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1 - INTRODUCTION
1.1 - PURPOSE AND SCOPE
1.1.1 - Purpose

The Human Factors Program Plan (HFPP) for System 80+ |
describes the Human Factors Engineering (HFE) program for i
the System 80+ Standard Plant design, specifies the elements |
of the program, and explains how the elements are managed.

The document identifies:

1) Human Factors (HF) activities performed for the
project to date;

2) HF activities to be performed as part of the ongoing
System 80+ Standard Plant design program;

3) Reguirements on HF activities (Appendix A).

The document provides a consolidated basis for review of
ABB-CE's human factors plans and progress. It is not
intended to revise the efforts that have brought the design
to its present state of completion. Rather, activities and
products which are thus far complete are regarded as
exemplary design practices to be repeated, where specified,
in the future design of the plant. Thus, the HFPP presents
the requirements on the design process, identifies what has
been accomplished thus far in the design process, and
relates this to the plans for continued and future
activities; this provides a complete program for Human-
System Interface (HSI) development.

1.1.2 - Scope

The HFPP describes activities relating to 1) the design of
the Human-System Interface for the Nuplex 80+ advanced
control complex for the System 80+ standard plant, and 2)
HSI considerations for the balance of the System 80+
standard plant design. Specific scope requirements are
presented in Appendix Section A-1.4.

The HFPP has two major components. The first part is the
main body of the document. This provides the review of HF
activities performed by the project to date, and the plans
for HF activities to be performed by the ongoing design
program. The second part, Appendix A, provides goals,
regquirements, and criteria for these activities, along with
their supporting bases and references. These two components
must be considered together in the use and evaluation of the
Plan.

NPX80-IC~DP790-01
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1.2 - GOALS AND PHILOSOPHY
1.2.1 - Philosophy of Design

The System 80+ design philosophy for both the plant and the
control complex is evolutjonary. Implicit in any
evolutionary framework is the success of preceding
generations: evolution is a process of modifying generally
successful designs into improved ones. Conservative
evolutionary design therefore emphasizes the solution of
known problems, and the incorporation of established
improvements. In turn, testing must ensure that the

il of preceding generations is maintained
throughout the changes embodied in the new design.

The System 80+ physical systems and their operation do not
differ substantially from previously licensed plants (i.e.,
System 80). Similarly, the Nuplex 80+ advanced control
complex has sought to make evolutionary improvements in
plant operations and the HSI, while assuring that the HSI
remains acceptable with respect to established industry
standards. Nuplex 80+ is therefore an implementation of
existing HSI functions on an advanced I&C platform.
Criteria for HSI acceptability include conformance to
existing human factors guidance, correction of significant
human error concerns that are identified during analysis,
development, or verification, and demonstration of the
operators' ability to perform required operating and safety
functions and procedures in a timely and reliable manner
(i.e., validation).

Since there is no unitary, objective measure of performance
guality, nor any baseline data against which the notion of
'optimal' can be measured, ABB-CE does not make any claim
regyarding optimal HSI performance for Nuplex 80+. Likewise,
ABE-CE does not claim gquantified improvements in human
operator performance over that achieved in conventional
plants (although many specific improvements are held to be
gualitatively clear.) Rather, the design process and
acceptability criteria are directed to the practical
achievement of the design goals listed in the Plan.

The two main philosophies of evolutionary design and
acceptability assurance are supplemented by several
subsidiary ones. These are summarized below:

Accuracy over Speed: Nuplex 80+ is designed to permit

operators to perform required plant control actions without
violating system-referenced time constraints. Safety
features are allocated to automation so that rapid operator
responses are unnecessary to ensure plant safety. This
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permits operators to emphasize the criterion of accuracy,
rather than speed, in their responses.

Maintain the Role of the Operator: It is a premise of the
System 80+ design that the preceding System 80 plant is a
safe and acceptable design. This premise has been validated
by the many successful hours of operation that System 80 has
logged to date. Furthermore, the operator's role is held to
be a successful component of the System 80 design.
Therefore, for System 80+, substantial changes to the
operator's present position "in-the-loop" have been avoided.

: The design team has
placed an emphasis on assuring the operator's and other end
user's extensive input to, involvement with, and feedback on
the design, from the initial concept through the final
validation.

: Nuplex 80+ presents integrated,
valid information, rather than disaggregate data to
operators. The design philosophy is to provide necessary
information in a format and at a level of detail that
efficiently supports operations tasks. Data procesusing
algorithms reliably monitor for and explicitly indicate
discrepant channels (which are infreguent and potentially
misleading). Detailed data is available, on demand, for
diagnostic and maintenance tasks. Unnecessary and
uninformative mental load is thereby reduced for operators.

No Backup: It is part of the design philosophy not to
provide hardwired indicators and controls as a 'backup'
certifiable HSI. Redundant indications are

available at the control consoles so that loss of a single
device will not result in a loss of information, and so that
PAMI readings are provided on familiar instrumentation.

Specific Criteria: The HSI design is based on accepted
industry practice and human factors criteria. Initially,
general criteria from these documents were used in the
design. As work progressed, these generic and sometimes
conflicting methods were distilled into a specific set of
HFE standards, guidelines, and bases for Nuplex 80+. This
document is being maintained and updated to refine HSI
guidance abreast of the needs of the design.

Certification of Process & Approval of Features: Detailed
documentation is being provided on the Nuplex 80+ design
process and standard features that have been exemplified by
the RCS panel design. The process and standard features
have been submitted for certification and approval by NRC
staff. Certification approval will permit the approach to

NPX80-1C-DP750~01 Revision 02 7 of 58



be applied to subsequent first-of-a-kind engineering
products. Design evaluations and acceptance criteria will
be formally applied to these subseguent products to ensure
performance adequacy and conformance to the certified
design. This approach provides an effective mix of both
process and product design evaluations.

1.2.2 - Goals for Design

The term "goal" lends itself to many uses in planning,
design, and testing. Goals in the present document are
identified in at least three distinct contexts; each of
these uses of the term has merit. Thus, they are each
discussed below. To avoid subseguent confusion, use of
"goal" should place the term clearly in a specific context.

1.2.2.1 - Process Element Goals - Appendix A of this
document defines and provides bases for eight HFE design
process elements in terms of their Goals, Requirements, and
Criteria (see Section A-2.2). Goals represent the idealized
function or purpose of the element. Reguirements, in
contrast, are pragmatic and concrete, and operationalize the
Goals. g;;;g;ig are objectively verifiable quantities or
gqualities of acceptability against which an item is tested,
to determine whether it meets the associated reqguirement.
Appendix A presents design process elements for Nuplex B80+.

1.2.2.2 - Human-centered Design Goals - The NRC Program
Review Model identifies six generic Human-Centered Design
Goals (HCGs). These are general design objectives for the
system HSI expressed in terms of human performance. Stated
as generalities, they are at some point to be “objectively
defined and [to) serve as criteria for test and evaluation
activities." The HCGs are as follows:

1) The coperating team can accomplish all assigned tasks
within system~-defined time and performance criteria.

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

3) The system will support a high degree of operating crew
“situational awareness."

4) Signal detection and event recognition reguirements
will be kept within the operators' information
processing limits to minimize the need for operators to
mentally transform data in order for it to be used.

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

These fairly general goals might be further summarized by
stating that "The HSI shall facilitate acceptable human
performance.” This is already a cornerstone of Nuplex 80+
HSI philosophy (see Section 1.2.1).

However, the HCGs are somewhat more specific. Their main
concern is for the concomitants and characteristic effects
of operator workload, particularly mental load, as conceived
by various human performance models (i.e., time stress (1),
low and high arousal (2), “cognitive tunnel vision" and
"operator-out-of-the-loop syndrome" (3), perceptual channel
and working memory capacities (4 & 5), and error/accuracy
(6)). Unfortunately, mental workload is an abstract
construct, not directly observable; a "high-inference"
variable prone to unreliable results. While it is desirable
to avoid workloads of either extreme, workload measures thus
have somewhat limited utility.

In control room design, time-~ and error-related observations
are generally the most useful types of human performance
measures. This is due to the fact that they are relatively
"low-inference" variables, whose criteria can be system-
referenced. For example, if valve X must be shut before
time Y or a safety limit will be exceeded, then acceptable
human performance has been objectively (if ad hoc) defined
by the system design. Workload may then be inferred from
these results.

Thus, the HCGs articulate desirable gcals, but their
correspondence to objective evaluation criteria is limited
both on theoretical and pragmatic grounds. In the System
80+ design process the HCCs are addressed through formal
analysis and subjective evaluations, as follows:

HCG 1 - System-defined Criteria: This goal captures the
purpose of the Design Validation exercises (Sections 2.5,
5.7, and A-3.8) in a nutshell. Validation exercises apply
standard simulator evaluation technigues to ensure the
adequacy of operating staff performance on the actual
control room design, using vendor procedure guidance to
maintain the plant within design basis limits. 1In addition,
preliminary evaluations of response time adequacy include
response time modeling portions of the Task Analyses (see A-
3.4) and SAR Chapter 15 accident analyses that credit
operator action. Analyses of specific operator errors,
including time response considerations, and identification
of critical tasks, are performed as Human Reliability
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Analysis (HRA; part of SAR Chapter 19, PRA). Finally, it is
assumed that the systematic application of HFE principles
(i.e., through the SGB; see Sections 5.1 and A-3.5) will
generally increase performance speed and accuracy (i.e.,
reduce operator loading). Successful application of these
principles is evaluated by Suitability Verification (see
Section A-3.7).

HCG ¢ ~ Function Allocation: This goal implies through its
use of the *erm "allocation of functions" that there is a
particular concern for the manner in which automation has
been applied. In fact, many allocations of safety-related
features to automation are mandated by Federal Regulations
(see Section A-3.3). 1In addition, part of the System 80+
design philosophy has been to retain the established role of
the operator as a successful facet of the preceding System
80 design. Therefore, changes to allocations have been made
in a largely evolutionary fashion, only to make specific
improvements in the overall design or to address specific
preobleme (e.g., the one-sensor-per-indicator problem).
Allocation of Function will be evaluated in terms of the
Requirements and Criteria specified in Section A-3.3. 1In
addition, feedback and resclution of allocation issues
continues throughout design via Task Analysis (A-3.4),
Verification (A-3.6 and A-3.7) and Validation (A-3.8), and
applicable SAR analyses of Chapters 15 (DBE) and 19 (PRA).

HCG 3 -~ Bituational Awareness: Use of the term "situation
awareness" reflects cognizance of recent research themes in
aviation HF. Like mental load and mental models, situation
awareness is a "high-inference" variable. However, it is
believed that many of the Nuplex 80+ design bases and
resulting features can be accepted, on a priori grounds, to
make improvements in thie area. These features include the
Critical Functions, Success Path Monitoring (SPM), IPSO, the
prioritized alarm scheme, and the variety of methods applied
to integrate data into information (see Section 2.7 on
empirical Halden studies verifying the effectiveness of CFM,
SPM, and IPSO). Validation exercises (Section A-3.8) will
ensure the acceptability of crew situational awareness in
terms of system-defined time and performance criteria, and
subjective evaluation by operators.

HCG 4 & 5 - Perceptual & Cognitive Loading: In contrast to
HCGs 1 and 3, which emphasizes the more integrated, "“big-
picture" aspects of the HSI, HCGs 4 and 5 express more
elemental or micro~level concerns. As previously discussed,
the general concern is for excessive or unnecessary mental
load; references to data transformations, signal detection,
and memory loading imply a specific emphasis on proper
display design and panel layout, as well as the integration
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1.3 - ORGANIZATION
1.3.1 - Design Team

1.3.1.1 - Internal Organjzation - The human factors
engineering at ABB-CE is an integrated discipline within the
HSI design process. Full time human factors specialists are
permanently employed by ABB-CE and participate throughout
design development and evaluation. Use of an integrated
group enables close interaction between HF specialists,
cperations specialists, and system designers. This permits
more sharing of design knowledge, and higher frequency of
iteration and feedback than would be available from a more
compartmentalized organization.

The exact number of human factors engineers working on
Nuplex 80+ at any given time varies depending on schedules,
work in progress, and other projects which require human
factors involvement. There are currently two groups at ABB-
CE which include HF Specialists: the Nuclear Systems I&C
Control Complex Engineering Group, and the Nuclear Services
Training and Human Factors Group. The Systems group has
primary responsibility for the Nuplex 80+ design; the
Services group provides staff augmentation as needed for
specific tasks.

Minimum requirements for HF specialists on the project
include either: 1) a Master's degree in an HF-related field,
plus one year of industry design experience, or 2) five
years HF-related design experience in the nuclear industry,
or 3) any proportional combination of 1) and 2).

There has always been at least one human factors engineer
working full time on the Nuplex 80+ design. At certain
peints in the design, such as during Functional Task
Analysis (FTA) there have been as many as four. The HFE
specialists at ABB-CE bring a diverse background to the
design, including nuclear navy, utility, and architect/
engineer experience. Human factors specialists are one
component of a group of eleven HSI designers dedicated to
System 80+ work. These include experienced navy and
commercial operators, individuals with expertise in display
development, I&C systems, and control panel fabrication.

As previously noted, the exact staffing level of human 1
factors engineers dedicated to System 80+ and related

projects varies, and an exact number of man-months per year

would be difficult to interpret. However, for comparison

purpeoses, it can be noted that for second half of 1991, four

HF specialists (three engineers and one supervisor) were
assigned full-time to Nuplex 80+ and related projects.
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The 1&C department contains numerous engineers and
specialists besides human factors. CESSAR-DC Table 18.2-1
provides design team staffing information. Former licensed
commercial and navy PWR operators contribute greatly to the
HSI design, especially in the walk-through and analysis
portions. Software specialists, experts in control board
design, and I&C systems engineers also add input. In short,
HFE is part of the larger integrated design team approach to
the entire System 80+ product.

The reporting structure at ABB-CE has varied over the course
of the design of System 80+. The present structure for the
System 80+ project is shown in Figure 1.3-1; requirements in
this area are cited in Section A-3.1.2. Currently, the
human factors engineers assigned to the project report to
the supervisor of man-machine interface design. The man-
machine interface design function is then matrixed to other
function and task domains within I&C engineering and the
System 80+ project. HF specialists on loan from the Nuclear
Services group similarly report to the supervisor of man-
machine interface design. However, when the Nuclear
Services group performs independent HF tasks (such as the
FTA) for the design, they remain within their normal Nuclear
Services reporting structure: HF specialist to HF group
supervisor, etc. and up the Nuclear Services management
chain, which meets the I&C ALWR group's reporting authority
at the President of ABB~CE Nuclear Power.

1.3.1.2 - Design Process - The Nuplex 80+ HSI design process
is illustrated in Figures 1.3-2 through 1.3-6. These show
the relationships among ‘conventional' HF analyses, i.e.,
functional decomposition, design reviews, rapid prototypes,
standardized panel layouts, and other design methods
employed in the Nuplex 80+ HSI development.

The Nuplex 80+ design approach can be seen to be consistent
with human factors methodology described in references such
as IEEE-1023 in that:

-~ the design is an iterative process using HF
specialists, operators, plant systems engineers, and
maintenance experts;

- prototypes & mockups, DRMs, and other technical
evaluations are used to develop a standard HSI design;

- the design team develops System 80+ information and
control characteristics to satisfy the operators' need
to perform EPGs (safety functions} and other operating
tasks;
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Figure 1.3-1: HFE in System 80+ Management
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-~ the analyses' results are provided to the designers for
incorporation into their work and the total design of
il one panel and the IPSO display;

- additional panel sections are being design3:d using a
similar methodology, with ongoing verification work;

- the entire product will be validated on full-scope
simulation facilities.

Elaborate studies and analyses were not seen as the most
efficient or practical approach to upgrading the information
and control interface for well-understood process systems in
an evolutionary design. The ABB-CE design framework
utilizes small design teams to develop system and components
to meet specified design bases, and to solve existing
problems, as well as emergent problems that are identified
during the design process. Design flows not only from
analyses but also from individual problem solving efforts,
design reviews, and experience with previous plants.

1.3.1.3 -~ Design Review Meetings -~ The Nuplex 80+ design

process utilizes other approaches in addition to
conventional human factors analyses. One of the most
freguent and important is the Design Review Meeting (DRM).
In DRMs, engineer(s) present their work for
interdisciplinary review and critique from other design team
menbers. A DRM may have anywhere from three to twenty
reviewers, and may include implementers, system designers,
operators, or HF specialists, as appropriate to the aspect
of design under review. Their frequency is determined by
the progress and needs of the design.

This process is akin to what EPRI calls the "boiler room"
approach, where design details are "sweated out".
Alternately, DRMs can be seen as the 'test' phase of an
iterative design cycle of hypothesis-~and-test. Specialists
in HFE use DRMs both to assure that all aspects of the
design receive HF input, and tv subject their own work to
cross-disciplinary scrutiny. Goals of the DRM include
assuring that the proposed design is feasible, useable, and
compatible with existing aspects of the design. Minutes and
action items from all design review meetings are documented.

These meetings provide early and specific feedbu:k to
designers and allow the product to be reviewed well in
advance of any finalization. It is important to emphasize
that no system is designed without design reviews.

1.3.1.4 - Human Factors Efforts by Subcontractors - Some
Balance-Of-Plant (BOP) work relating to the HSI for System
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80+ is being performed by Duke Engineering and Services
(DE&S) as a subcontractor. ABB-CE retains final design
review authority and responsibility for work performed by
DE&S or other subcontractors. This work, to date, includes
some of the preliminary BOP-related panel layouts and much
of the physical plant configuration that impinges on HF-
related maintenance and access considerations. The DE&S
organization includes operations, maintenance, and testing
specialists, many "on loan™ from Duke Power; their input has
been particularly valuable.

At specified design milestones, work produced by DE&S comes
to ABB-CE for interdisciplinary review, including that of
ABB-CE human factors specialists. ABB~CE also provides HFE
guidance to DE&S by providing HF-related guideline documents
and Nuplex 80+ design practice documents. This is to assure
that DE&S's products are both sufficient in themselves, and
consistent with the remainder of the System 80+ HSI.

Future System 80+ design work may be performed by other
subcontractors. Should this prove the case, the same
methods of review, guidance, and control will be used to
assure a continued standardized and acceptable HSI.

1.3.2 - HFE Documentation

Along with CESSAR-DC, a 13-volume set of Reference Design
Documentation (RDD) has been provided. Portions of the RDD
relating to HF methods and results include the systen
descriptions for the RCS and CVCS panels, the generic Panel
Layout Standard, the Control Complex Information Systems
description, the CFM Systems description, and the Alarm
Processing Description. These are incorporated in the
design process diagrams of Figures 1.3-2 through 1.3-6.
Double boxes in these figures dencte documentation;
documents are often shown as associated with a specific
analysis or activity by an undirected, dotted line.

In the HFPP, reference is made to these and other ABB-CE
documents which have been made available to the NRC, such as
the HFE Standards, Guidelines, and Bases (SGB), the RCS
panel FTA Report, and the RCS panel Verification Analysis
Report. Documents slated for the future are also cited
(e.g., the OER report, Function Allocations report, V&V
plan, future TA and V&V reports, distribution records,
Tracking-Open-Issues database reports, etc.). The HFPP does
not detail the contents of these documents, but their
existence or production is specified as part of the Plan.
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2 - HUMAN FACTORS ANALYSES

The design team has performed and plans to perform a number
of formal analyses and less-structured evaluations as part
of the Wuplex 80+ HSI design process. These begin with
systems analysis, and progress to task analyses and the
other analysis and evaluation activities which normally flow
from TA, namely staffing and configuration evaluation,
information and panel design evaluation, and V&V.

Subsequent to the discussion of these activities, a
description of other analyses and evaluations contributing
to Nuplex 80+ design is presented. These are alarm analyses
and the Halden Reactor studies.

2.1 - SYSTEMS ANALYSIS

A formal syctems analysis, such as described in MIL-H-
46855B, was not performed for the System 80+ Plant. The
analysis w=2s not necessary because the systems for the plant
are essentially the same as those for previously-licensed
ABBE-CE units. The nature of systems and operating
procedures for these units is well-established and
documented. Therefore, a systems analysis would not be
beneficial or necessary for System 80+. Analyses from other
projects that were applicable to System 80+ (such as SONGS 2
&3) were referenced but System 80+ takes credit for design
experience as its primary justification for not needing a
formal systems analysis since System 80+ represents few
changes that affect the anticipated operations based on the
previous design.

The results of previous systems operation knowledge have
been incorporated into the Nuplex 80+ design in the
following areas:

- Allocation and layout of systems in the contrelling
workspace has been based in part on the number,
function and relationships identified between System
80+ systems.

- Crew sizes and staffing needs have been evaluated with
consideration of the activities required for system
operation.
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2.2 = FUNCTION AND TASK ANALYSIS

The Function and Task Analysis is the first of four human
factors analyses and evaluations which have been done for
the System 80+ RCS, and which are planned for the other
portions of the design which will appear in the advanced
control complex. The subseqguent three, which will be
discussed in following sections, are: staffing and
configuration evaluation, information presentation and panel
design evaluation, and design validation.

A formal Function and Task Analysis (FTA) has been performed
for the System 80+ RCS. This analysis and the subsequent
report have previously been made available to the NRC in the
RDD, volumes 7 & 8. The plan is to perform similar analyses
for all other systems with indications and controls on the
main control panel sections during the design process. The
RCS FTA represents the methodology which the project team
will use, with refinements based on the completed FTA work
as noted in Section 5.5 of this report.

2.2.1 - Function Allocation

Function allocation, the assignment of functions to either
man or machine (or a combination), has been done for System
80+ by reevaluating the allocation of the successful
baseline System 80 design. The functions which must be
performed by the System 80+ plant remain essentially the
same as for System 80, and the role of the operator "in-the-
loop" has been retained. Changes in allocations have been
developed incrementally, to solve specific problems
identified from operating history and experience (see
Sections A-3.2 and A-3.3; also the reports indicated therein
on review of operating experience and allocation of
functions).

Design evaluation and revision of high level allocations has
thus been performed in an evolutionary fashion for System
80+. Further allocation work is specified in Section A-3.3.
Continuing feedback on allocations, and the resolution of
associated concerns, will be generated by other elements of
the design process (see HCG 2 under Section 1.2.2.2).

2.2.2 - Functional Task Analysis

A top~-down functional task analysis was performed to
identify System 80+ information and control characteristic
requirements and to allow evaluation of the function
allocation. The results of this analysis may be found in
CESSAR~-DC Section 18.5 and in the Nuplex 80+ Function and
Task Analysis Report, in the RDD. 1In general, three areas
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were given design support by the analysis. They are the
aforementioned function allocation, general panel layout,
and RCS panel design.

Functional requirements and controls for System 80+ were
based on existing System 80 power plants. Monitoring tasks
were primarily evaluated in the FTA because the monitoring
portions of the HSI have the most significant changes, as
compared to current plants. The System 80+ control
requirements and HSI for controls is essentially the same as
for Systen 80 plants, therefore, the System 80+ FTA relies
heavily on the acceptability of the DCRDR process conducted
previously for System 80 control rocms. The System 80
instrument list and panel components provided the starting
point of the System 80+ FTA.

The analysis considered the four basic operator roles and
broke operator functions down into subfunctions, operations,
tasks, task information, and control characteristics, as
described in th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>