DESCRIPTION

OF THE

HUMAN FACTORB PROGRAM PLAN

FOR THE

SYSTEM BO+ (TM)

STANDARD PLANT DESIGN










dutionary

1lflfer







designers report tu the same manager. HF specialists on loan from
the Nuclear E£ervices group similarly report to the I&C ALWR
manager. 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.

1.2.1.2-Design Process

The Nuplex 80+ MMI design process is illustrated in Figures
i.2=1 through 1.2.5. These show the relationships among
‘conventional’ human factors analyses, i.e., functional
decomposition, design reviews, rapid prototypes, standardized panel
layouts, and other design methods employed in the Nuplex 80+ MMI
development.

The Nuplex B0+ design process utilizes other approaches
in addition to conventional human factors analyses. One of the
most common and effective is the Design Review Meeting (DRM). In
these meetings, the engineer(s) assigned to a particular aspect of
design present their work for critique and input from other design
team menmbers. Typically, such meet.ngs include ten to twenty
individuals including implementers, system designers, operators,
and HF specialists. This process is akin to what EPRI zalls the
"hboller room" approach, where design details are “sweated out",

The DRM can also be seen as the 'test' phase of th- ‘esign
team's hypothesis and test cycle. Human Factors speciali take
advantage of these meeting both to ascure that all aspect: . the
design receive HF input and to ~ibject their own work to
multidisciplinary scrutiny, This approach is an important means of
ensuring that the development of the design proceeds in a
consistent and feasible fashion. Goals of the DRM include assuring
that the design is useable, feasable, and consistent with design

practice throughout the project. Further details on the DRM
process can be found in Section 1.
























safetry Rapid responses are instead allocated to automation.
Theretore, the design emphasizes accuracy of performance over
speed, DBecause no speed-critical tasks exist for the System
80+ plant, no “critical task analysis" was performed,

Evaluation of Design Product by Users: The design team nas
placed ar. emphasis on assuring the operator's and other i
user's intimate involvement in the design process.

Information over Data: Nuplex 80+ presents needed
information, not merely dates, to users. The design philosophy
is to provide sufficient information for operations, in a
suitable format for operations tasks, rather than requiring
the user to sort or process raw data.

Criteria and Validation: The design of the man-machine
interface is based on accupted industry practice and human
factors criteria. 1Initially, criteria from these

documents were used directly in the design but as work
progresesed, conflicting guidance, ranges of guidance, and
alternate methods of implementation were distilled into C-E'se
own Human Factors and Guidelines Document. C-~E has avoided
designing before guidance is developed, and subsequently
rationalizing the results.

No Backup: It is part of the design philosophy not to
provide hardwired indicators and controls as a ‘'backup'
certifiable MMI.

Certification of Process: Suitabie detail is being provided
and documented on the design of the RCS panel and system for
an evaluation and certification of the generic design process
to be made. Once the validity of this approach is accepted,
design acceptance criteria will be deveioped so that the rest
of the MMl design can be evaluated based on this method. The
design provides an integrated MMI design which can be gseen and
a:cepted rather <*han the more subjective approach of

certifying only method and having no sample product available
until later.

1.2.3-Roacnap of Huwan Factors Documentation

Along with CESSAR/DC, a 13-volume set of reference design
documentation, henceforth referred to as tue RDD, has been
provided. Portions of the RDD which concern the huran factors
program and process include the system descriptions for the RCS and
CVCS panels, the generic Panel Layout Standard, the Control Complex
Information Systems system descripti~n, the Critical Functions
Monitoring description, and the new Alarm Processing Description.

C-E will be adding new revisions and documents to the RDD in the
near-term.

During the course of this proyram plan, reference will be made
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System 80 instrument list and panel components provided the
starti‘ng point of the System 80+ FTA,

The analysis considered the four basic operator roles and
broke operator functions down into subfunctions, operations, tasks,
task intormaticn, und control characterist'cs, as described in the
FTA report,. Information and control requirements were then
gleaned.

2.3=8STAFFING AND CONFIGURATION EVALUATION
2.3.1-8taffing

The staffing and config.ration evaluation, as described in
CESSAR-DC, Section 18,6 is complete for the entire Nuplex 80+
control complex. The control panel profiles and arrangements were
defined based on the results of the FTA and on HF criteria from the
industry, as described in Section 18.6 of CESS/R/DC.

Prior to developing and evaluating the Nuplex 80+ control room
configuration, potential and likely staffing levils for Nuplex 80+
were evaluated, First, a set of operational requirements was
established, based on the EPRI ALWR URD, experience with existing
C«E units, and licensing considerations such as Reg. Guide 1.97.
Based on these, Nuplex 80+ was configur¢d to provide for a variety
of operating crew sizes from one to six. The technical bases for
these crews is presented below:

One-person crew: An EPRI requirement. Reactor Trip was
looked at as the limiting event for crew size (i.e., task
lecading was highest at this point of operations). Task
Analysis found that one operator, at the mast.r control
console (MCC) could handle not only standard Hot Standby to
Power operations but also immediate post trip actions.
Therefore, Nuplex 80+ supports this crew size during normal
power operations. Note that the additional crew members are
in the ma.n contrel room but only one operator is in the
controlling workspace (i.e., at the panels).

Three-Person Crew: For post-trip and fer start-up evolutions,
the 3-person crew size was based on an evaluation of C-E
generic operating oguidelines, on operating experience at
existing C-E units, and on task analysis.

Six~person crew: An EPRI requirement based on staffing
practices of all utilities with C~E plants in operation or on
order, six is the maximum crew size. This is not a necessary
crew size but Nuplex 80+ could support such a crew (which
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2.5=VERIFICATION AND VALIDATION

The design team has performed verification for the RCS panel
design as documented in the Verification Report (in the Reference
Design Documentation). It is planned to pursue the same
verification methode! ies and provide similar levels of
documentation for othe- ‘untrel panel designs. This topic shall be
discussed further in the 'Test and Evaluation' section (Sec. 5) of
this plan. The purpose of V&V of the Nuplex MMI is to demonstrate
adequate operator task performance capabilities and the capacity to
perform necessary functions in the control room. Verification will
be based on the task analysis data as performed for RCS and planned
for other panels (see Section 2.1)., Sulitability and adequacy of
control room inventory will also be addressed in verification.
Note that C~E performs both an avajilability verification based on
FTA results and a suitability verificati.n to establisl. the
acceptability of the interface.

Verificationr consists of all of the steps necess’ry to review
and avaluate the design adequacv of all of the parts of the design.
Validation consists of a review of the overall product or unit at
the integration test faclility. The validation effort will be based
on a multi-phase approach, to ensure integration to support
operational functions. These phases will include:

l-demonstration of adequate operator comi,ahension and access to
indicator and contreol information

2-adeguacy of crew size for tasks
J~ability of crew to perform all reguired functions

This initial wvalidatiun work will be performed after the
availability of a full-scope, partially dynamic mock-up of Nuplex
80+, This work has been done for the RCS system., A similar method
is planned for the rest of the Nuplex B0+ control complex, with the
work performed in steps as more and more of the design is
completed, For instance, MCC one-person operation will be
validated before the Auxiliary and Safety Consoles are completed.

Final validation will be performed on the integration test
facility. This will be a fully dynamic facility with simulation
available. Validation will be demonstrated as final proof of MMI
design acceptability.
2.6~ALARM ANALYSES AND EVALUATIONS

A number of power industry studies of piant alarm and
annunciation systems were used as contributing material in the
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studies and evaluations provided important input to the design of
the Integrate . Process Status Overview (IPSO, i.e., the big screen
6' x 8' display above the MCC), the Critical Functions Monitoring
(CFM) feat re, and the Success Path Monitoring tunction (SPM).
what folluws is a brief descriptio’ of these studies and how they
influenced the devel~npment of the Nuplex 80+ MMI design.

2:.7.1-CFM

In 1987, a study wan performed at the Halden reactor facility
tn validate the concept of Critical Functions Monitoring on a PWR
simulator. Full details on the study may be found in Volume 10 of
the RDD. Simulator tests were run and it was concluded that the
CFM function, which provides on-line assessment of the status of
critical functions, is a valuable tool to reduce cperator error,
especially in conjunction with success path monitoring. This led
to a decision to implement a similar CFM feature in the System 80+
design, Additional overviews of the Halden work may be found in
subsequent Subsections 2.7,2 and 2.7.3 of this report,

&:7.2=8PM

The Success Path Monitoring featurc for System 80+ is intended
to be an udanced computer~based operator support function which
provides an on-line assessment of the status of both availability
and performance of success paths that mitigate challenges to
critical functions. A prototype version of the system was
developed and tested at the Halden reactor PWR simulator. The man=-
machine interface wau evaluated by having experienced operators
cope with a series of realistic simulated transients.

Operator performance was evaluated to judge the efficacy of
different information presentation systems. Operators' response
times and accuracy were measured and comments were recorded., The
results ind.cated the advantages of SPM in allowing the operator to
better dete:t and correct success path problems before they
impinged on critical functions. Based un the resuits of these
studies, a similar SPM feature was included in the System 80+
design.

20703'IP8°

As part of an evaluation of whether to provide operators with
an nverview of plant status, and a determination of the best
display method for this information, C~E participated in a study at
the Halden reactor PWR simulator in 1986-7. IPSO was evaluated for
the adequacy of its MMI in a series of studies which included
experienced operators and simulations of three different phases of

operation (selected to represent different task loading
situations).

Subjects e\ luated IPSO's use during normal and abnormal
operations, as well as aspects of its MMI such as content aad
format. Further study investigated the use of I(PSO as a focal
point for decision making., Results of the studies supported thea
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usefulness of a large-screen plant overview display. Based on
these results, the design team elected to include a large screen
display in the Nuplex 80+ control complex design and made
modifications to the content and format of the display to improve
the man-machine interface based on user comments.

2.8~SUMMARY

Reference design work from previously licensed and operating
System 80 plants has been used as the basis for determining:
~function allocation
~information and control requirements
~generic operating sequences
~contr..i s used for the min-machine interface

Generic industry references and applicable NRC documents provided
further input to the project design philosophy and HF guidelines.
Industry alarm studies and Halden reactor studies contributed to
the design of the IPSO, CFM, §PM, and the Nuplex 80+ alarm system.
Operating experience from Duke and System 80 plants nas influenced
control complex layout, information and control requirements, and
task sequences which were developed. Functional task analysis has
provided direct input to panel layouts by elucidating relationships
between controls, indicators, and the functions the panels aust
perform. As such, it has also served as an input to staffing and
configuration evaluation, information presentation, and panel
design analysis. Conceptual derign bases have been founded on both
ITA results and a priori judgements based on design reviews,
knowledge of hardware, aforementioned operating experience, and
input from a multi-disciplinary design team,







~Provide a single location for guick assessment of key information
indicative of critical power plant production and safety functions
status as well as major success paths

~Compensate for a reduction in dedicated disjlays by allowing a
‘feel' of plant conditions, thereby promoting a critical functions
rather than a systems orientation

~Compensate for reduced staffing by providing an overview while
doing detailed diagnostic tasks

~Be viewable to not only contrel room operators but alse Control
Room and Shift Supervisors and staff in the emergency facilities

Key Design Decisions and Rationale for IPSO included:

~Large Screen: The Halden evaluations showed that a large screen
display was preferable for monitoring and obtaining information
gquickly.

~Level of Detail: The Halden studies also showed that highly
processed information, not raw data, was preferred by users.

~Spatial and Serial: Design reviews showed that spatial and serial
information were best left on the panels.

~Mounting, Projection, and Format: see paragraphs below;

IPSO uses the same criteria for display design and format as
the CRT display pages. See CESSAR/DC Section 18.7.1.,1 for details
and Section 18,7,1.2,2 for IPSO design criteria pertaining to what
type of information was chosen for display.

The IPSO MMI was empirically evaluated through visits to
hardware vendors, trying out different mounting methods and
projection techniques, and application of human factors references
to determine light intensity, ambient conditions, display size, a."
similar factors. Rear screen technology was found to interfere
least with other control room tasks. A slightly tilted screen and
black1 bezel were found to enhance viewability at all viewing
locations.

Hardware evolutions for IPSO have included the evaluation of
a variety of smaller screens, projection technologies, mounting
angles and heights, ambient light levels, wall colors, and adjacent
wall and frame colors. These evnlutions occurred through design
review meetings, hardware trials, and empirical judgements.

3.2-DPS CRT DISPLAYS

Every panel in the Nuplex 80+ control room has at least one
CRT display (some have two). In addition, CRT displays are
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diverse, and intelligent processing of alarm inputs

~Employ good human factors engineering to enhance organization, and
to assure useability of all alarm system features

Design features and rationale employed to meet these design
goals included:

~Providing mode dependency to reduce overload and eliminate
nuisance alarms

~Providing alarm significance mapping: alarms are mapped to
appropriate displays (e.g.~CRTs, IPSO, Alarm Tiles) based on the
significance of the tasks and/or equipment involved

~Grouping alarms with specific messages for plant conditions

~Maintaining spatia. dedication for the most important alarms in
order to enhance use: i{lity and reduce search and processing time

~Providing only momentary audible indication of cleared and new
alarms to prevent klaxon disturbance

~Individual acknowledgement of changes in alarm status was regquired
to al~rt operators to changes in status

~Setpoints for critical function alarms were tied to emergency
operating procedures to integrate the MMI with EPGs

3.3.1~Alarm Tiles

Some alarms are presented on CRT displays and/or the IPSO
screen, based on the significance mapping feature. All alarms
which appear on the dedicated alarm tile displays are based on
alarm prioritization, a three-level scheme developed per NUREG~0700
and EPRI NP-3448. Originally, alarms defined as priority one or
two were selected for display on the spatially dedicated alarm
tiles but verification of design has led to a more functional
approach to this aspect of MMI development.

Alarm inputs are now selected for display on the alarm tiles
based on their relation to significant operator action conditions.
Alarms which can result in this type of operator action, even if
the prioritization system classifies them as priority three, will
be displayed on the alarm tiles. The alarm presentation scheme ana
significant operator action conditions are discussed in the alarm
processing document.

A description of the hardware rationale for the alarm system
may be found in Section 3.6

3.4-DISCRETE INDICATORS

28
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