
1.101, R5 Emergency Planning and Preparedness for N/A-COL N/A
Nuclear Power Reactors
1.102, R1 Flood Protection for Nuclear Power Plants Y 3.4
1.105, R3 Setpoints for Safety-Related Instrumentation Y 15.1
15.2
15.3
ERN 154
Y 18.7
PerAREVA-
Topieal Report-
ANP-10279)
EXCEPTION 7.1.2.47
(Asaddressed in
AREVA Topical
Report ANP-
10275P)
1.106, R1 Thermal Overload Protection for Electric Motors Y 8.3.1.1
on Motor-Operated Valves
Tier 2 Revision 2—Interim Page 1.9-14
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Water Reactor Design Issues (SECY-93-087)

Table 1.9-4—U.S. EPR Conformance with Advanced and Evolutionary Light-

Sheet 5 of 5
U.S. EPR FSAR
Issue Description Assessment | Section(s)

IILE Control Room Habitability Y 15.0.3
Position on appropriate analytical methods (i.e., dose
limits and accident duration) to be used in determining
the acceptability criteria for control room habitably in
accordance with regulatory standards.

IILF Radionuclide Attenuation: Y 6.5.5
Position on fission product removal processes inside 15.0.3
containment by natural effects and holdup by the
secondary building and piping systems in addition to
commission position on containment spray systems for
passive ALWRs.

II1.G Simplification of Offsite Emergency Planning: N/A-PAS N/A
Position on simplifying off-site emergency planning of
passive designs due to the estimated low probability of
core damage of such designs. 836 L.

III.H Role of the Passive Plant Control Room Operator: Ny 18.2
Commission position on sufficient man-in-the-loop Per AREVA- 183
testing and evaluation be performed and that a fully Topiecal Report]
functional integrated control room prototype is necessary || ANP-10279) 18.7
for passive plant control room designs to demonstrate that
functions and tasks are integrated properly into the man/
machine interface decisions.

Tier 2 Revision 2—Interim Page 1.9-34
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13.0 Conduct of Operations

Conduct of operations provides information relating to the preparations and plans for
design, construction, and operation of the U.S. EPR. Conduct of operations provides
adequate assurance that a plant will establish and maintain a staff of adequate size and
technical competence and that operating plans are adequate to protect public health
and safety.

13.1 Organizational Structure of Applicant

A COL applicant that references the U.S. EPR design certification will provide site-

specific information for management, technical support and operating organizations.
The operating organization describes the structure, functions and responsibilities

established to operate and maintain the plant. Additional information for a COL

applicant to develop an operating organization is provided in Chapter 18-and-in-

D »

Next File

Tier 2 Revision 2—Interim Page 13.1-1
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13.8

|
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18.1.1.3

18.1.1.4

3. Forthe U.S. EPR, the SICS platform concept involves extensive use of the qualified
display system (QDS)—a series of touch-screen capable, seismically qualified, 1E
supplied visual display units (VDU). The QDS is an AREVA NP product and
development activities have been identified for the QDS to support these needs.
Because the QDS will replace many conventional indications and controls and to
maintain divisional separation requirements, each control QDS is assigned to

manage a respectlve electrical division or mechanical train. FThis-design-ereates-

4. To minimize differences between HMI platforms in the control rooms, local
control stations (LCS) which allow for communication with computer-based HMIs
(e.g., turbine-generator and emergency diesel generator controls) will be
integrated with the PICS. As-diseussed-inseetion21-1-of ANP10279-
{Referenee2);-LCSs will follow guidelines established by the HFE and Control
Room Design Team.

Other assumptions and constraints related to standard features of EPR control rooms,

HSI design operating philosophy, and the concept of operations are described in
Section 18.7.2 of this FSAR and in Sections-3-and-42.2 of Reference 2.

The U.S. EPR HFE design process addresses the applicable review criteria specified in
NUREG-0711 (Reference 1).

Applicable U.S. EPR Facilities

The HFE program scope includes the design of the MCR, the Technical Support Center
(TSC), and the remote shutdown station (RSS). The design of LCSs is typically
accomplished concurrent with the applicable system and follows guidelines
established by the HFE and Control Room Design Team (see Section 18.1.2). In
addition, the Instrumentation and Control Service Center (I&CSC), the central
location for maintaining the digital I&C systems for the plant, is included in the
application of the HFE program. A COL applicant that references the U.S. EPR design
certification will be responsible for HFE design implementation for a new emergency
operations facility (EOF) or changes resulting from the addition of the U.S. EPR to an
existing EOF. The HFE and Control Room Design Team provides guidance to that
design. Execution of the HFE program guidance described herein provides reasonable
assurance that HFE principles are both comprehensively and properly applied for the
design of the EOF. This HFE guidance also provides a level of consistency for all HSI
facilities in the U.S. EPR.

Applicable Human System Interfaces, Procedures, and Training

The scope of the HFE program includes HSIs, procedures, and training associated with
monitoring and controlling U.S. EPR plant processes and equipment through the
system functions. These system functions include those required during the various
normal operating modes as well as those required during tests, inspections,

Tier 2

Revision 2—Interim Page 18.1-2
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surveillances, and maintenance, and during abnormal, emergency, and accident
conditions. HSIs associated with non-I&C systems (e.g., manual valve operators and
other LCSs) follow guidelines established by the HFE and Control Room Design Team.
See Section 18.1.3.2 for information on implementation of these guidelines.

HSIs for the U.S. EPR design are implemented in the following hardware and software
with the following I&C systems:

e Process Information and Control System (PICS).
e Safety Information and Control System (SICS).
o LCSs.

Details of the design and the concept of operations associated with each of these HSIs
can be found in Section 18.7 and associated references.

The U.S. EPR HFE program also includes the application of appropriate HFE

prineipalsprinciples|and techniques to support the development of operating

18.1.1.5

18-36 }

procedures for the applicable interfacing facilities (see Section 18.1.1.3) and the
operator training program. A generic set of operational guidelines (i.e., not specific to
owner and site requirements or constraints), for the U.S. EPR, is provided for use in
the development of site-specific operating procedures. The requisite set of knowledge,
skills@ttributes, and training objectives and goals required to operate a U.S. EPR
are also provided for use in the development of a site-specific training program based
on the Systematic Approach to Training (SAT) development protocol accredited by
INPO. The training program and procedure development program are described in
Sections 18.9 and 18.8, respectively.

Applicable Plant Personnel

The HFE program is tailored allowing licensed control room operators the capability
to attain, view, assimilate, and act on process data in order to maintain plant safety.
HFE principles are also applied to the tasks which relate to plant safety that are
performed by personnel as listed.

Plant personnel addressed by the AREVA NP HFE program include licensed control
room operators as defined in 10 CFR 55 and the following categories of personnel
defined by 10 CFR 50.120.

e Non-licensed operators.
_

e Shift[supervisermanager.

o Shift technical advisor.

e Instrument and control technicians.

Tier 2
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18.1.1.6

e FElectrical maintenance personnel.

e Mechanical maintenance personnel.

e Radiological protection technicians.

e Chemistry technicians.

e Engineering support personnel.

Effects of Modifications on Personnel Performance

The HFE program applies to the equipment supplied for the original configuration of
the U.S. EPR. Modifications to the original interface configuration are required to
adhere to the guidelines of Reference 1. Adverse effects caused by modifications on
the overall system performance and the performance of personnel who use the
equipment are minimized as described in Reference 1 and RG 1.174. Throughout the
life of the plant, HFE issues resulting from plant modifications are documented and

dispositioned as described in Section 18.12 and the human performance monitoring

implementation plan (Reference 3).

Human Factors Engineering and Control Room Design Team Organization

The HFE and Control Room Design Team is the multi-disciplinary team responsible
for implementing the HFE program. The HFE and Control Room Design Team is
responsible for overseeing certain aspects of the design and construction of the nuclear
facility in accordance with 10 CFR 50.34(f)(3)(vii), as described in SRP Section 13.1.1,
Management and Technical Support Organization. A description of the
responsibilities, organizational placement and authority, and composition and
qualifications of the HFE and Control Room Design Team is provided in Section

5:4:2-13.0 of the Human FaetorsTopieal RepertU.S. EPR HFE Program Management
Plan (Reference 2).

The HFE and Control Room Design Team is guided by the HFE program described
herein for the proper development, execution, oversight, and documentation. The
HFE and Control Room Design Team follows the same design processes as other
engineering disciplines and is accountable for the quality of the HSI and control room
layout to meet the requirements of the AREVA QAP Topical Report (Reference 3).

Human Factors Engineering Processes and Procedures

The HFE and control room design is performed in accordance with the U.S. EPR QAP

described in Reference 3. As described in Section 5-34.0 of the U.S. EPR HFE Program

Management Plan (Reference 2), the AREVA NP generic design control process;as-
deseribedin-Seetion5-1-of Referenee2; is used to execute the HFE and control room

Tier 2
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|

18.1.3.3

18.1.3.4

18-36

applicable implementation plans or output reports for the various analyses or design

activities. A Referen v a-summary-and-schedwleo

The U.S. EPR design process requires cross-discipline reviews of design documentation
for systems, structures, or components. System interface documents are produced by
system discipline engineers to facilitate communication between disciplines for
systems, structures, or components that have boundaries encompassing several
engineering disciplines. The design documentation for complex systems is generally
rolled up into a governing document (i.e., system description) controlled by the lead
discipline engineer. Similarly, the HSI engineering activities are integrated into the
overall plant design by use of the cross-discipline review concept and system interface
documentation.

HFE Program Milestones

HFE milestones are identified to allow evaluations of the effectiveness of the HFE
effort to be made at critical checkpoints. Section 18.1.5 also shows the relationship to
the integrated plant design sequence. A relative program schedule of HFE tasks
showing relationships between HFE elements and activities, products, and reviews and
identifying HFE program milestones to allow evaluations of the effectiveness of the
HFE effort to be made at critical checkpoints is shown in Figure 18.1-1—HFE Program
Milestones.

HFE Documentation

Documentation of the HFE and control room design is addressed by procedures that
apply to U.S. EPR design activities. The applicable procedures establish requirements,
methods, and responsibilities for preparing, reviewing, and approving initial design

documents as well as for changing previously released documentation. Section 5:34.5

of the U.S. EPR HFE Program Management Plan (Reference 2) provides a discussion of

the types of document prepared for HFE design and their usage.

System descriptions for control rooms and for HSI platforms contain the bases for how
design requirements are met; this includes HFE-related design requirements. The
documentation of the HFE and control room design is included in the system
descriptions, equipment specifications, and implementation plans for the various

analyses, or in reports generated as a result of the analyses. AppendixA-efReferenee2-

pregramelements:
18.1.3.5 Subcontractor HFE Efforts
Subcontractors for the HFE portions of the U.S. EPR design are subject to the
requirements of the U.S. EPR QAP described in Reference 3. The QAP identifies the
Tier 2 Revision 2—Interim Page 18.1-6
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18.1.4

18.1.5

18.1.5.1

procedures that apply to subcontractor design organizations. Effective
implementation of a subcontract supplier organization QAP is monitored by respective
internal audit programs and by individual supplier audits.

Human Factors Engineering Issues Tracking

Section 5-55.0 of the U.S. EPR HFE Program Management Plan (Reference 2) describes

the method used to track HFE issues throughout the life of the design.

HFE issues are tracked in a standard corrective action program database and are
generated, verified, and implemented as described in Section 16 of Reference 3.

Technical Program

As described in the U.S. EPR HFE Program Management Plan Seetien53-ef

(Reference 2), the HFE and control room design program is performed in accordance

with the process specified in Reference 1. Figure 18.1-2—HFE Design Control Process
illustrates the design control process and how the HFE implementation plans,
analyses, and evaluations required as part of the program fit the overall process flow.

HFE Program Process Drawing

Figure 18.1-2 illustrates how the HFE aspects of the plant are developed, designed, and
evaluated on the basis of a structured analysis using accepted HFE principles. It shows
the relationships between:

e The implementation plans for the various analysis and validation activities.

e The HFE design guidelines and the design products.

In conjunction withthe U.S. EPR HFE Program Management Plan (Reference 2) and

Section 18.1 of this FSAR, Figure 18.1-2 illustrates that the HFE and Control Room
Design Team is guided by a plan that is properly developed, executed, overseen, and
documented. Specific elements of Figure 18.1-2 include:

°

°

e The relationship between the different HFE program elements.
e The input and output documents.

e A general sequence for the different HFE elements.

Tier 2
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18.1.5.1.1

18-36

U.S. EPR Design Phases

The background shadinginFigure 181 2illustrates how the U.S. EPR design occurs in

four design phases. The milestone schedule shown in Figure 18.1-1 is developed with
an understanding of the relationship between design phases.

The conceptual design phase consists of producing high level descriptions (e.g.,
program plans and the plant technical requirements) and system engineering tasks
(e.g., such as design requirements and system descriptions). Initial HSI and control

room layout designs are developed during this phase. In the U.S. EPR HFE Program
Management Plan (Reference 2), conceptual design phase activities are described in

Sections—5-3-1-threugh 534 4.5.

As described in Section 5-3-54.5.8 of the U.S. EPR HFE Program Management Plan
(Reference 2), the basic design phase includes preparation of design specifications to

support ordering equipment. The HSI and control room layout designs are iterated
with the initial input from procedure developers and the training specialists during
this phase.

The detailed design phase involves performing design support and configuration
measures. Support measures such as calculations, selection and suitability reviews, and

design reviews (as described in Section 4.5.1 of the U.S. EPR HFE Program
Management Plan (Reference 2)) are used to validate the design and maintain or
manage the design configuration. Gertain-HFE verifieationdesign evaluation and-

vahdaﬂe&@#&é%—actwmes are conducted throughout basu: and detailed des1gn s but

de&aﬂed—ées&gﬁ—phase Verlflcatlon and Vahdatlon (V&V) activities are Derformed after
the iterative design/evaluation process in order to develop a design that meets

requirements.

The construction and operation phase involves acceptance testing before and after
installation, verifying configuration management for design documentation (see
Section 18.11), and monitoring system and operator performance throughout the life
of the plant (see Section 18.12).

Tier 2
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18.1.5.1.2

|

18.1.5.2

HFE Program General Activities

The four HFE program general activities (see Figure 1.1 of Reference 1) categorize the
twelve HFE program elements. These four general activities roughly coincide with
U.S. EPR HFE design phases (see Section 18.1.5.1.1). There is significant overlap
between general activities and the HFE design process, which often requires iteration
or feedback to activities conducted earlier in the sequence.

HFE activities in planning and analysis are a subset of the conceptual design phase.
During planning and analysis, the HFE and Control Room Design Team:

e Studies the details of the predecessor plant designs and compares them against the
applicable industry codes, standards, regulatory requirements, and customer
requirements.

e Conducts analysis of operating experience and formulates the concept of
operations including initial staffing and qualification analyses.

e Writes implementation plans for the applicable HFE program activities.

e Completes initial design documentation (i.e., design requirements and system
descriptions for control rooms and HSIs).

As in the basic design phase, HFE design activities involve iteration of the HSI based
on input from other elements such as procedure development and analysis activities.

During the HFE V&V program activity (coincides with detailed design phase), the HSI
and control room design is substantiated (see Section 18.10). Changes may cause
revisions in the functions and documentation that were completed during the
planning and analysis or design stages.

The implementation and operation activity coincides with the construction and
operation phase. Changes to the design at this phase may cause re-engineering and
revision of documentation produced in any of the previous stages.

Relationship Between HFE and Other Engineering Disciplines

Reference 3 requires that the HFE and Control Room Design Team follow the same

18-36 |9

design processes as other engineering disciplines. Section 54.0 of the U.S. EPR HFE
Program Management Plan (Reference 2) describes the relationship between HFE

program design documentation and general design documentation.
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18.1.5.3

HFE Program Element Documentation

The U.S. EPR HFE program is described in Section 18.1. Section 2:22.0 of the U.S. EPR
HFE Program Management Plan (Reference 2) describes the general HFE

requirements, standards, and specifications utilized in the design of the U.S. EPR.
Section 18.10 of this FSAR and Section 6:06.3 of the U.S. EPR HFE Program
Management Plan (Reference 2) describe the uses of HFE facilities such as mockups

and simulators as well as methods and tools employed for the various testing and

validation techniques.

Sections 18.2 through 18.12 provide information on the types of documents generated
as part of the U.S. EPR HFE program.

References

1.

NUREG-0711, “Human Factors Engineering Program Review Model,” Revision 2,
U.S. Nuclear Regulatory Commission, 2004.
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Figure 18.1-1—HFE Program Milestones
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Figure 18.1-2—HFE Design Control Process
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18.2 Operating Experience Review

Operating experience review (OER) associated with HFE identifies HSI design issues
that affect safety. The OER identifies past performance information for predecessor
designs (i.e., earlier designs on which the new design is based). The issues and lessons
learned from operating experience provide a basis for improving the plant design at

IMs36 the beginning|of., and during|the design process.
7
18.2.1 Objectives and Scope

The OER identifies problems and issues with the HSI. Evaluation and control of the
HSI design is promoted when the problems are resolved; operator errors are also
reduced. The OER output demonstrates that HFE-related problems and issues in
previous designs that are similar to the current design have been identified and
analyzed. In this way, negative features associated with predecessor designs are
avoided in the current design while retaining the positive features. The OER addresses
the predecessor systems of which the design is based, selected technological
approaches (e.g., if touch-screen interfaces are planned, associated HFE issues are
reviewed), and HFE issues (e.g., generic safety issues defined by the NRC) of the plant.

18.2.2 Methodology

Section 5:4:33.0 of Reference 1 describes the process for evaluating operating, design,
and construction experience. AnThe OER implementation plan (Reference 1)
provides further details, including:

e Sources and means of collecting data.

e Review area focus:
— Predecessor / related plants and systems.
— Recognized industry HFE issues.
— Related HFE technology.

— Issues identified by plant personnel (including interview topics, questions, and
results).

— Risk-important human actions.
e Information screening.

| | e OF Analysis.

e Tracking and maintaining appropriate information.

e Incorporation or utilization of issues by the appropriate design organization.
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The multi-disciplinary composition, qualifications and experience level of the HFE
and Control Room Design Team provides reasonable assurance that operating
experience and the results of research relevant to safety are identified, reviewed and
analyzed and that the lessons learned are incorporated into the HSI design.

18.2.3 Evaluation of Results

After an OER issue has been entered into the appropriate tracking database, it is
evaluated by a cognizant human factors engineer for applicability. The evaluation
includes determining if any lessons learned from the issue have already been
incorporated into the design.

Upon completion of the evaluation, the human factors engineer updates the tracking
database with appropriate information. Each issue that results in a design change will

follow the design change process described in Section 54.5.1 of the Human Factors
Engineering Program Management Plan Referenee}(Reference 2). When the issue

has been incorporated into the design, it is closed out in the tracking database. The

resolution will remain available for engineers to view.

OER results are a summary of the data captured and analyzed in the tracking database
and the source materials that were evaluated using the methodology described in the
implementation plan. The results summary also includes information on how selected
issues were captured, maintained, evaluated, and incorporated in the final design.

18.2.4

N—P—PﬁHﬁ-ﬁﬂaﬂ’—Z@@?—Letter Sandra. M. Sloan (AREVA NP Inc ) to Document
Control Desk (NRC), “Response to U.S. EPR Design Certification Application RAI
No. 171, Supplement 1,” NRC:09:019, March 13, 2009.

2. Letter, Sandra M. Sloan (AREVA NP Inc.) to Document Control Desk (NRC),
“Response to U.S. EPR Design Certification Application RAI No. 240, Supplement
1,” NRC:09:080, July 31, 2009.
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18.3

18.3.1

18.3.2

18-36

Functional Requirements Analysis and Function Allocation

Functional requirements analysis (FRA) is the identification and analysis of functions
that must be performed in accordance with NUREG-0711 (Reference 1) to satisfy plant
safety objectives (i.e., to prevent or mitigate the consequences of postulated accidents
that could cause undue risk to the health and safety of the public).

Functional allocation (FA) is the analysis of the requirements for plant control and the
assignment of control functions in accordance with References 1 and NUREG-0800
(Reference 2) for the following:

e Personnel (e.g., manual control).
e System elements (e.g., automatic control and passive, self-controlling phenomena).

e Combinations of personnel and system elements (e.g., shared control and
automatic systems with manual backup).

Objectives and Scope

The purpose of the FRA and FA is to verify that plant safety functions have been
defined and that the allocation of those functions to human and system resources has
resulted in a role for personnel that takes advantage of human strengths and avoids
human limitations (References 1 and 2).

All functions are considered in-scope in that they need to be captured and allocated.
Particular significance is placed on functions that satisfy safety objectives (i.e., critical
safety functions, as defined by NUREG-0696 (Reference 4)). Section 18.10 describes
how procedure verification and validation (V&V) includes an explicit identification of
functions to be performed to achieve plant safety objectives.

Functional Requirement Analysis Methodology and Results Summary
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. Licabl ies for the finetion.

FRA is divided into plant functions and system functions as described in the FRA/FA
implementation plan (Reference 3). The plant-level FRA (PFRA) starts with plant-
level safety (and power generation goals), continues to safety functions (and power

generating functions), and ends with defined system functions. The system-level FRA

(SFRA) begins with system functions, continues to train/subsystem functions and ends

with component functions and support requirements. Both PFRA and SFRA consider

system interdependence, interaction, diversity, and defense-in-depth. The plant-level

and system-level FRA can be performed concurrently.

PFRA and SFRA are reconciled into a unified FRA by system function gap analysis
(SFGA). During this process, system functions generated independently by PFRA and

SFRA are mapped to one another. The functional relationships between plant
functions and system functions are then reconciled. The output of SFGA confirms that

plant design goals are met by incorporating the differences as design inputs.

Critical safety functions are allocated to systems as guided by generic design criteria.

Plant systems configurations or success paths that are responsible for or capable of

carrying out the function are defined for all Technical Specification modes. The
functional composition addresses the following levels:

e Plant safety functions (maintain fission product barriers).
e (iritical safety functions (maintain reactor coolant inventory).

e System functions (control reactivity with boron/control rods).

e Specific plant sub-systems, structures, and components (in-containment refueling
water storage tank (IRWST)).

Plant-level function description and mapping include:

e Purpose of the function.

e Conditions that indicate that the function can or should be initiated (loss of

subcooling).

e Parameters that confirm system functions (e.g., flow, valve position, pump status).

e Parameters that confirm plant-level functions (e.g., reactor vessel level, core exit

temperature ).
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|

e Parameters that indicate that functions can or should be terminated.

e TFunction diversity.

e Defense-in-depth in safety-related systems.

Plant system and component function description mapping include:

e System design document coordination.
e Review of system functions needed to perform high level goals.

e Parameters required to initiate, monitor, and terminate functions of that system.

e Disclosure of requirements to enable functions.

® Account of conditions that system functions need.

e Evaluation of all mode dependencies.

Plant function documentation is reviewed through the completion of the functional

analysis, which includes operating modes as documented in Chapter 16. PRA and HRA
analysis combined with OE documentation is used in various steps of the process.
Updates and additions to the FRA are implemented during task analysis through the
same process.

The FRA report included with the U.S. EPR V&V documentation lists the functions
that were considered in-scope for meeting plant safety objectives. The FRA report also
includes details of the differences between functional requirements for the predecessor
OL3 EPRs and the U.S. EPR for the ‘safety functions’, as well as the technical
justification and design basis for each difference.

Functional Allocation Methodology and Results Summary

In the U.S. EPR design process, control of plant process functions is assigned and
allocated to humans, automation, or a combination of human and automation using

thea set of automation criteria-shewnin-Seetion5-4-4-3-of Reference 3-andinthe FA-
implementation-plan. U.S. EPR plant process functions and certain control functions

are allocated to closed-loop automatic control based on these automation criteria.
Generally, functions automated in predecessor PWRs and in the OL3 EPR design are
automated in the U.S. EPR design. Functions that are not automated are assigned to
operators, either in the MCR or at LCSs. Any changes in automation are weighed
against the total responsibilities of the operator to monitor automatic functions and to

assume manual control during an automation system failure.
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18.3.5
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In addition to tabularizing system and component functions, each applicable system
description document lists the type of control to which that function is allocated and
the design basis for the allocation. A description of the personnel role with respect to

functions and interfacing with automation is provided in the HFE Program
Management Plan (Reference 5) concept of operations (see Section 18.7.2).

A specific objective of the V&V is to verifyrvalidate that the automation design

decisions have resulted in an interface that permits accomplishment of the safety
functions within human capabilities and identifies as human engineering discrepancies
(HEDs) any ineffective function allocation observed. This V&V approach verifies that
the FA uses human strengths and avoids human limitations (Reference 2).

The FA report included in the V&V documentation:

allocated functions for U.S. EPR

between-the predecessorsand-the U-S-EPR-of differences and similarities between
predecessor EPR and the U.S. EPR.

e Explains the technical justification for each difference in functional
alleeatiorautomation.

Changes to Functional Analysis or Allocation

As the U.S. EPR design evolves, functions may be re-allocated in an iterative manner
in response to developing design specifics, operating experience, and the outcome of
analyses and industry research. As described in Section 18.12, changes and
modifications to the initial HSI configuration are required to be evaluated for impact
to FRA or FA design documentation. The complete set of automation criteria and
other design documentation previously described are considered as part of any
proposed change or modification.

References

1. NUREG-0711, “Human Factors Engineering Program Review Model,” Revision 2,
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18.4 Task Analysis

The functions allocated to plant personnel define their roles and responsibilities;
human actions (HA) accomplish these functions. HAs can be further divided into
tasks or groups of related activities which have common objectives or goals. Task
analysis (TA) identifies requirements for accomplishing these tasks; specifically, for
the displays, data processing, controls, and job support aids needed to accomplish tasks.
The results of the TA are identified as inputs in many HFE activities in accordance
with NUREG-0711 (Reference 1), such as:

| o Staffing;-qualifieations;jJob design, and training.
e Human system interface (HSI), procedure, and training program design.

e Defining task support verification and validation criteria.

The scope and methodology for TA for the U.S. EPR are summarized in the Human-
FaetorsTopieal RepertU.S. EPR Task Analysis Implementation Plan (Reference 2).

Task Analysis Objectives and Scope

The objective of the U.S. EPR TA is to identify the specific tasks needed to accomplish
the safety significant functions that are allocated to personnel. The TA also identifies
the information, control, and support requirements for those tasks. TA is used to
develop the inventory of alarms, displays, and controls necessary for operators to
perform tasks.

The TA considers a full range of plant operating modes (i.e., startup, normal power,
abnormal and emergency operations, as well as transient, low-power, and shutdown
conditions) including selected representative and important tasks from the areas of
operations, maintenance, test, inspection, and surveillance. The TA also considers
HAs that involve monitoring and backup of automatic functions. Risk important HAs
are identified via the probabilistic risk assessment (PRA) Level I and II analyses (see
Sections 18.6 and Chapter 19). Also included in the scope of the TA are the analyses of
tasks with automated critical functions, including monitoring the automated system
and executing backup actions if the system fails.

Task Analysis Methodology
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TA is performed on functions identified during the FRA/FA process which includes

the automatic actions and operator backup to the automation. A sampling process

similar to the operational conditional sampling process described in Section 18.10
(verification and validation) is used to select functions subject to TA. The

requirements for accomplishing each task are identified, such as the activity sequence,
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18.4.3

task prerequisites, operational limitations on other trains/systems during task

performance, as well as information and controls required to initiate, monitor,
terminate, and verify task completion, communication requirements, operator skills

operator qualifications, and job support aids needed.

OER, FRA/FA, HRA, and system data provide input into the TA process. The TA

Implementation Plan (Reference 2) provides additional detail on the identification and

analysis process for tasks.

The output from TA covers system level and plant level functions for normal,

abnormal (including emergency and severe accident events), and surveillance and

testing activities performed by licensed and non-licensed operators. The system level
TA identifies the tasks required to operate systems during each mode of operation.

The plant level TA identifies the strategy required to accomplish the plant safety and

power generation goals. System-level tasks are sequenced based on plant-level
strategy and functional requirements.

TA includes workload analysis to evaluate the number of crew members and the skills
and qualification in the staffing and qualification assumptions against the sets of
concurrent tasks required to implement plant-level operating strategies. Workload
values are assigned to tasks allocated to each crew member to determine if changes are
required to the initial function allocation among:

e Manual, automatic, group control.

e Shift manager, control room supervisor, licensed operator, non-licensed operator
and non-operator plant personnel.

e Control room and local control.

If changes are made to the FA, the TA and workload are reassessed to confirm that the
staffing and qualification assumptions remain valid.

The TA process is iterative and progressively more detailed. The results are maintained

in a data structure which maps the plant safety objectives to individual operator tasks
and plant equipment used to accomplish safety-related functions. This data structure

facilitates requirement traceability as well as clearly defined outputs for other HFE

activities, such as the design of the HSI, the plant operating procedures, and plant
personnel training program.

Results Summary
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i -A summary report is generated describing the scope of TA and
implementation details (e.g., qualification of individuals performing analysis, out of

process issues, process outputs).

References
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18.5.1
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Staffing and Qualifications

EﬁiengﬁeyLeeﬂd-l-HeﬂS— Initial staffmg assumptions are listed in the Human Factors
Engineering (HFE) Program Management Plan (Reference 1). Analysis of actual

staffing numbers is an iterative process inherent in task analysis. Initial assumptions
are rev1ewed validated, and modified as necessary followmg the analysesasseelafeé

Objectives and Scope of Analysis

For developing the conceptual design for HSIs, and considering the minimum staffing
requirements established in 10 CFR 50.54 (i) through (m), a U.S. EPR design goal is to
design the plant and the HSI so that three licensed operators can safely monitor and
control the plant from the MCR under all operating conditions, including normal
operation, startup, shutdown, abnormal operation, and accidents. Because of the levels
of automation inherent in the instrumentation and controls (I&C) architecture, only
one licensed operator is needed at the controls during normal power operations. A
second licensed operator is required by law to be on shift to provide defense in depth;
the second licensed operator is not required to be continuously at the controls. In
addition, a senior reactor operator (SRO) licensed control room supervisor shall
remain present or readily available at all times in accordance with 10 CFR 50.54 (m).
U.S. EPR design input assumptions also require that each operating crew include an

SRO licensed SSshlft manager (SM )—a—sh}ft—eeehmeal—&dﬂser—és%—éma!fbeeeﬁrbmed—

and a
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The objective of the U-S- EPRstaffing-and qualifieations-workload analyses is to

demonstrate that the HSI design and the number, roles, and responsibilities of the
plant operating staff is able to adequately meet the demands of the processes of the

plant. The initial assumption for the roles and responsibilities of operators during a

full range of operating conditions is documented in Section 4-12.2.2.1 of the HFE

Program Management Plan (Reference 1). The initial staffing assumption is based on
operational experience from the U.S. EPR predecessor designs (i.e., European N4 and
Konvoi pressurized water reactor (PWR) designs which are in turn based upon
Westinghouse-designed PWRs currently operating in the U.S.). A-higherlevelef

To obtain an optimum staffing level for the U.S. EPR, factors associated with other
elements of the HFE program are considered. For example:

e The operating experience review (OER), Section 18.2, identifies staffing level
related aspects of operating plants of similar design under various conditions and
operating modes.

e Functional allocation (FA) decisions, Section 18.3, are evaluated to achieve
maximized performance without placing excessive demands upon the operators,
and to determine the monitoring tasks required of operators when functions are
automated.

e Task analysis (TA), Section 18.4, provides input to the MCR staffing levels by
including workload analysis as part of the overall TA process. The objective is to
verify that the control room HSI adequately supports operator performance.
Workload analysis must carefully consider assumed roles and responsibilities and
qualification requirements of operators.

e Human reliability analyses (HRA), Section 18.6, provides input to the
consideration of staffing levels on plant safety and reliability. In particular, risk-
significant or time critical human actions (HA) are examined during the TA to
determine the need for reassignment, changes to operator roles, or the need to
change the number of operators required.

e The role of the operator is an important consideration in the HSI design process.
Section 18.7 addresses the engineering process of optimizing coordinated operator
actions such as the demand on operators during the use of control elements and
display elements concurrently and the design of effective support.

| 18-36 Ie
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Staffing and Qualifications Analysis Methodology

To obtain an optimum staffing level, the initial staffing assumption (Reference 1) may

be 1terated as a result of task analysw fhee%he%HFEaﬁalyseSﬂS@feweus}ydeseﬂbeek

pfeeedufe&maétheﬂsseaafed%lnltlally, tasks are assigned to crew members based

on U.S. EPR predecessor operating experience and on established roles and
responsibilities as noted in Reference 1. The process then builds on these assumptions.

determine-if task-allocation-adjustments-are necessary—Changes in team roles and

responsibilities may result from the adjustments to individual crew member
responsibilities. Finally, individual team member qualification requirements may
evolve with changes in team and individual roles.
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18.5.3 Results

w&b&he&teqtu%&ne&%&eﬂ@%ﬁ(%@—&k@}%hfeﬁgkém%The stafflng and quahﬁcatlon

analysis is summarized within task analysis. in-eonjunetion-with-the V&V-results-
{referto-Seetion18-10)-and includes an evaluation of the number and qualifications of

personnel needed to operate;maintain; and test the U.S. EPR based on the HSI design

features for normal, abnormal, and emergency conditions.

18.5.4 References
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18.6.1

18.6.2
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Human Reliability Analysis

A goal of the HFE program is to establish that plant operators can access the required
information and controls to safely and efficiently monitor and control the plant
processes and equipment. HRA evaluates the potential for human error that may
affect plant safety. Thus, HRA is an essential element in achieving the HFE design
goal of providing a design that enhances human performance during plant operation.

Objectives and Scope of HRA / HFE Integration

HRA identifies possible human error mechanisms that may affect plant safety. When
these risk-significant HAs are determined, they are incorporated into the HFE design
process with the objective of providing robust decision making and support for
executing actions to the operator performing the risk-significant HA. A well
implemented HRA helps achieve the goal of providing an HSI design that minimizes
personnel errors for risk-significant HAs, supports the detection of errors, and
provides opportunities to recover from errors. As described in NUREG-0711
(Reference 2), HRA provides inputs to most aspects of the HFE design.

The probabilistic risk assessment (PRA) is described in Chapter 19. Risk-significant
HAs are identified in the HRA portion of the PRA and are considered in the HFE
design. As described in Chapter 19, risk-important HAs are identified by using
selected importance measures, HRA sensitivity analyses, and threshold criteria.

The integration of HRA with HFE helps designers confirm that human-error
mechanisms are addressed in the design of the HSI to minimize the likelihood of
personnel error, and to verify that errors are detected and recoverable.

Methodology

AnThe ilmplementation pPlan for the Integration of Human Reliability Analysis into
the HFE Program (Reference 1) describes the methodology for integrating HRA results

with the various HFE program elements, which includes:

e A description of how various portions of the PRA were considered to determine
the risk-significant HAs and the importance measures, HRA sensitivity analyses,
and threshold criteria used to compile the list of risk-significant HAs.

e A description of how HAs influence operator tasks related to monitoring passive
and automated systems.

e A description of how the PRA and HRA results along with the risk-significant HAs
are addressed in other aspects of the HFE program with a goal of minimizing the
likelihood for operator error and the ability to detect and recover from errors.

e A description of how HRA assumptions are validated during the design process.
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e A description of the integration of HRA into the HFE program.

The HFE design gives special attention to those plant scenarios, risk-important HAs,
and HSIs that have been identified by PRA and HRA as being important to plant safety
and reliability.

The HRA evaluates and identifies specific HAs based on the impact of potential errors
on plant safety. This evaluation is iterative. It begins early in the design process and

continues throughout eachall phases of the design. The initial HRA is defined by a set |

of scenarios and accident sequences that contribute to core damage frequency or large
release frequency. The HRA also considers operating experience, staffing and training,
and other engineering assumptions that affect plant operation and human
performance. From these inputs, human error probabilities (HEP) are calculated.
HEPs are influenced by performance shaping factors (PSF), which are used to adjust
the base HEPs to account for conditions such as the complexity of the accident and the
stress upon the operators (refer to Chapter 19).

As the EPR design develops, the HRA model is refined to incorporate other HFE
elements that will affect human performance. These elements influence the HEP
estimates through the PSF values and the PRA evaluates the impact of these errors on
accident scenarios. The HRA supports the HFE by providing the HSI design team with
feedback that assists in minimizing personnel errors, and improving operator recovery
from human errors and plant system failures.

Risk-significant HAs and their associated tasks and scenarios are specifically addressed
during function allocation analyses, task analyses, HSI design, procedure development,
and training. This process helps verify that these tasks are well supported by the
design and are within acceptable human performance capabilities (e.g., within time
and workload requirements).

As described in Section 18.10, HRA assumptions such as decision making and diagnosis
strategies for dominant sequences are validated by walkthrough analyses with
operationally experienced personnel using a plant-specific control room mockup or

| 18-36 Ie

simulator. Reviews are then incorporated into thefinal quantificationstage-ef the-
PRA-subsequent iterations of HRA and PRA.

18.6.3 Results
An output report identifies the list of risk-important HAs and summarizes how those
HAs and the associated tasks and scenarios were addressed during the various parts of
the HFE design process. The output report addresses the results of the HRA
assumption validation.
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18.7.1.1.2

When a set of OER data is collected, it is classified with respect to its relevance and
importance. Classification of OER data is important because it is only useful if it is
accessible to members of the design team engaged in the relevant activities. Section

5:433.3 of the AREVAHumanFactorsTopical Repert{Reference2) U.S. EPR Human

Factors Operating Experience Review Implementation Plan (Reference 14) describes

how OER information is screened. OER-items-classified-as-highly relevantto-the U5~
EPR-HSI-design-areeaptured-inthe HEEIssues Tracking Database—Issues not resolved

in the current iteration of the HSI design are placed in the HFE issue tracking system

to alert the applicable design organization of the relevant OER information. A review

of the HSI-designimplementation-planU.S. EPR Human System Interface Design
Implementation Plan (Reference 14) and the HSI style guide (see Section 18.7.5) is

performed so that the HFE principles cited in the OER event are applied to HSIs in the
HSI design process. The HSI style guide documents how HFE principles from OER
events are included in the HSI design and justifies the application of those principles.

Functional Requirement Analysis and Function Allocation

FRA and FA are performed as described in Section 18.3 and as described in the FRA
and FA Implementation Plan (Reference 14). These analyses determine which

operational functions are to be performed by automatic systems, by plant personnel, or
by some combination of the two. The allocation is made based on the FRA after
determining what is required to perform the function. FA evolves from FRA and
results in allocating functions for the best overall accomplishment for that function.

A function is a process or activity required to achieve a desired operational goal. The
term, function, may refer to those critical to plant safety (e.g., initiation of emergency
feedwater) or to non-safety support equipment (e.g., a valve or information display).
Functions are essentially hierarchical; for example, pressurized water reactors have
evolved a natural hierarchical structure of functions, processes, systems, and
components. High-level functions may be accomplished through a combination of
lower-level system functions and may require human action (HA). Allocation of
functions to humans may be appropriate at any level of the functional structure.

Operational requirements related to a given process function are better defined by
breaking the function down into more basic components. At a low level, a function

|1 8-36 I%' eanand-mustbeis explicitly assigned to an available resource (i.e., hardware, software, |

human, or some combination thereof). The overall goal of FRA and FA is to define the
requirements in detail so that the allocation can take advantage of human strengths

and avoid human limitations to maximize overall function accomplishment.

Inputs to the FRA include the overall plant design and operational concept, HSI
concept definition (i.e., accomplished via the U.S. EPR predecessor designs), and OER
identified tasks associated with a high workload that would be more efficient if
automated. The FRA inputs lead to the definition of concept of operations (see
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|

18.7.1.1.3

18.7.1.1.4

Section 18.7.2) with respect to the role of personnel. The inputs define potential
changes to functions and allocations, but are to be evaluated against the established
automation criteria. Changes to functions and tasks that are inherently expected to be

accomplished by humans or those that are required to be automated {referte-Seetion-
5-4-4-3-ef Reference2)-either require review by the design review board or are subject

to other design change control processes.

The results of the FRA and FA are used to identify the personnel role in performance
of functions to reveal the task requirements and identify the HSI design implications.
These HSI design implications include insight into the information that is to be
displayed and how that information is presented. This information is used in the HSI
procedure and training design to make sure that adequate task support is available to
the operators.

Task Analysis

For the U.S. EPR HSI design, TA is performed for procedure development and is
iterated as the HSI design detail evolves as described in Section 18.4.

TA involves determining the requirements for plant personnel to successfully perform
complex real-time control actions that stem from functions assigned to them as a result
of the FA design effort. Actions performed by plant personnel to accomplish a
common-purpose group of activities or functions are called tasks. TA requirements are
a primary consideration in design of the HSI.

The TA must select appropriate tasks for analysis. When the tasks are selected, high-
level descriptions of the tasks based on basic information can be developed. For
example, the purpose, relationship to other tasks, and timing are considered. Using the
high-level descriptions, more detailed descriptions of a task are developed to
decompose the task into detailed steps. As these details emerge, task resource
requirements (i.e., the process data and controls required) become apparent. Resource
requirements such as alarms, displays, and controls affect the HSI design requirements.
Task resource requirements are also beneficial for determining what should be
displayed, how information should be grouped, and the sequences of how users will

reeduse the information.l

Staffing and Qualifications and Job Analysis

As described in Section 4-12.2.2.1 of the U.S. EPR HFE Program Management Plan
(Reference 2), each member of an operating crew has a unique role and a unique set of
responsibilities. The crew members must interact with each other and with the plant
in order to fulfill their roles and responsibilities. The number of crew members
assigned to an operating shift is based on the need for personnel to accomplish real-
time operational goals with a reasonable workload. Staffing-and-

qualifieation Workload analysis considers the allocation of assigned operational
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18.7.1.2

activities, the impact of those activities on crew member roles and responsibilities, and
the impact of changes to operational requirements for the operating crew as a whole.
The methodology for analysis of staffing and qualifications is described in Section 18.5.

The results of the evaluation of staffing, qualifications, and integrated work design
impacts the HSI design in terms of:

e How operational activities are allocated to crew members, including assignments
that make operational activities more efficient or reduce workload.

e How teamwork is supported.
e Personnel qualifications.
® Required staffing levels.

System Requirements

The-HSIs are designed to meet several system requirements. The HSI system
requirements are documented for use throughout the HSI design process. As described

in Section 54.5.1 of the U.S. EPR EPR HFFE Program Management Plan -(Reference 2),

the design control process facilitates the translation of high level requirements to
lower level requirements, design inputs to design outputs, and high level design
features to lower level subsystem and component design features.

The HSI consists of the controls, alarms, and indications used by the operator for
controlling and monitoring the plant. Most plant and system functions are monitored

and controlled by the automation system;-which-are-eentinueusly supervised by the |

operations staff. However, some system and functional requirements require manual
operator actions and associated monitoring activities.

Details of the HSI system requirements and HSI functions including power
requirements, interactions between HSIs (e.g., the alarm system with the plant
overview display system; the computerized procedure system with the workstation
display system), and interaction between HSIs and instrumentation and controls (I1&C)
systems are addressed in Section 7.1.

Screen-based HSIs that control safety components that may cause plant transients
require two steps to perform an action once the active control window is opened. The
first step selects the type of action (e.g., close or throttle valve, stop pump) and the

second step executes the action. Theactivecontrel-window-is-alwayslayered-overany
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18.7.1.2.1

18.7.1.2.2

18.7.1.2.3

For the U.S. EPR, each division of safety-related mechanical and electrical components
has its own safety-related screen-based HSI (i.e., qualified display system (QDS)). A
minimum of four separate QDSs are used to control the four trains of safety-related
components. A dedicated QDS capable of receiving all four trains of data is used to
give the operator an overview of the plant. The dedicated overview QDS is for
monitoring only, with one way communication, and cannot impact the plant. See
Section 7.1.1.2.1 for more information on safety-related HSI.

Alarm Management Hierarchy

The alarms on the PICS are prioritized into levels. The PICS provides the ability to
display, record, and acknowledge alarms and warnings that are necessary for the
operators. A color scheme is associated with the prioritization of the alarm to inform
the operator of the nature of the alarm and the priority level. The operator uses the
alarm text to view alarm details. A direct navigation link associated with the alarm is
also available to the operator. Direct navigation links are used along with the alarm
management system to allow the operator quick access to related information and
controls.

Loss of Non-Safety Computerized HSIs

The U.S. EPR is normally controlled from PICS, the non-safety HSI. An independent
safety-related HSI back-up, SICS, provides the ability to control and monitor the plant
for a limited amount of time to keep it in a safe and steady power condition. If PICS is
not available or directly recoverable, the plant is shut down. The SICS consists of
QDSs and selected hardwired controls and alarms. The QDS is also safety qualified for
controlling and monitoring the plant.

The-operator-verifies PIGS-data-against SIGS-data-whenneeessary—The PICS also has

status Hightsindication to assist the operators in determining availability. The-eperater

the operator begins using the SICS, it has priority for safety-related commands.

Loss of Plant Automation

No manual actions are required to be taken for 30 minutes from the main control room
(MCR) to maintain the plant in a safe condition during design basis events (DBE).
During DBEs the trip functions of the protection system (PS) (Section 7.2) and the
plant automation of the SAS (Section 7.1) are credited to attain a safe plant state. In
the unlikely event that the PS fails, the diverse actuation system (DAS) (Section 7.8) is
provided to initiate functions designed to mitigate the effects of DBEs and place the
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18.7.1.3.7 10 CFR 50.34(f)(2)(xii) - Auxiliary Feedwater Initiation

The U.S. EPR HSIs enable automatic (protection system) as well as manual system
level initiation of the emergency feed water system from the control room, via the
SICS. The PICS also displays emergency feed water system flow in the control room.
See Section 7.5 for more details.

18.7.1.3.8 10 CFR 50.34(f)(2)(xvii) - Accident Monitoring Instrumentation

The U.S. EPR HSIs provide indication in the control room of containment pressure,
containment water level, containment hydrogen concentration, containment radiation
intensity, and noble gas effluents at potential accident release points. This indication
is provided on the PICS and SICS. See Section 7.5 for more details.

18.7.1.3.9 10 CFR 50.34(f)(2)(xviii) - Inadequate Core Cooling Instrumentation

Indication of inadequate core cooling is provided in the MCR on both PICS and SICS.
See Section 7.5 for more details.

18.7.1.3.10 10 CFR 50.34(f)(2)(xix) - Instruments for Monitoring Plant Conditions
Following Core Damage

The U.S. EPR HSIs enable the ability to monitor plant conditions following an
accident that includes core damage. This indication is provided on the PICS. See
Section 7.5 for more details.

18.7.1.3.11 10CFR50 Appendix A GDC 19

The remote shutdown station (RSS) inventory consists of beth-PICS-and-SIGS{see-
Seetion18-74-5). The SIGSand-PICS in the RSS have the-eapabilityprovides the HSI

for prompt hot shutdown of the reactor, including necessary I&C to maintain the unit
in a safe condition. Also, the RSS HSIs provide the capability for subsequent cold
shutdown of the reactor through the use of suitable procedures. The RSS is not used
for normal operation of the plant.

10 CFR 50.55a(a)(1)

Structures and components of the safety-related I&C systems that perform safety-
related functions are classified as such and are designed, fabricated, erected,
constructed, tested, and inspected commensurate with the safety-related function they

perform.

10 CFR 52.47(a)8 - Content of Applications (for standard design certification
dealing with compliance with TMI requirements)

Information necessary to demonstrate compliance with technically relevant portions
of the TMI requirements in 10 CFR 50.34(f) are listed in Section 18.7.1.3.
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18.7.1.3.19

18.7.1.4

18.7.2

18.7.2.1

18.7.2.2

NUREG-0737 Supplement 1 Clarification of TMI Action Plan

The U.S. EPR HSIs have indications and control for safety components to meet the
Three Mile Island (TMI) action plan requirement. The plant safety parameter display
is available in the MCR and in the emergency support facilities.

Other Requirements

References 7, 8, 9, and 10 contain industry HFE guidance, which is considered in the
design of the U.S. EPR HSIs.

Concept of Operations

The design of the plant I&C platform, the HSI, and the control rooms consider the
concept of operations including:

e Physical characteristics and technical abilities of the operating staff.
e Shift staffing and organization.
e Responsibilities of the operational staff.

This section provides a summary description of the concept of operations and
assumptions relative to the staffing, personal characteristics, division of team
responsibilities, and other related issues that form the basis for the MCR and related
HSI design.

The concept of operations is primarily concerned with the MCR operating team. The
secondary concern includes system users to be considered in the design of other user
interfaces.

Crew Composition

Operating crew composition is described in Section 18.5 and in Section 4-32.2.2.1 of

the EPR HFE Program Management Plan (Reference 2).

Roles and Responsibilities of Crew Members

As described in Section 18.5, a design goal for the U.S. EPR is that three licensed
operators can safely monitor and control the plant under operating conditions
including normal operation, startup, shutdown, abnormal operation, and accidents.
One licensed operator is required to be at the controls, a second licensed operator is
required to be on shift but not continuously at the controls, and the control room
supervisor (CRS) is required to be present in or readily available to the MCR at all

times. In addition, each operating crew includes a shift supervisermanager (SSSM);-a
shift techniealadviser{STA){may be-combined-with-the SS-pesitien); and a number of

non-licensed (equipment) operators (NLO), and a maintenance crew. Plant operating
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18-36

18.7.2.21

procedures (i.e., normal, abnormal, emergency) are based on roles, functions, and
responsibilities of the integrated operating team and are designed so that operators,
technicians, and maintenance staff function as an integrated team.
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18.7.2.4

| 18-36

18.7.2.5

18.7.2.5.1

Personnel Supervision of Plant Automation

In the event of incidents or accidents, functions are automated when analysis shows
that immediate action is required sooner than the human response time. Operator
action is not required for the first 30 minutes following a design basis event. The
operator monitors the automatic operation of the control systems, intervening only in
the event of malfunctions of the automatic control system during the initial stages, or
to optimize plant parameters or configuration. When the situation is stabilized, the
operator function then shifts back to active control. When feasible during abnormal

or emergency situations, when conditions are stabilized or under control, the SSSM,
CRS, and RO physically reviews the appropriate procedure(s) to make sure that all
steps were accurately performed.

The role of plant automation and how operators interact with it is described in the

concept of operations. Criteriafordefiningautomation-are showninSeetion5-443-of
Referenee2—AnThe U.S. EPR Human System Interface Design Implementation Plan
HSI-designimplementationplan-(Reference 14) specifies how the automation criteria

and the role of operators as supervisors of automation are translated into the design
guidance for the HSI.

Use of Main Control Room

Use of the MCR during normal operations, during operational occurrences such as loss
of PICS or electronic operating procedures, and during emergency or accident

scenarios is described in Sections4-2-and4-32.2.2.2 of the EPR HFE Program
Management Plan -(Reference 2).

Crew Member Coordination Methods

The following sections describe how the operations staff interacts within the MCR and
other areas. Also included are descriptions detailing how MCR operators
communicate and interact with the NLOs and other personnel such as maintenance
technicians, engineers, and emergency support staff. A description of the security
measures used to control access to control rooms and to the HSI is also provided.

Forms of Communication and Expected Use

MCR operator communication is essential for the safe operation of the plant. The RO
or other MCR operators are required to communicate with operations staff such as
NLOs, technicians, engineers, and emergency support staff regarding periodic
maintenance, equipment repairs, and abnormal operating conditions. The design of
the HSI considers task loading for each individual operator as well as the time it takes
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EPR

to communicate with others while performing those tasks. To reduce the burden on
the operator and validate the minimum staffing requirement assumptions, training the
operators to communicate efficiently, effective layout of the control rooms, and a well
designed HSI are required. Furthermore, flexibility in the layout of the control rooms
and design of the HSI allows for ease of change as communication methods improve
with new technology.

Communication of orders for plant operation is initiated using a chain of command
18-36 structure. For example, tlle#SS_MIProvides orders to the CRS, the CRS provides orders

to the RO, the ALO, or the NLOs, and the RO provides orders to the ALO or NLOs.

Verbal communications not directly related to plant operation are minimized in the

MCR to avoid interference or disruption. Communicating other types of information,
such as authorization and work plans for normal maintenance or testing, is conducted
during pre-shift or pre-job briefings if the MCR operators have a need to know. The

[ SSSM |s generally the point of contact for emergent or non-operational
communications.

Face-To-Face Communication

Face-to-face communication is the most effective form of communication because it
allows the most information to be conveyed. This form of communication is the
preferred method and, when possible, is used for orders related to the operation of the
plant safety systems.

Other Forms of Two-Way Communications

Telephones, electronic devices, or other forms of visual two-way communication are
used when face-to-face communication is not possible or not efficient. Orders are

acknowledged with eheekrepeat-backs to confirm the accuracy of the message.

Several forms of twoethree-way communication are provided within the MCR of which

the plant operators are trained.

The use of one-way communication (i.e., general public-announcing systems) is
limited to emergency situations or when the information is of interest to others not in
the audible vicinity of the person conducting the announcement.

18.7.2.5.2 Control Rooms Traffic

Unescorted entry into the control room is only permitted to individuals with proper
authorization. Electronic security devices are used to restrict access into the MCR,

TSC-Gwhen-aetivated-duringan-emergeney), RSS, or [I&CSC. Permission from the CRS
or member-of managementresponsible licensed operator is also required to enter these

control rooms.
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TSC and RSS

The RSS is generally not occupied except in the event of an MCR evacuation. The
| 18-36 or CRS shall authorize access to the RSS as necessary.

The TSC is part of an integrated operations area which is normally in use during power
operations. When the TSC is activated during an emergency, all other uses of the
integrated operations area are suspended. The emergency coordinator assumes
responsibility for controlling access to the TSC when it is activated.

I&CSC

The I&CSC is not continuously occupied. It is staffed by I&C engineers and
technicians, I&C system administrators, and trained and authorized personnel
designated to operate specialized systems such as the loose parts, vibration monitoring,
leakage monitoring, and the Aeroball and PowerTrax core monitoring systems.
Several forms of communication are provided in the I&CSC allowing operators
immediate communication with the technicians. Access to the I&CSC is controlled by
the CRS.

18.7.3 Functional Requirements Specification

As described in Section 5-34.5 of the EPR HFE Program Management Plan
(Reference 2), design documents are produced for each of the control rooms (i.e.,
MCR, TSC, RSS, I&CSC) and HSIs (i.e., PICS and SICS) to track requirements and

design specifications. These design documents capture the functional requirements as

well as the HFE requirements and provide a uniform philosophy and design
consistency among HSIs, including screen style and layout guide, hierarchy of and
navigation between screens, alarm system operation, electronic procedure system,
plant information system, and hard-wired control integration in panels and
workstations.

Section 18.7.4.3 describes how the inventory of alarms, displays, and controls needed
to operate the U.S. EPR is determined.

HSI Concept Design

The U.S. EPR implements a modern I&C design based on experience gained

internationally in new plant designs and retrofits in existing plants with digital I&C
equipment. The HSI concepts are further based on predecessor designs and utilize
similar control of system functions and I&C concepts. The concepts for the HSI design

for the U.S. EPR are described in Section 7.5, and4in Section 3-22.2.1.2 of the EPR HFE
Program Management Plan (Reference 2), and Section 5.1.2 of the U.S. EPR Human

System Interface Design Implementation Plan (Reference 14).
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18.7.4.1

18.7.4.2

18.7.4.4

Safety Parameter Display System

The parameters required to be displayed as part of the SPDS are made available on the
PICS and SICS. For more details refer to Section 7.5.

Operation and Control Centers System

The MCR, TSC, RSS, I&CSC and the HSIs (i.e., PICS and SICS) including the bases for
layout of the control rooms and organization of the HSIs within them are described in

Section 32.2 of the EPR HFE Program Management Plan -(Reference 2). |

Inventory of Alarms, Displays, and Controls

The process data inventory, setpoints, and equipment layout needed to operate the
U.S. EPR is determined by the system engineers for each piping and instrumentation
system and documented in various piping and instrumentation diagrams (P&IDs) or
one-line diagrams. The corresponding design documents capture the functions and
functional requirements as well as the design basis for each function.

The HFE and Control Room Design Team translates the functions from the P&IDs,
one-line diagrams, and design documents into the required inventory of alarms,

displays, and controls. AnThe HSI-designimplementationplanU.S. EPR Human

System Interface Design Implementation Plan-(Reference 14) describes how the HFE

and Control Room Design Team organizes and presents the alarms, displays, and
controls on the HSIs in an effective context so that the operators can safely and
efficiently operate the plant. Hardware and software requirements to implement this
inventory and the subsequent HSI designs are verified as described in Section 18.10.

Minimum Inventory of Main Control Room Fixed Alarms, Displays, and
Controls

Minimum inventory is defined as the credited set of alarms, displays, and controls
needed to implement the plant emergency operating procedures (EOP) (refer to
Section 15.0), bring the plant to a safe condition, and to carry out those operator
actions shown to be risk important by the applicant's probabilistic risk assessment.

The MCR minimum inventory includes the readily accessible HSIs that the operator
needs to:

e Monitor the status of fission product barriers.
e Perform and confirm a reactor trip.

e Perform and confirm a controlled shutdown of the reactor using the normal or
preferred safety means.
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e Actuate safety-related systems that have the critical safety function of protecting
the fission product barriers.

® Analyze failure conditions of the PICS while maintaining the current plant
operating condition and power level until the PICS can be restored in accordance
with applicable regulatory requirements.

e Implement the plant emergency operating procedures.
e Bring the plant to a safe condition.

e Carry out those operator actions shown to be risk important by the applicant's
probabilistic risk assessment.

The PICS is the primary non-safety-related HSI normally used for plant monitoring
and control. Because the PICS is not credited for performance of safety-related
functions, the minimum inventory includes alarms, displays, and controls that are
required in addition to the PICS. Thus, the minimum inventory is the portion of the
SICS inventory credited for EOP actions to bring the plant to a safe condition or to
carry out risk-important operator actions that readily accessible to the operators and
does not need to be selected from a menu or screen hierarchy. The SICS performs the
functions described in Section 7.1 including both hardwired functions and QDS
functions.

A list of the minimum inventory on the MCR SICS is included in Table 18.7-1—
Minimum Inventory of Main Control Room Fixed Alarms, Displays, and Controls.

The methodology for selecting the final minimum inventory is described in the HSE

design-implementationplanU.S. EPR Human System Interface Design Implementation
Plan (Reference 14) and includes a description of:

e The selection criteria.

e How the functions and tasks that need to be supported by the SICS minimum
inventory are identified.

e The technical requirements that apply to the design of the SICS minimum
inventory including those imposed by regulatory requirements, and particularly
address requirements related to qualification, independence, and accessibility.

e How the plant-specific probabilistic risk assessment is used to identify operator
actions or tasks that are risk important.

e How the guidance provided in RG 1.97 relating to defining postaccident
monitoring variables is addressed (see Section 7.5).

e The operator actions credited in the safety analysis or plant-specific EOPs for
safety and non-safety success paths.
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18.7.5

e How the diversity and defense-in-depth evaluation is used to identify any specific
operator actions credited for coping with common cause failures of the protection
systems.

e The criteria that are used to determine which SICS components need to be
spatially dedicated, continuously visible, continuously available, or accessible by
taking only one action (i.e., MCR design and concept of operations).

Remote Shutdown Workstation Alarms, Displays, and Controls

The MCR provides the capability for safe shutdown, even assuming a safe-shutdown
earthquake (SSE), a loss of offsite power, and the most limiting single failure.
Localized emergencies which make the environment unsuitable for the operators and
require evacuation of the MCR are not postulated concurrent with other design basis
events. If evacuation of the MCR is required, the operators can establish and maintain

a safe shutdown from outside the MCR through the use of the PICS and SICS (reactor
trip only) in the RSS.

The minimum inventory of alarms, displays, and controls in the RSS meets criteria
similar to that in the MCR, but consists of only those functions necessary to attain safe
shutdown following an MCR evacuation. The RSS minimum inventory includes the
readily accessible HSIs that the operator needs to:

e Perform and confirm a reactor trip.

e Place and maintain the reactor in a safe condition using the normal or preferred
safety means.

Section 7.4.1.3 describes safe shutdown from outside the MCR by use of the RSS.

A list of the minimum inventory on the RSS SICS is included in Table 18.7-2—
Minimum Inventory of Remote Shutdown Station Fixed Alarms, Displays, and
Controls. The methodology for selecting the final minimum inventory for the RSS is

similar-to-that described in Section 18.7.4.4.

Human Factors Design for the Non-Human System Interface Portion of the
Plant

A style guide provided by the HFE and Control Room Design Team is used in the
design of HSI features. It also provides guidance on such issues as general plant layout
design, equipment accessibility requirements, coding and labeling, and environmental
issues such as lighting, acoustics, personnel protection equipment, and ambient
conditions suitable for personnel. The style guide is a design guideline applicable to
engineering disciplines (e.g., structural engineers) who are required to follow the style
guide for plant and equipment layout decisions.
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The KraftwerkKennzeichen System{(KKS)An identification system for power

stations, is used to assign codes to structures, systems and components for the U.S.
EPR. ¥KKS-eCoding is used for labeling on screen-based and hardwired HSI

applications as well as throughout the plant.

To increase efficiency and reduce workload, links to and from higher level and lower
level displays are provided. Screen navigation may be performed through lists of
available display screens (i.e., menus) or navigation icons (i.e., hyperlinks).

Alarm System Design

The alarms alert and inform the operators when unexpeetedactionable events occur.
Alarms require manual actions to correct, mitigate, compensate for a failure, or make
repairs.

The operators should not be burdened by multiple alarm signals that demand
simultaneous actions; however, eperatertrainingtask analysis establishes the priorities

for responding to alarms to maintain a high level of safety. The following principles
are applied when designing the logic of alarms and overall alarm processing:

e Alarm signals lead the operator to the true cause of the reported event (i.e., alarm
hierarchy minimizes distractions).

e Alarms are integrated with the HSI to assist the operator with situational
awareness, alarm response, and any associated troubleshooting.

e Alarm signals include logic so that only operationally relevant conditions are
alarmed (e.g., the alarm logic for low discharge pressure downstream of a pump
signals an alarm only if the pump is running).

e The overall plant state is considered for the generation of alarms, or at least to
inhibit alarms that are not relevant for the actual plant state.

® Pre-alarms are provided before automatic actuation only when an operator has
sufficient time to identify and perform mitigative actions to preclude the need for
automatic actions.

18.7.6.2 HSI Considerations and Demands on Operators
The HSI design supports operators in their primary role of monitoring and controlling
the plant while minimizing physical and mental demands associated with use of HSIs.
Reference 6 principles affecting the design of the HSI are incorporated into the style
guide (see Section 18.7.6.1). These principles include:
e Basic screen design.
e Principles to increase usability.
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e Are complete and operable.

e Conform to standard HFE principles and requirements.

e Are free of safety issues and human performance issues.

e Implement the design accurately in the final design output documentation.

Testing and evaluation is conducted throughout the HSI design at various stages of
development so that the complex HSI design functions properly before the design
process is resolved and validation occurs (see Figure 18.1-2).

Activities such as concept testing, mock-up activities, trade-off evaluations, and
performance-based tests are utilized at various stages of the design. The criteria used

to decide which type of testing or evaluation technique is applicable are described in-a-

V& V-implementation-planthe U.S. EPR Human Factors Verification and Validation

Implementation Plan (Reference 14).

HSI Design Results and Documentation

As described in Section 5-4-8-74.5 of EPR HFE Program Management Plan
(Reference 2), the HSI designs are documented using specific design control process

requirements. The various configuration management, design change controls, design
verification, and design quality control tools are also described in Reference 1.
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Procedure Development

Procedures are essential to plant safety because they support and guide personnel
interactions with plant systems and personnel responses to plant-related events.
Procedures and the human system interfaces (HSI) are designed in parallel using
similar processes and incorporating the same accident analyses; the evaluation
processes used are also interrelated. Human factors principles are applied to aspects of

the interface to verify complete integration and consistency. Refer to Section 5:4:93.2

of the AREVA NP HumanFaetorsTopieal RepertU.S. EPR Human Factors Procedure

Implementation Plan (Reference 1) for a generic outline of HFE program input to the

procedure development process for the U.S. EPR.

A COL applicant that references the U.S. EPR design certification will describe how
HFE principles and criteria are incorporated into the development program for site
procedures.

Objectives and Scope

From the perspective of the HFE program, the objectives of procedure development
activities are to develop procedures that are technically accurate, comprehensive,
explicit, easy to use, and validated (i.e., the user can comply with the requirements of
each step).

HFE guidelines are applied to all procedures associated with plant operations; and
testing;and-maintenanee:

® Generic Technical Guidelines (GTG) for emergency operating procedures.
e Plant and system operations (including startup, power, and shutdown operations).

e Maintenance.

18.8.2

e Abnormal and emergency operations.
e Alarm response.

e [Equipment testing.

Methodology

Procedure development activities consider the following aspects:

e Plant design basis.

e System-based technical requirements and specifications.

18-36 Ie

e Results of task analyses (TA){performed-specifically for procedure development).
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e Risk-important human actions (HA) identified in the human reliability analysis
(HRA), probabilistic risk assessment (PRA), and operating experience review
(OER).

e Initiating events to be considered in emergency operating procedures (EOP),
including those events in the design bases.

o GTG for EOP.

Operational guidelines are provided to the COL applicant referencing the U.S. EPR
standard design to assist in the development of plant-specific normal operating,
abnormal operating, alarm response, and EOPs that incorporate the aspects of the HSI
design appropriate to the completion of the plant-specific procedure (see

Section 13.5.2.1.3). Generic plant operational guidelines are part of procedure
development and are a significant contribution to HSI design because they are
developed or modified to reflect the characteristics and functions of the screen-based
or conventional HSIs, as appropriate.

An-The procedure implementation plan (Reference 1) describes:

e The basis or starting point for procedure development (i.e., how the TA (see
Section 18.4) and procedure development interrelate).

e The content of procedures.

e How the HSI style guide (see Section 18.7.6.1) integrates with the procedure
writer’s guide.

e How procedures are verified and validated.

e The justification for using electronic operating procedures instead of paper-based

procedures.

18.8.2.1 Procedure Writer’s Guide
A procedure writer’s guide is a necessary component of the procedure development
program to establish consistency in organization, style, and content. This guide
specifies which procedures fall within the purview of the guide. The procedure
writer’s guide and the HSI style guide (Section 18.7.6.1) are used concurrently while
developing procedures that will provide consistency with terminology, abbreviations,
and the use of component coding.

18.8.2.2 Verification and Validation of Procedures
Both the electronic and paper-based procedures are verified and validated prior to the
completion of the HSI design using a high-fidelity simulator and are used as input to
the integrated system validation (ISV), see Section 18.10.3.5.
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18.8.2.3

Electronic Procedures

Operating procedures are implemented in a screen-based format that provides access
to process information by direct links. These electronic procedures also provide access
to related information and direct the operator to the appropriate control screens.

18.8.3

18.8.4

18-36

Refer to Section 2:2:96.2.9 of the U.S. EPR Human Factors Program Management Plan
(Reference 1) for further details on the development of electronic procedures.

Paper-based procedures serve as backup to screen-based (i.e., electronic) procedures
and contain the same guidance and format. Hard copy backups of operating
procedures are provided in the main control room (MCR), remote shutdown station
(RSS), and the Technical Support Center (TSC) in the event that a failure of the
operating procedure computer occurs. Aside from differences in how electronic and
hard copy procedures are used (i.e., the navigation and layout) as well as the
availability of live data, electronic and hard copy procedures contain the same
information in the same format. Adequate space is provided at appropriate
workstations in the MCR and RSS for operators to display paper-based procedures,
when required.

Results

A results summary report addresses the final set of procedures and support equipment
developed using the established methodology. The results summary report includes:

e The results of verification and validation (V&V) activities as they relate to
procedure development.

e How procedures will be maintained and updates controlled.

e A description of how operators access and use procedures, especially during
operational events including:

— Storage of procedures.
— Ease of operator access to the correct procedures.
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18.9.1

Training Program Development

Training plant personnel is an important factor in promoting the safe and reliable
operation of a nuclear power plant. A methodical analysis of job and task
requirements and a Systematic Approach to Training (SAT) are used to provide plant
personnel with required knowledge, skills, and attributes (KSA) to perform assigned
tasks.

A COL applicant that references the U.S. EPR design certification will describe how
HFE principles and criteria are incorporated into the development of training program
scope, structure, and methodology.

Objectives and Scope

Section 54-10-efthe AREVA-NP Human Faetors Topieal Repert-1.5 of the U.S. EPR
Human Factors Training Implementation Plan (Reference 1) describes the objectives

of the training program development as they relate to the HFE program.
An implementation plan describes training program scope including:

e (Categories of personnel to be trained (similar to the scope of analysis conducted for
staffing, see Section 18.5.1).

e Specific plant conditions, operational activities (e.g., operations, maintenance,
testing and surveillance), and HSIs which effect training scenarios and methods.

Methodology

Section 5:4-103.2.1 of the U.S. EPR Human Factors Training Implementation Plan
(Reference 1) provides an outline of the design process used in developing a training

program for the U.S. EPR.

Specific training objectives unique to the operation of the U.S. EPR are developed to
coordinate with the HSI design process and the development of procedure guidelines.
These training objectives are provided to each COL applicant referencing the U.S. EPR
standard design for implementation into their site-specific training program.

18.9.3 Results
A results summary report addresses the training program development including:
e The roles of organizations that contributed to the training program.
e How learning objectives were developed and translated into the use of associated
KSAs.
e The use of resources (e.g., lectures, simulators, computer-based training, schedule)
for training.
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e Methods used to evaluate effectiveness of the program.
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18.10.1

18.10.2

|

Verification and Validation

Human factors engineering (HFE) verification and validation (V&V) consists of
techniques used to establish that the design of the HSI meets HFE design requirements
and supports the performance of personnel tasks. V&V also establishes that the HSI
design adheres to established human factors practices and meets all operational
requirements.

HFE V&V consists of a variety of activities, many of which are ret-executed in-asingle-
step-at the end of design activities.;_Evaluations but-are performed at various points

throughout the design process—Seme-activities-are performed-iterativelyasthelevelof

detail-of the design-pregressesto minimize the number of deviations revealed during
HFE V&V.

Objectives

The first objective of HFE V&YV is to establish that the design of the HSI meets design
requirements. To verify the HSI design requirements, V&V demonstrates that:

e Required control capabilities and displayed quantities are provided.

e FEach part of the HSI is configured as intended, as required by design-specific HFE
guidance, and as described in the style guide (see Section 18.7.6.1) and industry
standard practices.

e Conflicts between the various requirements and specifications have been
addressed and resolved.

The second objective of HFE V&V is to establish that the HSI is effective in supporting
the performance of personnel tasks. To validate that the HSI supports task
performance, the entire system is tested to establish that the integrated functionality
of individual requirements provides the functions and achieves the performance
needed. HFE validation considers the HSI and the operators as a single system (i.e., a
team type human-machine environment).

Scope

The HFE V&V process applies to HSIs (i.e., controls, displays, and alarms) in the MCR,

the RSS, and-appropriate local control stations (LCS)- and- Efunctions considered |

critical to plant safety (i.e., risk-important HAs are specific targets to require sample
V&YV activities).

HFE V&YV is also applied to the following features of the design or changes to the
design:

® Procedures (hard copy and computer-based).
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e Crew coordination and communication.

e Display navigation, information retrieval, and access to controls.

e Automation and the features of automation including monitoring and control.

e Layout, configuration, and anthropometrics of workplaces and workstations and
the features and equipment required for those spaces (e.g., laydown areas, access
and egress, radios, phones, and hard copies of procedures and drawings).

e Workplace environment (e.g., lighting, temperature, noise).

e Provisions for routine tests and maintenance.

e [Effectiveness of training materials.

The techniques for HFE V&V are described in Section 18.10.3. Application of the
various techniques to different aspects of the HFE design is included in the description
of the technique.

Methodology

The first step in verification is to identify the HSI components that are subject to
verification. The HSI inventory and characterization activity describes the HSI
displays, controls, and related equipment within the scope of the HSI design to be
verified. HSI inventory and characterization is described in Section 18.10.3.1.

The second step in verification is the HSI task support verification (TSV) used to
establish that the HSI provides the alarms, information, and control capabilities
required as a result of the functional requirements analysis (FRA) and TA activities.
TSV is also used to establish that the characteristics of those alarms, information, and
controls conform to the requirements developed during the TA. HSI TSV is described
in Section 18.10.3.2.

HFE design verification (DV) (see Section 18.10.3.3) verifies that the characteristics of
the HSI and the environment in which it is used conform to the established design-

specific state-of-the-art HFE guidelines, as described in the style guide (see

Section 18.7.6.1) and the industry standard practices in accordance with NUREG-0700
(Reference 1).

There are a large number of HSI components used in the U.S. EPR. Each HSI
component represents at least one personnel task; therefore, a large number of events
could be encountered during operation of the plant. It is neither practical nor
appropriate to evaluate every scenario to confirm the adequacy and effectiveness of
the HSI and establish that the performance requirements are met for each operating
condition. Operational condition sampling (OCS) (see Section 18.10.3.4) is used to
choose a representative set of scenarios for validation.
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Performance-based tests are used to evaluate an integrated system design to determine
if the HSI supports safe operations of the plant. This ISV evaluates those aspects of
design that can not be assessed analytically. The goal is to test the integration of
personnel and plant systems and to validate the integration of the design with
personnel actions, plant response, HSIs, and procedures. ISV is performed using a
high-fidelity simulator. Generally, ISV participants are operators with training and
qualifications consistent with the description in Section 13.2. Multiple groups of
operators are used for ISV scenarios so that results are not biased towards well-
qualified crews. Details on ISV are provided in Section 18.10.3.5.

Human engineering discrepancy (HED) resolution is performed iteratively throughout
the HSI design process so that issues are identified and corrected early. Some HEDs
identified during verification are resolved prior to proceeding with validation of the
HSI design. HEDs are not considered in isolation and, to the extent possible, their
potential interactions are considered when developing and implementing solutions.
More details on HED resolution are provided in Section 18.10.3.6.

The final step in verification is the design implementation activity, which confirms
that the design description and documentation match the installed configuration and
completes any V&V activities that could not be performed prior to installation. Any
discrepancies identified at this stage are resolved by updating the appropriate
documentation before the design is ready for operation. Design implementation is
described in Section 18.11.

HSI Inventory and Characterization

The HSI inventory and characterization activity describes HSI components and related
equipment associated with personnel tasks that are within the scope of the HSI design
to be verified. The complete inventory is created by filtering certain portions of the
instrumentation and controls (I&C) input/output (I/O) database which receives
information from sources such as system description documents, design specifications,
equipments lists, and process and instrumentation drawings. The accuracy of the

inventory is confirmed by comparing it with thesimilar data from predecessor designs
and HSI elements described in the design specifications for the HSIs. The inventory

includes aspects of the HSI that are used for interface management such as navigation
and display retrieval in addition to those that control the plant.

The inventory provides an accurate and complete description of the HSI components
and includes the following information:

e A unique component identification code, which includes the associated plant
system and subsystem.

e Associated personnel function/subfunction.
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The DV consists of comparing the characteristics of the HSI components with the
design requirements. An HED is generated when an HSI component does not conform
to the operational requirements as defined in the validated procedure guidelines (i.e.,
derived in TA), HFE design specifications, or the style guide.

HEDs are also identified for:

e TFailure to meet crew-identified functionality in addition to that specified by
system designers.

e Poor integration with the rest of the HSI.

e Poor integration with procedures and training.

e Failure to meet guidance in the HSI style guide and the HSI Design
Implementation Plan (Reference 3).

HEDs are documented and evaluated to determine the extent of the condition. For
example, if the elements of a particular display screen are not in compliance with the
required color coding scheme, other similar display screens are evaluated to establish
that there are no generic implications. HEDs identified during DV do not always
warrant a design change; if, for example, an HSI layout is not consistent with the style

guide but is consistent with the physical plant, changing the HSI layout to meet the
style guide requirement could adversely effect operator acceptance of that HSI layout
and lead to errors in usage. It is also possible for HFE DV to uncover limitations in the
style guide requirements if the DV is well documented and reasonable designer
decisions conflict with the guidance. HED resolution in this case could involve a
revision to the style guide. For an explanation of the HED resolution process, see
Section 18.10.3.6.

18.10.3.4 Operational Conditions Sampling

The U.S. EPR has a large number of HSI components. Hundreds of personnel tasks
will be encountered during operation of the plant. Sampling of the operational
conditions is used to choose a representative set of scenarios for validation. There are
three sampling dimensions addressed in the identification of scenarios for the ISV:

o Personnel tasks.
e Plant conditions.

e Situational factors known to challenge personnel performance.
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The sample also includes error-forcing context situations specifically designed to
create human errors in order to assess the error tolerance of the system and the
capability of operators to recover from random errors.

18.10.3.4.4 Identification of Scenarios

When the complete set of operational condition samples is developed, the results are
combined to identify a set of scenarios for ISV. The following criteria are used to fully
define the scenarios to be validated.

e A given scenario identified for ISV that combines multiple characteristics of each
dimension.

e A scenario defined to allow, where practicable, repetition with multiple ISV
participants to establish consistency of results. The scenario definition includes, as

a minimum:

— A description of the scenario mission and any pertinent situational history
necessary for operators to understand the state of the plant upon scenario
startup.

—  Specific start conditions.

— Events (e.g., failures) that will occur and their initiating condition(s).

— Precise definition of workspace factors such as environmental conditions.

— Communication requirements with remote personnel.

Crew behavior requirements.

| Data to be collected by the eperatorsobservers including how they were
collected and where they were captured and stored.

— Criteria required for terminating the scenario.
— Task support needs.
— Staffing objectives.
e The scenarios selected are not biased towards:
— Positive outcomes.
— ISV that is administratively easy to conduct scenarios.

— ISV that is familiar and well-structured scenarios (i.e., textbook design basis
accidents).
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Random scenario selection and sequencing is used to keep the testing unbiased.
The easy scenarios are not always conducted first and testing participants get
random assignments.

Integrated System Validation

ISV is a performance-based evaluation of integrated system design and human task

performance to establish that the HSI is operable within performance requirements

and supports safe operation of the plant. The ISV addresses the following:

e Adequacy of the entire HSI configuration for achievement of the HFE program
goals.

e Confirmation of allocation of functions and the structure of tasks assigned to
personnel and machine.

e Adequacy of staffing and HSI that support tasks.

e Adequacy of procedures and operating instructions.

e Validation of the dynamic aspect of HSI for task accomplishment.

o Identification of aspects of the integrated system that may negatively affect
integrated system performance.

The goals of ISV are to:

e Test the integration of personnel and plant systems.

e Validate the integration of the design with:

— Personnel actions.
— Plant response.

— HSIs.

— Procedures.

ISV is performed using a high-fidelity simulator. ISV seeks to confirm the adequacy of

the HSI and the human performance assumptions, so appropriate performance

measures are selected to include both HSI and human performance issues. ISV

performance measurement is complex and addresses the following areas:

Operational safety and task performance (e.g., avoidance of errors, alarm
conditions, technical specification violations, response time, task completion time,
and procedure compliance).

Human error.
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Section 18.9, the HFE and Control Room Design Team provides input to the training
program to identify useful areas of focus for HFE V&V activities. As issues develop
they are evaluated so that decisions can be made to proceed with ISV or consider
design changes based on preliminary results.

18-36

18.10.3.5.1  Validation Team

The Validation Team for ISV is an independent, multi-discipline team which includes
significant involvement of the HFE and Control Room Design Team. To minimize the
potential for bias, evaluations are performed independently. The Validation Team
includes personnel with expertise in test and evaluation, test design, test procedure
development, performance measures, and data analysis.

18.10.3.5.2 Scope

ISV considers actions required to be performed by operators to safely operate the plant
during each plant operation mode and actions required to respond to a design basis
event or an ATWS condition. Before performing any evaluations, HEDs identified
during previous V&V efforts are resolved or retained for consideration after the ISV
operational assessment.

18.10.3.5.3  Pilot Study

A pilot study is conducted prior to validation testing. The pilot study provides an
opportunity to assess the adequacy of the test design, performance measures, and data

| collection method. The participants who will operateer the integrated system in the |

validation test will not be used in the pilot study.

18.10.3.5. ISV Test Objectives

Detailed test objectives are developed prior to validation testing and define a
systematic approach that relates scenario characteristics and performance
measurement criteria. The objectives are developed to provide evidence that the
integrated system adequately supports plant personnel in the safe operation of the
plant. The objectives include the following:

e Validate the role of plant personnel.
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Validate that for each human function, the design provides adequate alerting,
information, control, and feedback capabilities during normal plant evolutions,
transients, design basis accidents (DBA), and select risk-significant events that are
beyond design basis.

Validate that the shift staffing, assignment of tasks to crew members, and crew
coordination (both within the control room as well as between the control room
and local control stations and support centers) is acceptable. This includes
validation of the nominal shift levels, minimal shift levels, and shift turnover.

Validate that specific personnel tasks can be accomplished within time and
performance criteria, with a high degree of operating crew situation awareness,
and with acceptable workload levels that provide a balance between a minimum
level of vigilance and operator burden. Validate that the operator interfaces
minimize operator error and provide for error detection and recovery capability
when errors occur.

Validate that the functional requirements are met for the major HSI features such
as group-view displays, alarm systems, safety parameter display system functions,
general display systems, procedures, controls, communication system, and EOP-
related LCSs.

Validate that the control room operators can make effective transitions between
the HSI features (e.g., group-view display, alarm systems, SICS, PICS, procedures,
controls, communication systems) in the accomplishment of their task and that
interface management tasks such as display configuration and navigation are not a
distraction or cause undue burden.

Validate that the integrated system performance is tolerant of failures of individual
HSI features.

Identify aspects of the integrated system (e.g., staffing, communication, and
training) that may negatively impact integrated system performance.

Validate the adequacy of the HSI configuration to achieve the HFE V&V
objectives.

Confirm that HSI task verification has been properly performed including, FRA,
FA, and partial-scope TA.

Validate the ability of the HSI to support the staff in accomplishing their tasks.

Validate staffing goals.

Validate the adequacy of procedures and operating instructions.

Validate the dynamic aspect of HSI for task accomplishment.

Validate HRA assumptions.

Tier 2

Revision 2—Interim Page 18.10-13



E’P\R U.S. EPR FINAL SAFETY ANALYSIS REPORT

1836 > e Evaluate and demonstrate that systems are error-tolerant to human and system
failures.

e Validate that normal and minimum staff configurations are considered.

18.10.3.5.5 Strategy

ISV is performed on a high-fidelity simulator and includes the following steps:

e Develop detailed test objectives.
e Verify that the test bed meets the requirements in 10 CFR 50.34(f)(2)(i).

e Verify that previously generated HEDs have been addressed or are tracked for
further consideration.

® Select participants:

— Test participants are qualified operators that represent plant personnel who
will interact with the HSI (e.g., operators currently licensed on similar plant
designs rather than training or engineering personnel).

—  Test conductors are trained and qualified in the usage of test procedures, error
introduction by inaccurate testing procedures, and importance of testing
documentation.

— Normal crew configuration is present for the test (see Section 18.7.2).

— Sample participants for the validation test are randomly chosen to avoid
significant overlap with regard to:

Operator license and qualification.

Age.

Skill and experience.

General demographics.

Test participants:

- Are not a part of the design organization.

- Have not been involved in prior evaluations.

- Were not selected based on a specific characteristic.
e Select and define scenarios from OCS.

e Develop test procedures.
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18.10.3.6.2

18.10.3.6.3

18.10.3.7

e Other - HEDs that do not fit Priority 1 or Priority 2. These HEDs may not require
correction.

HED Design Solution Development

For each HED that requires correction, a design solution is developed. The design
solution follows the design process steps (i.e., OER, FRA, TA, and HSI design) from the
original design. Changes to the original design may not cause deviations from design
requirements.

HED Design Solution Evaluation

The proposed design solution is evaluated to establish that it:

e Adequately corrects the HED.
e Does not adversely impact other aspects of the design.

e Is consistent with HFE guidelines and that ISV can be conducted to evaluate its
usability.

Results

Procedures and expected documentation requirements for various V&V activities are
summarized in the preceding sections. A results summary report addresses the
following:

e Demonstrates that V&V was performed in accordance with the prescribed process

18-36 | described in the V&V ilmplementation pPlan (Reference 3). |

18.10.4

e Demonstrates that the design conforms to the HFE design principles.

e Demonstrates that the design enables plant personnel to successfully perform ther
task to achieve plant safety and other operation goals.

o Provides results of V&V activites and conclusions from those activities.
References

1. NUREG-0700, “Human-System Interface Design Review Guidelines,” Revision 2,
U.S. Nuclear Regulatory Commission, May 2002.

2. NUREG-6393, “Integrated System Validation: Methodology and Review Criteria,”
U.S. Nuclear Regulatory Commission, September 1995.

3. Letter, Sandra. M. Sloan (AREVA NP Inc.) to Document Control Desk (NRC),
“Response to U.S. EPR Design Certification Application RAI No. 171, Supplement
1,” NRC:09:019, March 13, 2009.
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18.11

18.11.1

18.11.2

Design Implementation

Design implementation of the human factors engineering (HFE) aspects of the plant
verifies that the as-built design conforms to the standard U.S. EPR design resulting
from the HFE verification and validation (V&V) process. Design implementation also
verifies that issues and discrepancies defined as human engineering discrepancies
(HED) identified in the HFE Issues Tracking Database are addressed. V&V of the HFE
program is addressed in Section 18.10.

Objectives and Scope

The verification associated with the design implementation process includes design of
the main control room (MCR), remote shutdown station (RSS), Technical Support
Center (TSC), local control stations (LCS), the human system interfaces (HSI)
important to plant safety which are located within these facilities, and plant-specific
procedures and training. The U.S. EPR design implementation is completed after
construction is complete, but before plant startup. The implementation phase is
defined by a structured plan as noted in the Quality Assurance Plan (QAP) for Design
Certification of the AREVA QAP Topical Report (Reference 3) and monitored using
the HFE Issues Tracking Database.

Design implementation verifies the following:

e Aspects of the design that were not verified during the V&V process.

e Modifications to the standard U.S. EPR design conform to the HFE principles and
design guidance expressed in the HFE style guide and meets the HFE review
criteria in NUREG-0711 (Reference 1) and NUREG-0700 (Reference 4).

e As-built HSIs, plant-specific procedures, and training conform to the design that
resulted from the V&V process.

e Items in the HFE Issues Tracking Database have been adequately addressed.

Design implementation involves comparing engineering design data with
documentation of the as-built design (owned by the U.S. EPR operator).

Methodology

Each area of design implementation is verified using a structured process. This process
uses guidance from the V&YV (see Section 18.10) to develop methods and verification

| 18-36 |>

criteria. The methods for HFE design implementation are described further in the

HFE design implementation plan (Reference 5).

Design implementation relies on the accuracy of the detailed design documents
resulting from the standard U.S. EPR design as well as the as-built and plant-specific
documents. These documents are produced using the generic design control process as
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18.11.2.1

18.11.2.2

18.11.3

described in Section 5-14.4 of the Human Faetors Topical ReportU.S. EPR HFE

program mangement plan (Reference 2). Modifications made after the design has been

verified must follow a design control process similar to that described in Reference 2 to
maintain design documentation accuracy.

The HFE Issues Tracking Database is used throughout the process to capture, track,
and address HEDs found during design implementation. Each HED follows the same
resolution process as outlined for V&V (see Section 18.10). If an HED requires a
design change, the AREVA NP design control process is used. When the design
change has been implemented, verified, validated, and documented, the HED is closed.
If an HED does not require a design change, the HED may be closed with sufficient
documented evidence for that decision. HFE-related modifications by U.S. EPR
owners after the design is complete are governed by a human performance monitoring
(HPM) program similar to that described in Section 18.12.

Aspects of the Design Not Verified During the V&V Process

Design implementation addresses features of the design that are not verifiable using a
full-scope simulator (e.g., control room lighting, communication systems, background
noise levels, ventilation and climate control). Verification that these features conform
to the design that resulted from the V&V process is confirmed by matching the design
requirements to the actual as-built design documentation.

Other aspects that are not verified during V&V include customer-specific
modifications made to the standard U.S. EPR design. These modifications are verified
for conformance to the design that resulted from the V&V process. This is
accomplished by comparing the HFE aspects of the modification documentation to the
standard HFE design documentation.

Verification of the As-Built HSIs

A review and audit of the as-built documentation is performed to verify conformance
of the as-built design to the standard design resulting from the V&V process. This
verification confirms that the as-built documentation is current for the plant, that it
conforms to the design requirements, and that it matches the design documentation.

Verification of the Plant-Specific Procedures and Training

AREVA NP supplies guidance for developing procedures and training. Verification
that the plant-specific procedures and training are developed using that guidance and
that they conform to the design resulting from the V&V effort is performed as
described in Section 18.10.
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18.11.3.1 Verification that HFE Issues Tracking Database Items Have Been Addressed

This verification process confirms that HEDs being tracked are adequately addressed.
This is accomplished by reviewing the database, verifying that HEDs have been
addressed, and addressing any remaining HEDs as necessary. In some cases, there are
HEDs that require a design change, but are not implemented by the time design
implementation is finished and closed. Those HEDs are turned over to the U.S. EPR
operator for implementation or closure at a later date.

18.11.4 Results Summary

Throughout the design implementation, the HFE Issues Tracking Database is updated
as new HEDs are discovered during the process. Resolution for these HEDs is also
updated in the HFE Issues Tracking Database. A results summary report is generated
detailing the status of HEDs tracked including any that remain unresolved and
concludes HFE issues have been adequately addressed. The results summary report
concludes the design implementation was performed in accordance with the
prescribed process for validating that the as built design conforms to the standard
design resulting from the HFE V&YV process. Also included are the methods and
criteria used during the design implementation process and the results of the
verification. This report becomes part of the final design documentation owned by the
U.S. EPR operator.

18.11.5 References
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18.12 Human Performance Monitoring

Monitoring human performance is performed throughout the life of the plant so that:

e The results of the integrated system validation are maintained.
e Operator performance does not degrade over time.

e Issues discovered by operating and maintenance personnel are noted, tracked, and
corrected before plant safety is compromised.

e Changes made to the design do not result in a degradation of human performance.

The U.S. EPR human performance monitoring (HPM) strategy, as described in the

HPM Implementation Plan (Reference 3), provides a method to accomplish this goal.

A COL applicant that references the U.S. EPR design certification will implement an
HPM program similar to that which is described in this section.

Objectives and Scope

The objectives for HPM are:

e To confirm that the design can be effectively used by personnel.

e To confirm that human actions (HA) are accomplished within an acceptable time
and meet performance criteria.

e To confirm that design changes do not adversely affect personnel performance.

e To confirm that the acceptable level of performance established during the
integrated system validation remains valid.

e To detect degrading human performance before plant safety is compromised.

e To confirm identified errors in the design are resolved in a timely manner.

To verify that the objectives are met, HPM is conducted in areas of the plant requiring
HAs, including:

e Main control room (MCR).

e Remote shutdown station (RSS).

e Technical support center (TSC).

e Local control stations (LCS) important to plant safety.

Operation, testing, and maintenance actions during each plant mode are also
monitored for human performance.
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18.12.2.5

against the existing trend of human performance to determine if the performance was
degraded by the design change.

Any degradation in performance resulting from the design change is entered into the
corrective action program to be analyzed for possible areas of improvement and used
as input to human performance trending. Significant impacts to human performance
require that the design change be modified. If no degradation in performance is
observed, the design is implemented and results of the HPM are entered into the
current trend.

When an approved design change has been implemented into the plant, performance
is observed and users are interviewed. Interviews with users are performed to
determine any operator workarounds, HSI inefficiencies, or design errors that resulted
from the design change. Interview questions are centered on tasks that have been
affected by the design change. Particular attention is given to user actions during their
initial use of the new design to note any adverse affect on performance, confirm the
design change is performing its intended function, and to view any operator
workarounds. The significance of the design change impact determines the amount of
monitoring effort required.

Operational Focus Index

An operational focus index is used to trend performance of operator's day to day
activities. Indicators are used to exhibit the level of performance and risk associated
with different operational activities. The level of the indicator is based on operator
performance for that activity (e.g., Red = Bad, Yellow = Caution, Normal = White, and
Green = Good).

Operational activities include:

e Operator workarounds.

e Operator burdens.

18-36 e Control room correctives.

e Control room annunciations.

e Worker and maintenance tagouts greater than 90 days.

e Caution tagout greater than 90 days.

e Active fire protection impairment due to problem component.
e C(Corrective maintenance inventory.

e Plant elective maintenance inventory.
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18.12.2.6

18.12.2.7

|

18.12.2.8

e Temporary modifications.

Indicators are updated periodically with a rolling average used to show trend. Adverse
trends are entered into the corrective action program. Further analysis (e.g., root
cause or operator interviews) may be required to understand the adverse trend and
identify effective corrective actions.

Probabilistic Risk Assessment

Probabilistic risk assessment (PRA) models are used when plant or personnel
performance can not be simulated, monitored, or measured. Performance data from
modeled risk-significant HAs are used to evaluate the risk of the proposed design
change on human performance during different operation modes. The U.S. EPR
operator maintains the PRA model. After a design change, the PRA model is updated
to reflect the new design.

Overall Design Control Process

A design control process described in Section 54.5.1 of the Human FaetorsTopical-
RepertU.S. EPR HFE Program Management Plan (Reference 2) controls the design,

design changes, design verification, and analysis activities. A similar process is used by
the U.S. EPR operator to control design changes. The process confirms that changes
made to the design are adequate and accomplish the goal of the design change. The
process also confirms that the design change does not result in adverse effects on
personnel performance.

A substantial HSI design change is simulated on the simulator. Evaluation of human
performance determines the anticipated impact of the design change, verifies that the
performance level has been maintained, and verifies that the design change can be
effectively used by personnel. If the design change demonstrates performance
enhancements and does not show an adverse impact, it may be implemented into the
plant.

Existing Plant Programs

Additional plant programs are used to support human performance. Barriers,
including the inservice inspection and inservice testing program and the maintenance
rule, are used to prevent a negative impact on human performance. To maintain
acceptable human performance, structures, systems, and components (SSC) must be
maintained in proper working order. Routine testing and inspection of SSC is
performed so that deficiencies are corrected before the SSC become ineffective or
inoperable.

Operators require proper notification when an SSC is out of commission for
maintenance or repair in order to maintain sufficient human performance. Use of an
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inoperable SSC could potentially be tracked as an error in human performance and
indicate a false trend.

18.12.3 Results Summary

HPM is continued throughout the life of the plant. Reports summarizing human
performance-related issues, resolution of those issues, implementation status, and
operating experience results are maintained for trending purposes. Operating
conditions determine the necessary frequency of these summary reports.

A U.S. EPR operator shall maintain an HPM program which meets the intent given in
this section. Documentation of HPM summarizes the following:

e Baseline human performance criteria established during V&V.
e HPM implementation strategy.

e Any trends in human performance.

e Operator focus index.

e Human performance-related issues, resolution, implementation status, and
operating results.

e Specific human performance issues that can be applied to the standard U.S. EPR
plant.

18.12.4 References

1. NUREG-0711, “Human Factors Engineering Program Review Model,” U.S.
Nuclear Regulatory Commission, 2004.
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