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l MODEL DEVELOPMENT
1.1 Objectives

One issue to emerge from the review ?rocoss of evolutionary reactor contro)
room designs was that complete detailed HS1 design information would not be
available for review grior to design certification and that certification
wou'd be based partially on the approval of a design and implementation
process plan, The process must contain: (1) descviptions of all required H'E
program elements for the design, development and implementation of the
evolutionary reactor human-system interfaces, (2) identification of
predetermined NRC conformance review points, and (3) design acceptance
criteria (DAC) and Inspection, Test, Analysis and Acceptance Criteria (ITAAC)
for the conformance reviews.

To review the designers process, it is necessary to: (1) assess whether all
the appropriate HFE elements are included, (2) identify what mat:rials are to
be reviewed for each element, and (3) evaluate the proposed DAC/ITAAC to
verify each of the elements, Since a process review has not been conducted
previously by the NRC as part of reactor licensing and is not addressed in the
presently available guidcnce, 1.e., NUREG-0B0O, a firm technical basis for
such a review is not available. To conduct the review, it is important to
fdentify which aspects of the process are required to assure that safety goals
are achieved and to identify the review criteria by which each element can be
assessed. Review criteria independent of that provided by the designer is
required to assure that the design plan reflects currently acceptable human
factors engineering practices and that it is a thorough, complete, and
workable plan. Thus, a technical basis for review of the process was
d$:01oped and is described in this section. The specific objectives of this
effort are:

1. To develop an HFE program review model to serve as a technical basis for
the review of the process proposed for cortification. The model
requirements are that it be: (1) based upon currently accepted
practices, (2) well-defined, and (3) validated through experience with
the development of complex, high-reliability systems.

& To identify the HFE elements in a system development, des’gn, and
evaluation process that are necessary and sufficient requisites to
successful integration of the human component in complex systems.

3. To identify which aspects of each HFE element are key to a safety review
and are required fo monitor the process.

4, To spe~ify the specific acceptance criteria by which HFE elements can be
evaluated.

1.2 Scope

The scope of the HFE Program Review Model was restricted b{ two factors.
First, those elements of a complete HFE pro?ram that are already adequately
a”1ressed by existing NRC requirements for license applicants were excluded
from the scope of the model. Included in this cate?ory were training program
development and the details of procedure development. The second category of
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exclusion were those elements that are the responsibility of other NRC review
teams. This category includes numan rellability analysis which, while
important to MFE program development, is the responsibiiity of the SSAR
Chapter 19 reviewers. Therefore, the scope of the model development described
below was restricted to those aspects of Wik design review remaining after the
above elements are excluded.

1.3 Developmant Method

A technical review of current HFE guidance and practices was conducted to
fdentify important human factors program plan elements relevant to a design
process review. Sources rev'  wed included a wide range of nuclear industry
and non-nuclear industry do.uments, including those currently under
develupmert as part of the Department of Defense (DoD) MANPRINT program. From
this review a generic system development, design, a~J evaluation process was
defined. Once specified, key nFE elements were identified and criteria by
which they are assessed (based upon a review of current literature and
accepted practices in the field of human factors engineering) were developed.

A generic HFE Program Review Mulel was developed based largely on applied
general systems theory and the Departnent of Defense (DoD) system development
process (which is rooted in systems theory). Applied general systems theory
provides a broad approach to system design and development, based on a series
of clearly defined developmental steps, each with ¢'zirly defined and goals,
and with specific management processes to attain them., System engineering has
been defined as “...the management furction which controls the “otal system
development effort for the purpose of achieving an vptimum balance of all
system elements, It is a process which transforms an operational need into a
description of system parameters and integrates those parameters to optimize
the overall system effectiveness (Kockler, F,, Withers, 7., Podiack, J., and
Gierman, M., 1990).

Utilization of the DoD system development as an input to the development of
the Generic HFE Program Model was based on several factors. DoD policy
identifies the human as a specific element of the total system (DoD, 1990a),
A systems approach implies that all sy tem components (hardware, software,
personnel, support, procedures, and training) are given adequate consideration
in the developmental process. A basic assuwaqtion is that the personne!
element receives serious consideration . um the very beginning of “he design
process. In addition, the military has appliea HFE for the longest pariod of
time (as compared with industrial/commercial system developers), thus the
process is highly evolved .nd formalized and represents the most highly
developed model availeble. Finaily, since military system development and
acquisition is tightly regulated by federal, DoD, and military branch laws,
regulations, requirements, and standards, the model provides the most finely
grained, specifically defined HFE process available.

Within the DoD system, . development of a cumplex system begins with the
mission or purpose of the system, and the capability requirements needed to
satisfy mission objectives. Systems engineering is essenti2l in the earliest
planning period to develop the system concept and to define the system



requirements, During the detailed design of the system, systems engineering
assures:

balanced irfluence of all required design specialties;
resolution of interface problems;

the effective conduct of trade-off analyses;

the effective conduct of design reviews; and

the verification of system performance.

L B B

The effective integration of HFE considerations into the design is
accomplished by: (1) providing a structured top-dewn approach to system
developmert which is iterative, integrative, interdisciplinary and
requirements driven and (2) providing a management structure which details the
HFE considerations in each step of the overall process. A structured top-down
approach to NPP HFE 1s consistent with the approach to new control room design
as described in Appendix B of NUREG-0700 and the nore recent internationally
a.cepted standard, 1EC 964, for advanced control room design. The approach fis
also consistent with the recognition that human factors issues and problems
emerge throughout the NPP d:sigrn and evaluation process and therefore, human
factors issues are best addressed with a comprehensive top-down program.

The systems engineering approach was expanded to develop an HFE Program Review
Model to be used for the evolutionary reactor design and implementation
process review by the incorporation of NRC HFE requirements.

2 GENERAL MODEL DESCRIPTION

In this section an uverview of the model is presented to generally describe
the HFE elements, products reviewad for each element, and the acceptance
criteria used to evaluate the element.

The model is intenaed a< the programmatic approach to achieving a design
commitment to HFE. The overall commitment and scope of the HFE effort can be
rtated as follows: HKuman-system interfacec (HSI) shall be provided for the
operation, maintenance, test, and inspection cf the NPP that reflect "state-
of-the-art human factors principles” (10 CFR 50.34(+)(2)(111)) as required by
10 CFR 52.47(a)(1)(11). For the purposes of model development "state of the
art" human factors principles are defined as those principles currently
accepted by human factors practitioners. *“Current" is defined with reference
to the time at which this model w . devele #d. “Accepted" is defined as a
practice, method, or guide which is (1) documerted in the human factors
literature within a standard or guidance document that has undergone a peer-
revi:: process, and/or (2) justified through scientific/industry research
practices,

A1l aspects of HSI should be developed, designed, and evaliated based upon a
structured top-down system ana'ysis using accepted WFL principlns based upon
current HFE practices. HS! is used here in the very broad sense and shall
include all operations, maintenance, test, and inspection 1:tzrfaces,
procedures, and training materials.

The model developed to achieve this com=itment contains eight -lements:
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. Element 1 - Human Factors Engineering Program Management

. Element 2 - Operating Experience Review

. Element 3 - System Functional Requirements Analysis

. Element 4 - Allocation of Function

. Element § - Task Analysis

. Element 6 - Human-System Interface Design

. Element 7 - Plant and Emergency Operating Procedure Development
. Element 8 - Muman Factors Verification and Validation.

The elements and their interrelationships are 11lustrated in Figure A.1. Also
i1lustrated are the minimal set of items submitted to the NRC for review of
the COL's HFE efforts. A1l NRC review items are identified as falling into
one of the five review stages: '

HF Management Planning Review
Implementation Plan Review

Analysis Results Review

HS] Results Review

Human Factors Verification and Validation

The materials reviewed at each stage are shown in Figure A.2.

A brief description of the purpose of each element follows:

Element 1 - Human Factors Engineering Program Management

To assure the integration of HFE into system development and the achievement
of the goals of the HFE effort, an HSI Design Team and an HFE Program Plan
shall be established to assure the proper development, execution, oversight,
and documentation of the human factors engineering program. As part of the
program plan an HFE issues tracking system (to document and track HFE related
problems/concerns/issues and their so'utions throughout the HFE program) will
be established.

Element 2 - Operating Experience Review

The accident at Three Mile Island in 1979 and other reactor incidents have
i1lustrated significant problems in the actual design and the design
philosophy of NPP HSIs. There have been many studies as a result of these
accidents/incidents. Utilities have implemented both NRC mandated changes and
additional improvements on their own initiative. However, the changes were
formed basad on the constraints associated with backfits to existing control
rooms (CRs) using early 1980s technology which limited the scope of corrective
actions that might have been considered, i.e., more effective fixes could be
used in the case of a designing a new CR with the modern technology typical of
advanced CRs. Problems and issues encountered in similar systems of previous
designs shall be identified and analyzed so that they are avoided in the
development of the current system or, in the case of positive features, to
ensure their retention.



Element 1 - Human Factore
Engineering Program Mansgement
+ HEE Program Management Plan

-

Element 2 - Operating Experience |
Review

* Impis entabor Pian
* Analysis Results Report
« H8I Design Team Evaluabon Report

|

Element 3 - Development of
System Functional Requirements
« iImplementation Plan

+ Analysis Results Report

+ HS! Design Team Evalusbon Heport

Tlomom 4 . Allocation of Functions
+ implementation Plan

+ Analysis Results Report
+ H8! Design Team Evaluation Report

1

Element § - Task Analysis

*» implementation Plan

* analysis Results Report

* HSI Design Team Svaluation Repon

1

! |

Elemém 6 - Interface Design Elem._nt 7 - Procedure Development
+ Implementation Plan - Implementation Plan

» Analysis Results Report * Analysis Results Report

+ HS! Design Team Evaluation Report + HSI Design Team Evaluation Report

Y

Element B - HF Verification and Validation
* Implementation Plan

* Analysis Results Repon

* HSI Design Team Evaluation Report

Figure A1. HFE Program Review Model Elements
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3. Analysis Results Review

RAoview of Analysis Results Reports &
HS! Design Team Evaiuation Reports for

» Elamaent 3 - System Functional Roquiements
« Elament 4 - Allocation of Funations
» Flament § - Task Analysis

'

4. HSI Design Review

Review of Ane ysls Rasults Reports &
S/ Design Team Evaluation Reports for

* Clamen: 6 - Interface Design
¢+ Elament 7 - Pracedure Development

'

5. HF Verification &Validation Review

Aoview of Analysis Results Reporis &
HEi Design Team Evaluation Reports for

« Elament & - MF Verfication and Validation
+ Elemant 2 - Operaling Experience Review

Figure A2. HFE Program Review Stages
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Element 3 - System Functional Requirements Anaiysis

System requirements shall be analyzed to identify those functions which must
be performed to satisfy the objectives of each functional area. JSystem
function analysis shall: (1) determine the objective, performance
requirements, and constraints of the design; and (2) establish the functions
which must be acconplished to meet the objectives and required performance,

Elenient 4 - Ailocation of Functions

The allocation of functions shall take advantage of hut.an strengths and avoids
allocating functions which would be impacted by human 1imitations. To assure
that the allocation of functions is conducted according to accepted HFE
principles, a structured and well-documented methodology of allocating
functions to personnel, system elements, and personnel-system combinations
shall be developed.

Element § - Task Analysis

Task analysis shall provide the systematic study of the behavioral
requirements of the tasks the personnel subsystem is required t~ perform in
order Lo achieve the functions allocated to them. The task analysis shall:

. provide one of the bases for making design decisions; e.g.,
determining before hardware fabrication, to the cxtent
practicable, whether system performance requirements can be met by
combinat, ns of anticipated equipment, software, and pRrsonnel,

. assure that human performance requirements do not exceed human
capabilities,

. be used as basic information for developing procedures,

. be used as basic information for developing manning, skill,

training, and communication requirements of the system, and

. form the basis for specifying the requirements for the displays,
data processing and controls needed to carry out tasks.

Element 6 - Human-System Interface Design

Human eﬁgineering orinciples and criteria shall be applied along with all
other design rec - ments to identify, select, and design the particular
equipment to be ¢,./ ated/maintained/controlled by plant personnel.

Element 7 - Plant and Emergency Operating Procedure Development

Plant and Emergency Operating Procedures shall be developed to support and
guide human interaction with plant systems and to control plant-related
events and activities. Human engineering principles and criteria shall be
applied along with all other design requirements to develop procedures that
are technically accurate, comprehensive, explicit, easy to utilize, and
validated. The types of procedures covered in the element are:



. plant and system operations (including start-up, power, and
shutdown operations),

. abnormal & emergency operations,

. preoj<rational, start-up, and surveillance tests, and

. alarm response,

Element 8 - Human Factors Verification and Validation

The successful incorporation of human factors ongineering into the final HSI
design and the acceptability of the resulting HSI shall be thoroughly
evaluated as an integrated system using HFE evaluation procedures, guidelines,
standards, and principles.

The specification for the NRC review materials and the acceptance criteria to
be used for their evaluation are identified in the next section. Generically,
each element is divided into three sections: Desig- Commitment, Inspec-
tion/Test/Analysis, and Design Acceptance Criteria.

Design Commnitment

A concise and general statement as to the HFE objective of the Element.

Inspection/Te

A specification of the inspections, tests, analysis, or other actions (i.e.,
some action that is required but which is not a specific inspection, test, or
analysis, such as development of a program plan) to assure the achievement of
the objective. Generally these are divided into three activities: planning,
"analysis," and review, The set of materials to be provided to the NRC for
review of the element is specified.

Design Acceptance Criteria

Acceplance criteria are typically divided into four sections: General
Criteria, Implementation Plan, Analysis Report, and HSI Design Team Review
Report. The General Criteria represent the major statement of design
acceptance criteria. These are the criteria the element is required to meet
and which should govern the Implementation Plan, Analysis Report, and HSI
Design Team Review Report development. The general criteria are derived from
accepted HFE practices. These are the criteria derived from Lhe HFE mode)
development and HFE literature and current practices review. Applicable
guidance dJocuments are referenced.

3 ELEMENT DESCRIPTION AND ACCEPTANCC CRITERIA

3.1 FElement 1 - Human Factors Engine¢ring Program Fanagement
DESIGN COMMITMENT:

Human-system interfaces (HSI) shall be provided for the operation,
maintenance, test, and inspection of the NP? that reflect "state-of-the-art
human factors principles" (10 CFR 50.34(f)(2)(1i1)) as required by 10 CFR
52.47(a)(1)(11). A1l aspects of HSI shall be developed, designed, and



evaluated based upon a structured Lop-down system analysis using accepted
human factors engineering (HFE) principles based upon current HFE practices,
HS1 ¢ used here in the groad sense and shall include ail coperations,
maintenance, test, and inspection interfaces, procedures, and training needs.
The tier 1 commitment addresses main control room and remote shutdown system
functions and equipment. Local control stations snould be included in the
overall pregram.

State of the art human factors principles is defined as those principles
currently accepted by human factors practitioners. ‘“Current" is defined v 'th
reference to the time at which a program management or implementation plan is
prepared. "Accepted" 1s defined as a practice, method, or guide which is (1)
documented in the human factors literature within a standard or guidance
document that has undergone a peer-review process and/or (2) can be justified
through scientific/industry research/practices,

INSPECTION/TEST /ANALYSIS:

To assure the integration of HFE into system development: a HSI Design Team
shall be established and a HFE Program Plan shall be established to assure the
proper development, execution, oversight, and documentation of the human
factors engineering program,

DESIGN ACCEPTANCE CRITERIA:

General Criteria

1. The primary ?oc1 of the HFE program shall be to developing an HSI which
makes possible safe, efficient, and reliable operator performance and
which satisfy al’ regulatory requirements as stated in 10 CFR., The
general objectives of this program shall be stated in “human-centered"
terms which, as the HFE program develops, shall be objectively defined
and shall serve as criteria for test and evaluation activities. Generic
"human-centered" HFE design goals include:

. The operating team can accomplish all assigned tasks within
system defined time and performance criteria.

. The system and allocation of functions will provide
acceptable workload levels to assure vigilance and to assure
no operator overload.

. The system will support a high degree of operating crew
"situation awareness."”

. Signal detection and event recognition requirements will be
kept within the operators’ information processing 1imits and
will minimize the need for operators to mentally transform
data in order to be usable.

. The system will minimize operator memory load.
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. The operator interfaces will minimize operator error and
will provide for error detection and recovery capability.

The program shall be developed using the following documents as
guidance:

<List to be developed>

HSI Design Team

1.

6.

An HSI] Design Team shall have the responsibility, authority and
placement within the organization (as defined below) to ensure that the
design commitment is achieved. :

The team shall be responsible for (1) the development of all HFE plans
and procedures; (2) the oversight and review of all HFE design,
development, test, and evaluation activities; (3) the initiation,
reccmmendation, and provision of solutions through designated chaunels
for problems identified in the implementation of the HWFE activities; (4)
verification of implementation of team recommendations, (%) assurance
that all HFE activities comply to the HFE plans and procedures, and (7)
scheduling of activities and milestones.

The scope of the Team's responsibility shall include:

. Control and instrumentation equipment

. all operations, maintenance, test, and inspection of interfaces
and facilities both within and outside the control room,

. procedures

. training requirements development.

The Team shall have the authority and organizational freedom to ensure
that all its areas of responsibility are accomplished and to identify
problems in the implementation of the HSI design. The team shall have
the authority to determine where its input is required, access work
areas, design documentation. The Team shall have the authority to
control further processing, delivery, installation or use of HFE/HSI
products until the disposition of a non-conformance, deficiency or
unsatisfactory condition has been achieved.

The HSI Design Team shall be placed at the level in the COL organizatior
required to execute its responsibilities and authorities. The team
shall report to a level »f management such that required authority and
organizational freedom are provided, including sufficient independence
from cost and schedule considerations.

The HSI Design Team shall include the following expertise:

Technical Project Management

Bachelor's degree,
five years' experience in nuclear power plant design or operations, and
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- three years' managemant experience.

systems Engineering

- Bachelor's of Science desree, and

- four years' cumulative experience in at least three of the following

areas of systems onginecrin?; design, development, integration,
operation, and test and evaluation.

Nuclear Engineering

- Bachelor’s of Science degree, and
- four years' nuclear design, development, test cr operations experience

Control and Instrumei.cation Engineering

- Bachelor's of Science degree,

- four years' experience in design of qrocess control systems, and

- experience in at least one of the following areas of C&l engiueering;
development, power plant operations, and test and evaluation.

Architect Engineering

- gachelor's of Science degree, and
- four years®' experience in design of power plant control rooms,

Human Factors

- Bachelor’a.degree ir uman factors engincering, engineering psychology
or related science,

- four years’ cumulative experience (elated to the human factors aspects
of human-computer interfaces. Qualifying experience shall include
experience in at lease two of the following human factors related
activities; design, development, and test and evaluation, and

- four years' cumulative experience related to the human factors field of
ergonomics. Again, qualifying experience shall include experience in at
least two of the following areas of human factors activities; design,
development, and test and evaluation,

Plant Operations

- Have or have held a Senior Reactor Operator license, and
two years' experience in relevant nuclear power plant operations,

Computer System Engineering

- Bachelor's degree in Electrical Engineering or Computer Science, or
graduate degree in other engineering disciplire (e.g., Mechanical
Engineering or Chemical Engineering), and
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- four years' experignce in the design of digital computer systems and
real time systems applications.

Plant Procedure Development

- Bachelor’'s degree, and
- four years' experience in developing nuclear power plant operating
procedures.

Personnel Training

- Bachelor's degree,

- four years' experience in the development of personnel training programs
for power plants, and

- experience in the application of systematic training development
methods.

Systems Safety Engineering

- Bachelor's degree in Science,

- certification by the Board of Certified Safety Professionals in System
Safety, and

- four years®' experience in System Safety Engineering.

Reliability/Availability/Maintainability/Inspectability (RAMI) Engineering
Maintainability/Inspectability Engineering

- Bachelor's of Science degree,

- four years' cumulative experience in at least two of the following areas
of power plant maintainability and inspectability engineering activity;
design, development, integration and test and evaluat on, and

- experience in analyzing and resolving plant system and/or equipment
related maintenance problems.

Reliability/Availability Engineering

- Bachelor’'s degree,

- four years' cumulative experience in at least two of the following areas
of power plant reliability en?ineering activity; design, development,
integration, and test and evaluation, and

- knowledge of computer-based, human-interfuce systems.

The education and related professional experience of the HSI Design Team
personnel shall satisfy the minimum personal qualification requirements
specified in (6) above, for each of the areas of required skills. In
those skill areas where related professional experience is specified,
qualifying experience of the individual HFE design team personnel shall
include experience in the technologies and techniques, of the particular
skill area, utilized in the HSI design and implementaticn activities.
The required professionz] experience presented in those personal
qualifications are to be satisfied by the HSI Design Team as a
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Each issue/concern that meets or exceeds the threshold effects
established by the Team shall be ent~red on the log when first
identified, and each action taken to eliminate or reduce the
issue/concern should be thoroughly documented. The final r~<olution of
the issue/concern, as accepted by the Team, shall oe documentad in
detail, along with information regarding Team acceptance (e.g., person
accepting, date, etc.).

The tracking procedures shall carefully spell out individual
responsibilities when an issue/concern is identified, identify who
should leg it, who is responsible for tracking the reso.. ion efforts,
who 1. responsible for alceptance of a resolution, and who should enter
closeout data.

HFE_Program ang Management Plan

An HFE Program Management = shall be developed to describe how the
human factors program sh. ' © iccomplished, i.e., the pl.n shall
describe the HSI Design organization and composition and which

lays out the “7 .t to be u.dertaken and provides a technical approach,
schedule, and management control structure and technical interfaces to
achieve the HFE program objectives., The plan is the single document
which describes the designer’s entire HFE program, identifies its
elements, and explains how the elemer - will be managed. Generally, it
shall address:

. The scope of the HSI Design Team's authority within the broader
scope of the organization responsible for plant construction.
Included within this scope shall be the authority to suspend from
delivery, installation, or operation any equipment which is
determined by the Team to be deficient in regard to established
human factors design practices and evaluation criteria.

. The process through which the Team will execute its
responsibilities.

. The processes through which findings of the Team are resolved and
how equipment design changes that may be necessary for resolution
a;e incorporated into the actual equipment .“timately used in the
plant,

. The members and qualification of the Te: embers.

. The process through which the Team activities will be assigned to
individual team members, the responsibilities of each team member
and the procedures that will govern the internal management of the
Team.

. The procedures and documentation requirements of the HFE Issues
Tracking System.
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The HFE Program Management Plan shall provide the following information:

o B D PO e

Purpose and organization of the plan

Literature and current practices review

Overall HFE program goals and objectives

The relationship between the HFE program and the overall plant
design program ,organization and schedule).

HSI Design Team

Organization within the HFE program

- Identify and describe the primary HFE organization or
function within the organization of the total program,
including charts to show or?anizatfonal and functional
relationships, reporting relationships, and lines of
communication.

Functions and internal structure of the HFE Orgenization

- Describe the responsibility, authority and accountability of
the HFE organization.

- lde:tify the organizational unit responsible for each HFE
task.

- Describe the process through which management decisions will
be made regarding HFE.

- Describe the process through which design decisions will be
made regarding HFE.

- Describe all tools and techniques (e.g., review forms,
documentation) to be utilized by tne Team to ensure they
fulfill their responsibilities.

Staffing

- Describe the staffing of the HSI Design Team.

- Provide job descriptions of personnel of the HSI Design
Team.

- Indicate the assignment of key personnel and provide their
qualifications with regard to the areas of expertise
indicated above.

HFE Issue Tracking System

Literature and current practices review
Responsibilities

Responsibilities on issue Identification
Responsibilities for Issue Logging
Responsibilities for Issue Resolution
Responsibilities for Issue Closeout



Procedures

- Issue identification
Description
Effects
Criticality and Likelihood
- Issue resolution
Proposed Solutions
Implemented Solution
Residual Effects
Resultant Criticality and Likelihood

Documentation
Audit of the issue identification and tracking system

' HFE Requirements

Identify and describe the HFE requirements imposed on the design
process

List the standards and specifications which are sources of HFE
requirements

8. HFE program

Identify and describe the development of implementz*ion plans, analyses, and
evaluation/verification of:

Operating Experience Review

System Functional Requirements Development
Allocation of Function

Task Analysis

Interface Design

Plant and Emergency Operating Procedure Development
HF Verification and Validation

9. H™c program milestones

Identify HFE milestones, so that evaluations of the effectiveness
of the HFE effort can be made at critical check points and show
the relationship to the integrated plant sequence of events.

Provide a program schedule of HFE tasks showing:

- relationships between HFE elements and activities.
- reports

- reviews

Identify integrated design activities applicable io the HFE
program but specified in other areas.
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10. HFE documentation

. Identify and briefly describe each required HFE documented item.

. Identify procedures for accessibility and retention.

. Describe the supporting documentation and its audit trail
maintained for NRC audits.

11.  HFE in subcontractor efforts

. Provide a copy of the HFE requirements proposed for inclusion in
each subcontract,
. Describe the manner in which the designer proposes to monitor the

subcontractor’s compliance with HFE requirements.

3.2 FElement 2 - Operating Experience Review
DESIGN COMMITMENT:

The accident at Three Mile Island in 1979 and other reactor incidents have
illustrated significant problems in the actual design and the design
philosophy of NPP HSIs. There have been many studies as a result of these
accidents/incidents. Utilities have implemented both NRC mandated changes and
additional improvements on their own initiative. However, the changes were
formed based on the constraints associated with backfits to existing CRs using
early 1980s technology which limited the scope of corrective actions that
might have been considered, i.e., more effective fixes could be used in the
case of a designing a new CR with the modern technology typical of advanced
CRs. Problems and issues encountered in similar systems of previous designs
shall be identified and analyzed so that they are avoided in the development
of the current system or, 1in the case of positive features, to ensure their
retention.

INSPECTION/TEST/ANALYSIS:

. An Operating Experience Review Implementation Plan shall be developed.

. An analysis of operating experience shall be conducted in accordance
with the plan and the findings will be documented in an Analysis Results
Report.

. The analyses shall be reviewed by the HSI Design Team and shall be
documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:
eral r
: [ The following industry operating experience issues shall be identified:

<List to be developed>
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- The issues shall be reviewed and analyzed for:

. Human performance issues, problems and sources of human error
shall be identified.

. Design elements which support and enhance human performance shall
be identified.

3. The following topics should be included in interviews as a minimum:

Display factors

Control factors

Information processing factors
Communication factors
Procedures

Training factors

Staffing and Job Design

4, The review shall include both a review of literature pertaining the
human factors issues related to similar systems and operator interviews.

8. The following sources both industry wide and piant or subsystem relevant
should be included in review of the identified issues:

. Government and Industry Studies of Similar Systems
. Licensee Event Reports
. Outa?e Analysis Reports
. Final Safety Analysis Reports and Safety Evaluation Reports
. Human Engineering Deficiencies identified in DCRDRs
. Modifications of the Technical Specifications fur Operation
. Internal Memoranda/Reports as Available
6. Each operating experience issue shall be documented in the HFE Tracking
System.
Implementation Plan

The plan shall describe the designer’s apprrach to Oporating Experience
Raview. The plan shall address the following:

. Documantation review and analysis
. U?er survey methodology (for conducting interviews) and analysis
plans
. Method of documenting lessons learned
. Integration of lessons learned into the design process
Analysis Resuits Report

The report shall address the following:

. Objectives
. Description of the Methods
. Identification of any deviations from the implementation plan
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. Results and Discussion
. Conclusions
. Recommendations/Impiications for HSI Design
HSI Design Team Evaluation Report
The report shull address the following:
. The review methodology and procedures
. Compliance with Implementation Plan Procedures
. Review findings
3.3 Element 3 - System Functional Requirements Analysis

DESIGN COMMITMENT:

System requirements shall be analyzed to identify those functions which must
be performed to satisfy the objectives of each functional area. System
function analysis shall: (1) determine the objective, performance
requirements, and constraints of the design; and (2) establish the functions
which must be accomplished to meet the objectives and required performance.

INSPECTION/TEST/ANALYSIS: »

. A System Functional Requirements Analysis Implementation Plan shall be
developed.

. An analysis of System Functional Requirements shal)l be conducted in

accordance with the plan and the findings will be documented in an
Analysis Results Report.

. The analyses shall be reviewed by the HSI Design Team and shall be
documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:
General _Q[ iteria

1. System requirements shall determine system functions and the function
shall determine the performance necessary to carry out the function.

- Critical functions shall be defined (i.e., those functions required to
achieve major system performance requirements; or those functions which,
if failed, could degrade system or equipment performance or pose a
safety hazard to plant personnel or to the general public),

3. Safety functions shall be identified and any functional
interrelationship with non-safety systems shall be identified.

4. Functions shall be defined as the most general, yet differentiable means
whereby the system requirements are met, discharged, or satisfied.
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Functions shall be arranged in a logical sequence so that any specified
operational usage of the system can be traced in an end-to-end path.

Functions shall be described initially in graphic form. Function
diagramming shall be done at several levels, starting at a “top level”
where a very gross picture of major functions is described, and
continuing to decompose major functions to several lower levils until a
specific critical end-item requirement will emerge, e.g., a piece of
equipment, software, or an operator.

Detailed narrative descriptions shall be developed for each of the
identified functions and for the overall system configuration design
ttself. Each function shall be identified and described in terms of
inputs (observab’e parameters which will indicate system status),
functional processing (control process and performance measures required
to achieve the function), outputs, feedback (how to determine correct
discharge of function), and interface requirements from the top down so
that subfunctions are recognized as part of larger functional areas.

Functional operations or activities shall include:

detecting signals

measuring information

comparing one measurement with another

processing information

acting upon decisions to produce a desired condition or result on

the system or environment (e.g., system and component operation,
actuation, and trips)

The function analysis shall be kept current o.er the life cycle of
design development.

Verification

. A1l the functions necessary for the achievement of operational and
safety goals are identified.

B All requirements of each function are identified.

The effert shall be performed using the following documents as guidance:

<List to be develcped>
Implementation Plan

The plan shall describe the designer’s approach to System Functional
Requirements Analysis.

The System Functional Requirements Analysis Implementation Plan shall address:

. Literature and current practices review

- Describe the technical basis for the plan.
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. Identification of any deviations frum the implementaticn plan
. Results and Discussion
. Conclusions \
. Recommendations/Implications for HSI Design
HSI Design Team Evaluation Report
The report shall address the following:
. The review methodology and procedures
. Compliance with Implementation Plan Procedures
. Review findings
3.4 Element 4 - Allocation of Function

DESIGN COMMITMENT:

The allocation of functions shall take advantage of human strengths and avoids
allocating functions which would be impacted by human limitations. To assure
that the allocation of function is conducted according to accepted HFE
principles, a structured and well-documented methodology of allocating
functions to personnel, system elements, and personnel-system combinations
shall be developed.

INSPECTION/TEST /ANALYSIS:

. An Allocation of Function Implementation Plan shall be developed.

. An analysis of Allocation of Funciion shall be conducted in accordance
with the plan and the findings will be documented in an Analysis Results
Report.

. The analyses shall be reviewed by the HSI Design Team and shall be
documented ir an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:
General Criteria

¥ A1l aspects of system and functions definition must be analyzed in terms
of resulting human performance requirements based on the expected user
populatien.

& The allocation of functions to personnel, system elements, and
personnel-system combinations shall te made to reflect (1) sensitivity,
precision, time, and safety requirements, (2) required reliability of
system performance, and (3) the number and level of skills of personnel
required to operate and maintain the system.

3. The allocation criteria, rational, analyses, and procedures shall be
documented.



23

4. As alternative allocation concepts are developed, analyses and trade-off
studies shall be conducted to determine adequate configurations of
personnel- and system- performed functions. Analyses shall confirm that
the personnel elements can properly perform tasks allocated to them
while maintaining operator situation awareness, workload, and vigilance.
Proposed function assignment shall take the maximum advantage of the
capabilities of human and machine without imposing unfavorable
requirements on either.

S. Functions shall be re-allocated in an iterative manner, in response to
developing design specifics and the outcomes of on-going analyses and
trade studies.

6. Function assignment shall be evaluated.
g5 The effort shall be performed using the following documents as guidance:

<List to be developed>
Implementation Plan

The plan shall describe the designer’'s approach to Allocation of Function.
The Allocation of Function Implementation Plan shall address:

. Establishment of a structured basis for function allocation
. Alternative systems analyses

- Specification of criteria for selection

. TraJ? studies

Define objectives and requirements
Identify alternatives

Formula‘e selection criteria
Weight criteria

Prepare utility functions

Evaluate alternatives

Perform Sensitivity Check

Select Preferred Alternatives

. Evaluation of function assignment

- The plan shall describe the tests and analyses that will be
performed to evaluate the function allocation

Analysis Results Report
The report shall address the following:

. Objectives
. Description of the Methods
. Identification of any deviations from the implementation plan
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. Results and Discussion

. Conclusions

. Recommendations/Implications for KSi Design
HSI Design Team Evaluation Report

The report shall address the following:

® The review methodology and procedures
® Compliance with Implementation Plan Procedures
® Review findings

3.5 Element § - Task Analysis
DESIGN COMMITMENT:

Task analysis shall identify the behavioral requirements of the tasks the
personnel subsystem is required te perform in order to achieve the functions
allocated to them. A task shall be a group of activities that have a cummon
purpose, often occurring in temporal proximity, and which utilize the same
displays and controls. The task analysis shall:

. provide one of the bases for making design decisions; e.g.,
determining before hardware fabrication, to the extent
practicable, whether system performance requirements can be met by
combinations of anticipated nquipment, software, and personnel,

. assure that human performance requirements do not exceed human
capabilities,

. be used as basic information for developing manning, skill,
training, and communicatien requirements of the system, and

. form the basis for specifying the requirements for the displays,

data processing and controls needed to carry out tasks.
INSPECTION/TEST/ANALYSIS:
. A Task Analysis Implementation Plan shall be developed.

. An analysis of tasks shall be conducted in accordance with the plan and
the findings will be documented in an Analysis Results Report.

. The analyses shall be reviewed by the HSI Design Team and shall be
documented in an Evaluation Report.

DESIGN ACCEPTANCF CRITERIA:
General Criteria_

1. The scope of the task analysis shall include all operations,
maintenance, test and inspection tasks. The analyses shall be directed
to the full range of plant operating modes, including start-up, normal
operations, abnormal operations, transient conditions, low power and
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shutdown conditions. The analyses shall include tasks performed in the
control room as well as outside of the control room.

The analysis shall link the identified and described tasks in
operational sequence diagrams. A review of the descriptions and
operational sequence diagrams shall identify which tasks can be
considered "critical” in terms of importance for function achievement,
potential for human error, and impact of task failure. Human actions
which are found to affect plant risk in PRA sensitivity analyses shall
also be considered "critical." Where critical functions are automated,
the analyses shall consider all human tasks including monitoring of an
automated safety system and back-up actions if it fails.

Task analysis shall begin on a gross level and involve the development
of detailed narrative descriptions of what personnel must do. Task
analyses shall define the nature of the input, process, and output
required by and of personnel. Detailed task descriptions shall address
(as appropriate):

. Information Requirements

- Information required, including cues for task initiation
- Information available

. Decision-Making Requirements ?

- Cescription of the decisions to he made (relative, absolute,
probabilistic)

- Evaluations to be performed

- Decisions that are probable based on the evaluation
(opportunities for cognitive errors, such as capture error,
will be identified and carefully analyzed)

. Response Requirements

Action to be taken
Overlap of task requirements (serial vs. parallel task

elements)

Frequency

Speed/Time line requirements
Tolergnce/accuracy

Operational limits of personnel performance
Operational limits of machine and software
Body movements required by action taken

. Feedback Requirements
- Feedback required to indicate adequacy of actions taken
. Workload

- Cognitive
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- Physica)l
- Estimation of difficulty level

. Task Support Requirements

Special/protective clothing

Job aids or reference materials required
Tools and equipment required

Computer processing support aids

. Workplace Factors

Workspace envelope required by action taken
Workspace conditions

Location and condition of the work
Envirc.ment

. Staffing and Communication Requirements

- number of personnel, their technical specialty, and specific
skills
Communications required, including type

- Personnel interaction when more than one person is involved

. Hazard Identification

- Identification of Hazards involved
The task analysis shall be iterative and become progressively more
detailed over the desigr cycle. The task analysis shall be detailed
enough to identify information and control requirements to enable
specification of detailed requirements for alarms, displays, data
processing, and controls for human task accomplishment.

The task analysis results shall provide irput to the personnel training
programs.

The effort shall be performed using the following documents as guidance:

<List to be developed>

Implementation Plan

The plan shall describe the designer's approach to task analysis. The Task
Analysis Implementation Plan shall address:

. Ger.eral methods and data sources
. Gross task analysis
- Convert Functions to Tasks

- Develop Narrative Task Descriptions
- General statement of task functions
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- Detailed task descriptions
- Breakdown of tasks to individual activities
- Deve'op Operationa] Sequence Diagrams

. Critical task analysis

- Identification of Critical Tasks
Ueteiled Task Descriptions

. Information ind control requirements
. Initial alarm, display, processing, ard control requirements
analysis

- Develop a task-based I&C inventory

. Application of task analysis results to training development
. Evaluation of task analysis

- The plan shall describe the methods that will be used to
evaluate the results of the task aralysis.

Analysis Results Report
The report shall address the following:

. Objectives
. Description of the Methods
. Identification of any deviations from the implementation plan
- Results and Discussion
. Conclusions
. Recommendations/Implications for HSI Design
HSI Design Team Evaluation Report
The report shall address the following:
. The review methodology and procedures
. Compliance with Implementation ¥lan Procedures
. Review findings

3.6 Element 6 - Human-System Interface Desiyn

DESIGN COMMITMENT:

Human engineering principles and criteria shall be apnlied along with all
other design requirements to identify, select, and design the particular
equipment to be operated/maintained/controlled by plant personnel.
INSPECTION/TEST /ANALYSIS:

« A Human-System Interface Design Implementation Plan shall be developed.
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An analysis of Human-System Interface Design shall be conducted in
accordance with the plan and the findings will be documented in an
Analysis Results Report.

The analyses shall be reviewed by the HSI Design Team and shall be
documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:
General Criteria

1.

The design configuration shall satisfy the fuictional and technical
design requirements and insure that the HSI will meet the appropriate
HFE guidance and criteria.

The HFE effort shall be applied to HSI both inside and outside of the
control room (local HSI).

HSI desién shall utilize the results of the task analysis and the I&C
inventury to assure the adequacy of the HSI.

The HS! and working envirorment shall be adequate for the human
performance requirements it supports. The HSI shall  be capable of

supporting critical operations under the worst credibla environmental
conditions.

The HSI shall be free of e’ements which are not required for the
accomplishment of any task.

The selection and design of HSI hardware and software appro»-'es shall
be based upon demonstrated criteria that support the a_..cvement of
human task performance requirements. Criteria can be based upon test

results, demonstrated oxperience, and trade studies of ‘dentified
options.

HFE standards shall be employed in HSI selection and design. Human
engineering guidance regarding the design particulars shall be deveioped
by the HSI designer to (1) insure that the human-syst_m interfaces are
designed to currently accepted HFE guidelines and (2) insure proper
consideration uf human capabilities and limitations in the cdeveloping
system. This guidance shall be derived from sources such as expert
Jjudgement, design guidelines and standards, and quantitative (e.g.,
anthropometric) anu qualitative (e.g., relative effectiveness of
differing types of displays for different conditions) data. Procedures
shall be employed to ensure HSI adherence with standards.

HFE/HST problems shall be resolved using studies, expcriments, and
laboratory tests, e.q.

® Mockups and models may be used to resolve access, workspace and
related HFE problems and incorporating these solutions into system
design
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? Dynamic simulation and HS[ prototypes shall be evaluated for use
t» evaluate design details of equipment requiring critical human
performance

. The rationale for selection of design/evaluation tools shall be
documented

R Human factors engineering shall be applied to the design of equipment
and software for maintainability, testing and inspection.

10.  HSI design elements shall be evaluated to assure their acceptability for
task performance and HFE, criteria, standards, and guidelines.

11.  The effort shall be performed ucing the followirg documents as guidance:
<List to be developed>
Implementation Plan

The plan shall describe the designer’s approach to Human-System Interface
Design.  The Human-System Interface Dosign Implementation Plan shall address:

. I&4C requirements analysis and design

- Compare Task Requirements to If. " .ai ability
- Modifications to 1&C Inveitory

. General HSI approach selection
- 4o Trade Studies
- Analyses
. The criteria to be used to meet General Criterion (selection and
design of HSI hardware and software approaches), described above
. HFE design guidance development and documentation
. HSI detailed design and evaluations

- Use of design/evaluation tools such as prototypes shall be
specifically identified and rationale for selection

Analysis Results Report
The report shall address the following:

Objectives

Description of the Methods

Identification of any deviations from the implementation plan
Results and Discussion

Conclusions

Recommendations/Implications for HSI Design

® & 9 0 0
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HSI De<i¢” Team Zvaluation Report
The report shall address the following:

. The review methodology and procedures
. Compliance with Implementation Plan Procedures
. Review findings

3.7 Element 7 - Plant and Emergency Operating Procedure Development
DESIGN COMMITMENT:

Plant and Emergency Operating Procedures shall be developed to support and
guide human interaction with plant systems and to control plant-related
events and activities. Human engineering principles and criteria shall be
applied along with all other design requirements to develop procedures that
~"~ tachnically accurate, comprehensive, explicit, easy to utilize, and
validatea. The types of procedures covered in the element are:

. plant & system operations (including start-up, power, anu chutdown
operations)

. abnormal & emergency operations

. preoperational, start-up, and sur.eillance tests

. alarm response

INSPECTION/TEST /ANALYSIS:

. A Plant and Emergency Operating Procedure Development Implementation
Plan shall be developed.

. The procedures shall be developed in accordance with the plan and the
results will be documented in a Procedure Development Report.

. The procedure development shall be reviewed by the HSI Design Team and
shall be documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:
General Criteria

' The task analysis shall be used to specify the procedures for operations
(normal, abnormal, and emergency), test, maintenance and inspection.

R The basis for procedure development shall include:
» Plant design bases
. system-based technical reguirements and specifications
. the task analyses for operations (normal, abnormal, and emergency)
. significant human actions identified in the HRA/PRA
. initiating events to be considered in the EOPs shall include those

events present in the gesign bases.
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3. A Writer's Guide shall be dev.ioped to establish the process for
developing technical procecures that are compiete, accurate, consistent,
and 2asy to understand and follow. The Guide shall contain sufficiently
objective criteria so that procedures developed in accordance with the
Guide shall be consistent in organization, style, and content. The
Guide shall be used for all procedures within the scope of this Element.
The Writer's Guide shall provide instructions for procedure content and
format (including the writing of action steps and the specification of
acceptable acronym 1ists and acceptable terms to be used).

4, The content of the procedures shall incorporate the following elements:

Title

Statement of Applicability

References

Prerequisites

Precautions (including warnings, cautions, and notes)
Limitations and Actions

Required Human Actions

Acceptance Criteria

Checkoff Lists

5. A1l procedures shall be verified and validated. A review shall be
conducted to assure procedures are correct and can be perforped. Final
validation of operating procedures shall be performed in a simulation of
the integrated system as part of V&V activities described in Element 8.

6. An analysis shall be conducted to determine the impact of providing
computer-based procedures and to specify where such an approach would

improve procedure utilization and reduce operating crew errors related
to procedure use.

r The effort shall be performed using the following documents as guidance:

<List to be developed>

Implementation Plan

The Plant and Emergency Operating Procedure Development Implementation Plan

shall address:
4

* Identification of source data,information to be used as a basis
for procedure development

. Methodology for tihe evaluation of procedures (plan shall describe
tests and analyses that will e used to evaluate  rocedures)

. Requirements for the effective Zevelopment and ust of a Procedural
Writer's Guide

. Procedures for training program - procedure integrition

Verification and validation procedures
. Procedure development documentation requirements
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Procedure Development Report
The report shall address the following:
. Objectives
. Description of the Methods Used
. Identification of any deviations from the imglementation plan
. Results, including a 1ist of procedures developed, and a
discussion of the resulting procedures including sample procedures
. Conclusions
. Recommendations/Implications for HSI Design
HS1 Design Team Evaluation Report
The report shall address the following:
. The review methodology and procedures
. Compliance with Implementation Plan Procedures
. Review findings
3.8 Element 8 - Human Factors Verification and Validation

DESTGN COMMITMENT:

The successful incorporation of human factors engineering into the final HSI
design and the acceptability of the resulting HSI shall be thoroughly

evaluated as an integrated system using HFE evaluation procedures, guidelines,
standards, and principles.

INSPECTION/TEST /ANALYSIS:

. A Human Factors Verification and Validation Implementation Plan shall
be developed

. An analysis of Human Factors Verification and Validation shall be
conducted in accordance with the plan and the findings will be
documented in an Analysis Rezults Report.

. The analyses shall be reviewed by the HSI Design Team and shail be
documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria

1. The evaluation shall verify that the performance of the HSI, when all
elements are fully integrated into a system, meets (1) all HFE design
goals as established in the program plan; and (2) all system functional
requirements and support human operations, maintenance, test, and
inspection task accomplishment,



The evaluation shall add.ess:
£l
L
.
.
.
L
.

Individual HSI elements shall be evaluated in a static and/or "part-
task" mode to assure that all controls, displays, and data processing
that are required are available and that they are designed according to
accepted HFE guidelines, standards, and principles.

Human-Hardware interfaces
Human-software interfaces

Procedures

Workstation and console configurations
Control room design

Remote shutdown system

Design of the overall work environment

The integration of HSI elements with each other and with personnel shall
be evaluated and validated through dynamic task performance evaluation
using evaluation tools which are appropriate to the accomplishment of
this objective. A fully functional HSI prototype and plant simulator
shall be used as part of these evaluations. If an alternative to a HSI
prototype is proposed its acceptability shall be documented in the
implementation plan. The evaluations shall have as their objectives:

. Ade?uacy of entire HSI configuration for achievement of safety
goals
. Confirm allocation of function und the structure of tasks assigned

to personnel

. Adequacy of staffing and the HSI to support staff to accomplish
their tasks.

. Adequacy of Procedures

. Confirm the adequacy of the dynamic aspects of all interfaces for
task accomplishment

. Evaluation and demonstration of errcr tolerance to human and

system failures

Dynamic evaluations shall evaluate HSI under a range of operational
conditions and upsets, and shall include:

. Normal plant evolutions (e.g., start-up, full power, and shutdown
operations)

. Instrument Failures (e.g., Safety System Logic & Control
(SSLC)Unit, Fault Tolerant Controller (NSSS), Local
;Fie]d Unit" for MUX system, MUX Controller (BOP), Break in MUX

ine)

. HSI equipment and processing failure (e.g., ioss of VDUs, loss of
data processing, loss of large overview display)

. Transients (e.g., Turbine Trip, Loss of Offsite Power, Station

Blackout, Loss of all FW, Loss of Service Water, Loss of power to
selected buses/CR power supplies, and SRV transients)
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. Accidents (e.g., Main steam line oreak, Pecsitive Reactivity
Addition, Control Rod Inscrtion at power, Control Rod
Ejection, ATWS, and various-sized LOCAs)

Performance measures for dyramic evaluations shall he adeguate to test
the achievement off all objectives design goals, and performance
requirements and shall include at a minimum:

. System performance measures relevant to safety

Crew Primary Task Performance (e.g., task times. procedure
violations)

Crew Errors

Situation Awareness

workload

Crew communications and coordination

Anthropometry evaluations

Physical positioning and interactions

A verification shall be made that all issues documented in the Human
Factors Issue Tracking System have been addressed.

A verification shall be made that all critical human actions as defined
by the task analysis and PRA/HRA have be adequately supported in the
design. The design of tests and evaluations to be performed as part of
HFE V&V activities shall specifically examine these actions.

The effort shall be performed using the following documents as guidance:

<List to be developed>
Implementation Plan
The plan shall describe the designer’s approach to Human Factors Verification

and Validation. The Human Factors Verificatior and Validation
Implementation Plan shall address:

. HSI element evaluation

- Control, Data Processing, Display audit
- Comparison of HSI element design to HFE guidelines,
standards, and principles
» Dynam1c performance evaluation of fully integrated HSI
General Objectives
- Test method-logy and procedures
- Test participants (operators to participate in the test
program)
Test Conditions
HSI descripticn
Performance measures
Data anal sis
Criteria for evaluation of results
Utilization of evaluations

- %4 -4
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Documentation requirements

- Test & Evaluation Plans and Procedures
- Test Reports
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Analysis Results Report
The report shall address the following:
. Objectives
. Description of the Methods
. Identification of any deviations from the implementation plan
. Results and Discussion
* Conclusions
. Recommendations/Implications for HSI Design
HSI Design Team Evaluation Report
The report shall address the following:
. The review methodology and procedures
. Compliance with Implementation Plan Procedures

. Review findings
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