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December 29, 2016

Docket: PROJ0769

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738
SUBJECT:

NuScale Power, LLC Submittal of First Set of Human Factors Engineering
Documentation for Design Certification Application

REFERENCES: 1. Letter from Thomas A. Bergman (NuScale) to U.S. Nuclear Regulatory
Commission, “NuScale Power, LLC Submittal of Response to NRC’s Letter,
‘NuScale Control Room Configuration and Staffing Levels,’ January 14, 2016,”
dated April 8, 2016 (ML16099A270)
2. NRC Table, “Human Factors Engineering Documentation for NuScale Design
Certification Application Submittal,” dated April 11, 2016 (ML16034A181)
In a letter dated April 8, 2016 (Reference 1), NuScale Power, LLC (NuScale) proposed, in part, the
scope of human factors engineering (HFE) information that it planned to submit as part of NuScale’s
design certification application (DCA). The proposed documentation scope included a list of HFE
results summary reports and revised implementation plans. The U.S. Nuclear Regulatory Commission
(NRC) confirmed the documentation scope in a table dated April 11, 2016 (Reference 2). In addition to
the implementation plans and results summary reports listed Reference 1, NuScale planned to submit,
prior to or at the time of DCA submittal, documents describing the concept of operations, control room
staffing plan validation methodology and results, and human-system interface style guide to support
the DCA.
The purpose of this letter is to forward the following documents to the NRC as the first of six sets of
submittals:
1) Proprietary and non-proprietary versions of Human Factors Engineering Program
Management Plan, RP-0914-8534, Revision 3
2) Proprietary and non-proprietary versions of Human Factors Engineering Task Analysis Results
Summary Report, RP-0316-17616, Revision 0
3) Proprietary and non-proprietary versions of Human Factors Engineering Staffing and
Qualifications Results Summary Report, RP-0316-17617, Revision 0
4) Proprietary and non-proprietary versions of Human Factors Engineering Treatment of
Important Human Actions Results Summary Report, RP-0316-17618, Revision 0
Enclosures 1 through 4 contain the proprietary versions of the above documents. Enclosures 5
through 8 contain the non-proprietary versions. NuScale requests that the proprietary versions be
withheld from public disclosure in accordance with the requirements of 10 CFR § 2.390. The enclosed
affidavit (Enclosure 9) supports this request.
This letter makes no regulatory commitments and no revisions to any existing regulatory commitments.
Please feel free to contact Steve Mirsky at 240-833-3001 or at smirsky@nuscalepower.com if you
have any questions.
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COPYRIGHT NOTICE

This document bears a NuScale Power, LLC, copyright notice. No right to disclose, use, or copy any of
the information in this document, other than by the U.S. Nuclear Regulatory Commission (NRC), is
authorized without the express, written permission of NuScale Power, LLC.
The NRC is permitted to make the number of copies of the information contained in these reports needed
for its internal use in connection with generic and plant-specific reviews and approvals, as well as the
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a
license, permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding restrictions on
public disclosure to the extent such information has been identified as proprietary by NuScale Power,
LLC, copyright protection notwithstanding. Regarding nonproprietary versions of these reports, the NRC
is permitted to make the number of additional copies necessary to provide copies for public viewing in
appropriate docket files in public document rooms in Washington, DC, and elsewhere as may be required
by NRC regulations. Copies made by the NRC must include this copyright notice in all instances and the
proprietary notice if the original was identified as proprietary.
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Abstract
NuScale Power, LLC (NuScale) has developed a human factors engineering (HFE) program for
the NuScale Power plant utilizing proven HFE technology and incorporating accepted HFE
principles, standards, and guidelines. The overall HFE program incorporates twelve HFE
elements under four general activities including planning and analysis, design, verification and
validation, and implementation and operation. The planning and analysis activity includes an
HFE program management element for the management of the overall HFE program to ensure
that the HFE program is properly developed, executed, overseen, and documented. This
program management plan (PMP) describes the HFE program management element, and is
consistent with the applicable guidelines of Section 2 of NUREG-0711, Revision 3 (Reference
8.1.1).
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Executive Summary
The HFE program incorporates 12 HFE elements under four general activities in accordance
with the guidance of NUREG-0711:


planning and analysis
‒ HFE program management
‒ operating experience review
‒ functional requirements analysis and function allocation
‒ task analysis
‒ staffing and qualifications
‒ treatment of important human actions



design
‒ human-system interface design
‒ procedure development
‒ training program development



verification and validation
‒ human factors verification and validation



implementation and operation
‒ design implementation
‒ human performance monitoring

The HFE program management element falls under the planning and analysis activity, and its
purpose is to ensure that the HFE program is properly developed, executed, overseen, and
documented. This PMP describes NuScale’s overall plan to accomplish this goal. Consistent
with the guidance of NUREG-0711, the topics of discussions in this PMP include the HFE
program scope, team, processes and procedures, and tracking of HFE issues.
This PMP also provides a summary of the remaining eleven HFE elements, and identifies the
elements that are beyond the scope of design certification. Specifically, activities associated
with procedures development, training program development, and human performance
monitoring elements are the responsibility of a combined license applicant. More details on the
implementation methodology and the results of analyses for the applicable HFE elements are
contained in the associated implementation plans and/or the results summary reports.
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1.0

Purpose
This NuScale Power human factors engineering (HFE) program management plan
(PMP) describes how HFE is effectively incorporated into the design of human-system
interfaces (HSI), procedures, and training. HFE is also applied to aspects of the overall
plant design as described in Section 2.2.1. As part of the operations organization, the
HFE team ensures that the processes detailed in this plan are integrated into the
analysis, development, design, and operation of the NuScale plant design.
The purpose of this HFE PMP is to describe the following:


HFE program goals and scope



HFE team, qualifications, and organization



HFE processes and procedures



HFE Issues Tracking System (HFEITS)



HFE technical program elements

The scope of this HFE PMP is consistent with the applicable guidance of Section 2 of
NUREG-0711, Revision 3.
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2.0

Human Factors Engineering Program Goals and Scope

2.1

Program Goals
The goal of this PMP is to describe how the overall NuScale HFE program
implementation is conducted to comply with regulatory requirements 10 CFR
50.34(f)(2)(iii) (Reference 8.2.1) and 10 CFR 52.47(a)(8) (Reference 8.2.2 regarding the
use of state-of-the-art human factors principles).
The primary goal of the NuScale HFE program is to provide the NuScale design a
“human-centered” approach for plant operators and technicians to control plant
processes and equipment safely and reliably so that the


tasks can be accomplished by personnel within the required time frame and
according to defined performance criteria (e.g., HSI navigation and system response
time, human-human interaction).



human-system interface (HSI), procedures, staffing and qualifications (S&Q),
training, management, and organizational arrangements support optimum
performance and situation awareness.



design supports personnel in maintaining vigilance over plant operations and
provides acceptable workload levels (i.e., minimize periods of under- and over-load).



design of the HSI serves to minimize personnel errors and supports error detection
and recovery capability.

As the program develops, the program goals are further defined and used as a basis for
HFE tests and evaluations.
2.2

Program Scope

2.2.1

Assumptions and Constraints
The following assumptions and constraints shape the HFE program.
Passive Features
The NuScale plant is designed with passive features to make it inherently safer and to
reduce the need for operator interaction.


Nuclear steam supply system is integrated in the reactor vessel to eliminate large
bore piping, and reactor coolant flow is circulated without the use of reactor coolant
pumps (i.e., natural circulation).



Safety systems are designed with passive and fail-safe features.



Decay heat is removed to the containment pool without the use of pumps or the need
for electric power.



No operator actions are necessary for a minimum of 72 hours following a design
basis event.
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Modular Design
The NuScale plant is a 50 MWe plant intended to be scalable up to 12 units at a site.
The NuScale plant is considered a modular design because


operation of the first unit can begin before successive units are complete.



refueling of individual units can occur with others on line.



systems such as reactor pool cooling, spent fuel pool cooling, instrument air, various
ventilation, rad waste, and component cooling water systems, fire protection system,
and the AC electrical system are shared across up to 12 units.



all 12 units are controlled from a single main control room (MCR).

High Degree of Automation
The NuScale plant is highly automated to reduce the need for operator actions and allow
for monitoring multiple units simultaneously.


Steady state routine operating tasks are automated to the extent that human
interactions to start, stop, or suspend automated sequences do not distract the
operator.



HSIs support operator monitoring and management of automated actions and
sequences. Within limits, automated actions and sequences may be altered or
suspended by the operator. Automated actions or sequences initiated in response to
off-normal conditions or emergencies also make available to the operator information
on why the actions were required and what actions have been or will be performed.



{{

}}2(a),(c)


Computer-based procedures for normal, abnormal, and emergency operations and
alarm response are text-based.

Main Control Room Operators
The staffing evaluations are based on activities performed by licensed control room
operators. Staffing analysis for maintenance or refueling activities, activities completed
by craft/technical personnel (i.e., mechanical, electrical, or instrumentation and controls
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(I&C) maintenance; health physics; chemistry; engineering; or information technology),
or activities associated with the technical support center (TSC), emergency operations
facility (EOF), operations support center (OSC), or any other emergency response
facilities are included only if they are determined to impact licensed operator workload.
When licensed operator workload is impacted, then the area of concern is analyzed to a
degree sufficient to quantify the impact to licensed operator workload or staffing, and
develop any human-system interface (HSI) or staffing adjustments required to address
the specific task and associated staffing requirements.
The numbers and qualifications of nonlicensed operator personnel, including technicians
and maintenance staff, are the responsibility of a NuScale plant licensee, and are not
analyzed by the NuScale plant HFE program.
Reference 8.2.11 provides more information on the methodology and results of staffing
evaluations.
2.2.2

HFE Program Duration
The NuScale HFE program is applicable from the start of conceptual design through
completion of plant startup testing. After plant turnover to the owner, an established
human performance monitoring program maintains the NuScale HFE program design
data and appropriate processes.

2.2.3

Applicable Facilities
The scope of the NuScale HFE program includes the alarms, controls, indications, and
procedures applicable to the main control room (MCR) and the remote shutdown station
(RSS). The HSI at the RSS are derived from the HSI in the MCR. The HSI of the TSC,
the EOF, and local control stations (LCS) are also included implicitly since their HSI are
derivatives of the MCR HSI. The EOF and the technical support center (TSC) will comply
with the guidance of NUREG-0696, Functional Criteria for Emergency Response
Facilities. The HSI in the TSC and EOF are derivatives of the MCR HSI and comply with
the HSI style guide; however, these HSI are for information display only. No control
functions are provided in any of the emergency response facilities. For these facilities,
the program scope is limited to defining the plant data and their HSI impact on licensed
operator workload.

2.2.4

Applicable Human-System Interfaces, Procedures, and Training
The HSI design process represents the translation of function, allocation, and task
requirements into HSI characteristics and implementation strategies. HSI design inputs
include the following:


operating experience review (OER)



functional requirements analysis and function allocation (FRA/FA)



task analysis (TA)



staffing and qualifications (S&Q)
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treatment of important human actions (TIHA)



concept of operations



I&C systems design



system requirements



HSI style guide

The HFE program supports procedure and training program development for normal
operating, abnormal operating, emergency operating, alarm response, and accident
management activities performed or supervised by licensed operators.
In addition, the program provides appropriate inputs to the training programs for the
personnel identified in 10 CFR 50.120 (Reference 8.2.3), including

2.2.5



I&C technicians.



electrical and mechanical maintenance personnel.



radiological protection personnel.



chemistry technicians.



engineering support personnel.



any other personnel who perform tasks directly related to plant safety, such as
information technology technicians who troubleshoot and maintain support systems
and their HSIs.

Applicable Personnel
The number and qualifications of operators including licensed control room operators as
defined in 10 CFR 55 (Reference 8.2.4), the shift supervisor, and shift technical advisor
are analyzed and defined by the NuScale HFE program as described in Section 6.4.

2.2.6

Effects of Modifications on Personnel Performance
The HFE design process described in program elements up to and including design
implementation (DI) evaluates the effect on personnel performance for any modifications
in the plant design performed prior to completion of startup testing that affect HSI design,
procedures, or training. These evaluations occur directly or through the resolution of
human engineering discrepancies (HED).
After completion of startup testing and provisional turnover, the licensee institutes a
human performance monitoring (HPM) program to continuously evaluate impacts on
human performance going forward. The HPM program is described in Section 6.11.
Separate from HPM, licensees conduct plant modifications in accordance with regulatory
requirements such as 10 CFR 50.59, Changes, Tests, and Experiments. These
requirements invoke additional HFE analysis or testing as deemed necessary by the
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licensee’s site-specific HFE team. The plant modification process is outside the scope of
HPM.

2.3

Abbreviations and Definitions

Table 2-1.

Abbreviations

Term

Definition

CFR

U.S. Code of Federal Regulations

COL

combined license

D3

diversity and defense-in-depth

DI

design implementation

DIHA

deterministically important human actions

EOF

emergency operations facility

FRA/FA

functional requirements analysis and function allocation

HED

human engineering discrepancy

HFE

human factors engineering

HFEITS

Human Factors Engineering Issues Tracking System

HPM

human performance monitoring

HRA

human reliability analysis

HSI

human-system interface

I&C

instrumentation and control

IP

implementation plan

ISV

integrated system validation

ITAAC

inspections, tests, analyses, and acceptance criteria

LCS

local control stations

MCR

main control room

NRC

U.S. Nuclear Regulatory Commission

OE

operating experience

OER

operating experience review

OSC

operations support center

PMP

program management plan

PRA

probabilistic risk analysis
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Term

Definition

QAPD

quality assurance program description

QMP

quality management plan

RIHA

risk-important human actions

RSS

remote shutdown station

RSR

results summary report

S&Q

staffing and qualifications

SME

subject matter expert

SRO

senior reactor operator

TA

task analysis

TIHA

treatment of important human actions

TSC

technical support center

V&V

verification and validation

Table 2-2.

Definitions

Term

Definition

Simulator Review Board

The Simulator Review Board reviews the results of simulator testing and
compares them to analysis and engineering calculations to certify that the
simulator reflects the plant design. This board consists of representatives
from Safety Analysis, probabilistic risk analysis (PRA), Engineering, and
Operations. Their review is focused on realism to the operator and model
validity.

HFE Design team

The HFE Design Team reviews HEDs and determines the appropriate design
changes to the HSI or plant design to resolve the HED. This group consists of
members of the HFE team.
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3.0

Human Factors Engineering Team, Qualifications, and Organization

3.1

Responsibility
The NuScale HFE team is the primary organization that is responsible for the overall
HFE program. Specifically, the HFE team is responsible for

3.2



developing HFE implementation plans (IP), procedures, and results summary reports
(RSR), and ensuring HFE activities’ compliance with the HFE plans and procedures.



scheduling and overseeing HFE activities in HFE design, development, test, and
evaluation as appropriate, and verifying that the team’s recommendations are
implemented.



HFE reviews of documents produced by other engineering disciplines.



initiating, evaluating, resolving or ensuring resolution of, and maintaining tracking
records for HFE issues noted during design activities for all engineering disciplines
(see Section 5.0, Human Factors Engineering Issue Tracking System [HFEITS]).

Organizational Placement and Authority
The HFE team is made up of two groups. The core group comprises those members
who report directly to the HFE supervisor. The other group is not a specific organization.
This group includes various members of the design engineering organization such as
system engineering, probabilistic risk assessment, safety analysis, and mechanical
engineering. These members do not report directly to the HFE supervisor from a
functional organizational perspective; rather, they are distributed throughout the design
organization and represent expertise available to the core HFE team on an as-needed
basis. Although these personnel do not directly report to the HFE supervisor, they are
part of the HFE team, and take direction from the HFE supervisor while performing HFE
activities. Accordingly, the HFE supervisor exercises sufficient authority and control over
these personnel to reasonably assure that all HFE tasks assigned to them are
completed. The list and qualifications of the HFE team members are discussed in
Section 3.3.
The HFE team members that report directly to the HFE supervisor are a diverse group
that includes


human factors engineers that have received formal HFE training.



simulator engineers with backgrounds in computer science and nuclear engineering
who participate in the design and selection of controls and displays.



experienced operators that have held NRC-issued reactor operator and senior
reactor operator licenses with numerous varying backgrounds in areas such as
training, engineering, maintenance, and licensing.

NuScale has integrated the human factors engineers, operators, and simulator
engineers into a single group that comprise the core HFE team reporting to the HFE
supervisor. This supervisor reports to an operations manager who in turn reports directly
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to a vice president of operations. The result is a diverse team with common interests that
have significant authority to influence, establish design standards, and advise design
engineers. This ensures the integration of systems into an operationally safe design. The
size, makeup, and number of supervisors change as the design progresses, depending
on what phase of HFE work is beginning or completing.
The HFE supervisor has ultimate responsibility for scheduling and oversight of the
various HFE activities and is the owner of the HFEITS database. The HFE supervisor or
other members of the HFE team elevate issues within the management chain as
necessary utilizing appropriate NuScale programs and tools.
The HFE program is applicable from the start of conceptual design through completion
of plant startup testing. Changes to the HFE organization and responsibilities may occur
during construction and startup. A combined license (COL) applicant/holder is
responsible for ensuring that any transitions between responsible organizations are
made as necessary and appropriate.
3.3

Composition
As discussed in Section 3.2, the HFE team includes personnel that report directly to the
HFE supervisor, and various other personnel distributed throughout the design
organization who do not directly report to the HFE supervisor. The HFE team
incorporates, at a minimum, the expertise described in the appendix of NUREG-0711,
Revision 3 (see Table 3-1). The experience and education levels of the members of the
core HFE team meet many of the requirements listed in Table 3-1; however, both the
core HFE team and the HFE team members distributed throughout the organization
taken together meet all the required experience and qualifications as listed in Table 3-1.

© Copyright 2016 by NuScale Power, LLC
11

Human Factors Engineering Program Management Plan
RP-0914-8534-NP
Rev. 3

Table 3-1.

Human Factors Engineering team member qualifications

Technical Discipline
Technical Project
Management

Minimum Qualifications
 Bachelor's degree
 5 years of experience in nuclear power plant design or operations
 3 years of management experience

Systems Engineering

 Bachelor of Science degree
 4 years of cumulative experience in at least three of the following areas of
systems engineering: design, development, integration, operation, and test
and evaluation

Nuclear Engineering

 Bachelor of Science degree
 4 years of nuclear design, development, test, or operations experience

HSI/I&C Engineering

 Bachelor of Science degree
 4 years of experience in design of hardware and software aspects of
process control systems
 Experience in at least one of the following areas of engineering: design,
power plant operations, and test and evaluation
 Familiarity with the theory and practice of software quality assurance and
control

Architect Engineering

 Bachelor of Science degree
 4 years of experience in design of power plant control rooms

HFE

 Bachelor's degree in HFE, engineering psychology, or related science
 4 years of cumulative experience related to the human factors aspects of
human-computer interfaces. Qualifying experience should include at least
the following activities within the context of large-scale human-machine
systems (e.g., process control): design, development, and test and
evaluation
 4 years of cumulative experience related to the human factors aspects of
workplace design. Qualifying experience should include at least two of the
following activities: design, development, and test and evaluation.

Plant Operations

 Has, or has held, an SRO license
 2 years of experience in relevant nuclear power plant operations

Computer
System/Simulator
Engineering

 Bachelor's degree in electrical engineering or computer science, or graduate
degree in another engineering discipline (e.g., mechanical engineering or
chemical engineering)
 4 years of experience in the design of digital computer systems and realtime systems applications
 Familiarity with the theory and practice of software quality assurance and
control
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Technical Discipline

Minimum Qualifications

Plant Procedure
Development

 Bachelor's degree

Personnel Training

 Bachelor's degree

 4 years of experience in developing nuclear power plant operating
procedures

 4 years of experience in the development of personnel training programs for
power plants
 Experience in the application of systematic training development methods
Systems Safety
Engineering

 Bachelor of Science degree

Maintainability/
Inspectability
Engineering

 Bachelor of Science degree

 4 years of experience in system safety engineering

 4 years of cumulative experience in at least two of the following areas of
power plant maintainability and inspectability engineering activity: design,
development, integration, and test and evaluation
 Experience in analyzing and resolving
equipment-related maintenance problems

Reliability/Availability
Engineering

plant

system

and/or

 Bachelor's degree
 4 years of cumulative experience in at least two of the following areas of
power plant reliability engineering activity: design, development, integration,
and test and evaluation
 knowledge of computer-based, human-interface systems

3.4

Team Staffing
The HFE supervisor assigns members of the HFE team (including personnel from
outside the Plant Operations organization) to HFE activities to ensure that needed
expertise is applied in performing those activities. Members of the core HFE team are
assigned as leads and owners of various HFE related areas. For example, each core
HFE team member is assigned a group of systems and is the primary interface and
representative with engineering for that system. Additionally, this person is responsible
for completing all the work in support of functional requirements analysis and function
allocation (FRA/FA), TA, HSI, procedures, and training development for the systems
assigned. This person also performs all system design document and functional
specification reviews for the assigned group of systems. Members of the core HFE team
are also assigned as functional leads for nonsystem areas such as probabilistic risk
analysis (PRA), emergency planning, and simulator design.
Table 3-2 identifies the HFE team primary duties associated with their individual
qualifications.
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Table 3-2.

Human Factors Engineering team participant primary responsibilities
OER

FRA/FA

TA

S&Q

TIHA

HSI
Procedures Training
Design

V&V

DI

HPM

Technical Project
Management
Systems
Engineering

1, 2, 3

X

Nuclear
Engineering
I&C Engineering

Other
Duties

X

X

X

X

X

Architect
Engineering

X

X

X

X

X

X

X

X

X

4

X

4

X

X

X

X

4

4

Human Factors
Engineering

X

X

X

X

X

X

X

X

X

X

X

4, 5

Plant Operations

X

X

X

X

X

X

X

X

X

X

X

4, 5

X

X

X

Computer
Systems
Engineering
Plant Procedure
Development

X

Personnel
Training

X

X

X

Systems Safety
Engineering
Maintainability/
Inspection
Engineering

X

X

X

4

X

X

X

4

X

X

X

4

X

X

Reliability/
Availability
Engineering

4

X

X

X

X

X

X

X

X

X

4

4

Other Duties:
1. Develop project and element technical reports.
2. Develop and maintain HFE design schedule.
3. Manage the HFE analysis, design, V&V, implementation, and problem resolution.
4. Perform the duties of HFEITS evaluator and owner as assigned.

5.

Perform the duties of HFE element leader as assigned.
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4.0

Human Factors Engineering Processes and Procedures

4.1

General Process Procedures

4.1.1

Human Factors Engineering Team Assignment
The HFE supervisor assigns personnel from throughout the organization so that the
needed expertise, knowledge, and experience are applied to each HFE activity (see
Table 3-2). IPs and RSRs describe the expertise utilized for each activity within the HFE
program element.

4.1.2

Internal Management of the HFE Team
The HFE supervisor assigns members of the HFE team (within the Plant Operations
organization, Design Engineering, and other organizations) and supervises them during
performance of HFE tasks.

4.1.3

Making Decisions on Management of the HFE Program
The HFE supervisor has ultimate responsibility for scheduling and oversight of the
various HFE activities.

4.1.4

Making HFE Design Decisions
The HFE supervisor has primary authority to make management decisions for HFE
activities. Where design decisions require input from multiple organizations, the HFE
supervisor may elevate issues within the management chain utilizing NuScale tools and
programs including HFEITS, the applicable NuScale internal procedures, design review
boards (who perform design reviews as part of design), and the corrective action
program.
Any member of the HFE team may identify problems and propose solutions using the
HFEITS tool. The HFE supervisor has authority to make decisions regarding resolution
of HFEITS items (including HEDs).

4.1.5

Controlling Changes in Design of Equipment
The HFE supervisor is responsible for the design of MCR equipment and controls any
changes. Design Engineering is responsible for the design of HSIs throughout the plant.
Design changes to HSI and other equipment that have major input from HFE are
governed through a design change process. As discussed in Section 3.4, the HFE team
members perform reviews of the assigned system design documents and have the
authority to approve the documents. They also participate in key meetings such as
system design phase reviews. This ensures that the HFE team members have the
authority to influence and control design changes.
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4.1.6

Review of Human Factors Engineering Products
The HFE supervisor has ultimate responsibility for scheduling and oversight of the
various HFE activities including reviews of HFE team products. Where independent
reviews (outside the overall HFE team) are necessary, the HFE supervisor retains
approval authority for HFE team products.

4.2

Process Management Tools
HFE, like other NuScale engineering discipline activities, is conducted in accordance
with the NuScale Quality Management Plan (QMP) (Reference 8.2.5) and subordinate
plans and procedures, including the design control process (Reference 8.2.6). The QMP
establishes controls to ensure that all provisions and commitments contained in NuScale
Quality Assurance Program Description (QAPD) have been implemented appropriately
The design process includes provisions to control design inputs, outputs, changes,
interfaces, records, and organizational interfaces within NuScale and with suppliers.
These provisions ensure that design inputs (such as design bases and the performance,
regulatory, quality, and quality verification requirements) are correctly translated into
design outputs (such as analyses, specifications, drawings, procedures, and
instructions). This translation ensures that the final design output can be related to the
design input in sufficient detail to permit verification. Design change processes and the
division of responsibilities for design-related activities are detailed in NuScale and
supplier procedures. The design control program includes interface controls necessary
to control the development, verification, approval, release, status, distribution, and
revision of design inputs and outputs. Design changes and disposition of nonconforming
documents are reviewed and approved by the NuScale design organization or by other
organizations so authorized by NuScale.
HFE program tools and techniques used to fulfill responsibilities are also available to
support the HFE elements. Specific tools and techniques used for each HFE element
are described in the respective RSRs. {{

}}2(a),(c)
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4.3

Integration of Human Factors Engineering and Other Plant Design Activities
Appendix A describes the HFE team integration into the iterative design process through
the design review process.

4.4

Human Factors Engineering Program Milestones
Table 4-1 shows the relationship of HFE program element design activities to the activity
milestones. The IP and RSR shown parenthetically in the activities column represent the
type of submittal associated with a given activity or HFE element.
An HFE relative project schedule with milestones is integrated into the project design
development schedule and is available for review.

Table 4-1.

Human factors engineering program and design activity milestones
HFE and Design Activities

Type of
Activities

HFE Element
Evaluation

Activities

Activity Milestones

Design Control
Document

Operating Experience Review (RSR)

X

Functional Requirements Analysis and Function
Allocation (RSR)

X

Task Analysis (RSR)

X

Staffing & Qualifications (RSR)

X

Treatment of Important Human Actions (RSR)

X

Human-System interface Design (RSR)

X

Procedure Development

X

Training Program Development

X

Verification & Validation (IP)
NOTE: The verification and validation RSR will be
submitted prior to start of Phase 4 of the NRC’s
review of the design certification application, in
accordance with Reference 8.2.14.

X

Design Implementation

X

Human Performance Monitoring

Plant Design
Activities

Combined License
(COL) Activity
(Prior to Fuel
Load)

X (ongoing)

PRA – Chapter 19 Level I & II PRA (all modes/all
hazards)

X

Chapter 15 Safety Analyses

X

Physical Plant Layout

X

X (site specific)

X (Sufficient to
support S&Q

X (ANSI 3.5)

Simulator Development
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HFE and Design Activities
SSC Design
SSC Testing

4.5

Activity Milestones
RSR)
X

X
X

Human Factors Engineering Documentation
HFE documents that support design are quality records and retained in accordance with
the NuScale QMP (Reference 8.2.5). All such documentation is available for review
upon request. HFE documentation includes design verification checklists, HFEITS
records, documentation identified in the HFE element technical reports (e.g., RSRs,
guides, and training programs), and information stored in the HFE database.
Table 4-2 provides a tabulation of the IPs and the RSRs submitted. The results of the
HFE activities described in each element’s implementation plan are summarized in the
associated RSR. In addition to results of the analyses, the RSRs (References 8.2.8
through 8.2.13) contain the latest methodology used in the analysis, and supersede the
methodology described in the associated IPs that had been previously submitted. Unless
otherwise noted, the contents of the RSRs are in accordance with the applicable
guidance of NUREG-0711.
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Table 4-2.

Human factors engineering element documentation

HFE Element

Implementation
Plan

Results
Summary
Report

Operating Experience
Review

X

X

The RSR contains results and the latest
methodology, and supersedes the
implementation plan

Functional
Requirements Analysis
and Functional
Allocation

X

X

The RSR contains results and the latest
methodology, and supersedes the
implementation plan

Task Analysis

X

X

The RSR contains results and the latest
methodology, and supersedes the
implementation plan

Staffing and
Qualifications

X

X

The RSR contains results and the latest
methodology, and supersedes the
implementation plan

Treatment of Important
Human Actions

X

X

The RSR contains results and the latest
methodology, and supersedes the
implementation plan

Human-System
Interface Design

X

X

The RSR contains results and the latest
methodology, and supersedes the
implementation plan

Notes

Procedure
Development

Procedure development is the responsibility of a
COL applicant. Procedure development activities
within the NuScale HFE program are limited to
writer’s guides and integration with the computerbased procedure HSI.

Training Program
Development

Training program development is the
responsibility of a COL applicant. Training
program activities within the NuScale HFE
program are limited to operator qualifications to
support V&V activities in the simulator.

Human Factors
Verification and
Validation
Design
Implementation

X

X

Human Performance
Monitoring

X

The RSR is submitted prior to the start of Phase
4 of the NRC’s review of the design certification
application.
No RSR is required for this element since
conformance of the as-built design to the verified
and validated design is confirmed by an
inspections, tests, analyses, and acceptance
criteria (ITAAC) item.
Human performance monitoring is the
responsibility of a COL applicant. No
implementation plan or RSR is submitted as part
of design certification application.
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4.6

Subcontractor HFE Efforts
If a subcontractor is involved in HFE activities, the HFE team verifies that the
subcontractor is properly trained and complies with the NuScale QMP (Reference 8.2.5)
and subordinate plans and procedures. The QMP establishes controls to assure that all
provisions and commitments contained in NuScale’s Quality Assurance Program
Description (QAPD) have been implemented appropriately. The QAPD requires that
NuScale subcontractors establish a qualification program that is applied to individuals
performing quality inspections regardless of the functional group where they are
assigned. The NuScale QA organization verifies that the subcontractors conduct work in
accordance with the NuScale QMP or the subcontractor’s quality assurance program as
contracted.
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5.0

Human Factors Engineering Issue Tracking System

5.1

Availability of Human Factors Engineering Issue Tracking System
HFE issues are identified and tracked in the HFEITS database. A Human Factors
Engineering issue is any issue that has not been resolved in the NuScale HFE program
process. Issues are those items that need to be addressed at some later date and thus
need to be tracked to provide reasonable assurance that they are not overlooked.
The HFEITS database is available to any member of the HFE team and identification of
issues is part of the NuScale corporate culture.
HFE issues may include


recognized industry HFE issues.



issues identified throughout the life cycle of the HFE project.



human engineering discrepancies found during HFE design.



deficiencies with operating procedures



discrepancies noted with the HSI



simulator modeling issues



simulator (control room) ergonomics

The HFEITS database is maintained until fuel load. The HFEITS process is depicted in
Figure 5-1.
5.2

Human Factors Engineering Issues Tracking Methodology
Because the HFE team is imbedded into the design engineering process, most potential
HFE issues are able to be resolved immediately. This is accomplished through direct
feedback to design engineers, at engineering design phase review meetings, and during
design document review and comment resolution. If the issue cannot be immediately
resolved, it is entered into the HFEITS database and is assigned a unique tracking
number. Supporting documentation in electronic format is attached to the database item.
The HFE issue is screened and evaluated to confirm potential degradation in human
performance is identified. Issues found that do not degrade human performance are
either closed or transferred to more appropriate corrective action processes. Proposed
corrective action to resolve the HFE issue is identified and assigned as necessary. Due
dates for resolution of the overall evaluation or for each corrective action are established
by the HFEITS administrator. Issue close-out and transfer with proper documentation is
approved by both the HFEITS administrator and the HFE supervisor. The HFE
supervisor may obtain support from the HFE team to resolve and approve the closure of
items in the HFEITS database. At HFE program milestones (completion of certain
activities), the HFEITS database is reviewed for items to be resolved or closed.
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5.3

Human Factors Engineering Issues Tracking Documentation
For each HFE issue, the HFEITS documents the following:


issue date



any supporting information, such as attachments documenting the issue



assigned issue owner and evaluator



whether or not the issue involves a human engineering discrepancy




proposed resolution



HFE team acceptance or rejection and detailed justification



actual resolutions (i.e., changes to design)


5.4

Note: Management and closure of human engineering discrepancies are
discussed in the various HFE program technical reports and RSRs (see Section
6.0).

Note: Descriptions of resolutions are sufficiently detailed to provide traceability
and promote third party review.



actions taken (i.e., any programmatic or administrative changes determined
appropriate to address larger issue)



affected document(s)

Human Factors Engineering Issues Tracking Responsibilities
All HFE team members are responsible for identifying, logging, evaluating, and tracking
HFE issues to resolution.

5.4.1

Supervisor, Human Factors Engineering Team
The HFE supervisor has overall responsibility for administering and managing the HFE
Issue Tracking System team and review committee.

5.4.2

Human Factors Engineering Issue Tracking System Team Lead
The HFEITS team lead is responsible for requesting resolution and verification
resources from the responsible manager, in order to resolve open HFEITS issues.
The responsibilities are to


provide oversight of HFE issue tracking.



coordinate appropriate resources across the company including operations SME’s,
software developer SME’s, plant system SME’s to identify and implement resolution
solution.



approve resolution of HFE issues with support from HFE team as needed.
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5.4.3



coordinate the HFEITS review committee.



coordinate with the software review board.



add and remove users authorized to modify the database.



negotiate initial issue evaluator and owner assignments.



negotiate initial resolution and corrective action due dates.



track the issue resolution and corrective action due dates.



approve issue evaluator and owner changes.



approve due date changes.

Human Factors Engineering Issues Tracking System Administrator
The HFEITS administrator is assigned responsibility for managing the software
component of the database. The administrator will not necessarily be a member of the
HFE team; for example, an information technology specialist. The HFEITS
administrator’s responsibilities are to

5.4.4



manage the integrity of the HFEITS database.



maintain hardware and software for optimum performance.



manage database security.

HFE Team Member Issue Evaluator
An HFE team member issue evaluator’s responsibilities are to

5.4.5



evaluate issues.



identify the extent and significance of issues.



recommend issue owners.



recommend corrective actions.



recommend resolution due dates.

Issue Owner
The issue owner’s responsibilities are to


resolve issues.



update HFEITS with proposed or completed actions.



update design documentation where appropriate.
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5.4.6

HFEITS Review Committee
A HFEITS review committee reviews all HFE issues and human engineering
discrepancies (HEDs) submitted following an established internal NuScale procedure to
evaluate designation, impact, priority, alignment with current development phases, and
assignment to appropriate implementers. The HFE review committee is responsible for
reviewing the full documentation to verify the resolution was completed on all HFEITS
issues and HEDs for completeness before final closure.
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{{

}}2(a),(c)
Figure 5-1. Human factors engineering issues system process
5.4.7

Human Engineering Discrepancy Resolution
A human engineering discrepancy (HED) is an issue usually discovered during the
verification and validation phase of the HFE program and may require engineering
changes and verification. HEDs are identified as personnel task requirements (as
defined in the task analysis) that are not fully supported by the human system interface
(HSI), and the presence of HSI components that may not be needed to support
personnel tasks. HEDs are also identified if the design is inconsistent (does not
accommodate human capabilities and limitations) with HFE guidelines, such as NUREG0700 or any NuScale HSI style guides.

© Copyright 2016 by NuScale Power, LLC
25

Human Factors Engineering Program Management Plan
RP-0914-8534-NP
Rev. 3

HEDs are identified, documented, and resolved throughout the verification and validation
process. NuScale begins to record HED’s after the completion of Staffing Plan
Validation.
The HED resolution process involves evaluation of the HEDs to determine if they require
correction, development and evaluation design solutions to address HEDs that must be
corrected, and verification that the design solutions have been implemented. These
topics are discussed in Reference 8.2.15.
HEDs may not always be resolved; HEDs may be found acceptable after an evaluation
in the context of the integrated design. The basis for a decision for accepting an HED
without change in the integrated design is documented. It may be based on accepted
HFE practices, current published HFE literature, trade-off studies, tests, or engineering
evaluations.
5.4.8

HED Process Flow
During ISV testing HEDs are analyzed by the HFEITS team for priority selection and
design category placement (e.g., HSI or simulator). Once the HED has been received, a
discrepancy entry is created in the HFEITS database and the HED is prioritized as
Priority 1, Priority 2, or Priority 3 HEDs according to their importance as follows:


Priority 1 HEDs have a potential direct or indirect impact on plant safety and are
resolved before ISV testing is considered complete. HEDs initiated as a result of a
performance measure not being met (pass/fail performance measures) are priority 1
HEDs. Cross-cutting issues determined through HED analysis or performance
measure analysis are priority 1 HEDs due to their global impact on the HSI design
performance.



Priority 2 HEDs have a direct or indirect impact on plant performance and operability
and are resolved before the plant design is completed.



Priority 3 HEDs are those that do not fall into priority 1 or priority 2. Priority 3 HEDs
do not have to be resolved. If resolution of Priority 3 HEDs is determined to be
needed, they are resolved during design implementation

The HED is then routed to the appropriate group for resolution. HEDs related to the HSI
are sent to the HFE design team, and HEDs related to simulator modeling are sent to
the simulator review board. It is possible for HEDs to be routed to both groups.
The HED is then resolved, and the discrepancy entry closed. The HED resolution is
reviewed for final closure in the HFEITS database by an HFE review committee. The
HED resolution process is depicted in Figure 5-2.
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Figure 5-2. Human engineering discrepancy resolution process
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6.0

Human Factors Engineering Technical Program Elements
The NuScale HFE program comprises the elements described below. The elements and
associated activities are included in the integrated project development schedule, and
are available for NRC review. Each element’s IP or RSR provides


description of the scope, inputs, analyses to be performed, outputs, and
documentation.



description of the applicable methodology.



appropriate tools and facilities to be employed.



description of the review and documentation requirements for subordinate
documents that support HFE products.

The following sections provide a summary of each HFE element. A more detailed
discussion is contained in the associated IPs or RSRs.
6.1

Operating Experience Review
The NuScale HFE program includes an operating experience review (OER). As shown in
Table 4-2, the OER activity documentation consists of an RSR. The RSR (Reference
8.2.8) describes the OER process, methodology, and the findings from the OER. The
RSR also documents the specific types of OER conducted and the incorporation of
applicable findings into the NuScale design.
The OER scope includes


review of recognized industry HFE issues contained in NUREG/CR-6400 (Reference
8.2.7).



review of recognized industry HFE issues identified since January 1996, one year
before NUREG/CR-6400 was issued.



review of operating experience related to the proposed NuScale.



identification of HFE issues obtained through interviews with plant personnel.



identification of important human actions in the NuScale design.

The HFE team is responsible for conducting the operating experience review. The
qualifications of the HFE team members supporting OER are specified in the OER RSR.
The OER methodology includes the following considerations:


team and team lead responsibilities



OER information review criteria



OER database data entry



OER item analysis approval



results output to requisite NuScale engineering organizations
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OER database field descriptions



OER plant personnel interview criteria



coordination between the OER database and the HFE issues tracking database

If an OER issue is determined to be applicable to NuScale and HFE, but cannot be
resolved at the current point in the design, it becomes an HFE issue. HFE issues are
tracked in the HFEITS database throughout the lifecycle of the HFE program for the
NuScale design project. The HFEITS database is described in Section 5.0.
6.2

Functional Requirements Analysis and Function Allocation
The NuScale HFE program includes an FRA/FA. As shown in Table 4-2, the FRA/FA
activity documentation consists of an RSR. The RSR (Reference 8.2.9) describes the
FRA/FA process, methodology, and the findings from the FRA/FA.
For each plant function, the HFE team documents


purpose.



predecessor functions of systems.



relevant operating experience.



differences from predecessor functions or systems.



supporting sub-functions, processes, components, and systems.



safety and risk significance.

To support the functional analysis, the HFE team then documents


supported plant goal.



conditions that indicate the need for the function.



parameters that indicate the availability and operating status of each function,
whether the function is achieving its purpose, and whether the operations of the
function should be terminated.



alternative success paths for the function.

Once the FRA is complete, the FA is conducted. A set of automation criteria is developed
to allocate each function to manual, automatic, or shared execution. The HFE team
allocates each function to optimize relevant automation criteria as follows:


analyze predecessor function allocations and operating experience



analyze upstream, downstream, and related functions in the overall plant design to
assess indirect consequences



evaluate relevant criteria impacting safety, reliability, situation awareness and cost
effectiveness
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evaluate the aggregate impact to personnel considering all functions assigned to
them



allocate the function to a discrete allocation criteria to improve overall design
consistency

Tools for the FRA/FA process include an FRA/FA database that produces a functional
requirements hierarchy chart.
6.3

Task Analysis
The NuScale HFE program includes a TA. As shown in Table 4-2, the TA activity
documentation consists of an RSR. The RSR (Reference 8.2.10) describes the TA
process, methodology, and the findings from the TA.
Tasks are first screened. From the wide range of plant operating conditions, any task
that meets the following criteria receives a more detailed task analysis:


tasks that include important human actions as determined from safety analysis,
probabilistic risk assessment (PRA), and diversity and defense-in-depth (D3) coping
analysis for the instrumentation and control systems



tasks that, if performed incorrectly, could impact nuclear safety or power generation



tasks that are new or performed in a manner significantly different from similar tasks
in the existing industry



tasks related to monitoring automated systems that are important to safety



tasks related to recognizing the failure or degradation of automated equipment and
performance of associated tasks that implement backup responses



administrative tasks and support aids such as reference materials, hard copy graphs,
and calculators that place a large burden on the control room personnel



maintenance or testing tasks that are important to safety



tasks with potential effects on personnel safety (such as maintenance tasks
performed in the containment)

After categorization, a task narrative is written to (1) describe the objectives of a specific
system’s operator tasks, and (2) provide an overview of the activities personnel are
expected to accomplish to complete the task. Narrative descriptions of operator activities
contain requisite detail for a reviewer to correlate the described task objectives to the
results of the completed TA. The narrative is brief for simple tasks but has greater detail
from more complex tasks.
The detailed TA involves


decomposition of task elements.



preparation of the operational sequence diagram.



determination of task attributes and completion of the task table.
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identification of knowledge and abilities.



assignment of tasks to roles.



analysis of the feasibility and reliability for important human actions.

A database is used to capture data from the TA process. The database contains the
results from the TA and can be used to facilitate searches and reviews of previous
analyses. The database also contains a list of the tasks reviewed, the task attributes,
and the knowledge and abilities identified for each task.
6.4

Staffing and Qualifications
As discussed in Section 2.2.1, NuScale’s HFE program staffing and qualifications (S&Q)
analysis addresses only the activities performed by licensed control room operators. The
S&Q RSR describes the S&Q analysis process and includes the output documentation
requirements. The S&Q RSR (Reference 8.2.11) describes the findings from the S&Q
analysis.
Operator staffing levels for the current operating plants are regulated by 10 CFR
50.54(m) for single or dual unit sites operated from a single control room or for sites with
up to three units and up to three control rooms. The NuScale plant is designed to
operate up to twelve modules from a single MCR, and this configuration is not
specifically addressed in the regulation. NuScale proposes an alternate staffing solution
and the associated technical basis for addressing staffing level requirements. The
technical basis uses the existing guidance in NUREG-0800, NUREG-0711, and NUREG1791, consistent with SECY-11-0098 and NUREG/CR-6838. Guidance of NUREG-1791,
specifically Section 10 from the guidance, is incorporated into the S&Q analysis and the
S&Q RSR.
As described in Section 2.2.1, the NuScale plant uses passive safety systems and is
highly automated to reduce the need for operator actions and allow for monitoring
multiple units simultaneously. This level of automation impacts HSI design from the
aspect of the number of physical interfaces, data processing, operating procedures,
display screens, alarms, controls, and support aids needed to support the
accomplishment of tasks. The acceptability of staffing levels for the NuScale operating
concept for all modes and for the aggregate of tasks assigned to operating personnel is
confirmed in the S&Q analysis.
The S&Q analysis confirms that OER issues related to licensed operator staffing
positions are adequately addressed despite any changes in staffing or qualifications for
the NuScale design from current operating plants. The S&Q analysis also provides the
staffing plan validation.

6.5

Treatment of Important Human Actions
The NuScale HFE program includes provision for treatment of important human actions
(TIHA). The TIHA RSR describes the process for determining and treatment of important
human actions and includes the output documentation requirements. The TIHA RSR
(Reference 8.2.12) describes the findings from the analysis and resolutions.
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The TIHA analysis identifies risk-important human actions (RIHA) from the PRA. The
TIHA IP describes the PRA methodology, the method for determining human error
probability (HEP), and the method used to determine the risk significance of those
potential errors. Other PRA activities are outside the scope of the HFE program.
The TIHA analysis also describes the methodology used to extract deterministically
important human actions (DIHA) from the transient and accident analyses and the D3
coping analysis. HFE personnel assess DIHAs to confirm with reasonable confidence
that they can be carried out within the time available.
An additional detailed quantitative analysis of workload and time constraints is
performed for both RIHAs and DIHAs in the TA, the S&Q, and in a performance-based
test, using the simulator, independent operating crews, and challenging scenarios.
These IHAs are also included in integrated system validation (ISV) scenarios.
6.6

Human-System Interface Design
The NuScale HFE program includes HSI design. An HSI design RSR (Reference 8.2.13)
describes the HSI methodology and the outputs of the HSI design element.
The HSI design element generates the MCR HSIs, MCR derivative HSIs, and LCS HSIs
after translating HFE analysis outputs into the inventory of alarms, displays, controls,
and operating procedures. A key output of the HSI design program element is a
complete set of HSIs that are implemented in the control room simulator for subsequent
verification and validation (V&V). The simulator includes all the functions of the MCR and
MCR derivative HSIs used in the RSS, technical support center (TSC), and emergency
operations facility (EOF). HSI design also generates the LCS HSI design and the
requirements for their physical locations.
OER identifies issues addressed by predecessor and similar HSI designs. Assessments
are made by the HFE team at the time the OER is conducted. HSI design confirms that
the OER issues remain adequately addressed despite any changes during plant design.
The TIHA element identifies assumptions regarding the characteristics of the HSI used
for RIHAs and DIHAs. HSI design element ensures these assumptions are implemented
in the HSI (e.g., control accessibility from the MCR and/or spatially-dedicated
continuously-visible HSI to reduce time required for human actions).
HSI design uses the HSI inventory and characteristic outputs from TA to establish alarm
priority and applicability logic, display and control designs, and procedure step
acceptance criteria. HSI design also uses these TA outputs to establish the grouping of
HSI inventory for task-based display screens.
The S&Q analysis confirms the MCR operating staff numbers and qualifications for all
plant modes. The HSI design includes layout of the operator workstations and displays
for the MCR. The HSIs at the RSS and local facilities are derivatives of the MCR HSIs.
HSI design uses plant operating procedures developed as part of the plant design (i.e.,
procedure development is integrated with HFE activities but not considered HFE
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program scope) to generate computer-based procedures, which are necessary tools to
support the ISV of the V&V program element. Other procedures (e.g., surveillance and
test procedures) are also outside the scope of the HSI design element because they
have their own development and V&V program.
HFE issues generated during HSI design or from prior program elements are resolved
during HSI design so that the final output is a complete HSI design suitable for V&V.
6.7

Procedure Development
Procedure development is the responsibility of the COL applicant. Though there are
procedure development activities integrated with the overall NuScale HFE program, no
IP or RSR for procedures is produced as part of the NuScale HFE program.

6.8

Training Program Development
Operators who support the human factors V&V program element are trained in
accordance with the NuScale training program.
The training program itself is not part of the HFE program. Training program
development is the responsibility of the COL applicant. Though there are training
program development activities integrated with the overall NuScale HFE program, no IP
or RSR for training program is produced as part of the NuScale HFE program.

6.9

Human Factors Verification and Validation
The NuScale HFE program includes human factors V&V. The V&V IP (Reference 8.2.15)
describes the human factors V&V process and includes the output documentation
requirements. Following V&V activities, an RSR will be prepared to describe the V&V
methodology as well as the outputs of human factors V&V.
Human factors V&V evaluations comprehensively determine that the HSIs, procedures,
and training program conform to HFE design principles and that the HSIs enables plant
personnel to successfully perform their tasks to achieve plant safety and other
operational goals. Demonstrating conformance to the acceptance criteria defined in the
human factors V&V IP for the ISV is the final design acceptance milestone for the HSIs.
The scope of the human factors V&V activity includes the MCR, RSS, TSC, EOF
(information requirements and communications), and LCSs as defined in Section 2.2.3.
Human factors V&V of the EOF is outside the scope of the human factors V&V program.
V&V is conducted using a control room simulator that reflects the output of HSI design,
procedures, and training program.

6.10

Design Implementation
The NuScale HFE program includes design implementation. The DI IP describes the DI
process and includes the output documentation requirements. No RSR is required for
this element since conformance of the as-built design to the verified and validated
design is confirmed by an ITAAC.
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DI demonstrates that the design that is implemented accurately reflects the design that
has been verified and validated during human factors V&V. If the DI program element
identifies differences such as site-specific aspects that were not included in V&V or
design changes that occur after V&V, those differences are evaluated to determine any
impact to the analysis results from all previous HFE program elements, including V&V.
While successful ISV marks the end of human factors V&V, the HSI design continues to
be challenged during the operator training program. Any Priority 3 HEDs generated
during V&V that are determined to require resolution and any HEDs generated after
completion of V&V are resolved during DI.
6.11

Human Performance Monitoring
Human performance monitoring (HPM) begins after DI is completed and continues for
the life of the plant. HPM is intended to detect degradation in operator performance
compared to the performance observed during integrated system validation. Degradation
may be due to many factors that occur over the life of the plant, including changes in
personnel, changes in plant culture, changes in training methods, or changes in the HSI
design itself. The HPM program includes


monitoring and investigating perceived or documented reduced human performance.



analyzing causes of reduced human performance.



developing corrective action plans for improvement.



maintaining a culture of continuous monitoring of human performance through
operating experience review.



training and qualification.



change management (modification process, configuration management).



use of the plant simulator.



independent reviews and audits.

HPM is a catalyst for corrective actions over the life of the plant; the COL applicant
manages its own corrective actions program.
HPM is a responsibility of the COL applicant. An HPM IP is produced as part of the
NuScale HFE program as guidance for the COL applicant over the life of the plant.
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7.0

NUREG-0711 Conformance Evaluation
Table 7-1 provides a mapping of the sections in this program management plan (PMP)
where each NUREG-0711, Revision 3 criterion is met.

Table 7-1.

Conformance with NUREG-0711

Review Criteria
2.4.1 General HFE Program Goals and Scope
(1)
HFE Program Goals – The applicant should state the general objectives of
the program in “human-centered” terms. As the HFE program develops, they should
be further defined and used as a basis for HFE tests and evaluations.
Additional Information: Generic “human-centered” HFE design goals include the
following:
personnel tasks can be accomplished within time and performance criteria
the HSIs, procedures, staffing/qualifications, training, and management and
organizational arrangements support personnel situation awareness
the design will support personnel in maintaining vigilance over plant operations and
provide acceptable workload levels, i.e., minimize periods of under- and over-load
the HSIs will minimize personnel error and will support error detection and recovery
capability
(2)
Assumptions and Constraints – The applicant should identify the design
assumptions and constraints.
Additional Information: An assumption or constraint is an aspect of the design, such
as a specific staffing plan or a specific HSI technology that is an input to the HFE
program rather than the result of HFE analyses and evaluations.
(3)
HFE Program Duration – The applicant’s HFE program should be in effect at
least from the start of the design cycle through completion of initial plant startup test
program.
(4)
Facilities – The applicant’s HFE program should cover the main control room
(MCR), remote shutdown facility (RSF), technical support center (TSC), emergency
operations facility (EOF), and local control stations (LCSs). The 12 HFE elements
should be applied to each of them, unless otherwise noted for a specific HFE
element. However, applicants may apply the elements of the HFE program in a
graded fashion to facilities other than the MCR and RSF, providing justification in the
HFE program plan.
(5)
HSIs, Procedures and Training – The applicant’s HFE program should
address the design of HSIs and identify inputs to the development of procedures and
training for all operations, accident management, maintenance, test, inspections, and
surveillance tasks that operational personnel will perform or supervise. In addition, the
HFE design process should identify training program input for the following personnel
identified in 10 CFR 50.120: instrument and control technician, electrical maintenance
personnel, mechanical maintenance personnel, radiological protection technician,
chemistry technician, and engineering support personnel. In addition, any other
personnel who perform tasks directly related to plant safety should be included, such
as information technology technicians who troubleshoot and maintain support
systems and their HSIs.
(6)
Personnel – The applicant’s HFE program should consider operations staffing
and qualifications, including licensed control-room operators as defined in 10 CFR
Part 55, and the following categories of personnel: non-licensed operators, shift
supervisor, and shift technical advisor.

HFE PMP
Section No. and
paragraph
Section 2.1, All

Section 2.2.1, All

Section 2.2.2, All
Section 2.2.3, All

Section 2.2.4, All

Section 2.2.5, All
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Review Criteria
(7)
Additional Considerations for Reviewing the HFE Aspects of Plant
Modifications – In addition to any of the criteria above that relate to the modification
being reviewed, the applicant should address the following considerations:
The goals of the applicant’s HFE program should address the potential effects of a
modification on the performance of personnel. The transition from the existing plant
configuration to the modified one can pose different demands on human performance
than either the initial or the final configurations. Therefore, the modification and its
implementation should be planned to minimize the effects of the change on personnel
performance. The HFE program for the modification should consider:
planning the installation to minimize disruptions to work
coordinating changes in training and procedures when implementing the modification
conducting training to maximize personnel’s knowledge and skill with the new design
before implementing it
The applicant’s HFE program should involve plant personnel to ensure that the
following are considered from a user’s perspective in establishing the requirements
for the modification, and evaluating the outputs of the design process:
user’s understanding of how plant systems are structured and behave
task demands and constraints of the existing work environment and work processes
2.4.2 HFE Team and Organization
In this document, the term “HFE team” means the primary organization(s) responsible
for the applicant’s HFE program. However, we do not assume that HFE is the
responsibility of a single organizational unit, or that there is an organizational unit
called the “HFE team.”
Responsibility – The applicant’s team should be responsible for:
developing all HFE plans and procedures
overseeing and reviewing all activities in HFE design, development, test, and
evaluation, including the initiation, recommendation, and provision of solutions
through designated channels for problems identified in implementing the HFE work
verifying that the team’s recommendations are implemented
assuring that all HFE activities comply with the HFE plans and procedures
scheduling work and milestones
Organizational Placement and Authority – The applicant should describe the primary
HFE organization(s) or function(s) within the engineering organization designing the
plant or modification. The organization should be illustrated to show organizational
and functional relationships, reporting relationships, and lines of communication. The
applicant also should address the following:
When more than one organization is responsible for HFE, such as instrumentation
and control (I&C) and operations, the lead organizational unit answerable for the HFE
program plan should be identified. If organization changes are expected over time
(e.g., from design through construction to startup) necessary transitions between
responsible organizations should be described.
The team should have the authority and organizational placement to reasonably
assure that all its areas of responsibility are completed, and to identify problems in
establishing the overall plan or modifying its design.
The team should have the authority to control further processing, delivery, installation,
or use of HFE products until the disposition of a nonconformance, deficiency, or
unsatisfactory condition is resolved.
Composition – The applicant’s HFE team should include the expertise described in
the appendix to this report.
Team Staffing – The applicant should describe team staffing in terms of job
descriptions and assignments of team personnel.

HFE PMP
Section No. and
paragraph
Section 2.2.6, All

Section 3.1, All

Section 3.2, All

Section 3.3, All
Section 3.4, All
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Review Criteria
2.4.3 HFE Process and Procedures
(1)
General Process Procedures – The applicant should identify the process
through which the team will execute its responsibilities. It should include procedures
for the following:
assigning HFE activities to individual team members
governing the internal management of the team
making decisions on managing the HFE program
making HFE design decisions
controlling changes in design of equipment
reviewing of HFE products
(2)
Process Management Tools – The applicant should identify the tools and
techniques (e.g., review forms) the team uses to verify that they fulfilled their
responsibilities.
(3)
Integration of HFE and Other Plant or Modification Design Activities – The
applicant should describe the process for integrating the design activities (i.e., the
inputs from other design work to the HFE program, and the outputs from the HFE
program to other plant design activities). The applicant should also discuss the
iterative aspects of the HFE design process.
(4)
HFE Program Milestones – The applicant should identify HFE milestones that
show the relationship of the elements of the HFE program to the integrated plant
design, development, and licensing schedule. A relative program schedule of HFE
tasks should be available for the NRC staff’s review showing relationships between
the HFE elements and the activities, products, and reviews.
Additional Information: A milestone might include, for example, the date when a
simulator will be available for integrated system validation and operator training.
HFE Documentation – The applicant should identify the HFE documentation items,
such as RSRs and their supporting materials, and briefly describe them, along with
the procedures for their retention and for making them available to the NRC staff for
review.
Subcontractor HFE Efforts – The applicant should include HFE requirements in each
subcontract contributing to the HFE program. The applicant should periodically verify
the subcontractor's compliance with HFE requirements. The HFE plan should
describe milestones and the methods used for this verification.
2.4.4 Tracking HFE Issues
(1)
Availability – The applicant should have a tracking system to address human
factors issues that are:
known to the industry (defined in the Operating Experience Review element, see
Section 3)
identified throughout the life cycle of the HFE aspects of design, development, and
evaluation deemed by the HFE program as human engineering discrepancies (HEDs)
(see Section 11.4.4)
Additional Information: Issues are those items that need to be addressed later, and
hence must be tracked to assure that they are not overlooked. Establishing a new
system to track HFE issues independent from the rest of the design effort is
unnecessary; rather, an existing one can be adapted for this purpose (such as a
plant's corrective-action program).
(2)
Method – The applicant’s method should:
establish criteria for when issues are entered into the system
track issues until the potential for negative effects on human performance is reduced
to an acceptable level.

HFE PMP
Section No. and
paragraph
Section 4.1, All

Section 4.2, All
Section 4.3, All

Section 4.4, All

Section 4.5, All

Section 4.6, All

Section 5.1, All

Section 5.2, All
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Review Criteria

HFE PMP
Section No. and
paragraph
Section 5.3, All

(3)
Documentation – The applicant should document the actions taken to
address each issue in the system; if no action is required, this should be justified.
Additional Information: The description of the final resolution of the issue should be
sufficiently detailed so that a third party can understand how it was resolved.
(4)
Responsibility – After identifying an issue, the applicant’s tracking procedures Section 5.4, All
should describe individual responsibilities for logging, tracking, and resolving it, along
with the acceptance of the outcome.
Section 6.0, All
2.4.5 Technical Program
(1)
The applicant should describe the applicability and status of each of the
following HFE elements:
Operating Experience Review

Section 6.1

Functional Requirements Analysis and Function Allocation
Task Analysis
Staffing and Qualifications
Treatment of Important Human Actions
HSI Design
Procedure Development (Described in SRP, Chapter 13 submittal)
Training Program Development (Described SRP, Chapter 13 submittal)
Human Factors Verification and Validation
Design Implementation
Human Performance Monitoring
Additional Information: The applicant should identify each applicable element of the
HFE program. If the applicant determines that an HFE element is not applicable to the
HFE program, the applicant should give a rationale. For example, if an applicant’s
HFE program involves modifying a control room HSI wherein the level of automation
is not affected, then the Functional Requirements Analysis and Function Allocation
element might not be included.
The applicant should describe the status of each element in the HFE plan (i.e., will the
element be enacted in the future, is it currently being performed, or is it completed).
The applicant should clearly identify the use of past analyses that the NRC has not
reviewed (i.e., analyses originally undertaken for another design) and justify their use
in the current application.
The criteria for the technical review of each element in the HFE program are
presented in Sections 3 to 13 of this document.
(2)
The applicant should identify the approximate schedule for completing any
HFE activities that are unfinished at the time of the application.
Additional Information: For example, if an applicant for design certification has not
finished V&V, the applicant should give an approximate schedule for its completion.

Section 6.2
Section 6.3
Section 6.4
Section 6.5
Section 6.6
Section 6.7
Section 6.8
Section 6.9
Section 6.10
Section 6.11

Table 4-1

See Referenced
Documents,
Section 8.2
(4)
The applicant’s plan should specify HFE facilities, equipment, tools, and
Section 4.2,
techniques (such as laboratories, simulators, rapid prototyping software) that the HFE Associated IPs
program will employ.
and RSRs
(3)
The applicant’s plan should identify and describe the standards and
specifications that are sources of the HFE requirements.
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Review Criteria
(5)
Additional Considerations for Reviewing the HFE Aspects of Plant
Modifications – The applicant should provide assurance that a modification to the
control room or a change to risk-important human actions does not compromise
defense in depth in accordance with RG 1.174. The applicant should assure the
following important aspects of defense in depth:
A reasonable balance is preserved among prevention of core damage, prevention of
containment failure, and consequence mitigation.
There is no over-reliance on programmatic activities to compensate for weaknesses
in plant design. This may be pertinent to changes in credited human actions (HAs).
System redundancy, independence, and diversity are preserved commensurate with
the expected frequency, consequences of challenges to the system, and uncertainties
(e.g., no risk outliers).
Defenses against potential common cause failures are preserved, and the potential
for the introduction of new common cause failure mechanisms is assessed. Caution
should be exercised in crediting new HAs to verify that the possibility of significant
common cause errors is not created.
Independence of barriers is not degraded.
Defenses against human errors are preserved. For example, establish procedures for
a second check or independent verification for risk-important HAs to determine that
they have been performed correctly.
The intent of the General Design Criteria (GDC) in Appendix A to 10 CFR Part 50 is
maintained. GDC that may be relevant are:
3 - Fire Protection
13 - Instrumentation and Control
17 - Electric Power Systems
19 - Control Room
34 - Residual Heat Removal
35 - Emergency Core Cooling System
38 - Containment Heat Removal
44 - Cooling Water
Safety margins often used in deterministic analyses to account for uncertainty and
provide an added margin to provide adequate assurance that the various limits or
criteria important to safety are not violated. Such safety margins are typically not
related to HAs, but the reviewer should take note to see if there are any that may
apply to the particular case under review. It is also possible to add a safety margin (if
desired) to the HA by demonstrating that the action can be performed within some
time interval (or margin) that is less than the time identified by the analysis.
Additional Information: Defense in depth, described in RG 1.174, is one of the
fundamental principles upon which a plant is designed and built. It uses multiple
means to assure safety functions and to prevent the release of radioactive materials.
Defense in depth is important in accounting for uncertainties in equipment and human
performance, and for ensuring some protection remains, even in the face of
significant breakdowns in particular areas, such as safety systems, training, and
quality assurance. Whereas an applicant may change a specific defense in depth
strategy, defense in depth must be maintained overall. These types of defense in
depth evaluations may be done as part of the 10 CFR 50.59 evaluation for modifying
the plant.

HFE PMP
Section No. and
paragraph
Not applicable for
DCA submittal
HFE Program
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Appendix A.

NuScale HFE Program Design Integration

As illustrated in Figure A-1, the HFE team is integrated into the iterative design process
through the design review process.
{{

}}2(a),(c)
Figure A-1. NuScale and human factors engineering program design integration
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{{

}}2(a),(c)
Figure A-2. Human factors engineering program process
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Abstract
The task analysis (TA) is a significant element of the human factors engineering (HFE) program.
The purpose of the task analysis is to analyze human actions that are allocated to personnel
during the function allocation (FA) process.
The functions allocated to plant personnel define the roles and responsibilities that can be
accomplished via human actions or tasks. The results of the task analysis provide inputs to the
following HFE activities; staffing and qualifications; human-system interface (HSI) design,
procedure development, training program development, treatment of important human actions
(TIHA) and task support verification (human factors verification and validation).
This results summary report (RSR) documents the methodology used in the TA process and the
results of the analyses. The process used is consistent with the applicable provisions of Section
5 of NUREG-0711.
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Executive Summary
Consistent with the guidance of NUREG-0711 Section 5, the scope of the TA performed by
NuScale includes a method to identify the specific tasks, personnel required to perform tasks,
and identify alarms, displays, controls and task support needed to perform those tasks.
Functions allocated to human and system resources are determined during the function
allocation process and made into tasks. The tasks are arranged into specific job categories and
assigned to staff positions (e.g., licensed and non-licensed operators). The alarms, displays,
controls and task support needed are design inputs for developing staffing and qualifications,
HSI design, procedure development, training program development, TIHA and task support
verification (human factors verification and validation).
This report is organized into six major sections and appendices. Section 1.0 describes the
purpose and scope of the TA. Section 2.0 provides an overview of the TA implementation
process and a description of the TA team composition and responsibilities. Section 3.0
describes the methodology and specifies the criteria for performing the task analysis. Section
4.0 and the appendices provide detailed examples of the results of the TA for the chemical and
volume control system (CVCS), the decay heat removal system (DHRS), and the emergency
core cooling system (ECCS). Section 5.0 provides a high-level conclusion derived from the TA
activities. The source and referenced documents applicable to and used in the TA effort are
listed in Section 6.0.
TA results for the remaining NuScale systems (other than the TA results for the three systems
reported in Section 4.0) are available in the functional requirements analysis/function allocation
(FRA/FA) & TA database.
This report supersedes RP-0914-8537,
Implementation Plan, in its entirety.

Human

Factors

Engineering

Task

Analysis
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1.0

Introduction

1.1

Purpose
This results summary report (RSR) provides a summary of the results of the TA for the
NuScale Power plant as part of the human factors engineering (HFE) program. This
report also includes the methodology used to achieve the results. The inputs from the
other HFE program elements are described, and the outputs from the TA elements are
identified.

1.2

Scope
This RSR is focused on TA for activities performed by licensed operators in the main
control room (MCR) during normal, abnormal, and emergency operating conditions.
Maintenance or refueling activities, activities completed by craft and technical personnel
(i.e., mechanical, electrical, or instrumentation and control (I&C) maintenance; health
physics; chemistry; engineering; or information technology), or activities associated with
the technical support center, remote shutdown system, emergency operations facility,
operations support center, or any other emergency response facilities are not included in
the TA focus unless those activities are determined to impact licensed operator
workload.
The tasks selected for analysis represent a range of plant operating modes, including
startup, normal operations, low-power and shutdown conditions, transient conditions,
abnormal conditions, emergency conditions, and severe accident conditions. The
methodology for selection of the tasks is described in Section 3.2.
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1.3

Abbreviations and Definitions

Table 1-1.

Abbreviations

Term

Definition

AOO

anticipated operational occurrences

CFDS

containment flooding and drain system

CVCS

chemical and volume control system

D3CA

diversity and defense-in-depth coping analysis

DHRS

decay heat removal system

ECCS

emergency core cooling system

FA

function allocation

FRA/FA

functional requirements analysis and function allocation

HED

human engineering discrepancy

HFE

human factors engineering

HFEITS

human factors engineering issue tracking system

HSI

human-system interface

I&C

instrumentation and controls

IHA

important human action

KA

knowledge and abilities

MCR

main control room

OER

operating experience review

OJE

on-the-job evaluation

OJT

on-the-job training

OSD

operational sequence diagram

PMP

program management plan

PRA

probabilistic risk assessment

RSR

results summary report

SE

special event

SK

skills and knowledge

SME

subject matter expert

S&Q

staffing and qualifications
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TA

task analysis

TAA

transient and accident analysis

TIHA

treatment of important human actions

V&V

verification and validation

Table 1-2.

Definitions

Term

Definition

Element

A discrete human action executed to support a task.

FRA/FA

The identification of functions that must be performed to satisfy the
nuclear power plant’s overall goals. Function allocation determines
which tasks are manual, automatic, or a combination of the two.

FRA/FA & TA database

The VISION® Developer application is a relational database that is
used to store the FRA/FA, task analysis, staffing and qualifications
analysis, development of human-system interfaces (HSI), procedures,
and training data. In this document it is also referred to as the “FRA/FA
& TA database” or “database.”

Plant functions

The plant functions describe how the plant meets NuScale’s mission
statement of “safe, scalable, affordable, electrical generation using
nuclear power.”

SME

An individual with appropriate knowledge in a specific area or
discipline that has sufficient experience and education to competently
develop or review a licensing topical report in that discipline.

Task

A group of activities with a common purpose, often undertaken in
close temporal proximity.
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2.0

Implementation

2.1

Task Analysis Process Overview
The purpose of TA is to systematically determine the requirements for information,
control, and task support. The TA results establish HSI inventory requirements, including
alarms, controls, displays, procedures, and training programs to support
accomplishment of tasks. TA encompasses a range of plant operating conditions,
including startup, normal operations, low-power and shutdown conditions, transient
conditions, abnormal conditions, emergency conditions, and severe accident conditions.
Input to TA from HFE program elements include the following:


Tasks identified in the operating experience review (OER) as human performance
issues are evaluated for similarity with tasks identified for the plant. The TA confirms
that the human performance issues are resolved by the plant design or HSI. The TA
also resolves any task-related human engineering issues identified during OER.



Human actions, as determined in functional requirements analysis and FRA/FA
process (Reference 6.2.2), are decomposed during TA to identify control tasks and
related monitoring tasks. Actions allocated to a machine (automation) are
decomposed to identify tasks for monitoring, and TA confirms the allocations.



Important human actions (IHAs) identified by the probabilistic risk assessment
(PRA), transient and accident analysis (TAA), and diversity and defense-in-depth
coping analyses (D3CA) are analyzed for feasibility and reliability in the TA. Time
constraints on IHAs are analyzed to allow for performance-shaping factors and
necessary added time margins for completion of the task.

Output from TA to other HFE program elements includes the following:


The HSI inventory and its characteristics generated by the TA include the alarms,
controls, displays, and procedures needed to monitor plant-critical functions, and to
monitor and control their success paths. The HSI design uses the detailed TA results
and inventory of alarms, controls, and displays to establish alarm logic, display and
control designs, procedure step acceptance criteria, and grouping of HSI inventory,
especially for task-oriented screens. Staffing assumptions related to roles and
responsibilities of operators and crew size are developed for the concept of
operations portion of HSI design.



Tasks are arranged into specific job categories and assigned to staff positions (e.g.,
licensed operators, non-licensed operators). This provides input to the control room
staffing plan validation operator training (Reference 6.2.3) and is analyzed in the
staffing and qualifications (S&Q) HFE element.



Tasks are assigned knowledge and abilities (KA) required to perform the tasks.
These KA requirements provide the foundation for the operator training program
development.
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The TA information is captured in the FRA/FA & TA database. This is the same database
that contains the FRA/FA information and is described in further detail in Section 3.6.1.
The database is divided into three hierarchies: analysis, objective design, and program
development.
{{

}}2(a),(c)
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{{

}}2(a),(c)
Figure 2-1. Database structure
2.2

Task Analysis Team Composition and Responsibilities
TA is conducted and supported by an experienced team that includes input from the HFE
team and from the system engineering, safety analysis, and operations organizations.
The qualifications of the HFE team members are as stipulated in the NuScale HFE
program management plan (PMP) (Reference 6.2.1).
The TA team lead and the remainder of the team are selected by the HFE supervisor
from the HFE team members. As described in the HFE PMP, the HFE supervisor has the
authority and organizational placement to reasonably ensure that the tasks assigned to
the TA personnel who do not directly report to the supervisor are completed.
The TA team includes a FRA/FA & TA database coordinator. Assigned by the team lead,
the database coordinator is responsible for managing the information that is recorded,
screened, reviewed, and dispositioned in the FRA/FA & TA database.
The TA team includes several senior reactor operators and other personnel with
significant experience in the operation of commercial nuclear power plants.
A TA team and TA team lead are selected by the HFE supervisor from available HFE
team members to conduct TA. The TA team lead is responsible for:
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organizing the TA team



directing the development of the FRA/FA & TA database



assigning team member responsibilities



managing resources and review schedule



ensuring that TA issues are completed with supporting documentation and entered
into human factors engineering issue tracking system (HFEITS) as necessary



production of the FRA/FA & TA database reports

Responsibilities of TA team members conducting the reviews and disposition the
individual review items include


reviewing TA documentation for identification of


accuracy of the functional requirements analysis.



task determination.



reviewing the database and using reports to cross examine the results



continuing revisions to the data as necessary.

The FRA/ FA and TA database administrator is responsible for the following:


ensuring the data is properly entered in the database



formatting/running reports to provide output from the database

The HFE team is responsible for supporting the task analysis. The qualifications of the
HFE team members supporting this HFE program element are stipulated in the current
NuScale HFE PMP (Reference 6.2.1). The FRA/FA & TA database coordinator manages
the information that is put into, screened, reviewed, and dispositioned in the FRA/FA &
TA database.
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3.0

Methodology
The HFE program includes TA as part of a series of analyses that relies primarily on
design documents, subject matter experts (SME), and operating experience. TA is a
resource for S&Q, development of HSI, procedures, and training program. For efficiency,
the team conducts the FRA/FA and TA in sequence or in parallel, depending on the
complexity of the functions and associated tasks. Where functions and tasks are not
complex, have low safety significance, or are not expected to vary significantly from how
other commercial nuclear power plants conduct them, the FRA, FA, and TA sequence
may extend further to include preliminary development of HSI, procedures, and training.
The TA methodology remains the same whether conducted alone or as the first step in a
series. Rigid sequencing is not practical for HFE analyses as the iterative nature of both
the design and the HFE process necessitates significant flexibility. For example, new or
modified tasks in the task analysis would require updating the function allocation table;
conversely, changes to the function allocation table are reflected in the task analysis.
Those changes are made or the necessary changes become HFE issues and are
tracked using HFEITS.

3.1

Task Analysis Development
The step sequence for TA development (refer to Figure 3-1) is as follows:
1. Screen for applicable tasks
2. Develop detailed task narrative
3. Decompose tasks
4. Develop operational sequence diagram
5. Verify IHAs
6. Identify task attributes
7. Identify high workload tasks
8. Identify task job position
9. Determine KAs
10. Define task support requirements
11. Identify performance shaping factors (assess workload)
12. Determine inventory of components, alarms, displays, and controls to support
accomplishment of tasks
13. Output to HSI usability testing, control room staffing plan validation, procedures, and
training
14. Modified tasks or new tasks are reviewed for TA development
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Note that not all steps are conducted for each task. TA is iterative and higher levels of
analysis are conducted as the plant design progresses. Also, as noted below, more
complex tasks result in more detailed task narratives and involve more aspects of the
overall TA. TA steps may be omitted or conducted out of sequence during some iteration.
The overall TA process is shown in Figure 3-1.
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{{

}}2(a),(c)
Figure 3-1. Task analysis flow path
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3.2

Task Screening
Tasks to be analyzed represent a range of plant operating modes, including startup,
normal operations, low-power and shutdown conditions, transient conditions, abnormal
conditions, emergency conditions, and severe accident conditions.
The tasks to be analyzed include the following:


IHAs determined through the human reliability portion of the PRA and deterministic
means (e.g., TAA, D3CA). TA for IHAs assumes use of the alarms, controls,
displays, automation, and procedures that are normally available and operable
during the scenario being analyzed.



tasks not identified as IHAs through probabilistic or deterministic means but which
have negative consequences if performed incorrectly.



tasks that are identified to be new, compared to currently operating nuclear plants.



tasks that, while not new, are performed significantly differently from the currently
operating nuclear plants.



tasks related to monitoring and control of automated systems that are important to
plant safety and the use of automated support aids for personnel, such as computerbased procedure.



tasks related to identifying the failure or degradation of automation, and
implementing backup responses.



tasks anticipated to impose high demands on personnel (e.g., administrative tasks
that contribute to workload and challenge ability to monitor the plant).



tasks important to plant safety that are undertaken during maintenance, tests,
inspections, and surveillances.



tasks with potential concerns for personnel safety

Determination of tasks to be analyzed is performed by SMEs on the basis of their
experience at current operating nuclear plants. The process typically includes review of
operating experience and available system design material.
3.3

Task Determination Methodology

3.3.1

Normal, Abnormal, Emergency, and Alarm Response Procedure Tasks
All tasks within scope are analyzed for normal, abnormal, and emergency response
operating procedures. Tasks based on use of operating procedures are analyzed in
greater detail in later iterations as the plant design progresses. Personnel performing the
analyses include former operators of commercial U.S. nuclear power plants and other
SMEs. Procedures are not available for initial TA; therefore, the tasks analyzed are
based on procedures from similar systems and processes (see Section 4.1.2, 4.1.3, and
Section 4.1.5 examples).
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3.3.2

Surveillance, Test, Inspection, and Maintenance Procedure Tasks
Tasks related to surveillance, test, inspection, and maintenance procedures in the main
control room (MCR) performed by the control room staff are screened for applicability.
Human errors during the performance of surveillance, test, inspection, and maintenance
procedures may result in components being in a state that induces a plant transient or
triggers a precursor to a plant transient. In both cases, the surveillance, test, inspection,
and maintenance actions are selected for task analysis to identify defenses against
these errors. The process is iterative in nature and is kept current over the plant’s life
cycle, from design development through decommissioning.
Safety-related surveillance, test, inspection, and maintenance tasks are screened in. To
select which risk-significant surveillance, test, inspection, and maintenance tasks are to
be analyzed, the SME reviews the design material available, including system design
packages, piping and instrument diagrams (P&IDs), logic diagrams, and electrical
schematics for each system the task involves, and determines the tasks necessary to
perform the surveillance, test, inspection, and maintenance functions of the system.
Surveillance, test, inspection, and maintenance activities that by SME judgment have
challenged operating crews at current commercial U.S. operating nuclear plants, or
which potentially impact the ability of a NuScale plant operating crew to manage up to
twelve units in one control room, are selected for TA.
The SME documents the safety-related surveillance, test, inspection, and maintenance
activities for each system using the technical specifications as the basis. Systems are
distributed among several SMEs for this selection process. An SME who did not conduct
the evaluation for a specific system reviews the results documentation for completeness
and confirmation of the task selections (see Section 4.1.4 examples).

3.3.3

Tasks with Potentially Negative Consequences (Not Identified as Important Human
Actions)
Negative consequences are defined as any action, task, or condition that places
personnel, equipment, or the plant in jeopardy. Examples include:


a condition requiring an unplanned down power



a condition requiring a reactor trip or initiation of emergency equipment



an emergency action level declaration



a condition that places the plant in an unplanned technical specification action
statement entry that requires plant shutdown

When selecting human actions that are not identified as IHAs but have potentially
negative consequences (such as precursors to plant transients), SMEs review the OER,
the PRA and use their own experience. Activities related to transients or PRA that by

© Copyright 2016 by NuScale Power, LLC
14

Human Factors Engineering Task Analysis Results Summary Report
RP-0316-17616-NP
Revision 0

SME judgment were caused by challenges to operating crews at current commercial
U.S. operating nuclear plants or which potentially impact the ability of a NuScale plant
operating crew to manage up to twelve units in one control room are selected for TA.
The SME documents the basis for selecting these activities for TA. These tasks that
have potentially negative consequences are considered; abnormal, emergency and
annunciator response tasks and are covered in these procedures (see Section 4.1.5
examples).
3.4

Operational Sequence Diagrams
An operational sequence diagram (OSD) is created for safety-related tasks and used to
aid in evaluating the flow of information from the point where the operator first becomes
involved with the system to the completion of the task. Information flow includes operator
decisions, operator control activities, and the transmission of data. Operator actions are
identified in a top-down sequential format. The objective is to show how the information
flows between the operators and the HSI from the beginning to the end of the task. The
sequencing of the tasks provides input for the plant operating procedures and defines
the activities that plant personnel are trained to execute.
The functional allocation and task description provide the objective and operating
parameters for operator tasks. In order to identify the stimulus and response relationship
for each lowest level task, each task is decomposed by identifying the parent task,
subtasks, and task elements.
Depending on their types and complexity, tasks may be performed sequentially, in
parallel, or in any order. Tasks may also be conditional, may involve coordinated actions
among crew members, or among crew members and local personnel.
Figure 3-2 is a simplified OSD example for the decay heat removal system (DHRS)
showing how the task “Actuate DHR” is decomposed into its tasks. The figure
demonstrates the sequence and decision points the operator follows to verify DHRS is
achieving the function of removing fuel bundle heat. The table at the bottom of the
drawing identifies the tasks by number, which corresponds to the tasks in the drawing
(see Section 4.1.5 examples).
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{{

}}2(a),(c)
Figure 3-2. Operational sequence diagram task decomposition example
3.5

Detailed Task Narratives
For tasks that are screened in for TA, a detailed task narrative is written. The purpose of
the narrative is to provide:


a description of the objectives of a specific system's operator tasks



an overview of the activities personnel are expected to accomplish to complete the
task



a description of alarms, information, controls, and task support needed to accomplish
the task



a basic outline of the procedure steps
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Narrative descriptions of operator activities contain detail for an operator to correlate the
described task to the results of the completed task analysis. The length of the narrative
is commensurate with the complexity of the task it describes. Each task narrative
includes:


title – assign a task title and identifier



alarms and cautions that are associated with the task or that aid in the completion of
the task



parameters the operator must know or be able to locate during performance of the
task and a means of knowing if actions taken to attain parameters are adequate
(feedback)



decisions the operator must make in performing the task – the type of decision and
how operator evaluates choices prior to reaching a decision



action(s) expected of the operator, accuracy requirements for the action(s), time
available for the action(s), and ergonomic properties of the controls for completion of
the action



communication needs for the operator and associated teammates and alternative
communication methods



workload – the anticipated or measured cognitive and physical workload needed to
complete the task



tools or equipment needed for the task, protective clothing, job aids, or procedures
needed



workspace needed to perform the task and environmental conditions applicable for
the task



situational – ways that situations affect the outcome of the task such as time
pressure, extreme environments, and team staffing shortages



hazards – means for identification and mitigation of hazards for completion of the
task

The task narratives are captured in the task title, within the elements and the task and
element attributes. Task narratives are revised as relationships between tasks are better
defined. The order and sequence of all tasks selected for TA are crucial to understanding
workload and communication needs (see Section 4.3 examples).
3.5.1

Time Required for Performing Tasks
The time required to perform a task is a combination of cognitive processing time,
physical movement time, and HSI response time (e.g., screen navigation, control
operation, instrumentation and controls (I&C) platform processing, plant system
response). Calculations of time required for task performance factor in decision making
(which may or may not be part of cognitive processing depending on task complexity),
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communications with the operations team, task support requirements, situational and
performance-shaping factors, and workplace factors and hazards for each step of a task.
Concerning IHAs, the analysis of time required is also based on a documented
sequence of operator actions. The estimated time for operators to complete the credited
action is sufficient to allow successful execution of applicable steps in the emergency
operating procedure. Time estimates for individual task components (e.g.,
acknowledging an alarm, selecting a procedure, verifying that a valve is open, starting a
pump), and the basis for the estimates are established through a method applicable to
the HSI characteristics of digital computer-based I&C.
The time available to perform the actions is based on analysis of the plant response to
the anticipated operational occurrences, accidents, and infrequent and special events
SEs), in accordance with NUREG-0711 (Section 4.3 examples).
3.5.2

Personnel Required for Performing Tasks
The number of personnel required to perform each task is determined by the task
narrative, complexity of the task, time required to perform the task, and the time
available. The task narrative developed for basic TA includes such information as


job function(s)/title(s) of person(s) who performs task.



requirements for communication with other operations personnel while performing
task.



how different levels of staffing affect the performance of a task.



task time estimate.

Where detailed TA determines that workload for any individual task or analyzed
sequence of tasks is excessive, an HFE issue is entered in the HFEITS database.
Designers then have options such as re-allocation of functions, changes to operator
roles and responsibilities, changes to the number of operators, and changes to the HSI
design to address the issue (see Section 4.3 examples).
3.5.3

Task Support Requirements
Typically, task support requirements are defined during the early TA (see 4.3.2
examples). However, if not known, a later TA iteration captures such things as the
following:


written job aids



reference material



calculation sheets



tools



equipment
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3.5.4



protective clothing



instrument range



instrument units



instrument resolution – typically 1 percent of the range, but SME may specify if other



instrument refresh/update rate – considering limitations of the I&C platform



instrument display characteristics



instrument trend required, Y/N



calculations to be automated, Y/N

Task Considerations
Each task is evaluated to identify situational and performance-shaping factors that
increase the cognitive workload and may influence human reliability. Examples include
stress, reduced staffing, time pressure, and extreme environmental conditions. Table 3-1
shows how the HFE team compares the NUREG-0711 with the NuScale attributes (see
Section 4.3 examples).
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Table 3-1.

Task considerations

Topic
Alerts
Information

Decision-making

Examples (NUREG-0711)
Task Attribute (NuScale)
alarms and warnings
alarms and warnings (alerts)
parameters (units, precision, and
parameters (units, precision, and
accuracy)
accuracy)
feedback needed to indicate adequacy of feedback needed to indicate adequacy of
actions taken
actions taken
decision type (relative, absolute,
decision type (relative, absolute,
probabilistic) evaluations to be performed probabilistic) evaluations to be performed

Response

actions to be taken
actions to be taken (element steps)
task frequency and required accuracy
task frequency and required accuracy
time available and temporal constraints time available (IHAs); task time (non-IHA)
(task ordering)
time constraints
physical position (stand, sit, squat, etc.) physical position (stand, sit, etc.)
biomechanics
biomechanics force required
movements (lift, push, turn, pull, crank, biomechanics description (turn, pull, etc.)
etc.)
forces needed
Teamwork and
coordination needed between the team coordination needed between the team
Communication
performing the work
performing the work
personnel communication for monitoring communication with other groups
information or taking control actions
communication reporting
external communication
Workload
cognitive workload
cognitive workload
physical workload
physical workload
overlap of task requirements (serial vs. overlap of task requirements (procedure
parallel task elements)
development)
task relationships and task type
Task Support
special and protective clothing
special and personnel protective
job aids, procedures or reference
equipment
materials needed
procedures
job aids
tools and equipment needed
job aid description
procedures
procedure description
reference material
reference material description
tools, materials, and equipment needed
Workplace Factors
ingress and egress paths to the worksite ingress and egress paths to the worksite
workspace needed to perform the task (work paths)
typical environmental conditions (such as workspace needed to perform the task
lighting, temp, noise)
typical environmental conditions (such as
lighting, temp, noise)
Situational and
stress
stress
Performance Shaping time pressure
time pressure
Factors
extreme environmental conditions
extreme environmental conditions
reduced staffing
staffing conditions
Hazard Identification identification of hazards involved, e.g., hazards
potential personal injury
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3.5.5

Inventory of Alarms, Controls, and Displays
{{

}}2(a),(c)
Note that the TA SME uses qualitative language to define alarm and control setpoints
(e.g., high, low), but actual setpoint determination is made by the plant designers.
3.5.6

Knowledge and Abilities Identification
In addition to the attributes included in the detailed task narrative, each task is analyzed
to determine the KA needed for success of the task. The KA is used to complete other
HFE activities such as the training program content and S&Q. The NuScale KAs are
benchmarked against a modern pressurized water reactor using NUREG-2103, and a
gap analysis is performed. The results of this analysis are used to develop the
NuScale-specific KA catalog to address the unique characteristics of the NuScale Power
plant design.
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The results of this analysis are used to develop the NuScale-specific KA catalog written
to specifically address the unique nature of the design (e.g., the design does not include
reactor coolant pumps so the NuScale KA catalog contains no KAs related to operation
of reactor coolant pumps, but does include KAs related to monitoring natural circulation
of core flow (see Section 4.4).
3.6

Iterative Nature of Task Analysis
The HFE program itself is iterative in that elements of the program are input to other
elements and some design issues are only resolved by changing assumptions or reanalyzing based on new data. For example, applicable human engineering
discrepancies (HEDs) initiated during OER and FRA/FA are resolved in TA, while TA
output includes the following:


early definition of roles and responsibilities for individuals that are analyzed in S&Q
for an overall operations team view



a list of HSI inventory and characteristics for HSI design



information and controls needed for task support that are used for procedure
development



determination of required KA, which leads to learning objectives for training program
development

When problems arise during HFE program activities after TA, HEDs are initiated;
resolution of those HEDs may result in changes to or re-work of the TA.
In addition, since TA is conducted for some plant systems before other system designs
have commenced, system and component design changes may result in changes to
systems previously designed. In these cases, TA input assumptions are likely to change.
TA SMEs revise the TA as details of the plant, system, or component designs emerge.
3.6.1

Functional Requirements Analysis and Function Allocation and Task Analysis
Database
The VISION® developer application is a relational database that is used to store the
FRA/FA, task analysis, and staffing and qualification data. In this document it is also
referred to as the FRA/FA & TA database, or database. The TA results of all NuScale
systems are available in the database.
Screen snapshots from the database are provided below. The letters and icons in the
hierarchy used in the database are described in Table 3-2. The series of screen
snapshots in this section are actual images from the database. The hierarchy is
arranged in such a way to lay a foundation for training, task analysis, staffing and
qualification, and HSI. The image inset in the database screenshot is an illustration of
the cross-reference table in which the data is stored for each item in the hierarchy. The
cross-reference tables allow for retrieval of the data in many different forms and allows
for the data to be changed in one location and used for different outputs.
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Table 3-2.

3.6.2

VISION® icon descriptions

New Task Criteria
New tasks are developed if they are tasks for new systems compared to existing nuclear
plants or tasks that, while not new, are performed significantly different from existing
plants. Following is the NuScale criteria for determining if a task should be considered
new:


the system is unique or modified significantly for NuScale or not commonly used in
the commercial industry



any component or feature that is unique or modified significantly to NuScale or not
commonly used in the commercial industry



any component or feature that has a high reliance on automation

Tasks that are considered new to NuScale are linked to the New Task table in VISION
3.7

Analysis of Feasibility and Reliability for Important Human Actions
The feasibility and reliability analysis for IHA addresses the following:


time available and time required to perform actions



use of techniques to minimize bias



sequence of actions



estimated time for operators to complete credited actions
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Time available to perform actions is the length of time from the initiation of the task to the
time the task needs to be completed as defined in the analysis, which identifies the IHA
(e.g., PRA, D3CA, TAA). Applicable regulatory guidance is considered for the analyses
that determine each IHA, and for any task which industry experience identifies as a
potential IHA. The time available is based on plant response to the anticipated
operational occurrence or accident.
As discussed in Section 3.5.1, the time required to complete a task considers cognitive
processing time, physical movement time, and HSI response time. The time-required
calculation is based on an understanding of the sequence of operator actions and takes
into account secondary tasks. Time-required estimates for IHAs are simulated and
measured when feasible, or obtained through operator and expert interviews, software
modeling of human behavior during tasks, and OERs. Analysis of the TIHA HFE element
identified two IHAs. See the HFE TIHA RSR for more information (Reference 6.2.5).
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4.0

Summary of Results
The function allocations determined as part of the HFE element FRA and FA provide the
foundation for TA. Detailed task analysis is the foundation for the development of
operating procedures and the operator training program.
Task analysis allows the HFE team member to identify tasks and distinguish between
system tasks, plant-related tasks, alarm response tasks, and surveillance tasks. The
process also assists the team member in determining the job position(s) responsible for
the tasks, HSI inventory, and task and element attributes. {{

}}2(a),(c)
Three illustrative system examples are included in this report. The systems included are
chemical and volume control system (CVCS), DHRS, and emergency core cooling
system (ECCS). These examples were chosen since CVCS is a complicated system,
has a safety related and risk significant function, and contains an important human
action that, if it fails, would lead to the need to perform another IHA to unisolate and
initiate containment injection via the containment flooding and drain system (CFDS).
DHRS and ECCS are relatively simple systems but have safety-related and risksignificant functions. In addition to the TA results of the three example systems, the TA
results of the remaining NuScale systems are also available in the database.
4.1

System Task Analysis Results
As discussed in Section 3.0, tasks are selected for analysis that represent a range of
operating modes for a 12-module plant, including startup, normal operations, low-power
and shutdown conditions, transient conditions, abnormal conditions, emergency
conditions, and severe accident conditions. Severe accident conditions include those
that affect multiple units simultaneously.
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Tasks are selected on the basis of the screening methodology discussed in Section 3.2.
Evaluation of the PRA results identified two IHAs (Reference 6.2.5). Evaluation of the
deterministic analysis results identified no IHAs (Reference 6.2.5).
{{

}}2(a),(c)
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{{

}}2(a),(c)
Figure 4-1.

Sample of CVCS master task list
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{{

}}2(a),(c)
Figure 4-2.

Sample of DHRS master task list
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{{

}}2(a),(c)
Figure 4-3.
4.1.1

Sample of ECCS master task list

Human-System Interface Inventory Development
TA provides input to the HSI inventory and characterization, and for the HSI style guide,
providing the foundation for the HSI design, HSI design verification, and task support
verification. Task support verification is performed as part of the human factors
verification and validation activities and ensures that the alarms, displays, controls, and
task support needed for personnel to perform their tasks are provided. Figure 4-4, Figure
4-5, Figure 4-6, and Figure 4-7 provide examples of the relationship between tasks and
components, displays, alarms and controls, and how they relate to the development of
HSI inventory (Reference 6.2.4).
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This data is used to determine the following:


{{

}}2(a),(c),ECI
{{

}}2(a),(c),ECI
Figure 4-4.

Hierarchy example of component-to-task relationship within the database

Each system is analyzed to determine which equipment and displays are required to
ensure proper monitoring and control of the system. Each instrument (and display) is
analyzed to determine the tasks needed to support equipment operation.
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{{
}}2(a),(c),ECI
{{

}}2(a),(c),ECI
Figure 4-5.

Hierarchy example of instrumentation (and display)

Each system is analyzed to determine which alarms are needed to determine the system
functions are met. With each alarm that is determined to be valid for the system, a task
needs to be written to alert the operators. If human action needs to be taken, then one or
more tasks need to be developed to support the system.
{{
}}2(a),(c)
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{{

}}2(a),(c),ECI
Figure 4-6.

Hierarchy example of alarms to task relationship within the database

Each system is analyzed to ensure proper process control. Each control is analyzed to
determine the tasks needed to support equipment operation. {{

}}2(a),(c)
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{{

}}2(a),(c),ECI
Figure 4-7. Hierarchy example of controls
4.1.2

System Tasks Determined by Function

Each system function is analyzed and tasks are developed that support the system functions.
The analysis includes equipment operation needed for the task based on the process and
equipment operation (e.g., start or stop a pump). {{
}}2(a),(c),ECI
{{

}}2(a),(c),ECI
Figure 4-8. Task examples for function of “Purify the reactor coolant”
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4.1.3

Alarm Response Task Determination Results

Alarms are identified using criteria established during HSI design and analyzed in task analysis.
An alarm is a mechanism for informing an operator of an abnormal plant condition for which an
operator action is required. Tasks have been assigned to the alarms to develop alarm response
procedures. {{
}2(a),(c),ECI
{{

}}2(a),(c),ECI
Figure 4-9.

Alarm response hierarchy for CVCS

{{
}}2(a),(c)
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{{

}}2(a),(c),ECI
Figure 4-10.
4.1.4

Example of CVCS alarm response procedure

Surveillance Task Determination Results
Tasks related to surveillance, test, inspection, and maintenance procedures are
screened for applicability of TA. Human errors during the performance of surveillance,
test, and inspection may result in components being in a state that induces a plant
transient or can trigger a precursor to a plant transient. In both cases, the surveillance,
test, and inspection actions are selected for task analysis to identify defenses against
these errors.
{{
}}2(a),(c)
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{{

}}2(a),(c),ECI
Figure 4-11.
4.1.5

Surveillance hierarchy

Operational Sequence Diagram Results
The objective of OSD is to show the information flow between the operators and the HSI
from the beginning to the end of the task. It also shows the operator actions if the
automatic actions fail. The sequencing of the tasks provides input for the plant operating
procedures and defines the activities that plant personnel are trained to execute. Figure
4-12 an example of a CVCS OSD and Figure 4-13 is an example of an ECCS OSD.
{{

}}2(a),(c),ECI
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{{

}}2(a),(c),ECI
Figure 4-12.

CVCS operational sequence diagram for inadvertent boron dilution

{{

}}2(a),(c)
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{{

}}2(a),(c)
Figure 4-13.
4.2

ECCS operational sequence diagram for ECCS initiation

Plant Task Analysis Results
The TA provides the information needed to build a complete HSI inventory and the
characteristics of that inventory needed to monitor and control critical functions during
normal and abnormal operating conditions. This group of tasks includes those tasks with
potentially negative consequences (not classified as IHAs).
The following plant tasks are within scope for the task analysis and include


miscellaneous events and evolutions



anticipated operational occurrences (AOO)



infrequent events



accidents



special events (SE)
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emergency operating procedures

Examples of each of these are shown in Sections 4.2.1 through 4.2.6.
4.2.1

Miscellaneous Events and Evolutions
Miscellaneous events and evolutions are events that are not covered under anticipated
operating occurrences, infrequent events, accidents, special events, or emergency
operating events. {{

}}2(a),(c)
Figure 4-14. Miscellaneous events and evolution task examples

© Copyright 2016 by NuScale Power, LLC
39

Human Factors Engineering Task Analysis Results Summary Report
RP-0316-17616-NP
Revision 0

4.2.2

Anticipated Operational Occurrences
An AOO is a condition of normal operation that is expected to occur one or more times
during the life of the plant. Figure 4-15 is an example of the AOO tasks associated with
the NuScale plant. {{
}}2(a),(c)
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{{

}}2(a),(c),ECI
Figure 4-15. Anticipated operational occurrences task examples
4.2.3

Infrequent Events
Infrequent event is used to apply to transients that have a frequency between 1E-2 and
1E-4 per year and dose acceptance criteria is less than or equal to 10 percent of
accident dose. {{
}}2(a),(c)
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{{

}}2(a),(c)
Figure 4-16. Infrequent event examples
4.2.4

Accidents
Accidents are defined as postulated as design basis events that are not expected to
occur during the lifetime of a reactor. Figure 4-17 is an example of the accident tasks
associated with the NuScale plant.
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{{

}}2(a),(c)
Figure 4-17. Accident task examples
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4.2.5

Special Events (SE)
Special events have been identified by the NRC and are not categorized by their effect
on system behavior or likelihood of occurrence. These events are analyzed to
demonstrate conformance with NRC regulations. {{

}}2(a),(c)
Figure 4-18. Special event task examples
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4.2.6

Emergency Operating Procedures
Emergency operating procedures are plant procedures that direct operator actions
necessary to mitigate the consequences of transients and accidents that have caused
plant parameters to exceed module protection system set points or engineered safety
feature set points, or other established limits. {{

}}2(a),(c)
Figure 4-19. Emergency operating task examples
4.3

Task Support

4.3.1

Task Attributes
Tasks attributes are assigned to each task by the SME to identify various aspects of the
task that are characteristic of that task. {{

}}2(a),(c)


personal protective equipment



tools/equipment needed
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workspace



physical position



primary operator



cognitive work load



teamwork within the crew



physical work load



typical environmental conditions



stress level



number of personnel required



task type



task time



frequency
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{{

}}2(a),(c),ECI
Figure 4-20. Task attribute cross reference example
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4.3.2

Element Attributes
Element attributes are similar to task attributes and are characteristics of the element(s)
or procedure step(s) of the task. {{

}}2(a),(c)
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{{

}}2(a),(c),ECI
Figure 4-21. Element attribute cross reference example
4.3.3

Personnel Task Designation
Job positions are used to determine the workload for each of the operating positions.
This is also a method to identify training requirements based on tasks assigned per
position. {{
}}2(a),(c)

© Copyright 2016 by NuScale Power, LLC
49

Human Factors Engineering Task Analysis Results Summary Report
RP-0316-17616-NP
Revision 0

{{

}}2(a),(c),ECI
Figure 4-22. Job position task examples for reactor operator 2/3 for CVCS
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{{

}}2(a),(c)
Figure 4-23. Job position determination for reactor operator 1 for ECCS
4.3.4

New Task Results

New tasks are developed if they are tasks for new systems compared to existing nuclear
plants or tasks that, while not new, are performed significantly differently from existing
plants. {{

}}2(a),(c),ECI
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{{

}}2(a),(c),ECI
Figure 4-24. Sample of new tasks for CVCS
{{

}}2(a),(c),ECI

© Copyright 2016 by NuScale Power, LLC
52

Human Factors Engineering Task Analysis Results Summary Report
RP-0316-17616-NP
Revision 0



{{

}}2(a),(c),ECI
4.4

Knowledges and Abilities
KAs are important to ensure the personnel have the proper training to perform the tasks.
{{

}}2(a),(c)
{{

}}2(a),(c),ECI
Figure 4-25. Example of CVCS skills and knowledges categories
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{{
}}2(a),(c)
{{

}}2(a),(c),ECI
{{

}}2(a),(c),ECI
Figure 4-26. CVC component knowledge and ability example
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4.5

Important Human Action Results
{{

}}2(a),(c)
{{

}}2(a),(c),ECI
Figure 4-27. Important human action task and element example 1
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{{

}}2(a),(c),ECI

{{

}}2(a),(c),ECI

Figure 4-28. Important human action task and element example 2
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5.0

Analysis Conclusions
The architecture and process in which the data is collected allows for a wide range of
results. Changes can be made in a way that keeps the data consistent across elements
of the HFE process; FRA/FA, OER, TA, S&Q, and V&V.
TA has also been a major input for the control room staffing plan validation (work load
analysis) for the operators. Tasks that are high stress, high consequence of inaccurate
performance, high cognitive work load, etc., have been identified to determine the overall
operator work load. With the work load established, efforts are made to lower the
operator work load through HSI design, automation, procedures, and training. The
results of the control room staffing plan validation are described in Reference 6.2.3
Tasks are an integral part of operating procedures, which makes TA the foundation for all
procedures required to operate the plant during startup, normal, shutdown, abnormal,
and emergency conditions. This makes TA crucial to the safe operation of the plant.
SME’s provide input to the design where deficiencies may exist that involve human
factors improvement or enhancement to the plant design.
TA is the cornerstone for cognitive and performance-based operator training that is
required for S&Q. Task-based learning objectives are determined and the knowledge
and abilities are identified for the operator training program.
TA is essential for HSI development and the V&V process. Each MCR task is
demonstrated on the HSI to ensure the operators can perform the tasks in an accurate
and timely manner. Task support verification ensures the HSI provides the needed
alarms, information, controls, and task support for personnel to perform their tasks. TA
and HSI development are vital to the safe operation of the plant.
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Abstract
Staffing and Qualifications (S&Q) is a significant element of the human factors engineering
(HFE) program. As part of its HFE program, NuScale Power, LLC (NuScale) S&Q activities
determined the number and qualifications of licensed operator personnel required for safe and
reliable NuScale plant operation. The S&Q analysis considers tasks from a range of plant
operating modes, including startup, normal operations, low-power and shutdown conditions,
transient conditions, abnormal conditions, emergency conditions, and severe accident
conditions. For the NuScale power plant, minimum main control room (MCR) staffing levels as
well as operator roles and responsibilities were established in the Concept of Operations
(Reference 6.2.9).
NuScale utilized the collective operating experience of its design staff, initial functional
requirements analysis and function allocation (FRA/FA) and task analysis (TA) results, tabletop
activities, and preliminary simulator observations to determine initial staffing levels. Due to the
NuScale plant’s passive safety systems, simple operation, automation, expected reduced
licensed operator workload, and limited number of important human actions (IHAs), a design
goal was defined to use a minimum MCR shift contingent of three licensed reactor operators
(RO) and three licensed senior reactor operators (SRO) covering the roles of shift manager
(SM), shift technical advisor (STA), and control room supervisor (CRS).
The NuScale staffing plan was validated utilizing the processes consistent with NUREG-1791
(Reference 6.1.17) and the applicable provisions of NUREG-0711 (Reference 6.1.1).
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Executive Summary
The Staffing and Qualification (S&Q) analysis performed by NuScale was to determine the
number and qualifications of licensed operator personnel required for safe and reliable plant
operation. Licensed operator personnel include licensed operators and senior operators as
defined by code of federal regulations (CFR) 10 CFR 55.4 (Reference 6.2.4) and MCR-specific
personnel subject to the training program as described by 10 CFR 50.120 (Reference 6.1.5).
These S&Q activities are consistent with those of the overall HFE program described in the HFE
Program Management Plan (PMP) (Reference 6.2.1).
Initial staffing level goals and staffing roles and responsibilities are evaluated and modified, as
required, in an iterative fashion through the NuScale design change control process, through the
use of the human engineering discrepancy (HED) process, and as information from other HFE
elements and S&Q analyses, evaluations, and tests becomes available.
Task Analysis (TA) results, documented in Human Factors Engineering Task Analysis RSR
(Reference 6.2.4), are used to determine the crew roles and responsibilities and are used as
input to the initial licensed operator staffing level.
The NuScale plant is designed to operate up to 12 units from a single main control room (MCR),
which is not specifically addressed in 10 CFR 50.54(m) (Reference 6.1.3). In fact, the NuScale
plant has been designed with the assumption that there will be an alternate staffing solution
from 10 CFR 50.54(m).
Incorporation of the guidance in NUREG-1791, specifically section 10, ‘Review the Staffing Plan
Validation’, into the Control Room Staffing Plan Methodology (Reference 6.2.10), and the
successful completion of the staffing validation as described in this S&Q RSR, Section 4.0, and
the Control Room Staffing Plan Validation Results (Reference 6.2.11), provide the technical
justification for the alternate staffing regulation.
This report is organized into six major sections and appendices. Section 1.0 describes the
purpose and scope of S&Q. Section 2.0 provides an overview of the S&Q implementation
process and a description of the S&Q team composition and responsibilities. Section 3.0
describes the methodology and specifies the criteria for performing the staffing and qualification
evaluations. Section 4.0 provides a detailed summary of the results of S&Q activities (i.e., the
staffing levels, staff qualifications, staff roles and responsibilities, and the results of staffing plan
validation). Section 5.0 provides a high-level conclusion derived from the experience of
performing the S&Q activities. The source and referenced documents applicable to and used in
the S&Q effort are listed in Section 6.0.
This report supersedes RP-0914-8538, Human Factors Engineering Staffing and Qualifications
Implementation Plan, in its entirety.
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1.0

Introduction

1.1

Purpose
This document provides the human factors engineering (HFE) staffing and qualifications
(S&Q) results summary report (RSR) for the NuScale plant.
The objective of the S&Q analysis determines the minimum number and qualifications of
licensed operator personnel required for safe and reliable NuScale plant operation under
all operating conditions based on task and regulatory requirements. For the purposes of
this RSR, licensed operator personnel include reactor operators and senior reactor
operators as defined by code of federal regulations (CFR) 10 CFR 55.4 (Reference
6.1.4) and main control room (MCR)-specific personnel subject to the training program
as described by 10 CFR 50.120 (Reference 6.1.5).

1.2

Scope
The S&Q RSR includes staffing evaluations for activities performed by licensed control
room operators. Staffing analysis for non-licensed operators, maintenance activities,
activities completed by craft/technical personnel (i.e., mechanical, electrical, or
instrumentation and controls [I&C] maintenance; health physics; chemistry; engineering;
or information technology), or activities associated with the technical support center,
emergency operations facility, operations support center, or any other emergency
response facilities are included only if they are determined to impact licensed operator
workload. When licensed operator workload is impacted, then the area of concern was
analyzed to a degree sufficient to quantify the impact to licensed operator workload or
staffing and to develop any human-system interface (HSI) or staffing adjustments
required to address the specific task and associated staffing requirements.

1.3

Abbreviations and Definitions

Table 1-1.

Abbreviations

Term

Definition

ANSI/ANS

American National Standards Institute/American Nuclear Society

CFR

Code of Federal Regulations

COL

combined operating license

CRS

control room supervisor

FA

function allocation

FRA

functional requirements analysis

HED

human engineering discrepancy
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Term

Definition

HFE

human factors engineering

HFEITS

human factors engineering issues tracking system

HSI

human-system interface

I&C

instrumentation and controls

IHA

important human action

IP

implementation plan

ISV

integrated system validation

MCR

main control room

NRC

Nuclear Regulatory Commission

NUREG

Nuclear Regulatory Commission (technical report of the United States Nuclear Regulatory
Commission)

OER

operating experience review

PMP

program management plan

RIS

regulatory issue summary

RO

reactor operator

RSR

results summary report

S&Q

staffing and qualifications

SME

subject matter expert

SM

shift manager

SMR

small modular reactor

SOC

sampling of operational conditions

SPV

staffing plan validation

SRO

senior reactor operator

STA

shift technical advisor

TA

task analysis

TIHA

treatment of important human actions

V&V

verification and validation

© Copyright 2016 by NuScale Power, LLC
4

Human Factors Engineering Staffing and Qualifications Results Summary Report
RP-0316-17617-NP
Rev. 0

Table 1-2.

Definitions

Term

Definition

VISION

A database program that is used to track training program development from task
analysis through objectives and simulator development. This program is used at
NuScale to document FRA/FA and task analysis.

Subject Matter
Expert

A person that has completed the NuScale HFE/Operations initial company training
program, has previous licensed operating nuclear plant experience, and has
performed task analysis or NuScale system reviews and is familiar with the NuScale
plant design.
The definition of SME for staffing plan validation testing purposes is a person that
has completed the Simulator Participant qualification, has previous licensed
operating nuclear plant experience, and has worked at NuScale in some capacity to
be familiar with the design such as performing TA, NuScale system reviews, or
operating the NuScale Integral Systems Test (NIST) facility.

Situation (or
Situational)
Awareness

An individual’s mental model of what has happened, the current status of the system,
and what will happen in the next brief time period.

Workload

The cognitive and physical demands placed on plant personnel.
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2.0

Implementation

2.1

Staffing and Qualification Process Overview

2.1.1

Initial Staffing Levels
Minimum MCR staffing levels as well as operator roles and responsibilities are described
in detail in Concept of Operations (Reference 6.2.9). {{

}}2(a),(c) Due to the NuScale plant’s passive safety systems, simple operation,
automation, expected reduced licensed operator workload, and limited number of
important human actions (IHA), a 12-unit NuScale plant is planned to be operated with a
minimum MCR shift contingent of three licensed reactor operators (ROs) and three
licensed senior reactor operators (SRO) covering the roles of shift manager (SM), shift
technical advisor (STA), and control room supervisor (CRS). This initial staffing level is
subject to change following completion of the analyses described below.
The NuScale plant is designed with the assumption that there will be an alternate
staffing solution from 10 CFR 50.54(m). In order to evaluate and justify these initial
staffing levels, NuScale has implemented an approach to establishing the basis for
staffing levels and qualification, including operator roles and responsibilities, in
accordance with the Control Room Staffing Plan Validation Methodology
(Reference 6.2.10). For more information on the NuScale approach, see Section 2.3.2
and Section 3.3. For a summary of the results of staffing plan validation, see Section 4.0
and Control Room Staffing Plan Validation Results (Reference 6.2.11).
2.1.2

Task Analysis Inputs

As described in the Human Factors Engineering Task Analysis RSR (Reference 6.2.4),
TA results are used to determine the crew roles and responsibilities and are used as
input to the initial licensed operator staffing level. Personnel tasks, addressed in TA, are
assigned to staffing positions considering:


task characteristics, such as the knowledge and abilities required, relationships
among tasks, time available, and time required to perform the task



the operator’s ability to maintain situation awareness within the area of assigned
responsibility



teamwork and team processes such as peer checking



workload associated with each job within the crew
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For more details on the relationship between TA and S&Q with respect to the process for
validation of the NuScale staffing plan, see Section 3.3 and Reference 6.2.10.
2.1.3

Determining the Number and Qualifications of Licensed Operator
Personnel

The scope of S&Q analyses includes determining both the number of licensed operator
personnel and their qualifications. For the purposes of this RSR, licensed operator
personnel include operators and senior operators as defined by 10 CFR 55.4
(Reference 6.1.4). Licensed operators’ roles and qualifications include those of a SM, a
CRS, a STA, and three reactor operators (ROs).
S&Q analyses define numbers and qualifications of licensed personnel for a range of
conditions and tasks, including operational tasks (under normal, abnormal, and
emergency conditions).
2.1.4

Iterative Nature of Staffing Analysis

Initial staffing level goals and staffing roles and responsibilities are evaluated and
modified, as required, in an iterative fashion through NuScale design change control
procedures, through the use of the human engineering discrepancy (HED) process, and
as information from other HFE elements and S&Q analyses, evaluations, and tests
becomes available.
HEDs are generated during human factors verification and validation (V&V) activities
within the NuScale HFE program as described in the Human Factors Engineering
Program Management Plan (Reference 6.2.1). Design discrepancies identified during
HFE design development activities are resolved as part of the NuScale design process,
whenever possible. Those HFE issues that cannot be immediately resolved or that
potentially change the initial staffing goals for the MCR or potentially impact their roles
and responsibilities are captured in the Human Factors Engineering Issues Tracking
System (HFEITS) for evaluation and resolution during staffing plan validation (SPV) or
integrated system validation (ISV), as appropriate.
2.2

Staffing and Qualification Team Composition and Responsibilities
The HFE team is responsible for conducting the staffing and qualifications analysis. The
qualifications of the HFE team members supporting this HFE program element are
stipulated in the NuScale HFE PMP (Reference 6.2.1).
An S&Q team and S&Q team lead are selected by the HFE supervisor to conduct the
S&Q element. The S&Q team lead is responsible for:


organizing the S&Q team



assigning team member responsibilities
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managing resources



developing schedules



receiving access to activities and results from other HFE elements



ensuring that S&Q issues are completed with supporting documentation and entered
into HFEITS as necessary



production of the staffing plan validation results report and the S&Q RSR

Initial staffing goals for the MCR crew are an input to all HFE program elements and are
confirmed and documented in Control Room Staffing Plan Validation Results, RP-051649116 (Reference 6.2.11).
The S&Q process is detailed in Section 3.0, Methodology. Further details are provided in
the Control Room Staffing Plan Validation Methodology (Reference 6.2.10).
2.3

Applicable Regulatory Guidance for Staffing and Qualifications

2.3.1

Standard Review Plan Guidance on Staffing and Qualifications
NUREG-0800 Standard Review Plan (Reference 6.1.2), Section 13.1.1 Management
and Technical Support Organization and Sections 13.1.2 ‒ 13.1.3 Operating
Organization, provide guidance for addressing the management and technical support
organization, and operating organization. A combined licensed applicant that references
the NuScale power plant design certification will address the management and technical
support organization, operating organization, and qualifications of non-licensed
operators and other plant personnel. The qualification of licensed operators is addressed
in this report.

2.3.2

Code of Federal Regulations Guidance on Staffing and Qualifications (10 CFR
50.54(m))
The NuScale plant is designed to operate up to 12 units from a single main control room
(MCR), which is not specifically addressed in 10 CFR 50.54(m). Due to NuScale’s
passive safety systems, simple operation, automation, reduced licensed operator
workload, limited IHAs, and ample time to complete operator actions, the NuScale plant
has been designed with the assumption that there will be an alternate staffing solution to
10 CFR 50.54(m).
SECY-11-0098 (Reference 6.1.15) provides the NRC staff’s proposed approach to
resolving the issue of the appropriate number of on-site licensed operators for multimodule nuclear power plants, and potential requests for exemptions from the on-site
operator staffing requirements in 10 CFR 50.54(m).
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SECY-11-0098 recommends “a two-step approach to address operator staffing
requirements for SMRs. In the near-term, applicants can request exemptions to the
current operator staffing requirements in 10 CFR 50.54(m) and the staff will review the
request using existing or modified guidance. Once experience is gained, the staff would
initiate the long-term solution, which is to revise the regulations to provide specific
control room staffing requirements for SMRs.” As the first SMR vendor to develop a
design based on a different licensed operator staffing requirement and control room
configuration than that required by 10 CFR 50.54(m), NuScale is in the unique position
of working with the NRC in exercising the existing guidance. Consistent with SECY-110098 and NUREG-0711 section 6.4, NuScale is using the existing guidance in NUREG0800 (Reference 6.1.2), NUREG-0711 (Reference 6.1.1), NUREG-1791 (Reference
6.1.17), and NUREG/CR-6838 (Reference 6.1.19) to develop the methodology to justify
an alternate staffing solution. This report and its supporting documents provide the
technical justification for the alternate licensed operator staffing of a NuScale plant.
{{

}}2(a),(c)
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3.0

Methodology

3.1

Establishing the Basis for Staffing and Qualification Levels
The initial staffing goals for the MCR crew are identified in Section 2.1.1 and further
described in the Concept of Operations (Reference 6.2.9). Staffing goals for the MCR
crew are an input to or have an impact on many of the HFE program elements and are
confirmed as a result of the control room staffing plan validation (Reference 6.2.11). The
initial staffing goals were subject to revision based on the results of HFE analyses,
including operating experience review (OER), FRA/FA, TA, HSI Design, and S&Q. The
methodologies used in the analyses of these HFE elements, as well as the results, are
described in the corresponding RSRs. These analyses provide the basis for any
changes to the initial staffing levels.
The following sections describe NuScale methodology for performing the S&Q analyses
to validate the acceptability of staffing levels, staffing qualifications, and roles and
responsibilities for safe operation of a multi-module nuclear power plant.
A top criterion for staffing is individual and crew task performance. Successful task
performance is the main criterion for evaluating a proposed staffing level. However, crew
task performance can be negatively impacted by other factors. High workload and poor
situation awareness are examples of factors that can lead to poor task performance and
are addressed during the S&Q analyses. S&Q analyses include periodic tests conducted
at increasing levels of design maturity, procedure development, simulator fidelity, and
operator training. These are described below and in References 6.2.10 and 6.2.11.
3.1.1

Operating Experience Review

The NuScale plant is a new and innovative modular, passive design with no commercial
nuclear reactor power plant considered as a direct predecessor. Nonetheless, the
operating experience of current commercial nuclear power plants is analyzed as
described in the Human Factors Engineering Operating Experience Review Results
Summary Report (Reference 6.2.2) and in the Human Factors Engineering Functional
Requirements Analysis/Function Allocation Results Summary Report (Reference 6.2.5)
because many systems and components similar to those in the NuScale design are also
found in operating nuclear power plants. The roles and responsibilities of the three
senior reactor operators, specifically the SM, CRS, and STA, in existing commercial
nuclear plants is considered very effective in establishing and maintaining command and
control and technical oversight during normal and off-normal conditions. Therefore, initial
staffing goals for the MCR crew levels and qualifications are based, in part, on staffing
levels and qualifications from commercial nuclear power plants, while taking into account
the passive features and a high degree of automation of the NuScale plant.
Operating experience at commercial nuclear power plants is reviewed as described in
Reference 6.2.2. Initial staffing goals for the NuScale power plant were developed in
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consideration of the following factors based on SME knowledge and experience and
were considered as a part of OER, FRA/FA, and TA:


operational strengths and weaknesses resulting from staffing levels



initial staffing goals for the MCR crew and their bases, including a description of
significant similarities and differences



staffing considerations described in NRC Information Notice 95-48, "Results of Shift
Staffing Study" (Reference 6.1.6)



possible impact on staffing of requirements of work hour limits, required break times,
and required days off, as specified in 10 CFR 26.205, Work Hours (Reference 6.1.7)
as part of the fitness-for-duty rule



Regulatory Issue Summary (RIS) 2009-10, Communications between the NRC and
Reactor Licensees during Emergencies and Significant Events (Reference 6.1.8)



automatic action crediting described in NRC Information Notice 97-78, “Crediting of
Operator Actions in Place of Automatic Actions and Modifications of Operator
Actions, Including Response Times” (Reference 6.1.9)



NUREG/IA-0137, A Study of Control Room Staffing Levels for Advanced Reactors
(Reference 6.1.16)

The OER focus is on the unique features of the NuScale design that include multimodule applications, use of digital control systems, heavy use of automation, and use of
computer-based procedures. The OER identifies human performance errors that may
indicate strengths or weaknesses in commercial nuclear power plant staffing and
qualifications. Human performance errors are evaluated to determine if strengths are
maintained and weaknesses are resolved by the NuScale design. OER bases related to
S&Q are re-confirmed during S&Q analyses to ensure they remain valid.
3.1.2

Functional Requirements Analysis and Function Allocation

The functional requirements analysis (FRA) determines plant functions performed to
satisfy plant safety objectives and identifies the preferred normal and emergency
success paths used to control those functions. The function allocation (FA) assigns
these success paths to human (manual), machine/system (automation), or shared
actions. The process for assigning or allocating success paths is described in the
FRA/FA RSR (Reference 6.2.3) and includes consideration of the complexity and time
criticality of controlling these success paths. The function allocation considers not only
primary task allocation to personnel but also the responsibility to monitor automatic
functions, detect I&C and HSI degradations and failures, and to assume manual control
when necessary.
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The initial FA to an individual operator is based on HFE criteria and may not fully
consider the operating crew as a whole. {{

}}2(a),(c)
During S&Q analyses HFEITS items may be generated in order to bring about changes
to FRA/FA during successive iterations.
3.1.3

Task Analysis

The functions assigned to licensed operator personnel from FRA/FA define their roles
and responsibilities for both manual actions and monitoring of or backup to automation.
Human actions performed to accomplish these functions are grouped to obtain common
objectives or goals. TA helps to define operator staffing and qualifications for each task
and includes an assessment of workload and time margins for task execution. For more
detail on TA, see the Task Analysis Results Summary Report (Reference 6.2.4).
Initially, tasks are identified via system task level analysis and systems tasks are
combined into system level functional groups. As the TA progresses, multi-system
functions are combined.
The initial results of TA are used to develop the HSI, define the roles and responsibilities
of personnel, develop the draft operating procedures, capture knowledge, skills, and
abilities, and identify training needs, all of which are captured in the TA database.
TA inputs to S&Q analyses include:


time available/required to perform a task



subject matter expert (SME) estimates of the workload involved



high-workload personnel tasks



knowledge, skills, and abilities for personnel



personnel communication and coordination, including interactions between
individuals for diagnosing, planning, and controlling the plant, and interactions
between personnel for administrative, communications, and reporting activities



the job requirements resulting from the sum of all tasks allocated to each individual
inside the MCR
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TA may identify required workload outside of the MCR, such as fire brigade support;
however, licensed operators who fill a minimum shift staffing role are not assigned other
duties that prevent them from fulfilling their licensed operator duties within the MCR
(Reference 6.2.11).
S&Q analyses consider tasks from the full scope of TA (i.e., a range of plant operating
modes, including startup, normal operations, low-power and shutdown conditions,
transient conditions, abnormal conditions, emergency conditions, and severe accident
conditions) (see Reference 6.2.4).
S&Q related issues that may be generated during TA are tracked in HFEITS and
resolved during staffing validation and human factors V&V activities.
It is recognized that the control room staff is responsible for implementing the initial
emergency response per 10 CFR 50.47, Emergency Plans (Reference 6.1.10) using the
guidance contained in NUREG-0654, Criteria for Preparation and Evaluation of
Radiological Emergency Response Plans and Preparedness in Support of Nuclear
Power Plants (Reference 6.1.11). That responsibility includes diagnosis, assessment,
mitigation, emergency declaration, offsite notifications, and implementing emergency
measures within the site boundary, including protective measures and aid for onsite
personnel. {{
}}2(a),(c)
3.1.4

Treatment of Important Human Actions

Important human actions are identified as described in the Treatment of Important
Human Actions (TIHA) Results Summary Report (Reference 6.2.5). Detailed TA
determines the feasibility and reliability of IHAs. TA also performs a workload
assessment, time margin assessment, and determines the number of people required to
accomplish a task as well as the knowledge and abilities that determine qualifications.
The staffing plan validation conducted as part of the S&Q element includes all of the
IHAs and confirms:


the assumptions that IHAs can be conducted within the time available by the
minimum licensed MCR staff for all applicable plant operating modes and conditions



availability, degree of clarity, and indication cues for manipulation of the HSI

S&Q analyses consider the findings in NUREG/CR-6753 (Reference 6.1.12) related to
the contribution of human performance to risk.
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{{
}}2(a),(c)
HEDs related to IHAs that are identified during OER, FRA/FA, TA, HSI Design, or TIHA
elements are evaluated and resolved prior to completion of the S&Q element and
documented in this report.
3.1.5

Procedure Development

S&Q analyses use task sequencing from TA as preliminary procedures and assume
specific personnel numbers, and a certain level of secondary tasks such as
communication. S&Q analyses also consider when task sequencing suggests the
concurrent use of multiple procedures. Computer-based procedures are utilized during
scenario-based testing of operator and crew performance tests, workload analysis, and
situation awareness assessment.
S&Q related HEDs identified during procedure development are entered into the HED
database. Procedure development related HEDs that affect human factors V&V
scenarios (Reference 6.2.7) are resolved prior to ISV. Other procedure development
related HEDs may be resolved prior to completion of the design implementation HFE
element (see Reference 6.2.8).
3.1.6

Training Program Development

S&Q analyses provide input to the training program development related to knowledge,
skills, and abilities to be attained and maintained. As S&Q analyses encompass licensed
operator personnel, they provide input essential to coordinating actions between
individuals inside and outside the MCR. The training program includes this set of
knowledge, skills, and abilities.
S&Q related HEDs identified during training program development are entered into the
HED database. Training program development related HEDs are resolved during human
factors V&V (Reference 6.2.7) or design implementation (Reference 6.2.8), as
applicable.
3.2

Baseline Assumptions
Prior to completion of staffing analyses, a 12-unit NuScale plant is assumed to be
operable with an MCR shift contingent of three licensed ROs and three licensed SROs
covering the roles of SM, STA, and CRS. S&Q analyses are conducted to validate the
initial staffing goals for the MCR crew. Prior to S&Q analyses, the initial staffing goals for
the MCR crew reflect the resolution of staffing-related HEDs from OER, FRA/FA, TA and
TIHA.
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Qualification requirements (education and job experience) for the licensed operator
personnel are described in ANSI/ANS 3.1, Selection, Qualification, and Training of
Personnel for Nuclear Power Plants (Reference 6.1.13). Licensed operators are trained
and qualified per ACAD 10-001, Guidelines for Initial Training and Qualification of
Licensed Operators (Reference 6.1.20).
3.3

Evaluation of Staffing Levels and Operator Qualifications
The bases for licensed operator personnel staffing are established as described in
Section 3.1 using input from other HFE program elements to support the initial staffing
goals for the MCR crew (numbers and qualifications baseline) described in Section 3.2.
S&Q evaluations confirm or modify the baseline to achieve the final staffing and
qualification levels.
{{

}}2(a),(c)
These tests and assessments are performed to gain a high level of confidence in the
adequacy of licensed operator staffing levels and their qualifications, roles, and
responsibilities.
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3.3.1

Staffing Plan Validation Methodology Overview

The Control Room Staffing Plan Validation Methodology (Reference 6.2.10) has been
developed following a review of numerous regulatory and research studies on staffing,
situational awareness, and workload measurements. {{

}}2(a),(c)
The validation plan (Reference 6.2.10) consists of the following elements:


Identify Challenging Operating Conditions



Identify Primary and Dependent Tasks



Identify Independent Tasks



Construct Scenarios and Assign Operator Responsibilities



Operating Staff Assignments



Staffing Assumptions



Scenarios Development Input



Scenario Development Content Goals



Creation of Scenario Guides



Scenario Test Plan



Analyze Workload

3.3.2

Staffing Plan Validation Scenario Development

{{

}}2(a),(c)
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Scenarios selected for staffing plan validation are also identified using input from other
HFE program elements:


OER (Reference 6.2.2) identifies situations and technologies that affect human
performance. These are evaluated during TA for effects on crew size or
qualifications.



FRA/FA (Reference 6.2.3) identifies success paths to determine best allocation of
functions. FRA/FA also identifies associated workload to control those success paths
while maintaining critical functions (including monitoring of automatic functions).



TA (Reference 6.2.4) identifies constraints where time required to conduct a task is
less than time available. Secondary tasks, distractions, and process delays (e.g.,
valve stroke time or digital processing time) are considered within time required
constraints. Licensed operator workload is determined by the collective time
required/time available calculation. S&Q identifies the tasks that have the highest
workload conditions for evaluation as part of the staffing plan validation (Reference
6.2.10). A sample of those conditions that have the lowest workload conditions are
evaluated during ISV. This has been identified as an HFE issue in HFEITS.



TIHA (Reference 6.2.5) identifies both probabilistic and deterministic IHAs. These
are included in the staffing plan validation scenarios. No deterministic IHAs were
identified. {{

}}2(a),(c)


Human factors V&V (Reference 6.2.7) identifies the need to identify a range of
operational conditions to guide task support verification, HFE design verification, and
ISV by means of performing sampling of operational conditions (SOC). The need to
use SOC as a means to support the development of challenging scenarios for
evaluating workload as part of staffing plan validation is promoted in BNL Technical
Report No. 20918-1-2015 (Reference 6.1.18).

The scenario selection includes those items that are unique to NuScale such as
situations evaluating changing conditions on multiple modules, common system
interface failures and their effect on multiple modules, high levels of automation, and
beyond design basis events. For workload considerations, certain plant evolutions that
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are planned and executed with additional staff beyond the minimum proposed are not
included. For example, a reactor startup is not an activity that is performed as an
unplanned evolution or needs to be done in an expeditious manner with a minimum
crew; therefore, it is not considered. A reactor startup will be included in the ISV.
Refueling operations are also not considered (except as a potential distraction) in the
workload assessment. They are performed by a dedicated staff (including an SRO)
separate from the main control room operating staff. The control room operators, with
the exception of the shift manager, have little direct interaction with the refueling team.
Staffing plan validation is also conducted for scenarios that, in SME judgment, challenge
the initial staffing levels for the MCR in terms of numbers or qualifications. {{
}}2(a),(c)
The following is an example of a scenario narrative summary repeated from Appendix D
of Reference 6.2.11:
{{

}}2(a),(c)
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Table 3-1.

Scenario example

{{

}}2(a),(c)

© Copyright 2016 by NuScale Power, LLC
19

Human Factors Engineering Staffing and Qualifications Results Summary Report
RP-0316-17617-NP
Rev. 0



{{
}}2(a),(c)

3.3.3

Licensed Operator Staffing Plan Validation

{{
}}2(a),(c) Evaluation criteria, as described in References 6.2.10 and 6.2.11, are
established and used to determine the acceptability of operator performance and the
adequacy of the HSI to permit operators to correctly diagnose and mitigate high
workload scenarios and to ensure the proposed staffing plan is acceptable. For a
detailed description of the methodology for performing staffing plan validation, including
the criteria and method for scenario development, qualification of the test bed, test
conditions and evaluation criteria, test participants, and participant training, see
Reference 6.2.10.
{{

}}2(a),(c)
The testing plan results are evaluated and included in Section 4.0 and Reference 6.2.11.
As each test is performed, lessons learned are captured and incorporated as needed to
enhance the ability of the operator to identify key parameters and to manage the
workload demands.
The results included in Section 4.0 document the changes made to the HSI, conduct of
operations, or design as appropriate. By utilizing an integrated, systematic approach to
evaluate the workload conditions for an operating crew, validation of the minimum
licensed operator staffing for a multi-unit (up to 12 units) NuScale plant is established.
3.3.4

Simulator Scenario-Based Testing

The simulator is able to support the staffing plan validation performance of the required
scenarios. For additional information about the status of the simulator, see Reference
6.2.10. The validation environment is based on the control room design to the extent
practicable.
Scenario-based testing is performed in accordance with the NuScale Simulator
Scenario-Based Testing Procedure described in detail in Reference 6.2.10.
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The testing is conducted by determining a set of key parameters and ensuring those
parameters behave as expected for the developed staffing plan validation scenarios.
ANSI/ANS-3.5-2009 Nuclear Power Plant Simulators for Use in Operator Training and
Examination (Reference 6.1.21) is referenced to select steady state and transient
parameters.
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4.0

Results Summary
This report contains the following information:

4.1



a description of the process used to determine initial and final staffing levels and
personnel qualifications (Sections 3.1, 4.2)



initial and final staffing levels (Sections 3.1, 4.2)



the assignment of tasks to personnel (Sections 3.1.3, 3.3.1, 4.8)



a description of necessary qualifications of personnel (Section 4.8)



input to the staffing evaluation from the other pertinent HFE elements, or a
justification as to why no input was included (Sections 3.1, 3.3.1, 4.1)



results of validating the final staffing levels (Sections 4.8, 5.0)

Staffing and Qualification Results as Compared to NUREG-0711 Review Criteria
As stated in Section 2.3.1, a combined license (COL) applicant that references the
NuScale plant design certification will provide a description of the corporate or home
office management and technical support organizations.
TA is used for the development of scenarios as described in Section 3 and Appendices E
and F of the Control Room Staffing Plan Validation Methodology (Reference 6.2.10). The
following criteria as demonstrated in the Staffing Plan Validation Results (Reference
6.2.11) are also included in the validation measurement criteria:


the task characteristics, such as the knowledge and abilities required, relationships
among tasks, time required to perform the task, and estimated workload



the person’s ability to maintain situation awareness within the area of assigned
responsibility



teamwork and team processes, such as peer checking

The number and qualifications of operations personnel for a range of plant conditions
and operational tasks under normal, abnormal, and emergency conditions are validated
as demonstrated in the Staffing Plan Validation Results (Reference 6.2.11).
NuScale’s staffing analysis methodology is iterative as described in Section 2.1.4.
Although staffing levels have not changed from initial goals, they have been continuously
evaluated throughout the HFE analysis and design process as demonstrated, for
example in TA (Reference 6.2.4), and roles and responsibilities have evolved as
described in the NuScale Concept of Operations (Reference 6.2.9).
The basis for NuScale staffing and qualification levels have been established as a result
of the specific staffing-related issues included in the HFE elements listed Section 3.1
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and their respective RSRs (References 6.2.2 through 6.2.6), as well as the process
described in the Control Room Staffing Plan Methodology (Reference 6.2.10), and the
results as described in the Control Room Staffing Plan Validation Results (Reference
6.2.11).
4.2

Summary of the Control Room Staffing Plan Validation Results
The SPV testing was performed to evaluate licensed operator workload in challenging
high workload situations within a NuScale 12-unit control room environment. Testing was
performed to provide a high level of confidence that the cognitive workload, situational
awareness, and task completion time demands associated with operating a 12-unit
facility is appropriate. The SPV provided empirical evidence that the control room
staffing levels are acceptable based on the results observed in each scenario. For
additional information, see Reference 6.2.11.
Testing was performed to verify staffing assumptions with a focus on high workload
situations. The results successfully validated that the anticipated workload conditions are
reasonable and are bounded by the selected scenarios utilizing participants at the most
basic level of training. The testing was limited to control room licensed operator staffing
positions.
{{
4.2.1

}}2(a),(c)
Participants

The operating crew members were chosen based on being considered subject matter
experts (SME) in nuclear plant operations. For testing purposes, an SME is a person
that has completed the simulator participant qualification, has previous licensed
operating nuclear plant experience, and has worked at NuScale performing TA, NuScale
system reviews, or operating the NuScale Integral Systems Test (NIST) facility.
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4.2.2

Training

{{

}}2(a),(c)
4.2.3

Observers

The following complement of observers was used during the staffing plan validation
scenario performance:


{{

}}2(a),(c)
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4.3

Simulator Readiness
Simulator readiness to support SPV is essential for reliable, meaningful testing. The
simulator provides operators with the HSI necessary to interact with working models of
the plant design, thus putting the NuScale concepts of operation into practice. {{

}}2(a),(c)
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{{

}}2(a),(c)
4.4

Simulator Scenario-Based Testing
Scenario based testing was performed in accordance with the NuScale Simulator
Scenario-Based Testing Procedure.
The testing was conducted by determining a set of key parameters and ensuring those
parameters behaved as expected for the developed staffing plan validation scenarios.
ANSI/ANS-3.5-2009 Nuclear Power Plant Simulators for Use in Operator Training and
Examination (Reference 6.1.21) was referenced for a draft list to select steady state and
transient parameters.
{{

}}2(a),(c)
For more information about simulator testing criteria, see Reference 6.2.11.
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4.5

Simulator HSI testing for Staffing Plan Validation
The following sections describe the HSI testing performed to ensure the integrity of the
HSI used during staffing plan validation.
4.5.1

Inventory and Characterization

This section describes the method NuScale used to develop the inventory and
characterization of the HSI displays, controls, and related equipment needed for the
scope defined by the scenarios discussed in the Control Room Staffing Plan Validation
Methodology (Reference 6.2.10).
{{

}}2(a),(c)
A sample form is provided in Appendix A of Reference 6.2.10, Table 8-1.
4.5.2

HSI Task Support Verification

{{

}}2(a),(c)
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A sample form is provided in Appendix B of Reference 6.2.10, Table 8-2.
4.5.3

Human Factors Engineering Design Verification

The HFE design verification was conducted to confirm that HSI characteristics conform
to HFE guidelines as represented in the NuScale HSI Style Guide (Reference 6.2.12).
The Style Guide consists of procedures for use, general considerations, and systemspecific guidance for screen-based HSIs.
{{

}}2(a),(c)
A sample form is shown in Appendix C of Reference 6.2.10, Table 8-3 and Table 8-4.
4.6

Data Collection:
{{

}}2(a),(c)
For further information, see Reference 6.2.11.
4.7

Staffing Plan Validation Results Analysis
The staffing plan validation results analysis consisted of the following:
1. {{

}}2(a),(c)
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2. {{

}}2(a),(c)
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{{

}}2(a),(c)
4.8

Staffing Levels, Position Descriptions, and Qualifications
The normal crew complement for the SPV consisted of the members of the crew
assigned to operate the plant for the duration of the shift. All of the control room staff
were trained for the SPV in a manner sufficient to emulate qualification, as if they had
maintained their previously held operating license consistent with the requirements of
their position. The following staff and qualifications expectations were used during
testing as part of the on shift operating crew:
Six licensed operators in the main control room consisting of the following:


One shift manager – senior reactor operator license



One control room supervisor – senior reactor operator license



One shift technical advisor – senior reactor operator license



Three reactor operators – reactor operator license

Licensed operator personnel include reactor operators and senior reactor operators as
defined by code of federal regulations (CFR) 10 CFR 55.4 (Reference 6.1.4) and MCRspecific personnel subject to the training program as described by 10 CFR 50.120
(Reference 6.1.5).
As stated in Section 3.2, it is assumed that qualification requirements (education and job
experience) for the licensed operator personnel are as described in ANSI/ANS 3.1,
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Selection, Qualification, and Training of Personnel for Nuclear Power Plants (Reference
6.1.13). Licensed operators are trained and qualified per ACAD 10-001, Guidelines for
Initial Training and Qualification of Licensed Operators (Reference 6.1.20). Previously
licensed operators were used for the SPV crews to closely approximate qualified
licensed operators.
The remaining on-shift operations crew consists of non-licensed operators. Non-licensed
operators and support staff were not evaluated by this process, although the number of
non-licensed operators and their use was tracked during scenarios to include the
workload of managing this resource.
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5.0

Analysis Conclusions
The NuScale design is simple and safe. The passive systems operate with no operator
actions required for design basis events. Only two IHAs have been identified, both with a
very remote probability for occurrence. NuScale plant design features provide operators
large time margins to complete tasks that historically would need to be performed
without delay. As previously noted, originally, there were 2 IHAs identified for the
NuScale Power Plant. During SPV, only one IHA was officially identified, because the
PRA model for full-power internal events had determined that the CVCS human action
no longer met the risk significance threshold. After completion of SPV, an additional lowpower and shutdown PRA model identified the same CVCS human action as meeting
the risk significance threshold. Currently, according to the NuScale PRA, as described in
the TIHA RSR (Reference 6.2.5), there are 2 IHAs for the NuScale Power Plant, one for
CVCS and one for CFDS. SPV Scenario 1 included both IHAs in Events 7 and 8, as
described in Section 3.3.2 and in detail in Appendices A and D of Reference 6.2.11. Both
were tested, and both met all acceptance criteria.
{{

}}2(a),(c)
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{{

}}2(a),(c)
The test and evaluation team was effective in administering the test and analyzing the
test results.
The results of the analysis, performed using the methods described above, confirm that
up to 12 NuScale power modules and the associated plant facilities may be operated
safely and reliably by a minimum staffing contingent of three licensed reactor operators
and three licensed senior reactor operators from a single control room during normal,
abnormal, and emergency conditions.
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Abstract
Treatment of Important Human Actions (TIHA) is a significant element of the human factors
engineering (HFE) program. As part of its HFE program, NuScale Power, LLC (NuScale)
identified important human actions (IHAs), which could include risk-important human actions
(RIHAs) contained in the probabilistic risk assessment (PRA) and deterministic-important
human actions (DIHAs) derived from the transient and accident analysis (TAA) and diversity and
defense-in-depth coping analysis (D3CA). For the NuScale Power plant, two highly improbable
IHAs were identified in the PRA, and no DIHAs were identified. The IHAs were evaluated in
various elements of the NuScale Power HFE program to minimize the likelihood of personnel
error and to help ensure that personnel can detect and recover from any errors that do occur.
This report documents NuScale’s TIHA effort including the methodology used to address the
important human actions within the elements of the NuScale HFE program. The process used in
the TIHA is consistent with the applicable provisions of Section 7 of NUREG-0711 (Reference
6.1.2).
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Executive Summary
As part of its HFE program, NuScale Power, LLC (NuScale) evaluated the results of the
NuScale probabilistic risk assessment (PRA) and the human reliability analysis (HRA) for the
NuScale Power plant to identify two risk-important human actions (RIHA), as identified in the
full-power internal events PRA, the low power and shutdown PRA, and as described in their
respective quantification notebooks. NuScale also evaluated the results of the plant safety
analyses, which provided the basis for the transient accident analyses (TAA) that were used as
input to Chapter 15 of the Design Certification Document (DCD) and evaluated the results of the
diversity and defense-in-depth coping analysis (D3CA) Reference 6.2.9 to identify deterministic
important human actions (DIHA).
Consistent with the guidance of NUREG-0711 Section 7 (Reference 6.1.2), the TIHA performed
by NuScale included specific consideration of the IHAs in designing the HFE aspects of the
plant in the various elements of NUREG-0711, as described in the results summary reports for
the following HFE program elements: Operating Experience Review (OER), Functional
Requirements Analysis/Function Allocation (FRA/FA), Task Analysis (TA), Staffing and
Qualification (S&Q), and Human-System Interface (HSI) Design. The identified important human
actions were addressed by the various elements of the NuScale HFE program, to ensure that
the design minimizes the likelihood of human error and facilitates error-detection and recovery
capability. This report documents NuScale’s TIHA effort including the methodology used in
treating the important human action within the elements of the NuScale HFE program. The
process used in the TIHA is consistent with the applicable provisions of Section 7 of NUREG0711. The adequacy of the HSI design to support operator performance of the IHAs has been
initially validated as part of control room staffing plan validation (Reference 6.2.5) and is
confirmed in the integrated system validation (ISV) process as described in the human factors
verification and validation (V&V) implementation plan (IP) (Reference 6.2.7).
This report is organized into six major sections and appendices. Section 1.0 describes the
purpose and scope of TIHA. Section 2.0 provides an overview of the TIHA implementation
process and a description of the TIHA team composition and responsibilities. Section 3.0
describes the methodology and specifies the criteria for performing the treatment of important
human actions. Section 4.0 provides a detailed summary of the results of TIHA for the identified
IHAs. Section 5.0 provides a high-level conclusion derived from the experience of performing
the TIHA activities. The source and referenced documents applicable to and used in the TIHA
effort are listed in Section 6.0. This report supersedes RP-0914-8539, Human Factors
Engineering Treatment of Important Human Actions Implementation Plan, in its entirety.
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1.0

Introduction

1.1

Purpose
This results summary report (RSR) provides the results for the TIHA element of the
NuScale HFE program and includes the implementation approach for addressing the
TIHA element and the methodology used to achieve the results; the acceptance criteria
to determine the acceptability of the results are contained in the RSRs for the related
HFE program elements and in the Human Factors V&V IP (Reference 6.2.7). The inputs
from other HFE program elements are described, and the outputs from the TIHA element
are identified.
The objective of the TIHA program element is to


identify important human actions (IHA) that collectively include risk-important human
actions (RIHAs) contained in the probabilistic risk assessment (PRA) and
deterministic-important human actions (DIHAs) derived from the transient, accident
analysis (TAA), and diversity and defense-in-depth coping analysis (D3CA).



address IHAs in the NuScale HFE program, specifically the OER, FRA/FA, TA, S&Q,
and HSI design elements, as described in their respective RSRs (References 6.2.2,
6.2.3, 6.2.4, 6.2.5, and 6.2.6), to minimize the likelihood of personnel error and to
help ensure that personnel can detect and recover from any errors that do occur.
Important Human Actions are also addressed in the Procedure Development,
Training Program Development, and V&V elements, as described in Sections 3.3.6,
3.3.7, and 3.3.8, respectively.

Human actions (HA) are determined from the function allocation (FA) process. Related
HAs are combined into groups to form a task. HAs include manual controls, supervision
of automated functions, manual back-up of automated functions, and in some cases,
communications.
Inputs to task analysis also include IHAs, which collectively include those IHAs identified
in the PRA and those deterministically identified from the TAA and D3CA. IHAs are
evaluated as part of OER to determine if other operating nuclear plants or systems with
similar HSI technology have experienced related error-causing conditions. IHAs are
used in succeeding HFE program elements (e.g., TA, staffing and qualifications, and HSI
design) to define the roles and responsibilities of plant personnel and to produce
interfaces designed to minimize human error probabilities (HEP).
1.2

Scope
The scope of the HFE program element TIHA is the identification and treatment of IHAs
in the overall HFE program. Specific treatment of IHAs in the HFE program elements
OER, FRA/FA, TA, S&Q, and HSI design is described in the RSRs associated with those
elements (References 6.2.2 through 6.2.6). NuScale is not producing RSRs for the
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Procedure Development and Training Program Development elements, as described in
NUREG-0711, Sections 9 and 10. However, NuScale is addressing IHAs in the ongoing
procedure development and training program development activities included in support
of the overall NuScale HFE program (Reference 6.2.1) and, as described in Sections
3.3.6 and 3.3.7, respectively. The adequacy of the HSI design to support operator
performance of IHAs has been validated during the Staffing Plan validation described in
Section 3.3.4 and detailed in Reference 6.2.5, and it is further confirmed during the
integrated system validation (ISV) process as described in the Human Factors V&V IP
(Reference 6.2.7). The Human Factors V&V element is not considered complete until the
ISV acceptance criteria are met.
A human engineering discrepancy (HED) or a human factors issue is initiated for any
IHA that could not be sufficiently treated during the specific phase of the HFE program
element in process.
This RSR includes

1.3



a summary of the methodology used to Identify IHAs (Section 3.0).



specific IHAs identified from the PRA/HRA (Section 4.1).



description of the evaluation of the TAA and the D3CA that did not result in the
identification of any IHAs (Section 4.2).



an analysis of the relative importance of the individual IHAs (Section 4.1).



a summary of the HFE design that will minimize the likelihood of personnel error and
help ensure that personnel can detect and recover from any errors that do occur.
This includes special handling within FA, TA, HSI design, Procedure Development,
and Training Program Development. (Sections 4.3.1 through 4.3.7).



a summary of how the IHAs are verified to be within acceptable human performance
capabilities within the S&Q and Human Factors V&V elements. (Section 4.3.8).

Abbreviations

Table 1-1.

Abbreviations

Term
CCDF
CDF
CFDS
CLRF
COL
CVCS
DCD
DI

Definition
conditional core damage frequency
core damage frequency
containment flooding and drain system
conditional large release frequency
combined license
chemical and volume control system
design control document
design implementation
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Term
DIHA
D3CA
FA
FRA/FA
FSAR
FV
HA
HED
HEP
HFE
HFEITS
HRA
HSI
I&C
IHA
IP
ISV
LCS
LRF
MCR
NRC
NUREG
OER
PRA
RIHA
RSR
S&Q
SME
TA
TAA
TIHA
V&V
VDU

Table 1-2.

Definition
deterministically-important human actions
diversity and defense-in-depth coping analysis
function allocation
functional requirements analysis / function allocation
final safety analysis report
Fussell-Vesely
human action
human engineering discrepancy
human error probability
human factors engineering
human factors engineering issue tracking system
human reliability analysis
human-system interface
instrumentation & control
important human action
implementation plan
integrated system validation
local control station
large release frequency
main control room
Nuclear Regulatory Commission
NRC technical report designation (Nuclear Regulatory Commission)
operating experience review
probabilistic risk assessment
risk-important human action
results summary report
staffing and qualification
subject matter expert
task analysis
transient accident analysis
treatment of important human actions
verification and validation
visual display unit

Definitions

Term
basic event
FV

Definition
An element of the PRA model for which no further decomposition is
performed, because it is at the limit of resolution consistent with
available information. There are typically two types of basic events:
equipment unavailabilities and human errors.
Fussell-Vesely risk importance measure is a PRA importance measure
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Term

subject matter expert

Definition
that provides the relative contribution of an event to the calculated risk.
This relative or fractional contribution is obtained by determining the
reduction in risk if the probability of the event is set to false (or zero)
(i.e., the component is assumed to be always functioning properly).
A person that has completed the NuScale HFE/Operations initial
company training program, has previous licensed operating nuclear
plant experience, and has performed task analysis or NuScale system
reviews so that they are familiar with the NuScale plant design.
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2.0

Implementation

2.1

TIHA Process Overview
Important human actions have been identified during PRA / HRA as described in
Section 3.1, and in the D3CA and TAA, as described in Section 3.2. For the purposes of
the HFE program and treatment of IHAs, no distinction is made between RIHAs from the
PRA and DIHAs from the D3CA and TAA.
As previously mentioned, IHAs are considered during OER, FRA/FA, TA, HSI design,
S&Q, procedure development, training program development, and HFE V&V. Section 3.3
(3.3.1 through 3.3.8) describes how IHAs are treated during the relevant HFE program
elements. Section 4.0 provides a summary of the results of those activities.
The HFE program itself is iterative in that elements of the program are inputs to other
elements and some design issues are only resolved by changing assumptions or reanalyzing based on new data.
HFE program activities, including TIHA, fall within the design control process as
described in Reference 6.2.1, which includes provisions for design changes and revision
control for all NuScale plant systems. Proposed design changes are screened for
acceptability and processed in accordance with department and project procedures. The
design change request process includes an evaluation of the impact on the HFE
analyses and directs modification as appropriate.

2.2

TIHA Team Composition and Responsibilities
The HFE team is responsible for the treatment of important human actions. The
qualifications of the HFE team members supporting this HFE program element are
stipulated in the current NuScale HFE program management plan (PMP), (Reference
6.2.1).
A TIHA team and TIHA team lead are selected by the HFE supervisor from available
HFE team members to conduct TIHA. The TIHA team lead is responsible for


organizing the TIHA team.



assigning team member responsibilities.



managing resources and review schedule.



ensuring that TIHA issues are completed with supporting documentation and entered
into the human factors engineering issues tracking system (HFEITS) as necessary.



ensuring that TIHA results are provided to other HFE Program element teams and
design organizations.
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TIHA team members conduct / support the analyses or evaluate the analyses performed
by other engineering disciplines (e.g., PRA/HRA, safety engineering, and I&C
engineering) and identify the IHAs. Their responsibilities include evaluating the results of
HRA, TAA, and D3CA. They also interface with other HFE Program element teams and
design organizations to ensure that IHAs are addressed (e.g., impacts are considered in
TA and are accorded appropriate attention in HSI design and HFE V&V activities).
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3.0

Methodology
The following section describes the methodology used to identify, evaluate, and address
the treatment of important human actions within the NuScale HFE Program. The
methodology is designed to implement an approach that conforms to the guidance
described in NUREG-0711, Section 7 (Reference 6.1.2), as represented in the overview
provided in Figure 3-1, below.

Figure 3-1. Role of important human actions in the HFE Program
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3.1

Risk-Important Human Action Identification
Risk-Important Human Actions (or risk-significant human actions) are those human
actions that meet the criteria specified in the Risk Significance Topical Report
(Reference 6.2.8).
The methodology for identifying RIHAs is in conformance with the “Handbook of Human
Reliability Analysis with Emphasis on Nuclear Power Plant Applications, NUREG/CR1278 (Reference 6.1.10), in that RIHAs have the following characteristics:


developed from the Level 1 (core damage) PRA and Level 2 (release from
containment) PRA, for power operation and low power and shutdown operations,
including both internal and external events



developed using selected importance measures and PRA sensitivity analyses to
provide reasonable assurance that an important action (or multiple actions in the
same scenario) is not overlooked because of the selection of the measure or the use
of a particular assumption in the analysis

Risk-importance measures, HRA and PRA sensitivity analyses, and threshold criteria
(including bases) are used to identify the risk-important HAs. The initial PRA/HRA results
and the potentially risk-important human interactions are analyzed by the HFE team to
identify RIHAs. The initial PRA/HRA and the set of important HAs are updated as the
design progresses, and finalized when the design of the plant and HSI are complete.
Specific criteria for determining RIHAs are in accordance with Risk Significance
Determination, TR-0515-13952 (Reference 6.2.8). TR-0515-13952 defines a “basic
event” as, “An element of the PRA model for which no further decomposition is
performed, because it is at the limit of resolution consistent with available information.
There are typically two types of basic events: equipment unavailabilities and human
errors.”
In combination, the approach used by the PRA and Plant Operations groups for
identifying candidate risk-important human actions consists of:


identifying situations in the PRA where an operator can function as a backup to an
automatic actuation



identifying situations where an operator can place inservice a nonsafety backup to a
safety-related system



understanding the context for successful execution of the action



assessing the time available for the operator to accomplish the action using thermalhydraulic simulations of bounding scenarios



verifying accessibility of the equipment needed to be accessed
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quantifying the likelihood of the operator failing to accomplish the human action



evaluating the importance of the human action in the full-scope, all operating modes
PRA

The IHAs are listed and described in the results summary provided in Section 4.0. These
include consideration of human actions related to passive systems and computer-based
HSIs. HFE characteristics assumed in the PRA that contribute to HEP are included.
These HFE characteristics are confirmed in subsequent HFE program elements, as
described in Section 3.3. Design features initiated to minimize associated risks are
described in the HSI Design RSR (Reference 6.2.6).
RIHAs are developed in a collaborative manner with the PRA group. As the PRA model
matures and is updated, the resulting potential RIHAs are reviewed with the operations
group and task analysis is performed. Depending on the complexity and location of a
task, the following reviews are performed:


Tabletop reviews with HFE engineers, Operations subject matter experts (SMEs),
System Engineers, and PRA engineers



Simulator walkthroughs



Modelling of in-plant transit times based on expected locations, transit distances,
doors and stairs, and other access requirements.

These reviews provided task context for the PRA group to develop valid assumptions
with regards to operator actions and for the operations group to provide input as to the
feasibility and difficulty of the proposed actions.
Early in the design process, the Plant Operations and PRA groups agreed upon actions
assumed in the PRA that were the most likely candidates for RIHAs. The I&C and Safety
Analysis engineering group were also consulted, and it was determined, based on
preliminary analysis, that the NuScale design would not rely on any DIHAs; therefore, no
DIHAs were included in this list. Task analysis was performed on these actions so that
they could be more thoroughly investigated. Some of these actions were eliminated from
the PRA assumptions as they were judged not to be significant compared to their
capability to reduce risk.
3.2

Deterministically Important Human Action Identification
Deterministically important human actions are identified as part of the TAA and D3CA.
DIHAs are operator actions that are directly credited in the plant safety analyses or TAA,
to prevent or mitigate an abnormal event and achieve plant stabilization and those
human actions credited in the D3CA for accomplishing required safety functions.
NUREG-0800, Chapter 7, BTP 7-19 (Reference 6.1.3) addresses software common
cause failures of digital I&C in a nuclear power plant. Note: Section 1 and 2 of Interim
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Staff Guidance DI&C-ISG-02, Diversity and Defense in Depth (D3) Issues (NRC, 2009)
identified in NUREG-0711, Chapter 7, Section 7.4, Review Criteria, (2), 2nd bullet has
been superseded by BTP 7-19, Reference 6.1.3. A D3CA is performed and is
documented in Reference 6.2.9 to demonstrate that the NuScale design adequately
addresses vulnerabilities to common cause failures. Additional best estimates D3
analyses have been performed by safety engineering to address the impact of potential
Type 3 sensor failures identified in items 6 and 7 in Section 5 of the D3CA (Reference
6.2.9). The D3CA may identify backup systems or HAs necessary for accomplishing the
required safety functions. These HAs are treated as important human actions in the HFE
program.
Operator actions to confirm automatic actions, required for long-term decay heat
removal or reactivity control, or needed to maintain a stable plant condition for the long
term, are not DIHAs even though they may be identified in the TAA or D3CA. None of
these operator actions are required to ensure reactivity control, core heat removal, or
containment isolation and integrity.
HFE team SMEs review each event scenario described in the TAA and D3CA to identify
DIHAs.
No DIHAs were identified as shown in Section 4.0, therefore, important human actions
for the NuScale Power plant are referred to as IHAs in this report. The acronyms RIHA
and DIHA are no longer used.
3.3

Addressing Important Human Actions in Other Human Factors Engineering
Program Elements
IHAs are considered during OER, FRA/FA, TA, S&Q, HSI design, procedure
development, training program development, and HFE V&V. The following sub-sections
(3.3.1 through 3.3.8) explain how IHAs are addressed in these other HFE program
elements. For further details on the methodologies used, refer to the RSRs for the
specific program elements (References 6.2.2, 6.2.3, 6.2.4, 6.2.5, and 6.2.6,
respectively). Procedure development and training program development are the
responsibility of the combined license (COL) applicant. Activities similar to those used for
procedure and training program development are included in the NuScale HFE program
during task analysis and staffing and qualification analysis to evaluate IHAs in detail. The
COL applicant will evaluate IHAs in their procedure development and training program
development activities in accordance with SRP Chapter 13. For the HFE V&V
methodology, refer to the Human Factors Engineering Verification and Validation
Implementation Plan (Reference 6.2.7).
The HFE program itself is iterative in that elements of the program are input to other
elements and some design issues are only resolved by changing assumptions or reanalyzing based on new data. IHA-related issues discovered during HFE analyses are
tracked in HFEITS as HFE issues, resolved during HFE design activities (e.g., HSI
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design, procedure development, and training program development), and verified during
HFE verification and validation and/or design implementation activities. Resolution of
IHA-related HFE issues may result in changes to or re-work of HFE analyses.
HFE program activities, including TIHA, fall within the design control process as
described in Reference 6.2.1, which includes provisions for design changes and revision
control for all NuScale plant systems. Proposed design changes are screened for
acceptability and processed in accordance with department and project procedures. The
design change request process includes an evaluation of the impact on the HFE
analyses and directs modification as appropriate.
3.3.1

Addressing Important Human Actions during Operating Experience Review
Potential IHAs are determined early in the NuScale plant design process as described in
Section 3.1. These potential IHAs are recorded in the OER database (Reference 6.2.2)
so that the information is available during the issue analysis and review portion of OER.
Each operating experience item analyzed and entered into the OER database is
evaluated against the list of potential IHAs. OER issues that indicate a potential to
impact IHAs are tracked as HFE issues in the HFEITS for resolution during appropriate
HFE program elements.

3.3.2

Addressing Important Human Actions during Functional Requirements Analysis
and Function Allocation
FRA identifies functions to be performed to satisfy plant goals. FRA is a top-down
analysis starting with plant goals and high-level functions that are then decomposed into
success paths addressing operating modes and conditions. FA is the allocation of the
monitoring and control associated with each high-level function to human, machine, or
shared. FA is performed to ensure that the plant HSI design and the allocation of
monitoring and control functions, support operator vigilance, while maintaining
acceptable workload levels. Once potential IHAs are identified, their function allocation is
revisited to determine whether the original manual allocation is correct, or if based on its
classification as an important human action, it could be allocated to some level of
automation. FRA/FA verifies that the IHAs are appropriately allocated (i.e., manual,
automatic, or shared). HEDs are generated for IHAs for which evaluation criteria such as
workload and time margin are not met (Reference 6.2.3).

3.3.3

Addressing Important Human Actions during Task Analysis
As described in the TA RSR (Reference 6.2.4), tasks involving IHAs receive detailed TA
including time validation of the assumptions. The TA confirms the assumptions about
human performance shaping factors (e.g., workload and adequate training), used in the
PRA to determine HEPs and the assumptions used in the TAA and D3CA to conclude
that operators can execute IHAs within the time available. The final TA results in a
complete inventory of alarms, controls, and indications to be implemented on the HSIs.
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The availability of HSIs to conduct IHAs, the associated situation and performanceshaping factors, the action complexity, and any times when adverse effects are created
by a combination of primary and secondary tasks are also confirmed during TA. The TA
assesses operator workload during execution of the IHA (for individual or multiple
operating crew members, as appropriate) and provides additional assurance that the IHA
can be carried out within the time available. The TA generates HEDs for any IHAs that
result in excessive workload conditions or any IHA that cannot be executed with
adequate margin between the time available and the time required.
3.3.4

Addressing Important Human Actions during Staffing and Qualification
During staffing and qualification analyses (Reference 6.2.5), IHAs are evaluated to
ensure that staffing levels and staff qualifications are sufficient to successfully execute
the IHAs, including within any time requirements.
During the performance of Control Room Staffing Plan Validation, IHAs are included in
the scenarios that evaluate task performance, workload, and situation awareness using
quantitative and qualitative criteria. The validation confirms that IHAs can be carried out
within the time available. S&Q staffing plan validation includes examination of how
effective the HSI is in support of successful staff execution of IHAs considering the
minimum licensed main control room (MCR) staff available. IHA task performances are
evaluated for any potential negative impact on task performance from interactions with
secondary tasks, high workload, or loss of situation awareness.

3.3.5

Addressing Important Human Actions during Human-System Interface Design
During HSI design (Reference 6.2.6), assumptions regarding HSI characteristics for
IHAs are verified (e.g., reduction of time required for human actions via simplified or
reduced navigation or by development of spatially dedicated continuously visible HSI or
by establishing alarms associated with IHAs).
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The following HSI design considerations are included to reduce the probability of human
errors for IHAs:


A minimum of two actions is required for all visual display unit (VDU) controls (i.e., an
action to call up the control function on the VDU and an action after peer checking to
actuate the control).



Tasks associated with a single IHA are conducted from a single display screen
wherever possible; task-based displays are created to achieve this, as necessary.



When a local control station (LCS) is required for conducting an IHA, that LCS HSI is
designed using the same style guide as the MCR HSIs. This ensures HSI design
consistency, training efficiency, clear labeling, easy accessibility, and avoidance of
hazardous locations.

{{
}}2(a),(c)
3.3.6

Addressing Important Human Actions during Procedure Development
System design specifications include basic operation sequences and/or guidance, which
comply with task performance requirements for IHAs as design assumptions. The
operating procedures are developed to meet the operation sequences and guidance in
the system design specifications and as documented in the task analysis database.
NUREG-0800, Standard Review Plan, Section 13.5.2.1 Operating and Emergency
Operating Procedures (Reference 6.1.7) requires that procedures contain guidance for
IHAs. Per NuScale Human Factors Engineering Verification and Validation
Implementation Plan, NP-RP-0914-8543, after developing operating procedures, the
HFE team conducts procedure verification, including an evaluation of how the IHAs have
been procedurally addressed, to ensure that operating sequences and guidance comply
with system design specifications. NuScale uses operating procedures during the
performance-based test scenarios to demonstrate that the integrated system’s design
meets performance requirements and supports the plant’s safe operation (i.e.,
successful ISV). These procedures are validated for use during ISV.
Ultimately, final procedure development is the responsibility of the COL applicant
including following the transition of procedure development guidance from NUREG 0800
(SRP) Chapter 18 and NUREG 0711 Section 9 to SRP Chapter 13 and NUREG 0711,
Section 11, including the requirement to address IHAs in operating procedures. The
Design Implementation (DI) element of NUREG-0711 (Reference 6.1.2) ensures
consistency between the procedures used in ISV with those in place in the completed
plant during DI, including inclusion of the IHAs.
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3.3.7

Addressing Important Human Actions during Training Program Development
NUREG-0800, Standard Review Plan, Section 13.2.1 Reactor Operator Requalification
Program; Reactor Operator Training (Reference 6.1.8) ensures that the proposed
licensed operator training program provides qualified personnel to operate and to
maintain the facility in a safe and efficient manner, as well as to keep the facility in
compliance with its license, technical specifications, and applicable regulations. Training
includes normal, abnormal, and emergency operating procedures, which contain all
IHAs. The operators who participate in ISV are trained in accordance with an operator
training program developed by NuScale for that purpose. That training includes
execution of tasks for the identified IHA. Ultimately, training program development is the
responsibility of the COL applicant.

3.3.8

Addressing Important Human Actions during Human Factors Engineering
Verification and Validation
The adequacy of the HSI design to support operator performance of all IHAs is
confirmed in the integrated system validation (ISV) process (Reference 6.2.7).
Consideration of IHAs during ISV involves defining simulator scenario initiating events
with system and component failures, which challenge the operators to bring the plant to
a safe state while following procedures. The scenarios addressed in the ISV address the
IHAs, dominant sequences, systems, and events.
The ISV assesses whether all needed task-support HSIs are present and whether the
HSIs comply with the governing HFE guidelines to support successful performance of
IHAs. The ISV assesses the successful performance of the integrated crew and the HSI
for IHAs. HEDs are processed when discrepancies are found for any IHA.
The ability of operators to execute IHAs associated with a set of scenarios within the
time available as defined in the analyses that identified the IHA is an ISV acceptance
criterion. The V&V program element (Reference 6.2.7) is not considered complete until
the ISV acceptance criteria are met. Other issues identified during the V&V related to
IHAs are documented as HEDs and are resolved during V&V.
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4.0

Summary of Results

4.1

Identification of Risk Important Human Actions from the PRA/HRA
Applying the methodology described in Section 3.0, two IHAs associated with the
NuScale Power plant design have been identified. {{

}}2(a),(c),ECI
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{{

}}2(a),(c),ECI
4.2

Identification of Deterministically-Important Human Actions from Transient and
Accident Analysis and from the Diversity and Defense-in-Depth Coping Analysis

4.2.1

Transient and Accident Analysis
The NuScale design does not credit operator actions for accident mitigation in any
deterministic accident analysis. A review was performed of all the accident analyses
associated with the Transient and Accident Analysis (TAA) to identify any IHAs. The HFE
team found no operator action assumed to mitigate any Anticipated Operational
Occurrence, Infrequent Event, Accident or Special Event identified in the analyses
associated with and referenced on the DCD Chapter 15. Chapter 15 also explicitly states
that, “There are no operator actions credited in the evaluation of NuScale design basis
events. After a DBE, automated actions place the module in a safe state and the module
will remain in that condition for at least 72 hours without operator action, even with
assumed failures.”
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4.2.2

Diversity and Defense-in-Depth Coping Analysis
There are no IHAs resulting from the D3CA. The TIHA team SME has reviewed each
event scenario described in the diversity and defense-in-depth coping analysis (D3CA)
to identify any IHAs. See Reference 6.2.9. Based on the best estimates analyses
performed by safety engineering to address the impact of potential Type 3 sensor
failures identified in items 6 and 7 in Section 5 of the D3CA (Reference 6.2.9), no
additional IHAs were identified.

4.3

Treatment of Important Human Actions in Human Factors Program Activities

4.3.1

Operating Experience Review
The NuScale design does not have a predecessor plant. However, an alternate
approach has been used to ensure that prior operating experience is applied to
improving the execution of IHAs. {{

}}2(a),(c) {{
}}2(a),(c),ECI
4.3.2

Functional Requirements Analysis and Function Allocation
The functions associated with the CVCS and CFDS IHAs have been evaluated to
optimize the impact of the combination of automation, manual control, and shared
control on human performance. For example:
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{{

}}2(a),(c),ECI
For further details, see Reference 6.2.3.
4.3.3

Task Analysis
Tasks associated with the IHA have been specifically identified for task analysis as
documented in the abnormal events, CVCS, and CFDS TAs. The results have been
applied to ensure all aspects of these tasks have been evaluated to optimize human
performance. For details, see Reference 6.2.4.

4.3.4

Staffing and Qualification Analysis
The CVCS and CFDS IHAs were included in the scenarios used during the staffing plan
validation, and the validation demonstrated that sufficient personnel and time are
available for successful operator performance. {{

}}2(a),(c) See Reference 6.2.5.
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4.3.5

Human-System Interface Design
The IHAs have been specifically identified for the application of HSI design features
intended to reduce the human error probability for the subject tasks/human actions
{{

}}2(a),(c) For details, see Reference 6.2.6.
4.3.6

Procedure Development
Draft operating procedures involving the IHAs have been derived from the task analysis
performed for the safety functions associated with the NuScale IHAs (Reference 6.2.4).
These draft operating procedures were developed using HSI that were specifically
designed to ensure that when the IHAs are required to be implemented, it is readily
evident to the operator and easy to perform. The procedures that direct the IHAs are
broken down by critical safety function. These IHA procedures are in a logic diagram
format that evaluates plant conditions and develops a status for the critical safety
function. These logic diagrams are evaluated automatically by the control system and by
an operator designated to confirm the status. {{
}}2(a),(c)

4.3.7

Training Program Development
Training program development is the responsibility of the COL applicant for training
licensed operators. Though there are training program development activities integrated
with the overall NuScale HFE program, no RSR for training program is produced as part
of the NuScale HFE program. See Reference 6.2.1.
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Operators who support the Staffing and Qualification element and the human factors
V&V program element are trained in accordance with the NuScale operator training
program. Personnel knowledge, skills, and abilities are identified as part of task analysis
as are reactor operator and senior reactor operator license qualifications. Task
requirements and job performance measures are also defined based on information
derived from task analysis. All of these factors, including emphasis on identification and
management of performance goals for the IHAs are included in operator training
provided for personnel participating in the control room staffing plan validation and ISV.
See Reference 6.2.5.
4.3.8

Human Factors Verification and Validation
The IHA is specifically identified for the application of HSI design features intended to
reduce the human error probability for the subject tasks/human actions. {{

}}2(a),(c)
The HSI associated with all operating procedures are subject to Human Factors V&V,
including HSI design and task support verification. {{
}}2(a),(c) Successful execution of ISV meets the intent to verify
that the operating procedures used during ISV support positive outcomes for the
execution of IHAs.
The IHAs are sampled as part of ISV scenario development. The ISV is the final
evaluation that demonstrates that the operator can properly prioritize and accomplish the
IHAs in an integrated, dynamic environment.
There are no IHAs required to be performed by licensed control room operators during
normal, abnormal, and emergency operating conditions outside the MCR and remote
shutdown station.
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5.0

Analysis of Conclusions
{{

}}2(a),(c)
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Affidavit AF-1216-52045

1100 NE Circle Blvd., Suite 200

NuScale Power, LLC

Corvallis, Oregon 97330 Office 541.360-0500
www.nuscalepower.com

Fax 541.207.3928

NuScale Power, LLC

AFFIDAVIT of Carl Markert
I, Carl Markert, state as follows:
(1)

I am the Vice President of Operations and Plant Services of NuScale Power, LLC (NuScale), and
as such, I have been specifically delegated the function of reviewing the information described in
this Affidavit that NuScale seeks to have withheld from public disclosure, and am authorized to
apply for its withholding on behalf of NuScale

(2)

I am knowledgeable of the criteria and procedures used by NuScale in designating information as
a trade secret, privileged, or as confidential commercial or financial information. This request to
withhold information from public disclosure is driven by one or more of the following:

(3)

(a)

The information requested to be withheld reveals distinguishing aspects of a process (or
component, structure, tool, method, etc.) whose use by NuScale competitors, without a
license from NuScale, would constitute a competitive economic disadvantage to NuScale.

(b)

The information requested to be withheld consists of supporting data, including test data,
relative to a process (or component, structure, tool, method, etc.), and the application of the
data secures a competitive economic advantage, as described more fully in paragraph 3 of
this Affidavit.

(c)

Use by a competitor of the information requested to be withheld would reduce the
competitor's expenditure of resources, or improve its competitive position, in the design,
manufacture, shipment, installation, assurance of quality, or licensing of a similar product.

(d)

The information requested to be withheld reveals cost or price information, production
capabilities, budget levels, or commercial strategies of NuScale.

(e)

The information requested to be withheld consists of patentable ideas.

Public disclosure of the information sought to be withheld is likely to cause substantial harm to
NuScale's competitive position and foreclose or reduce the availability of profit-making
opportunities. The accompanying human factors engineering (HFE) program management plan
and results summary reports reveal distinguishing aspects about the process, methods, or other
trade secrets by which NuScale develops and implements its HFE elements.
NuScale has performed significant research and evaluation to develop a basis for these process,
methods or other trade secrets and has invested significant resources, including the expenditure
of a considerable sum of money.
The precise financial value of the information is difficult to quantify, but it is a key element of the
design basis for a NuScale plant and, therefore, has substantial value to NuScale.
If the information were disclosed to the public, NuScale's competitors would have access to the
information without purchasing the right to use it or having been required to undertake a similar
expenditure of resources. Such disclosure would constitute a misappropriation of NuScale's
intellectual property, and would deprive NuScale of the opportunity to exercise its competitive
advantage to seek an adequate return on its investment.

(4)

The information sought to be withheld is in the enclosures to NuScale letter from Thomas A.
Bergman to the NRC, "NuScale Power, LLC Submittal of First Set of Human Factors Engineering
Documentation for Design Certification Application ." The enclosures, Human Factors Engineering
Program Management Plan (RP-0914-8534), Human Factors Engineering Task Analysis Results
Summary Report (RP-0316-17616), Human Factors Engineering Staffing and Qualifications
Results Summary Report (RP-0316-17617), and Human Factors Engineering Treatment of
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Important Human Actions Results Summary Report (RP-0316-17618), contain the designation
"Proprietary" at the top of each page containing proprietary information . The information
considered by NuScale to be proprietary is identified within double braces, "{{ }}" in the
document.
(5)

The basis for proposing that the information be withheld is that NuScale treats the information as
a trade secret, privileged, or as confidential commercial or financial information. NuScale relies
upon the exemption from disclosure set forth in the Freedom of Information Act ("FOIA"), 5 USC§
552(b)(4), as well as exemptions applicable to the NRC under 10 CFR §§ 2.390(a)(4) and
9.17(a)(4).

(6)

Pursuant to the prov1s1ons set forth in 10 CFR § 2.390(b)(4), the following is provided for
consideration by the Commission in determining whether the information sought to be withheld
from public disclosure should be withheld :
(a)

The information sought to be withheld is owned and has been held in confidence by
Nu Scale.

(b)

The information is of a sort customarily held in confidence by NuScale and , to the best of
my knowledge and belief, consistently has been held in confidence by NuScale. The
procedure for approval of external release of such information typically requires review by
the staff manager, project manager, chief technology officer or other equivalent authority, or
the manager of the cognizant marketing function (or his delegate), for technical content,
competitive effect, and determination of the accuracy of the proprietary designation.
Disclosures outside NuScale are limited to regulatory bodies, customers and potential
customers and their agents, suppliers, licensees, and others with a legitimate need for the
information, and then only in accordance with appropriate regulatory provisions or
contractual agreements to maintain confidentiality.

(c)

The information is being transmitted to and received by the NRC in confidence.

(d)

No public disclosure of the information has been made, and it is not available in public
sources. All disclosures to third parties, including any required transmittals to NRC, have
been made, or must be made, pursuant to regulatory provisions or contractual agreements
that provide for maintenance of the information in confidence.

(e)

Public disclosure of the information is likely to cause substantial harm to the competitive
position of NuScale, taking into account the value of the information to NuScale, the
amount of effort and money expended by NuScale in developing the information , and the
difficulty others would have in acquiring or duplicating the information . The information
sought to be withheld is part of NuScale's technology that provides NuScale with a
competitive advantage over other firms in the industry. NuScale has invested significant
human and financial capital in developing this technology and NuScale believes it would be
difficult for others to duplicate the technology without access to the information sought to be
withheld .

I declare under penalty of perjury that the foregoing is true and correct. Executed on December 16, 2016.
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