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ASEA BROWN BOVERI

May &, 1992
LD-92-065

Docket Ne, §2-002

Attn: Document Control Desk
U.>. Nuclear Regulatory Commission
Washington, D.C. 20885

Subject: System 80+™ Supplements to RAI Responses

References: 1. ABB-CE Letter LD-92-038, Submittal Scheaule, March 25, 1992
2. NRC Letter, Review of Human Factors, April 3, 1992

Dear Sirs:

Enclosed with this letter are four attachmen*s which provide information
to support the human factors engineering (HFF) review for the System 80+
control room. This information has been .iscussed in recent meetings
(April 16-17 and April 24) is consistent with he commitment in Reference
1 to provide “miscellaneous RAI responses" as ‘hey are completed.

Attachment 1 provides revised responses to RAIs as discussed at the Apri)
16-17 HFE review meeting.

Attachment 2 provides initial comments on the proposed HFE review criteria,
We agreed to p- vide early review comments at Lhe April 24, 19392 meeting
on this subjec = ind we expect to provide add® (onal comments in the future
as the HFE r . . w continues.

Attachment 3 provides a comparison of the HFE and control reom design
process proposed by ABB-CE with that reflacted in the HFE review criteria
roposed by the NRC staff. There is basic agreement on what the elements
of the HFE process should be, bu* there are significant differences on the
method and bases for demonstrating compliance,
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Attachment 4 provides a summary listing an ctual « mentat
placed on the docket to support previous respor t RAI I
documentation was discussed in Reference 2 and in the A; 16-17 HFE

meeting.
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Numb2. :

Question:

Response:

o e R o emme o e e s e e

620.2

Describe the human engineering studies that led to the selection of
the flat panel programmable displays vsed on the contrel boards.
Describe how they meet the operator and instrumentation requirements
identified in the task analysis, as well as the maintainability, and
reliability requirement established for cont-ol room instrumenta-
tion. Also address how they contribute to the goal of redundancy
and diversity. Include relevant findings from task analyses and
product evaluations.

Human factors engineering was not one of the initial considerations
in selecting flat panel programmable displays. These displays were
originally selected based on diversity, seismic, maintenance, and
reliability reasons. Hence, no ‘up front’ formal human factors
studies contributed to the selection of flat panel dispiays.
However, as members of the Nuplex 80+ control complex design team,
human factors staff contributed to the selection of these displays
through a preliminary evaluation of the technology for the
man-machine interface. The decign team made judgements regarding
the adequacy of the hardware for the intended man-machine interface
application.

A preliminary evaluation initially determined if flat panel devices
could acceptably provide the features required (i.e., touch
selection, flash, bar charts and digital display) and that the
viewing cone was acceptable for intended panel applications. Later
the devices were evaluated in specific Nuplex 80+ applications
during the dynamic suitability verification analysis. This analysis
confirmed the judgements made in the preliminary evaluation that the
hardware provided an acceptable interface. Additional information
on the selection of flat panel technology is provided in Section 3.6
of the Human Factors Program Plan for System 80+.
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The function task analysis resuits indicated that for many tasks,
such as monitoring pressurizer pressure, a single value of a
parameter is required, not multiple channels of data that may be
provided by plant instrumentation. Discrete indicators using flat
pane! displays meet this need specifically by providing a single
validated parameter value instead of multiple channels. The }
gperator receives a single high quality data point based on multiple (W
channel inputs. The selectability of individual channels meets

needs for other tasks such as required during equipment failure
situations. Similarly, spatially dedicated displays of high

priority alarms required dynamic tiles (i.e., could be either

Priority 1 or 2) with the ability to display multiple méssages for

alarm conditions grouped in a tile. Th. flat panel devices met

these operaticnal needs. Process controilers were designed similar [
to conventional plant controllers using flat panel displays. Task
analysis results providing indication and control characteristics
indicated that selection of inputs, selection of setpoints, output
control and mode selection were requirad to meet operational needs.

The human factors usability of the flat panel display interfaces was
assured by using the standard interfaces defined in the Nuplex 80+
Control Complex Information Systems Description (NPX-IC-SD-781-01)

and adhering to the Human Factors Standards and Guidelines Document.
Suitability verification evaluated their ability to support their |‘)
intended user tasks, !

Flat panel Electroluminesent dispiays are easily removable from
Nuplex 80+ pan2ls by disconnection of quick disconnect cables and
renoval of four bolts. Replacement of a device takes significantly
less than one-half hour, The published expected MTBF of these
devices is 30,000+ hours resulting in an availability of 99, 998%.
Actual in-service experience is exceeding this number and revised
published numbers exceeding 40,000 hours can be expected.

Flat panel displays provide indications and alarms on diverse
technology that are redundant to information provided on Data
Processing System CRTs. This directly supports the Nuplex 80+

i e o e T ——— - T T—— T T EEESE———. ——
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approach to address potential common mode failures with diversity.
Additionally, flat panel displays for DIAS N and P provide redundant
display of Category 1 PAMI parameters required by Regulatory Guide
1.97, with a1l of the required characteristics of Category 1 vari-
ables. From an operations viewpoint, diversity and redundancy
provide the operator with confidence in his data by providing an
easy means of cross-checking.

A flat panel product hardware study was conducted comparing Liquid
Crystal Disnlays (LCD), Electro-Luminescent Displays (ELDs) and

Plasma Displays. This study consisied of an evaluation of products
from various vendors for each hardware type. Ti < nclusion was

that ELDs were the superior flat panel technology, vased on

electrical and seismic (not numan factors) criteria. Subsequent ;Q)
verification evaluated ELDs from a human factors and operations
viewpoint, including viability, resolution and other MMI features

were checked as described in the verification report

(MPX-1C-TE-790-01).
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(2)

The design was tracked as it evolved through internal memoranda
and Nuplex 80+ documentation. The internal memoranda were the
primary means for documenting design decisions and trade-offs.
Trade-offs are discussed and evaluated as part of the
integrated review process described in the human factors
program plan. Internal memoranda including minutes and action
items resulting from design review meetings (c-ument these
trade-offs. C-f has previously committed to develop a design
document that consolidates the design evolution memoranda with
emphasis placed on the bases for design decisions. Results of
studies are documenteu in either Nuplex 80+ documents or
milestone reports for the DOE Advanced [&C Proqram: The Human
Factors Program Plan for System 80+ describes the elements of
the design process, the rationale for key decisions and the
documents that the results are found in.
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Number:

Question:

Response:

620.4

How many human factors specialists are currently dedicated, on a
full-time basis, to the System 80+ design? Into how many hours of
face-to-face contact time does this translate with the NSSS and BOP

engineering and design staffs per weeks?

Currently there are four humar factors positions dedicated to the

Nuplex 80+ design. When other duties briefly occupy an assigned | .
specialist, the man-hours are reallotted to another specialist. e
These specialists are an integral part of the Nuplex 80+ design team
and would approximately account for 160 hours per week of human

factors effort for Nuplex 80+. The number of human factor

specialists on the design team has ranged from one (initially) to

four (currently), depending on the work being performed at any given
time in the design process. Section 1.2.1.1 of the Human Factors
Program Plan for System 80+ provides additional detai’s on the level

of human factors efforts for Nuplex 80+.

Depending on the activities being performed, the direct contact with !
other design team members ranged from 15% to 75% of the human
factors specialist’s time with an average of approximateiy 25% or 10
hrs/wk. This includes face to face meetings and discussions,
walkthroughs, and document review but does not include
administrative time, telephone calls, and documentation or
development efforts. Le.els of interface varied depending on the
nature of the design task. For NSSS desicn, the level of HF
involvement is significantly higher than for BOP design because for ;
the BOP design, the NSSS HF principles apply. Designers are merely ;
applying the mature design, not developing it. A breakdown of the |
nature of HF involvement for the four principal design areas is:

| ¢
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Area

1, NSSS (Control Room & RSP) Design -

2. Subcontractor Control Room Work -

3. BOP (Pump Handles, Architecture,
etc). -

4. Local Workstations*

Involvement

Continuous involvement in
planning, design
development, design
reviews, prototyping,
verification, validation,
etc.

Primarily follows HF
guidance, direct HF input
via design reéviews,
discussions. HF review
of all documents, V & V.

HF Review of Design

Follow HF guidance, HF
Reviews of procuct, HF
provides input on request
of principal designer.

Human factors specialists were involved in hardware selection and
software engineering as well as the man-machine interface design.

*Note that local workstations are no longer being considered as part
of certification but are still being considered in the design.
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Number :

Question:

Respons2:
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620.5

Chapter 18 Section 17.7.1.1.2 describes the use of 11 colors; TE
790-01 Paragraph 3.1.2, Point 1, identifies another two colors; and
SD640 Paragraph 6.1.4.1 identifies two or more colors. There is no
clear and concise presentation of the information coding scheme used
in the System 80+ control room.

Provide a matrix of all the information coding methods and their
meanings used in the conir¢] voom. This would include, at & mini-
mum, the calors, the symbols, changes to alphanumeric and symbols
such as case or size, any patterns, position/location/dénotation of
data that would convey information, flash, flash rate, figure-
background changes, reverse video, color changes (include contrast
ratios), changes in intensity, etc., or any combinations thereof
that are used on software driven and hardwired displays that provide
some kind of quantitative or qualitative information to operaters or
maintenance personnel.

(Revision 1)

The issue of Nuplex 80+ coding was one of the seven technical issues
addressad in detail during meetings with the NRC Human Factors
branch on 11/17/91 and 12/4/91) as well as in the supplemental
response to RAI 620.13. This response is being provided to Question
620.5 to further clarify the matter and provide details requested in
the 12/4 meeting. The following issues will be addressed:

a) The Nupiex B0+ coding scheme and the identification of the
documents where details reside are provided belew.

b) Examples of rationale (inciuding Human Factors Engineering
rationale) for selection and assignment of individual code

dimensions.
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¢) Differences in coding as they pertain to different equirment
{such as CRTs, flat panel displays, etc.).

The revised coding scheme matrix was provided in the table presented
at the 12/4 meeting and attached here for reference, to demonstrate

and provide examples of systematic use of human factors engineering

in the applicatior of information coding.

Coding conventions are explained in two project documents *he
Control Complex Information Systems Description and the Human
Factors Standards and Guidelines (to be issued by May 23, 1992).
Coding techniques were developed from standard guidance (see Ref.
List RAI response 620.31) and later tpecified for Nuplex 80+ in the
HF Standards and Guidelines Document for HWRF. This version of the
S&G is being used by the team prior to the formal issue of the ALWR
version,

Coding conventions do not vary across hardware or software types in
Nuplex 80+, The same type of line (e.g.-thickness, style),
nomenclature, color code, flash rales, and other aspects of coding
are used regardless of hardware type. Fer example, red has (the
'big screen’) as on CRT displays, pushbutton switches, and matrix
provided in this response is applicable to all types of hardware.
The only variance to this coding standardization is that order to
provide alarms, indicators, and process controllers on qualified
hardware. However, this variance does not adversely affect Llhe
man-machine interface since, in all cases, color is a secondary
coding mechanism. That is, anywhere where color conveys
information, such as red for an open valve, it is redundant with
another coding mechanism (in this case whether the valve symbol is
£i1led or hollow).
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Coding Examples and Rationale:

Some examples are provided below to illustrate the process used in
choosing coding techniques based on human factors rationale,

Similar methods were used to develop all coding types and the source
materials cited below were utilized as were other standard human
factors publications such as salvendy, Van Cott & Kincade, pertinent
NUREGs, et. al. A full listing of main source materials may be
found in CESSAR/DC and in the original response to RAl 620.31. The
Design Bases Document for System B0+ Human Factors Standards and
Guidelines lists all HF bases used by the design team. This
document will be provided in the upcoming additions to the material
docketed on 4/17/92.

Letter Height: Minimum MMI ietter heights were determined using the
viewing distances based on control panel size and the visual arc
formula found in NUREG-0700. Larger sizes for hierarchical
information were based cn hierarchical Tabel setups <escribed in
report EPRI-NP-3659. The practice was standardized in the Hf
Standards and Guidelines and the Information Systems documents.

Color: Based on guidance in NUREG-0700, a !imited set of basic
colors were chosen, to avoid the 'rainbow effect’ from overcoding.
The color set will be used in the context of control panels, for
both contvol devices and information dispiays. The bases for this
co¢ ng may be frund in the HF Standards and Guidelines Bases
Document. Samples of rationale are provided below.

Black: Background color, label text
(rationale: provides high contrast).

Blue: Component control status: auto/permissive/on-liine
(rationale: Industry standard per EPRI NP-3659).
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Green: Cpmponent status: off/inactive/de-energized/no-flow
(rationale: nuclear power industry convention, meets
NUREG-0700 6.5.1.6¢.(2)).

Red: Component status: on/energized/active flow status
(rationale: same as for green),.

Yellow: Alarm annunciator
(rationale: good warning (attention getting) color per
EPRI-3659, available on electro-luminescent

displays).

Orange: Component control status: manual; non-alarm annunciator
(rationale: 1industry convention, supported by orange uses
listed in EPRI-3659);.

Light Grey (lo intensity white): Static data (e.g. menu opt.. ")
(rationale: Per NUREG-0700).

Grey: Dividing 1ines, piping, non-controllable components,
grids, and miscellaneous items; minimally informative and
static support items

(rationale: Per table 6.5-7 of NUREG-0700, also for grey and
1t. grey, note that items are expectec to be of
low prominence).

Cyan: Descriptors of dynamic process parameter values
(rationale: draws attention well but not 2s readable as white,
therefore provides visual search landmarks but a
noon-critical distinction,

White: Dynamic data (e.g.-process parameter values & system
response to operator touch)
(rationale: high contrast, used per EPRI-3659 for best
readability of most informative info).
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Purple: Wording on labels for post-accident monitoring indicators
(rationale: good contrast with white label background; purple
used sparingly per EPRI-3659).

Component and System Status Coding (Refer to Figure 2 for an
example):

Use of Fill for inactive/closed/off Components: Standard based on
consistency with industry convention for valves in P&ID drawings.
£ .ily discriminable on CRTs and flat panel screens.

Use of Hollow for active/open/on: same as for fill; also provides
good contrast to fill.

Use of Dark (Red/Green/Fill-no fi11): Matches conventional contrcl
panels which use lights out, leaving dark red/green lenses, to
indicate loss of control power. The Nuplex 80+ convention is common
to the whole MMI (IPSO, CRTs, control switch backlights, etc.).

Use of Triangles for Active/Inactive System Status: Unique use of
triangle shape, no existing or conflicting industry conventions for
‘system’. Uses standard Nupiex 80+ red/green and hollow/fill.

Asterisk: Indicates suspect data, used for salience per NASA
USE-100, unique use of this code.

Underline: Used below descriptors to indicate thal there is an
operator aid associated with the parameter or component (provides
in"ormatior but low importance). Same rationale as for asterisk,

Alarm Coding Rationale: (refer to Table 1). Below is the rationale
for .he alarm coding methods used in Nuplex 80+. Refer to Section
2.6 of the Human Factors Program Plan for System 80+ for a full list
of design basis references for the alarm system. In general, a
combination of this guidance and the practical limits on display
technalogy, plus flash rates and other clearly specified guidance in
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NUREG-0700, Sections 6.6.3 and 6.6.4 provided the design basis.

Alarm Priority: Alarms are shape and salience-coded for priority

with increasing salience corresponding to higher priority. Salience |
levels were chosen by empirical evaluation of prototypes. See

Figure 1 and Table 1 for details.

Alarm Status: Changes in status of alarms are indicated by flashing ‘
and hue, good attention-getting features (per EPRI NP 3659, et. 4
al.). Fast and slow flash rates are used as described in Table 1. i
Exact flash rates are still to be determined but will fall within |
the ranges of NUREG-0700. Duty cycles of 50-50 and 25-75 are used

as appropriate based on NASA-3000. See Table 1 and Figure 1 for

details. Three hues of yellow were selected to allow coding of

multiple-status alarm tiles. The 3 hues were acceptlable per

NASA-3000 and prevented masking, a common problem with multiple

input or combined alarms on existing cystems.

Audible Annunciation: Momentary audible tones give clear,
unambiguous announcement of new, continuing unacknowledged, and
cleared alarms. Limiting tone to momentary presence avoids
disrupting operators. Tones were selected for sound characteristics
per NUREG-0700 and EPRI NP-3448.
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TABLE !
EXAMPLES OF ALARM CODING

ALARM CONDITIONS

WITHIN THE ALARM SYSTEM, DIFFERENT PRIORITY CONDITIONS ARE REPRESENTED By THE
APPLICATION OF COLOR (shade), DESIGN AND FLASH RATE. THE TABLE BELOW LISTS THE
CONDITIONS AND THEIR DISPLAY ATTRIBUTES:

Unacknowledged Alarrs Display Attribute

(same on tile or (R1)
New Priority 1 Fast flash & reverse video
New Pr.ority 2 Solid fast flashing wide border
New Priority 3 Solid fast flashing bracket:
New Operator Aid fast flash orange underiine
Acknowledged Alarms
Cleared Priority 1 Slow flash, reverse video
Cleared Priority 2 Slow flash, w'de border
Cleared Priority 3 Slow flash, at brackets
Cleared Operator Aid Not displayed, goes directly to reset
Existing Priority 1 Solid background
Existing Priority 2 Solid wide border
Existing Priority 3 Solid brackets
Existing Operator Aid Solid dark orange

Reset Static non-flashing

Notes:

1 - Color: New-Bright Yellow, Existing=Medium Yellow, Cleared=Dull Yelliw

2 - The highest priority unacknowledged alarm is shown where multiple conditions
exist.

3 - The highest prioritly acknowledged alarm is shown where multiple conditions

exist.
4 - Unacknowledged and acknowledged alarms are shown simultaneously.



E

PRI

=it
PRl

3

|/

NEW
LT. YELLOW
LA L7z 7

| 1~

‘ e
A o R, F

A A

N
ST FF NN

AN

/

—17']/ AT

Fas. Flash P .t»

MED. YELLOW

e
B G o

Figure 1
Examples of Alarm Coding

THICK EA
CLEARED
DARK YELLOW
Lok
N e,
il N
A N
SR o
\ w
N
PEDV G N o8 IS ¥

\\F

/

o

b SR el

Slow Flash Rate




Figure Coding Alphanumeric Coding

Hollow *100 PShks  asterix
{onjopen) (suspedt data)

Q (descriptor] Undertine

N il (Operator aid)
{officlosed)

Darker

N {Loss of Contro| (OffiClosed))
(formerly hatched)

i E System ON
‘ System OFF
Figure 2

Examples of Nuplex 80+ Coding Technigues

(USE IN CONJUNCTION WITH 620.5-1 COL% = MATRIX)
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Number :

Question:

Number:

Question:

Number:

Question:

Numt 2r:

Question:

Number :

Question:

620.6

Describe the standardized training materials (e.g.. content, format,
and development process) being provided to the purchasers of the C-E
System 60+ for those aspects within the CESSAR design scope.

620.7

Describe the guidance that will be provided to purchasers of the L-E
System 80+ to ensure consistent adaptaticn of the standa~dized
training materials to site-specific training materials,

620.8

Given the advanced technology of the C-E System 80+ what are the
specific skills, knowledge, abilities, and aptitudes, based on the
task analysis, that will be provided to purchasers to assist in the
development of site-specific personnel selection criteria?

The information provided in Section 13.5 indicat: that information
concerning the site-specific operator plant procedures is within the
referencing applicent’s scope and shall be provided in the site-
specific SAR. Since this is not consistent with the staff’s posi-
tion on standardizction, the following should be addressed.

620.9

Describe the standardized normal, abnormal, and emergency cperating
procedures C-E will provide to the purchasers of the C-E Systum 80+.

620.10

Describe the standardized procedural development juidelines to be

provided to referencing applicants for those normal, abnormal, and
emergency operating procedures (e.g., writer’s guide, verification,
and validation guide, procedural maintenance guide). Describe the
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Response:

interface information that will be provided to ensure that site-
specific procedures will be consistent with the standardized proce-

dures.,
Response to Questions 620.6-620.10

The C-E approach to training and procedures was provided in a letter
to the NRC (LD-92-002), dated February 18, 1992.

As stated in CESSAR-DC, Sections 13.2 and 13.5, the procedures and
training for a particular plant are within the scope of the site-
specific SAR. C-E intends to comply with the staff’s "fraining and
procedures” position by providing standardized training and operat-
ing procedures guidance. This guidance would then be input to the
site-specific training program and operating procedures. This
approach is necessary as a result of site-specific component selec-
tion (meeting standard functional requirements) and utility-owner
responsibility for plant operation. Of course, a particular
utility/cwner may contract with C-E to provide deteiled training and
procedures. As a result of the February 7, '99]1 meeting with the
statf, C-E understands that standardized, detailed training and
procedures are still requested. C-E is initiating a program includ-
ing architect-engineers and utilities to address the issue of
training and procedures for standardized designs such as System 80+.
This program wil] cover the compiete time span from NRC design
review through plant construction and startup. It is expected that
the first meeting for this program will occur in the April-May 1591
time frame.
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Number :

Question:

Response:

620.11

Does System 80+ use advanced and intelligent operator aids based on
expert systems or other artificial intelligence (Al) technologies?
If so, describe the following:

a. The extent and d2pendence on intelligent uperator aids neces-
sary to achieve the single operator design goal.

b. The specific operator aids that are planned and technology on
which they are based.

¢. The methods of knowledge engineering that will be used.

d. The approach to be taken to develop oper2*or confidence in the
systems to assure that they will be appropriately utilized.

e. The methods to be used for the verification and validation of
the performance of intelligent operator aids.

The Nuplex 80+ ACC uses no expert systems or Al technology in any of
its system designs, including the advanced operator aid designs.

C-F would like not to preclude the use of expert or Al systems at
some time in the design, since they may offer improved information
processing and MMI performance. If they are used, approaches to
develop operator confidence, perform verification and validation and
assure appropriate use will be developed. If incorporated, advanced
operator aids will supplement, not replace, the current features of
the design on which the staff is tasing their safety evaluation.
Analysis will be provided to assure that supplemental features do
not conflict with licensed aspects of the design.

(Note that the term "operator aids" in System 80+ does not refer to
performance or job aids in the generic human factors sense. For
System 80+, operator aids are a presentation of suppiementary (level
4 alarm priority) type alerting information.)
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(a)

(b)
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There are advanced operator aids in the Nuplex B0+ design that
are not based on Al technology. None of these is specifically
required or was specifical'y designed to support the single
operator design goal; however, as integral parts of the MMI,
they do contribute toward this goal.

The advanced operator aids provided in Nuplex 80+ are primarily
integrated functions within *he Data Processing System (DPS).
They are available on any CRT in the Nuplex 80+ design. These
aids are listed below with indication of where they are
described in CESSAR-DC and a brief description of their
banefits to operation. '

1. Core Operating Supervisory System (COLSS),
Section 7.7.1.8.1

COLSS continually calculates core related parameters and
compares them %o appropriate Limiting Conditions for
Operation (LCO). COLSS alarms indicate any LCOs that are
exceedeq, ‘tiating operator action required by technical
specifications. The major benefit is automation of
complex calculations providing improved monitoring and no
operator burde) required to perform it.

2. Critical Function Monitoring, Sections 7.7.1.,10 and
18.7.1.8.2

The major benefit of critical function monitoring is to
continuously alert the operator to conditions which are
having an impact on the ability to keep the plant in a
safe condition or producing power. For critical safety
functions, critical functions monitoring automaticaily and
continuously performs the monitoring actions required by
the emergency operating procedures.
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Success Path Monitoring, Sections 7.7.1.10 and 18.7.].8.2

The benefit of success path monitoring to operations is
provision of a concise indication of a success path's
availability to maintain, or performance in maintaining, a
critical function. This benefit has been demonstrated
through validations at the Halden Reactor Project, as
described in the Human Factors Program Flan.

ESF Computer Aided Test (COMAT), Section 7.7.1.8.2

COMAT’s major benefit to operations is the moditoring of
pretest line-ups, recording test results and monitoring
post test lTine-ups. This is particularly important in
preventing components from remaining in test alignments
which could prevent proper functioning of ESF systems.

(c¢) No artificial intelligence is used in the Nuplex 80+ advanced
operator aids.

(d)

(e)

Operators will receive training in all aspects of plant opera-

tion

as part of the owner/operator training program, including

the advanced operator aids. Experience with operating systems
in existing plants (e.g., COLSS) and validation of prototype
systems (e.g., SPM) provides assurance that operator's confi-
dence in these systems will be high.

The verification and validation of operator aids in Nuplex 80+

will

be conducted as an integrated part of the verification and

validation activities described in the Human Factors Program

Plan.

Note that the majority of the operator aids have pre-

viously been validated as independent systems.
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Number:

Question:

Response:

620.12

How will C-E demonstrate that the >ystem 80+ design objectives of
improving operator performance, reducing maintenance time, and
improving reliability are met?

The phraseology used in CESSAR-DC, such as "improving operator
performance, reducing maintenance time and improv.ng reliability,”
requires clarification. These are objectives for the Nuplex 80+
design; however, they are not pertinent to licensing of the design.
These phrases will be deleted from CESSAR-DC. The basis for licens-
ing is to demonstrate acceptable operator performance, acceptable
maintenance considerations and acceptable reliability. Generally
stated, it will be demuustrated that Nuplex 80+ acceptably meets the
task needs of the end users (whether operators or maintainers).

An acceptable design shall be defined in terms of performance;
namely, the operator will be able to execute his assigned tasks, as
defined by all operating procedures, in the rontext of full scope
simulation for validating testing. Acceptable reliability and Q)
maintenance shall likewise be performance-defined. It shall be
shown ‘hat hardware and software reliability shall not adversely
impact operations. The specific criteria for acceptance of the
design during validation shall be developed as part of the DAC/ITAAC
process.
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Number :

Question:

Response:

620.13

How does C-E plan to demonstrate that "improved plant comprehension”
has been achieved over the reference design for:

a. improved alarm presentation and handling
continued plant operation with loss of 1 or 2 diverse informa-
tion display systems

¢. integration of normal and accident monitoring displays
improved usability of the information presentation methods used
to reduce required operator information processing require-
ments.

Item a. (Revision 1)

C-E has addresced the issue of the alarm hardware and how it was
chosen, based on analyses and .volution, in Sections 3.3 and 3.4 of
the Human Factors Program Plan which is being submitted as an
additional response to RAI 620.1. How . it should be noted that
alarm hardware specifics for Nuplex 80, n0t final at this time.
This additional information is in respons. the alarm technical
areas GSI MF 5.2, GSI 1.D.5(1) and to satisfy NRC requests for
additional detail in 620.13 (a).

The phraseology from CESSAR/DC such as “improved plant
comprehension" of the alarm system requires clarification. Features
such as improved comprehension and reduced cognitive workload are
desirable and, indeed, are design goals of the man-machine interface
design for Nuplex 80+.

Adequate operator performance will be demonstrated through the
analyses an” reviews described in the Human Factors Program Plan
specifically verification and validation. Operator performance
during transients will provide the basis of this demonstration.
Reviews of alarm inputs and systems designs from existing, licensed
System 80 plants will supplement this determination. design reviews
of the DIAS system (which incorporates the alarm tiles) and the CRTs
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continue to provide a method for human factors input to the system,
as well as for input from experienced operators on the permanent
staff of the design team, Prototyping provides a further
opportunity for review and design input, as described in the plan.

Systematic analyses of operations are planned for the entire Niplex
8C+ design, as outlined in the program plan. These include
validation, as described in *he plan and following the methodology
vsed in the Nuplex 80+ Function and Task Analysis Report and the
Nuplex 80+ Verification Analysis Report, both of which have been
docketed. Additional analyses wil) include suitability reviews and
validation. In lieu of a formal system analysis fo- annunciators,
industry guidance on protiems with different annunciator systems ard
prospective solutions to these problems were empioyed to develop the
Nuplex 80+ alarm and annunciation scheme.

(i

The following background studies and references contributed to the
Nuplex 80+ alarm scheme:

- OECD Halden Studies HWR-213, 222-224 (Ne: SPM and (FM)
. Selected DCRORs (e.g., SONGS 2 & 3) and Industry Guidance

. EPRI ALWR URD, Chapter 10
(1)
\

- NUREG-0700, Chapter 6

- NUREG/CR-3217, New Term Improvements for Nuclear Power Plant
Control Room Ann. Systems

- EPR]I NP-3448, A Py -~ re for Reviewing and Improving Power
Plant Annunciator systems

- NUREG CR-2147, Nuclear Control Room Annunciators; Problems and
Kecommendations
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These studies and references influenced the design in the following

ways:

. Halden Studies: Provided basis for using critical functions
and success path monitoring as bases for alarms,

Typica) alarm system problems and potential solutions were based ot
recommended practices in industry guidance. No formal analysis was
performed. Solutions were prototyped and reviewed by operators and

HF specialists.

NUE.... 80+ ALARM DEVELOPMENT

TYPICAL ALARM SYSTEMS HE PROBLEMS

THE NJPLEX 80+ SOLUTION _

1. Alarm Overload/Cascaring

a) multiple alarms for same
condition (e.g.,-channel a,
D, €, 4, X; ¥)

b) spurious alarm due to
instrument failure

¢) inappropriate alarms
for plant/equip. status

d) poor orgenization/priority

2. Nuisance Alarms
- alarms no® ‘alue or appropriate
* spurior alarms
* rontact pcunce
* phantom a\arms

e e e e e e L

Alarm reduction based on:

- signal validation prior to 2iarm
checking, eliminates muitiple
channels

- signal validation eliminates
spurious alarms

- mode/equipment/E0G dependency
ensures alarms are relevant & not
Guv ta normal line-up

- spatia) dedication for alarms
relating to siygnificant operator
actions only; provides greater
salience tu most important alarms

Huisance elarms eliminated:

- software swoothing
(eliminates contact bounce)

- mode/equipment dependency
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3. Audible Signal Problems

, Alarm Formst Problems

- wording and lettering
- gro.ping and location
< pour organization

- unclear coding

., Conventional Hardware Problems
- inconsistent lighting levels
- bulb burnout

. inadequate change capability
- too many combined alarms

a) hard to know cause of flash

b) combined reflash masks priorities

¢) combined reflash masks existing

d) combined reflash nides cleared

or masks uncleared to show cleared

. Hard to test

. Alarm Significance Unclear

~ Ho silencing required

« soparate tones/frea. fer
new & cleared alarms

- momentary reminder tones
(for unack, new & cleared)

Addressed via systemalic
application of human factors and
industry guidance for:

- working, letter height

~ alarm categorizatien

. panel & screen location

- coding and meaning

Eliminated via DIAS/CRT:

- no bulbs or LEDs
. software disable/alarm downgrade
- wany more inputs possible
a) exact alarm messages
b) sorts priority-shows highest
¢) alarms can be shown together
(via co. .ng)
d) shows all conditions; cleared
and existing

- alarm testing from same input in
conjunction w. control/pritection
system

. active display heartbeat

Significance Visual Mapping used Yo
relate alarm to procedure being
used
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8. Classic Alarm Acknowledge Alarm Acknowledge Criteria
Problems (Global/lLocal) - single point, single page to

ensure alarms are recognized
before flashing & audibles are
eliminated

- stop flash/resume eliminates
visual noise during conditions
where the operator is unable to
individually recognize/ask. each
new condition

9. Alara Access Difficulty in - alarm mapping to sectors,

CRT navigation

directories allows 2-touch access
to all alarms, lists allow
1-touch access; for single alarm
conditions, it is automatically
fdentrried in display window

10, Multiple Alarm Conditions - alarm lists sorted by time or
difficult to diagnose plant area
" Space voes not permit a full explanation of Nuplex 80+ alarm

features in this column. Refer to the Control Complex Information
Systems Description (NPX-1C-5D-791-01) for a full explanation.

The design method from the left to right columns included a design
and design review process in which engineers, operators and human
factors specialists worked as 2 team to find solutions to the
problems.
references.
products which were then subjected to a suitability amalysis. In
the case of many solutions, operator experience and engineeiing
considerations were the driving design force with human factors
providing a consulting and review function. Hence, validation will
be perfcrmed to assure the adeguacy of the solution from . human
nerformance viewpoint.

Prospective solutions were selected from industry @)
Prototyping and design reviews resulted in the alarm
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EPRI ALWR Requirements' These veq irements, as they pertain to
alarm system design, were factored in (o the Nuplex 80+ alarms
scheme to develop features and definitions,

NUREG-0700, Chapter 6: A1)l functional requirements for the
alarm system man-machine interface listed in this do “unt were
used as design goals and were met.

NUREG CR/3217: This reference, along with many industry
reports such as EPRI NP-3659 and 3448 helped form the bas.. for
'‘Nuplex 80+ Alarm Acceptance Criteria’, provided (for
i1lustration, these are not formal DAC) below: '

NUPLEX 80+
Alarm Acceptance Criteria

3 Verify Mode-dependency of Alarms
(NO ALARMS INAPPROPRIATE TO PLANT MODE)

Normal Operalions
* plant dark .t power
* no ‘status’ alarms (no action required) present

Normal Transients
* no extraneous alarms during SU, SD, HS
* no external alarms during normal Rx trip

- P Alarms Specific to Even.

Abnormal Transients
* alarms correct for event:
LOCA, SGTR, ESDE, LOOOP, LOAF, BLACKOUT
N+i EVENT (appropriate to functional recovery)
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¢ verify Useability

Working Prototype; verify with users that:

* Acknowledge, Test, and Reset functions and actions are
understood

* Prioritization scheme and navigation are understood

* Various software-based coding schemes are understood

Criterion: When a novice user, after <30 minutes of instruction, can
understand the above and demonstrate accurate use,

9. Functional Layout

. Alarms shall be functionally laid out with alarms on the same
panel as associated controls and indicators.

-NUREG 2147: Provided details on alarm processing
EPRIT NP-3448: Showed the usefulness of retaining spatial dedication

Throughout the design process, relationships between the human
factors of the alarm system and other plant information and control
methods are standardized and designed to conform to g~od human
factors practice. This is accomplished by providing two documents
to designers, the Nuplex B0+ Information System Description Document
and the Human Factors Standards and Guidelines Document. Prior to
the availability of the latter, industry guidance and studies such
as those referenced ahove were used. These documents, which are
based on the aforementioned references standardization of the MMI
features such as flash rate, prioritization, letter size, color
coding, location, etc,

T
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The development of Design acceptance Criteria for the alarm system
will further assure that the design does not deviate from
oparational nengs and the principles of good human tactors
engineering. The Design Acceptance Criteria for the alarm system
add assurance that the design is acceptable in terms of its
functionality and useability, Performance-oriented criteria which
emphasize operations will be included,

(!
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Kumber :

Question:

Response:

620.14

What is the projected reliability of the controls and displays in
the control room?

The relizbility of all Nuplex 80+ cor*ral and display systems is
documented based on representative hardware (final hardware selec-
tions are not made for certification). Typical of Nuplex 80+ system
reliability is the availability of control room information from the
DPS which has been calculated to be 99.98% with an MTTR of 4 hours.
Reliability has not yet been calculated for DIAS, switches, and the
Componeni Control System, but is projected to be approximately 0.1%
unavailability for CCS. Switches are projected to have a
300,000-400,000 nean cycle rating (i.e., 300,000-400,000 on/off
cycles between failures). DIAS is estimated to be 99.98% reliable. Ql
It is important to note that in the Nuplex 80+ design, information
is presented through two separate system interfaces (DIAS and DPS)
s0 the availability of information and reliability of the ensemble
in providing it is higher than individual system availabilities.
Additional availability analyses will be performed on other

Nuplex 80+ systems in a similar manner to the DPS.

Control systems (Process-CCS, ESF-CCS and PCS) have redundant
controls available in the MCR via dedicated controls and system
operators’ modules. Thus, the availability of a given control func-
tion is significantly greater than in present control rooms.
Operators Modules are flat panel displays in the Nuplex 80+ control
room which communicate directly with systems such as the plant
protection system rather than through DIAS or DPS. The modules are
provided for the control o1 the 1&C system functions such as
implementation of bypasses. They also serve as a redundant backup (')
to the type of operator task or system control whick is better \
suited for physical control devices (panel switches) or
task-oriented process control devices (process controllers).
Operator’s modules provide redundant control means for both the
Engineered Safeguards Features Component Control System and Process.
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Number :

Question:

Response:

620.15

Describe the human engineering analyses and the findings of the
analyses that supported the decision to use CRTs and flat panel
displays as the primary sources of operator information and hard-
wired instrumentation as the back-up instrumentation.

The basis for selection of flat panel display: was provided in the
response to Question 620.2. Hardware types and prototypes were
reviewed by operators and human factors specialists as part of the
sclection process. No specific human factors studies were performed
during the Nuplex 80+ design process. Verification and validation
analyses are being used to assure the adequacy of the man-machine
interface for CRTs and flat panel displays.

There are no backups used in the Nuplex 80+ design and no hardwired
instrumentation is provided. The entire ensemble of -“omputer based
man-mach’ nterfaces, including flat panel displays (DIAS), CRTs
(OPS), process controllers, component controls and operators modules
(control and protectior stems), is treated as an integrated
package. Although in. _ation and control may be accessible via two
media devices, each device is designed such that its attributes
encourage 1ts use during all wodes of operation. Therefore, all
media are familiar to the operator and less likely to induce error
under stressful conditions, such as accidents and/or operation with
equipment failures. A1l indicators and controls are qualified to
the degree required for their intended function.
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Number :

Question:

Response:

620.16

Hew was the task analysis used by those responsible for the individ-
ual panel designt? On what basis was the allocat on of tasks made
to specific places of equipment?

(Revision 1)

C-F has addressed the issue of System 80+ task analysis in numerou.
documents. The foilowing description of how Lask analysis is
factored into control panel layout uses the RCS panel as an erample.
The same methodoloay shall be followed in all Nuplex 80+ control
panel layouts for System 80+. This method is standardized. The
actual panal input is done by experienced operators, not human
factors specialists. The HF specialists provide support and review
during the layout process. CESSAR-DC Section 18.3 details on the
specific RCS panel layout method may be found in this section,
Further details on the use of task analysis in the panel design
process can be found in the Muman Factors Program Plan which is
being submitted to supplement the response to RAI 620.1.

TASK ANALYSIS AND PANEL LAYOUT
NUPLEX 80+

FTA 1S THE FIRST STEP IN NUPLEX PANEL LAYOUT
(*RCS Panel is the Example)

Assignment of Functions
A. Review of FTA/Computer sort of FTA data vo identify functions.

B. Evaluate Functions; determine applicability to RCS
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I1.

C. Engineering/Cperations review of Reactor Coolant System
fur.tions

D, Compile function 1ist.

functions Organized Into yroups

A. Reactor Coolant Pumps

B. Reactor Coolant Seal/Bleed

C. Reactor Coolant System

Functions Organized On Panel

. The most frequently used functions (“ased on operating
procedures and experience, as well as FTA data) are on the
central portion of ihe panel, others on the periphery, based on
their functional relationships (hardware interface/energy flow)
with the adjoining panel sections.

High Level Function Analysis

A. Review 1ist of functions and subfunctions to determine adequacy
of groups, based on operations.

B. Focus on operating mode,
DETERMINATION AND ASSIGNMENT OF ALARMS, INDICATIONS, AND CONTROLS
Develop List of Needed Alarms, Indications, & Controls

A. Review Function and Task Analysis
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B. Computer Sort:

* ldentify Parameters and Characteristics for the RCS
€. Evaluate Parameters and Characteristics:

“ Assign to functional groups (based on procedures, systems and
operating experience)

D. Independent Evaluation for Ot“er Parameters and
Characteristics; for example:
* 1&C design requirements

System 80+ RCJ P&ID

Support system P&10Ds

System 80 operating procedures

-

»

-

£. Engineering and Operator Evaluation
* Of parameters and characteristics

F. Compile Information Requirements List

G. Review FTA Recults and Other Documents:
* To identify controls for RCS panel function

H. Engineering and Operations Evaluation:
* fvaluate list
* Mogify list

2. . Further Engineering Performed
. In addition to the FTA

. Hardware selection for the MMI
. Verification and validation
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characteristizs were selected and this selection drove the hardware
decision, as described in Section 3 of the Human Factors Program
Plan.

Because of the qualification and high reliability of these devices,
ELDs are appropriate for tasks which musi be performed during events
for which CRTs and Big screen are unqualified, f.e.-assumed
unavailable, such as a seismic event. The DIAS hardware is
programmable to display information and permit contrel in a wide
variety of formats. The ability of this hardware to display digital
and analog trend data for a parameter simultaneously makes it
particularly suited to tasks requiring discrete and long-term
monitoring simultaneously. Thus were variables such as pressurizer
pressure, RCS temperatures, and steam generator levels placed on
dedication of information (not possible on a CRT where a variety of
displays might be called up) also made them more appropriate for
frequent or key monitoring tasks.

The suitability of this hardware to discrete and analog data
presentation, as well as to format of a control interface with
feedback and larger ‘button’ sizes made the ELDs ideal candidates to
replace traditional hardwired Manual Autumatic Stations for process
control. Hardware and software properties of the displays allow the
user to change and see setpoiyts while also viewing actual parameter
data. As a result, process control tasks such as pressurizer
temperature regulation were allocated to the ELDs.

ABB-CE uses the same allocation practice for the other main pieces
of hardware. The IPSO display (big screen) ic¢ suited oniy to
overview monitoring for a variety of reasons. Pushbutton switches
are suited only to discrete control tasks as so only key success
path control functions were assigned to them. XA description of the
human factors rationale for the selection of all control room
~quipment types can be found in the Human Factors Program Plan.
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¢)

d)

will account for information needs not addressed by procedures

used in the task analysis, (!
Dete, mination of the useability of data provided on MMI devices
was the key result of the suitability verification as described
in the response to Question 620.30. One evaluation was per-
formed in selecting flat panel display technology. This
evaluation is described in the response to RAI 620.2 and in
Section 3.6 of the Human Factors Program Plan for System 80+,

Compatibility of the various forms of information throughout
the plant is assured by commitment to use the same Nuplex 80+
conventions plant-wide. This is possible since System 80+ is a
complete plant design. Two Nuplex 80+ documents assure consis-
tent and compatible MMI throughout the design; the Nuplex B0+
Information Systems Description and the HFE Standards and
Guidelines. The C-E document review system assures that all
disciplines including human factors are aware of potential
interfaces. Therefore, the design of interfaces at Tocal
control stations or specific pieces of equipment will use
Nuplex 80+ conventions and be reviewed and approved by Nuplex
80+ design team members.






BT T T ——
i

N g R SR Y T ——

P G

DLH231.00C/44

Number :

Question:

Response:

620.19

Please explain the scope, responsibility, and reporting structure of
the human engineering function in the System 80+ program.

The scope, responsibility, and reporting structure of human factors
in the System 80+ program are identified in the Human Factors
Program Plan (see RAl response 620.1).
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Number :

Question:

Response:

620.20

Identify the human engineering principles established for Nuplex 80.
What analyses were used to identify the areas requiring improvement,
What “specific improvements" were added?

The design was based on a functional task analysis. Human factors
specialists and operators were heavily involved in all phases of the
desiyn, availability and suitability verification analyses were
performed and a dynamic mock-up was used to evaluate and refine the
deign.

A significant source used to identify areas requiring improvement in
Nupicx 80 was customer feedback. Nuplex B0 was sold to TVA and New
York State Gas zid Electric for System 80 plants. As is indicated
in CESSAR-DC, a sig (ficant zmount of design work was done for TVA,
The design was also bid to "ai Power in the early 1980°s. A number
of the areas addressed in the Nuplex BO+ were identified by
customers during the desigr and bid processes.

A description of analyses and performance measures (past and future)
can be found in the HF Program Plan,

During the Nuplex 80+ design process areas in the Nuplex 80 design
requiring improvement were identified and considered through design
review meetings. These meetings included operators. human factors
specialists, instrumentaticn and controls eng.neers and project
management. [zch improvement area was considered for regulatory
requirements, customer desires and technical considerations, such as
advances ir technology. Specific areas requiring improvement were
jdentified and addressed as indicated in Section 18.6.1 of
CESSAR-DC. These include removing hardwired backups for indications
and alerms and integrating spatially dedicated indications and
alarms into the primary interface with no backups. This allows the
pperator to use his normal interface during stressful situations
such as losing CRT display capability. A dedicated console for a
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contro) room supervisor was added since utilities desired a super-
visor to perform a monitoring and direction role and no werkstation
to suoport this rolc was available in Nuplex 80. To meet plant
availability goals, Nuplex Bu+ is designed for continued operation
upon coiip(ete failure of the OPS instead of requiring shutdown as
with Nuplex 80. Nuplex BO+ incorporates alarm handling improve-
ments, to address industry concerns with alarm systems. These
improvements incluc: plant mode dependency, spatial dedication of
alavm tiles, use of flat panel tochnology, significance visual
mapsing Jveiating the alarm to the procedure being used) and alarm
lists soried by plant area, Incorporation of the big board IPSO
jnto the design provides a plant functional and system overview not
available in Nuplex 80. Integration of the SPDS function into the
normal man-machire interface through critical functions monitoring
makes it part of the everyday interface and, thus, familiar during
arLident situations. Application of advanced control sysiem
improvements which were developed for conventional plants (e.g.
automatic low power feedwater control) and were not available for
Nuplex 80 also improve plant 2vailability. Integration of
divisional equipment into common panels rather than separation by
pare] sections as in Nuplex 80, allows multiple success path
coordinat .on by one operator and improved task performance.

No formal human factors analysis was done for the plant alarm system
improvements, the addition of a control room supervisors’ console,
or the integration of PAMI/SPDS into normal indications. The design
process used operations experience, design team consensus, and the
design review process to enhance the baseline Nuplex 80 design.
Verification and validation analyses will demonstrate acceptable
operater performance as defined in DAC/ITAAC.

Q)
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Numbe: :

Question:

Response:

620.21

How was the potential for human error identified, reduced, and
documented in "Reduce the potential for human error that could
affect safety or availahility?"

The phraseology used in CESSAR-DC, "Reduce the potential for human
error that could affect safety or availability," requires clarifica-
tion. This is a design goal for Nuplex 80+ but, is not pertinent to
the licensing of the design. This phrase wiil be deleted from
CESCAR-DC in a future submittal. The basis for licensing #ill be to
demonstrate acceptzble operator performance. Inherent in that
determination will o2 an acceptable potential for human errar,

Human error probability will not be analyzed as a unigue dependent
variable.

The following paragraphs identify the approach to uddressing signif-
icant human error potential as a de<ign geal, not a licensing
requirement .

Specific problem areas where there was a relatively high potential
for human error were identified during the early phases of the DOE
Advanced I&C program. This was accomplished by reviewing LERs,
Regulatory Guides, I&E bulletins, NUREGs, EPRI reports and other
industry reports (e.g., Halden reports). For example, Regulatory
Guide 1.97 recommends that the same instruments should be used for
accident monitoring as are used for normal operations to enable
operators to use familiar instruments during accidents. Thic led in
pert to the no backup approach of Nuplex 80+. Other specific areas
for improvement were identified in Chapter 10 of the EPRI ALWR-URD.
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Solutions were formed for the problems identiied and incorporated
into the design. For example, one area identified as resulting in a
high potential for operator error at conventional plants was | ow
power feedwater contrel. Numerous reactor trips have resulted from
manual control during this condition. Digital feedwater systems
providing automatic control at low power have been installed at
existing plants and have reduced the potential for error in this
condition significantly. The same digital control system design is
incorporated into the Nuplex B0+ ACC.

C-F will verify that new problems have not been introduced by the
solutions tv existing problems rather than demonstrating & reduction
in error potential compared to a conventional cortrol room. The
Nuplex 80+ verification and validation analyses will show that
features incorporated to solve problem areas do perform without
introduction of new errors. The suitability »f the interface was
evaluated in the verification analysis for the RCS panel and will
continue to be perfermed as part of the design process for the rest
of the panels. Validation of the features in relation to plant
operatiun using the complete control room design will occur later in
the design process using the integrated *test facility. The
acceptability criteria and performance goals for validation will be
identified in the DAC/ITAAC. Tne software based designs used in
Nuplex 80+ are more suited to incorporating changes identified
during VAV because of the relative pase in making changes in
software rather than hardware.

(1)

q
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Number :

Question:

Response:

620.24

Describe the workload anal sis for one and three-person of +ation of
the controlling workspace. Describe how the task loading and work
loads change.

To ¢larify phraseoloay from CESSAR-DC and previous draft responses
to this RAI, the discussion on the range of potential task loadings
(e.g., infinite) are nct germane to the iss.e of worlload analysis
of proposed crew sizes. The goal of one person operation applies
not to the entire control voom, but only to the controlling
workspace. More than one operatsr would be present in the control
room at all times. The fuil (three-person) crew to be present would QJ
not be required in the immediate controlling workspace. This is an
impurtant distinction. The basis for designing a controlling
workspace for a one person crew was provided by Requirement 4.2.4,
Chapter 10 of EPRI-ALWR-URD.

The Nuplex 80+ Function and Task analysis found that, for
anticipated conditions, the one person crew was able to handle the
normal workload demands of operation., Those conditions analyzed for
the one person crew size included only normal steady-state
operations and escalation from hot standby to full power operations,
as well as imnmediate post-trip actions. Nuplex 80+ is not designed
such that cold shutdown to hot standby, recovery from trip, and
normal shutdown could be maiaged by the one person crew.

Walkthroughs were performed with the emergency procedure guidelines
for System 80 and it was con ‘ded that workload demands on a single
operator were highest immec.ately post trip. A description of the
analysis can be found in Section 18.5.1.8 of CESSAR-DC with full
details in the aforementioned FTA report (NPX80-IC-DP-790-02).

Crew sizes will be validated at the integration test facility using
design acceptance criteria. Refer to Sections Z and & of the Human
Factors Program Plan for supplemental information.
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The fcllowing high level tasks were considered for different
operating modes:

Hot Standby to Normal Operations:
*Complete Plant Monitoring and Operations

Normal Start-up/Shutdown:
*Reactor Plant Monitoring and Control
*Turbine Plant Monitoring and Control

Post Trip:
*Primary System Success Paths and Control functions
*Secondary System Success Paths and Control Functions
*Emergency Success Paths (at ESF panel)

A further discussion of the operating crew options for Nuplex BO+,
potential ro'es of additional operators (allocation of tasks), and
workload analysis for Nuplex B0+ may be found in the response to RAl
620.25.
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Number :

Question:

Response:

620.26

Describe the basis for the design goa: of one person control of
operations between hot standby d full power. Were separate task
analyses performed for one and three person operations? How does
the allocation of tasks among the staff change in the control room
for one person, three person and a full six person shift?

To clarify phraseology from CESSAR-DC and previous draft responses
to this RAI, discussion on the range of potential task loadings
(e.g., infinite) are not germane to a descripti~n of chosen crew
sizes. The basis for designing a controlling workspace for a cne
person crew was provided by Requirement 4.2.4, Chapter 10 of
EPRI-ALWR-URD, The three and six-person crew sizes do not reflect
specific NRC goals but, rather, represent a range of potential crew
sizes based on typical utility staffing levels. The six-parson crew
gsi~2 ‘s ¢he EPR] shift complement defined in Chapter 10,

Sep.rate analyses were not performed for the one, three and
six-person crew sizes. Although the assignment of tasks end the
number of crew members may change, depenaing on a given utility’s
preference, the number and nature of the tasks do not. Kor is there
a difference in the functions the plant systems must perforw or the
control room information needs based on task size. Though not
individually analyzed prior to design, each of these crew stras will
be as part of validation.

The allocation of tasks between multiple crew members is a kay
4esign consideration. This has been addressed in the design r€ the
Nuplex 80+ control complex, through the floor plan design and
allocation of systems to panels. With the crew size of three (for
post-trip recovery), there is still only one operator envisioned to
be at the Master Control Console (MCC) area to control normal
success paths, hence the task analysis would not change at all for
the bulk of normal operations, since these are ail controlled from

(11
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the MCC. The remaining two operators in the three-person crew size
would include one operator assigned to the safety and aux‘liary
consoles to control emergency success paths and one senior reactor
operator at the CRS console, monitoring overall critical functions
and directing success path strategies. For other plant operating
modes, other staft allocations are possible bul the three-person
crew 15 considered the minimr crew size for the limiting cases of
operation.

The crew size of six is envisioned to include two operators at the
MCC. However, these individuals will not interfere with one another
since every section of the MCC has its own spatially dedicated
dicplay. and any CRT display can be called up on any of the CRI
screens., Ffurther, since the panel layouts mimic plant energy flow,
the task sequence moves logically around this "horseshoe,” allowing
for an even break-off of tasks without interference.

The other four crew members are envisioned to be one each at the
safety ard auxiliary consoles, and two at the control roem
supervisor's console. The crew at safety and auxiliary consoles
will have no job overlap, since the functions assigned to thesc two
sets of panels are quite different. ODuring emergencies, this will
consist of moritoring and restoration of success paths., the two
crew members at the supervisor’s console are envisioned tc be
supervisory and STA/advisor personnel. They will have the ability
to call up any CRT display on their own twn CRTs and to menitor the
plant via the IPSO display; however, they will not perform any
control tasks. The six-person crew is not a routine staffing level,
but might represent extra consulting and/or backup personnel brought
in by a given utility, shou'd an abnormal transient occur.

Although separate analyses for the larger crew sizes were not
performed, it should be noted that further human factors analyses
are planned for the Nuplex 80+ control room. These will include
walk-through/talk-through type analysis and further review of the
control room design using System B0 (or System 80+, if available)
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Emergency Procedure Guidelines as the task basis. For this
analysis, a simulated full operating crew will be used. Crew size
validation will be included in the Nuplex B0+ validation and as
design acceptance criteria as they are developed.

A summary of logic for operating crew sizes is provided below:

Crew Size
Mode Minimum Max imum
Start-up Bounded by normal and 6
post-trip operaling
minimums
Normal Operations One person (at controlling 6

workspace; two others in
controi room)

Post-Trip Three-person 6

Crow sizes will be validated at the integration test facility. A
further discussion of the operating crew options for Nuplex 80+,
potential roles of additional operators (allocation of tasks), and
workload analysis for Nuplex B0+ may be found ir the response to RAI

620.24
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Number :

Question:

Response:

620.2¢

How doas the Nuplex 80+ configuration minimize required access to
the controlling workspace? A desk/parrier does not appear to reduce
the requirement fc* maintenance personnel access to control room
equipment and face-to-face communications with the operating staff,

The reduction of personnel access requirements to the controlling
workspace is a design goal of Nuplex 80+. It is more appropriate to
state that the Nuplex 80« Advanced Control Complex includes a number
of features designed to address the conczrn of required access to
and traffic in the controlling worksyace during both normal and
emergency operations. These features are discussed below.

To access information Nuclear Equipment Operators (NEOs) can use
CRTs in the Auxilizry Reactor Operater (ARO)/NEO support office or
t e TSC without entering the controlling workspace. For mainte-
nance, testing and other routine interfaces between operators and
NEOs (or other plant staff) the design allows the interface to occur
at the CRS desk, outside the controlling workspace or in control
room offices. By having interactions with plant staff occur in
these lucations, no disruption of normal operations activities in
the controlling workspace is caused. i other words, the
maintenance tasks have been moved out of the control!'ing workspace
and into an office so that maintenance does not impinge on
cperations.

Having local maintenance and test panels on the Component Control
System (CCS) and the fact that a1 tests and calibration not
requiring licensed operators are performed outside the main control
room, further reduces traffic. No -umbersome testing equipment is
required to be brought into ihe MCR. NECs primarily need to onter
the main control room for discussion,

]
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Nuplex B0+ panel design features further reduce potential
maintenance interference. Panels are designed for quick equipment
removal. Typically, removal of four screws and detachment of quick
disconnect connectors will allow removal of flat panel devices.
Thus, a1l discrete indicators, alarm tiles and controllers are
easily and quickly removable. Switches are modular and easily
replaced. Jtems whose maintenance would not intecrfere with
operators (e.g., power supplies) are in the less accessible, rear
portions of the panel.

Data Processing System CRYT interfaces are provided in all three MCR
offices as well as in the TSC. For both normal and emergency
operations the availability of all CRT monitoring displays in the 5§
and CRS offices will reduce control room access requirements,

Access to plant status information to support management and opera-
tions discussions is available without entry into the controlling
workspace. The direct viewina window from the TSC will minimize
control room access needs of emergency response personnei during
emergencies by enhancing communication between TSC personnel and the
operating staff. It also allows visitors or plant staff to view the
main control room without entry during normal conditions. DPS CRTs,
with all the same displays as in the control room, are located in
the TSC to meet the information needs of emergency response
personnel.
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specifically for a CRS’s use, they will be added to the display
hierarchy.

During the detailed design of the console, EPRI position |
descriptions will be examined and task analysis conducted to |
determine the needs for ancillary staff. This will include l(’l
establishment of duties, space equipment and software needs, as well

as hardware requirements. This determination will be based on

operations and will be validated later at the integrated test

facility.
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Number:

Question:

Response:

620.28

Explain how the control room design addresses the issues of habit-
ability and the storage requirements for working documentation,
procedures, supplies and personal effects. Describe the process
used to establish the requirements for areas that support the
contrel room such as the Technical Support Center, shift super-
visor's office, etc.

Habitability, in this case meaning operator comiort and occupancy
features, was addressed by providing features such as washroom and
kitchen facilities immediately adjacent to the control room. It was
further addressed by providing offices and storage space adequate
for all anticipated control room needs, both work and personal.
Becausc such features are largely architectural and must be
determined early in the design, ABB-CE relied on operating
experience, operator input and architect/engineer input to determine
the type and quantity of these features. Provision was made for
emergency equipment and personal effects. However, no formal human
factors analysis was performed on this matter.

Storage areas in the control room are equal to or greater than
previous plant designs. An evaluation of currently operating plants
indicated that contro! room information (procedure/drawings/books)
are normally stored in cabinets, bookshelves and hanging files. The
evaluation indicated that procedures require approximately 17%
linear feet of shelf space, books require an additional 40 linear
feet, and arawings require 16 linear feet. The Nuplex 80+ control
room shall provide this much spare, at a minimum, for documents,
drawings aznd books needed in the control room. The document room in
the cortrol room contains over 200 square feet of floor space.
Additional document storage is located in the control room offices.
Storage inside the controlling workspace is provided on the back
side of the Control Room Supervisor’s desk and on the two Reactor
Operators desks. Personal effects for the Shift and Control Room
Supervisors will be stored inside their controi room offices.

QI

1
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Reactor Operators will have ample space for personal effects in the
Reactor Opirators’ offices,

In shart. the control room contains large amounts of storage space
for »11 operator and staff needs related to comfort, safety
equipment and operations-related documentation. These requirements
were based on an evaluation of utility experience anc operator
input, not on a formal human factors analysis. However, validation
will assure that human performance concerns are addressed.

)
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Number:

Question:

Response:

620.29

How was "sufficient instrumentation" ideatified for the Remote
Shutdown Panel? Describe the human engineering efforts or studies
which contributed to the design of the Remcte Shutdown Panel and the
"convenience controls" distributed at equipment locations

The RSP receives the same design process and analysis as the MCR
panels. Sufficient instrumentation for the RSP was identified based
on a function task analysis, as with the main control panels. The
description of the human factors engineering task analysis for safe
shutdown is described in Section 18.8.1 of CESSAR-DC. In additiou,
C-F's extensive experience in designing remote shutdown panels for
Palo Verde 1, 2 an 3 and other plants was considered. Secticns 7.4
and 7.5 of CESSAR-DC give full listings of what was determined to be
sufficient instrumentation for the RSP using existing System &C
plants as a baseline. This list was reviewed by all engineering
disciplines within C-E to assure all system Jesigner requirements,
as well as operztional requirements, were met,

Essentially the same design process was followed for the RSP as for
the main control room panel designs. The RSP design 1: based on the
standard Nuolex B0+ indication and contrel methodulegies (CESSAR-OC,
Section 18.7.1) and HF design criteria (Section 18.7.2). Special
needs which differentiate the RSP from MCR panels are described in
Section 16.8.1.2-4. The RSP design features similay diversity as
the MCR in terms of having diverse means of obtaining information as
well as diverse methods for control. This diversity precludes a
comnon mode failure from resulting in loss of either sufficient
information availability or contrcl capability at the RSP. Nuplex
B0+ diversity is discussed in the response to Question 420.23.
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As indicated in Section 18.8 of CESSAR-DC, cold shutdown is achiev-

able from the RSP without the need for local equipment controls. No :
local "convenience controls” will be distributed at local ol
workstatinns. The entire remote shutdown process to cold shutdown

is envisioned to occur at the RSP.



DLH231.DOC/65

Number:

Question:

Response:

620.30

Describe the human engineering test and evaluation methodologies
that have been, cr will be, used. Huw does the human engineering
test and evaluation program fold into the System 80+ verification
and validalion program?

The human factors test and evaluation methodologies can be divided
into three phases; those occurring before the start of the

Nuplex 80+ design, those ~ccurring during the design certific-tion
process and those that will occur after certification. All of these
test and evaluation methodologies are described in the Human Faztors
Program Plan for System 80+. Future tests and evaluation
methodologies will be further described in the DAC and ITAAC as they
are developed.

1



ULH231.D0C/66

Number:

Question:

Response:

620.31

The System 80+ control room design currently includes severul types
of control and display instrumentation. Some of it is new to
control room applications, some is not. This paragraph states, "The
man-machine interface is bised on accepted human engineering meth-
ods, principles and criteria such as those presented in NUREG-07C0."
Identify the principal human engineering source documents used in
the deveiopment of the man-machine interfaces, such as:

a. ldentify which elements of the man-machine interface were
developed based or ~xisting human engineering documentation.
Identify the documentation.

b. Identify which elements of the man-machine interface required
the development of additional human engineering guidance.
Identify the guidance.

c. Describe the means C-E will use to ensure (1) that the man-
machine interface aspects of the new technology will be com-
patible with that of tne established technologies, (2) that the
new man-machine interfaces will meet the requirements of the
tasks, as defined by the human engineering studies, and (3)
that the differences as well as the similarities among the
man-machine interface devices enhance operator and maintainer
performance.

The Nuplex 80+ Human Factors Standards and ‘uidelines is currently
the principal cocument which assures that the MMI is based on
accepted human engineering principles and criteria. This document
provides the design choices for Nuplex 80+ (i.e., standards) and not
just guidance (i.e., available selections). A HF Standards and
Guidelines Basis document defines the source (document or rationale)
for each standard or guideline. Table 620.31-1 lists the source
documents used to assemble the HF Standards and Guidelines. These
source documents were used in the initial stages of the Nuplex 80+

[n
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design process. Later, they were superseded by the Heavy Water

Reactor Facility Human Factors Standards and Guidelines which
continues to fill this role until the upcoming formal issue of the
ALWR documents.

Most of the Nuplex 80+ man-machine interface elements were
developed based on existing principles and criteria. This was
possible because elements were either similar to conventional
control room technology or an evolution from ceaventional
technology. Man-machine hardware elements for which criteria ¢
exist include IPSO, flat panel displays used for alarm tiles,
discrete indicators and controls, CRTs and switches. In
addition, format of software, display pages. ambient j
environment labels and demarcation, color coding, and the full
range of MMI elements are included. The source documents used
for criteria for these interfaces are provided in iable
620.31-1. The HF Standards and Guidelires is a subset of this
list.

The only element of the man-machine interface which required
some additional human engineering guidance was the use of touch
screen interfaces for the CRTs, flat panel displays and con-
trols. Existing guidance used for target size, target
separation, response time, input duration, input sequence, and
feedback was adequate. However, two other criteria were
developed for implementation of Nuplex 8J+ touch screen
inter”ices because the indistry guidance was not sufficient in
these limited areas. These areas are open items which are
being tracked.

1. Actuation occurs upon removai of touch from the screen not
engagement. This allows the operator the ability to
correct any incorrect selections that may have occurred
before actuation, Operators considered a two-step ¢!
"select” "enter” key. This may not be optimal for all

- —
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activities; however, this may be desirable for certain ,
sperations. The issue is being examined currently. ‘"‘

2. Touch targe < will be identifiable from other display ele- |
ments. Systematic target conventions and spatial dedica- |
tion of the targets will allow the operator to clearly |
identify which targets are selectable and which are not.

Final guidance and convention have not yet been selected. IU'

¢. 1. The Nuplex 80+ design uses consistent and compatible
interfaces and conventions throughout the interface. In
other words, the design is standardized across the control
room in termas of format. coding,and all other conventions.
This is to enhance human performance through a positive
transfer of trainirg across different aspects of the
control room. Technologies for implementing the interface
were selected to support compatibility. A good example of
Nuplex 80+ interface compatibility is provided by CRT
displays and other MMI devices in the MCR. A standard set
of graphic symbology is used between CRTs, switches and
controller displays.

!

The suitability analysis of the Nupiex 80+ verification
process evaluated the compatibility of the different
technologies used in the man-machine interface. As
identified in Part b, there was only one application of
new technology in the Nuplex 80+ MMI, tne flat panels.
Other hardware devices being used in Nuplex 80+ have been
used previously in control room appiications.
Compatibility has been controlled and ensured throughout
the design process through the use of industry guidance,
project HF Standards and Guidelines, and the Control
Complex Information Systems Description.
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10.

11.

Table 620.31-1 ‘
Sources of Human Factors Guidance Used for Nuplex 80+ bt

MIL-STD-1472D, "Department ot Defensc Human Engineering Design Criteria,”
1989

DOD-HDBK-761A, "DOD Management Information Systems Guidelines," 198/

ESD-TR&6-278, “User-System Interface Software Guidelines," Smith and
Mosier, 1986

ANSI/HFS-100, "ANSI VDT Workstation Standard,” 1988

"User-Computer Interface in Process Control: A Human Factors Engineering
Handbook." Gilmore, et al, 1989

NASA-STU-3000, "NASA Man-Systems Integration Standards," 1989

NASA-USE-100, Ver. 2.1, "NASA Space Station Freedom Program Human Computer
Interface,” 1989

EPRI NP-3659, "Human Factors Guide 'or Nuclear Power Plant Control Room
Development. 1984

EPRI NP-4350, “Human Factors Engineering Design Guidelines for Maintain-
ability," 1985

NUREG/CR-3517, "Recommendations to NRC on Human Engineering Guidelines for
Nuclear Power Plant Maintainability," 1986

NUREG-0700, “Guidelines for Contrn] Room Design Reviews," 1981
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stimulus overload and, hence, the number physical devices and amount
of data provided to operators, has been documented in various
industry sources. This includes tha EPRI ALWR-URD, industry reports
(e.g., NUREG-3448 for alarms), and papers (many identifying this
concern as a result of TMI).

Qualitative analyses were performed to evaluate the benefits and
drawtacks of reducing the number of physical display devices. An
assessment was made based on using the combination of serially
presented information (via CRTs) and spatially dedicated information
(on flat panel discrete indicators and alarm tiles) to determine an
acceptable combination. Al]l data is accessible at any parel through
th. CRT's serial presentation of informution. Thus, the focus of
the assessment was on how much spatially dedicated data should be
presented in a pacallel manner. The result of the assessment led to
spatial dedication of Priority 1 and 2 alarms ancd key parameters on
discrete indicators and IPSO. Key parameters for discrete indica-
tors were defined as froquently monitored parameters, parameters
most indicative of critical safety function and success path status,
Regulatory Guide 1.97 Category 1 parameters and parareters required
for investment protection or continued operation without tae DPS.
The design was then evaluated through the availability and suit-
ability analyses of the verification to assure thai an acceptabie
amount of spatially dedicated data was presented. No guantitative
studies were rerformed to determine optimal levels of reduction,
since optimal can only be determined if all possible iransients and
events are known.
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Number :

Question:

Response:

§20.34

What studies did C-E perform to determine the amount and type of
"operator information overload?" Provide th. guantitative and
que” 1tative resuits of the investigatlions.

Describe the baseline control room in which the studies were per-
formed and the parameters that were measured or assessed. MWere the
studies replicated on the C-E System 80+ control room design? What
thresholds weve established for acceptable and unacceptable Tevels
of operator cognitive loading? How does the Systcm 80+ control room
design specifically address each of the parameters assessed by the
studies?

The phraseology "operitor information overload" was not intended as
a measurable criteria “or demonstration as part of the licensing
basis, but only as a Nuplex 80+ design goal. As discussed in the
response to RAI 620.32, the basis for licensing is to provide
adequate informatior such that acceptable operator performance is
achieved. This is demonstrated through task analysis and
verification analysis. Providing the operator with the required
information in the form needed for task performance, instead of all
available plant data, will help facilitate the operator performance
demonstration. “Operatcr information overload" will not be looked
at as a separate, measurable criteria. In other words, operator
workload will not be too high; this will be demonstrated through
such as acceptable execution of EOPs on & simulation of an accident.
The acceptable threshold of workload will be defined in DAC/ITAAC.
Other RA! responses dealing with this issue inc.ude 620.13, 620.22
and 620.32.

Qualitative analyses identified the amounts and types of information
overload in conventiona! nuclear plant control rooms. These
analysis were industry studies such as those referenced in Table
620.31-1. Primary areas identified were information overload from
the alarm system after a reactor trip and overload of information
from multi-channe) indicators ¢~ the same process parameter.
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The System 80+ control room reduces displayed information by
validating process signal: prior to display or alarm, grouping
alarms into a relatively smal) number of alarm tiles, and eliminat-
ing Priority 3 alarms and operator aids (e.g., permiscives which
were previously alarms in many existing control rooms) from spa-
tially dedicated displays. Additinnal reduction in information
overload is provided by reducing the number of alarm actuations

during transiert events. This is provided in Nuplex 80+ by validat-

ing signals before generating alarms and mode and equipment status
dependent logic. The design also prevides operator aids such as
eritical function monitoring (to support normal operation and
emergency procedure response), success path monitoring (te aid in
identifying and restoring success path problems) and IPSO (which
provides a plant overview for operators). Each of these advanced
features performs a function automatically and continuously that
otherwise would have to be performed by operators. For example,
1PSO takes several thousand plant parameters and reduces them to a
few easily understood process representation symbols.

Quantitative studies were performed comparina the numbers of alarm
tiles and indicators for conventional control rooms and Nuplex 80+.
Results from the studies have shown a 60% reduction in alarm tiles
and on 80% reduction in the number of spavially dedicated displays
for Nupiex 80+ comparad to conventional units. Cognitive loading
levels were anaiyzed as part of the task analysis for .pecific
events, as discussed in the response to Question 620.24. This
analysis is documented in Section 18.5 and the task analysis report
in the reference design documents. Acceptable levels of loading
were based on determining cumulative processing times for tasks
performed during an event and identifying situations of operator
overload based on cognitive loading.



DL1231.DOC/75

Number:

Question:

Response:

620.35A

This paragraph states, "The effectiveness of modern man-machine
interface cevices will be demonstrated through the use of prototypes
and HFE evaluation:." Does this refer to demonstrating the sortware
and hardware attributes of the instrumentation? Or does it refer to
human factors and human performance evaluations of (1) the Jevice
(as a stand-alone instrument) and (2) in the context of the

System 80+ control room environment. When in the design process are
the HFE evaluacions scheduled to occur? Describe in detail the HFE
evaluations that will be performed. Provide a basis for the crite-
ria that will be used to determine a device’s effectiveness (as a
stand-alone instrument) from the human performance perspective.

Also provide the assessment methodology that will be used to deter-
mine the suitability of a device for incorporation into the System
80+ control room design.

This statement refers to both demonstrating hardware and software
attributes and the suitability of the interface from a human factors
perspective. The Nuplex 80+ design process has alreaay and will
continue to do hardware attribute evaluations using prototypes, and
hardware configuration studies or prototypes to ascure adequate
throughput. Software studies have prototyped scftware implementa-
tions using ladder logic programming in programmable logic control-
lers and software required for data processing features such as
success path monitoring, alarm processing and signal validation. As
described in other RAI responses, these evaluations have not been
formal human factors studies.

The man-machine interface devices have also been evaluated from a
human performance perspective as part of the verification analysis
documented in the Verification Analysis Report NPX-IC-TE-790-01 and
dis~2ssed in the responsz to Question 620.30. The suitability
analysis evaluated both the man-machine inte-face devices as stand-
alone devices and in the context of the ensemble of Nuplex 80+
interface davices.

)



DLH231.00C/76

HFE evaluations are scheduled throughout the Nuplex 80+ design
process. The design process and scheduling of HFE evaluations are
discussed in the Human Factors Program Plan for System 80+, as is
the type of HFE evaluations performed. The criteria used to evalu-
ate the man-machine interfaces we e dev-loped from the 1ist of
references being used to develop the Human Factors Standards and
Guidelines document and in the response to Question 620.3].
Similarly, the assessment methodology for the suitability analysis
is provided in the verification analysis (NPX80-IC-TE-790-01). The
eventval determination of a device’s suitability was determined not
only from the human factors acceptability, determined in the
suitability analysis, but alsc by other tests and prototype

evaluations. Examples of the design process are provided in the re-

sponse to questions 620.2 and 620.13.
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Number:

Question:

Response:

620.368

A)

B)

C)

A)

This paragraph :tates, "Under degraded conditions, operators
will continue to have access to all required information,
Equipment failures impacting automated data process and
presentation features are accommodated by increased operator
surveillance."”

What constitutes a degraded condition? Is it the loss of one
computer driven dispiay, one electrical bus (potentially
affecting many instruments) or all digitally driven equipment?

How does increased surveillance on the part of the operator
compensate for the less of technical data? Are the data and
the synthesized information normally available through the
computer database available from other sources? Where will the
alternate sources of information be located?

From the human performance perspective, how will “increased
surveillance" compensate for loss of the computer? Will
operators be required to perform calculations, adjustments, or
cperations (manual, cognitive, decision-making, etc.) that
would normally be done by the computer? Describe the impact on
cperator and crew performance in the control room, at the
Technicai Support Center and &' the Emergency Operations
Facility.

A degraded condition referred to in this paragraph is
constituted by credible equipment failures, including failure
of processors, data communicatiors or a display device i.self.
The worst case degradations assumed are total loss of DIAS-N or
DIAS-P or DPS failure. These worst case conditions encompass
loss of an electrical bus. Loss of all digitally driven
equipment is not a credible failure and is therefore not
considered in the design. This position is acceptable bezause
digital electrical equioment is protected against EMI and the
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diverse designs used in ma.-wachine interface systems preclude
other common mode failures, including software failures, from "’
rendering both diverse designs simultaneously inoperable.

Figure 7.5-1 of CESSAR-DC i1lustrates the architecture of the
Nuplex 80+ monitoring systems. The following credible failures
were considered as degraded conditions: failure of the entire
DPS system and, thus, all CRT displays, failure of DIAS-P
channel or fuilure of DIAS-N. Each of these cases will be
discussed individually.

The worst case degraded condition from an information access
perspective is complete failure of the DPS. This is a highly
unlikely event, since the DPS is a -edundant system with a
calculated and demonstrated availability of greater than 99.98%
with an MTTR of less than 4 kuurs., To address this failure,
the DIAS has been designed to provide operators with all
information required .o continue operation for 24 hours.
Increased surveillance is not required to compensate for loss
of technical data but rather to accomplish technical specifica-
tion monitoring and to suppoct information access that is
normally enhanced by the DPS and panel CRTs. A1l functions of
the DPS can be performed manually, with additional staff,
without the DPS. The main case where the operator will have
extra tasks due to degraded conditions is the Core Operating
Limit Supervisory System (COLSS) DPS function which provides
core surveillance.

This increased operator surveillance will not reguire

calculations and will be similar to tasks performed in current
System 80 control rooms during loss of COLSS situations. ATl ““
required data for this function is available to the operator on
DIAS or other displays from the control and protection system:.

A separate analysis of this surveillance activity is not

planned, but performance under degraded conditions will be ;“
analyzed during validation. |
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Synthesized information = w critical function monitering (CFM)
and success path monitoring will also not be available upon
complete DPS failure. Since these functions have been designed
to support procedures, not replace them in Nuplex 80+, these
functions can be performed manually by additional operating
staff. For example, the CFM function of performing safety
function status checks, normally done by the DPS automatically,
can be performed by an STA. This is currently the practice at
conventional plants. The alternate source of data will be the
DIAS displays, which are located on each panel as part of the
primary man-machine interface. Additional information will be
provided by operator’s modules (CCS and PPS) and switch
indicators ror component status which are also part of the
primary integrated interface. A description of the cperator’'s
modules and their function may be found in th= Control Complex
Information System Description (NPX-I1C-SD-741-01).

The impact of DPS failure on the TSC and EOF will be the same
as for existing plants. No CRT data would be available in
either location and, hence, plant status would not be available
via CRT. This situation would be partially compensated for in
the Nuplex 80+ TSC design by visibility into the MCR. The
viewing window includes a view of IPSO wh.ch will continue to
be driven by DIAS to provide an overview of plant status. In
the event of a loss of DPS, GIAS will drive IPSO. Moreover,
critical functions status information will not be available.
The viewing window also enhances communication with control
room operators,

The other credible failures relate to loss of DIAS Channels P
or N (see CESSAR-DC Figure 7.5-1). DIAS P is an independent
channel segment of the system which provides one redundant
method of monitering all Regulatory Guide 1.97 Category 1
parameters, including ICCM parameters. Its primary MMI is two
flat panel displays of these parameters on the safety
monitoring panel. If this channel is lost (though it too has

Iln\
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redundant communication and processing), Regulatory Guide 1.%7
parameters are still available to operators. Parameter
indications are on DIAS N displays dispersed at appropriate
functtonal panel locaticns throughout the MCR and through any
CRT at any panel. This degraded condition will have no
functional impact on operations in either the MCR or TSC;
however, a technical specification LCO is anticipated to limit
the time DIAS-P can be unavailable, since both 7'AS-N and P are
required to meet the required level of redundancy for qualified

systems.

Failure of the DIAS N channel is the other crediblé degraded
condition, though all DIAS N segmenis have redundant processors
and communication. DIAS N failure would render inoperable all
spatially dedicated indicators and alarms on the panels. DIAS
failure 1s indicated by use of the heartbeat ("spinning
packman®) symbol. No information would be lost, because all
information processing, including signal validation, would
st111 be available through tue DPS. Operators would use the
pPS for alarm acknowledgement and plant status monitoring as is
normally the case, but without the suppe=t of spatially
dedicated information. IPSO would be v-affe "wd. Little
additional surveillance would be rey. ‘red «.n1 .mpact on the
operating crew world be significantly iess han in the failure
of DPS case. This degraded condition ha. ) impact on
operations in the TSC.

Other degraded conditions, such as loss of individual display
devices (e.g., CRT or ELDs), loss of any electrical bus, loss
of a contro} device or failure of individual processors (DIAS
segments or DPS) are all bounded in terms of impact on the
operating crew by the above cases. Fatlure of individual
devices is indicated by the asterisk code presented on o.T and
flat panel screens.

(1
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In summary, for the worst case degraded condition, failure of
the DPS, increased surveillance will be required to monitor
continued compliance with technical specifications. This
surveillance is, however no greater than tasks currently
performed by operators. A1l required data 1 available on
other MCR devices. Some additional calculations and
deciston-making operations will be required by operators which
is expected to be handled by additional crew members in the
control1ing workspace. These would be related primarily to
civanced operator aids (as discussed in the response to RAI
620.11) and DPS application programs (see CESSAR-DC Section
7.7.1). Examples of additional tasks required are manual core
1imit monitoring (COLSE unavailable), critical power production
function monituring, manual Reg. Guide 1.47 Bypass and
Inoperable Status monitoring and Secondary Calorimetric
caiculations. As the task analysis is completed for System 80+
\see the HF Program Plan for System 80+), all additional tasks
and calculations required for operation without the DPS will be
identified and documented. No impact on controls, e.q9.,
additional adjustments or manual operations, is expected.
Mowever, the ‘ssue of workload assessment under degraded e
conditions will be addressed in the design acceptance criteria Iq
and analyzed during validation. The primary impact on crew
performance will be additional coordination requirements

because of the additional surveillance and potential for manual
information processing such as critical function monitoring.
Coordination will be the responsibility of the CR®

Operation under degraded conditions, including complete failure
of the DPS (i.e., no CRT information), will be evaluated as
part of the validation of Nuplex 80+. Design acceptance
criteria will be established for these degraded conditions as
part of the certification process.
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Number:

Question:

Response:

620.36

This paragraph states that, "A standard set of display and access
conventions 1s applied consistently for all information presentation
methods." Provide the human engineering document that fdentifies
and discusses the standardized display and access conventions for
a1l the information presentation methods. Do the standards apply to
vendor supplied equipment and "off the saelf" hardware and/or
software?

The display and access conventions for Nuplex 80+ are provided in
the NPXBO-1C-SD791-01, Rev. 1, document (Control Complex Information
Cystems Description).

Off the thelf hardware and software used in Nuplex B0+ is corfigured
to meet the conventions of the Human Factors Standards and
Guidelines document. Vendor supplied equipment in the MCR receives
a human factors specialist’s inspection and review. Human factors
specialists also help in preparing procurement specifications to
assure that ergonomics is adequately addressed. It is the intent
that this equipment conform to the Nuplex 80+ conventions. If this
is not possible, C-£ will ensure that no conflicts exist hetween
that design and standard conventions which could potentially lead to
significant human errors. It is alse the intent that
vendor-supplied equipment outside the MCR conform to the Nuplex 80+
conventions. Again, if this is not possible, (- will ensure that
no conflicts exist which could potentially lead to significant human
errors,
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Number :

Question:

Response:

620.37

This paragraph states that, *Critical functions established for both
safety and power production serve as a primary basis for information
and alarm presentation.® What 1s the definition of the term “criti-
cal function?® How were "critical functions® iduitified? Was a
critical task analysis perfermed on critical operator and maintainer
tasks in the contro)l room and to what level of detail were the
critical task analyses performed? If a critical task analysis was
not performed, explain why. How were the contributions of the human
engineering task analysis and the critical tauk analysis integrated
into the development of information and alarm presentations?

A critical function is one of a minimum set of functions required to
be controlled to keep the plant either in a safe, stable condition
(critica) safety functions) or producing power (critical power
production functions). The critical functions approach to monitor-
ing the safety of a plant is required by NUREG-0696 and NUREG-0737,
Supplement 1. These documents identified a minimum set of critical
safety functions. C-E, in development cf the critical function
monitoring system as an SPDS, has identified additional critical
functions for safety. Power production functions were identified as
part of the Nuplex 80+ design process. Some of tha initial concepts
relating to power production functions were developed in the EPRI
Disturbance Analysis and Surveillance System Program (EPRI NP-1684
and EPRI NP-3595).

Critica) task analysis, as defined in NUREG-0700, Section 3, and
MIL-468558 consists of a task analysis performed specifically for
those tasks which must be executed in an extremely rapid, time
dependent manner. Because of the evolutionary nature of System 80+,
the plant will function with the typical slow response of nuclear
plants. Therefore, no operator actions are required in a time-
critical wanner (see the discussion of design philocophy "Accuracy
vs. Speed" in Section 1.2 of the Human Factors Program Plan for
details). Hence, no "critical task analysis™ has been or will be
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performed for System 80+. In lieu of this, Emergency Procedure
Guide)ines specifying all tasks needed for safe emergency operation
have been used in Function Task Analysis and will be used in valida-
tion work at the integration test facility. The HRA for System 80+
will identify critical tasks which impact safety. I1f any are
identified, these tasks will be giver additional consideration in
the scheduled future human factors analyses.

Further, the definition of "critical” task analysis in Appendix B of
NUREG-0700 includes all tasks “"critical™ to safety, health,
environment, equipment, operations, tc. This appears to be almost
all control room tasks. The benefits of a separate analysis of
these tasks is not apparent.
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Number :

Question:

Response:

620.38

This paragraph says, “Operating staff targets for Nuplex 80+ were
established to accommodate a variety of staffing assignments during
both normal and emergency operations.” How many extra people are
expected to be in the control room and the Technical Support Center
during an emergency? Provide the analysis that identifies and
describes the duties, responsibilities, and capabilities of the
additional personnel and the space, equipment, and information they
will require, Describe how the current configurations of the
control room and Technical Support center meet the requirements and
support the duties to be performed. '

The control room staffing levels necessary for safe operations will
never exceed three operators for any design basis event. This is
for the maximum workload post-trip evolution identified in the
System 80+ Functional Task Analysis. Nuplex 80+ is designed to
accommodate crew size of up to six which would include supervisory
personnel. Additional staff beyond this is not requirad. Other
personnel who may be in ihe control room and are provided for as
active observers include an NRC representative, one plant owner
management personnel and one communications specialist (per EPRI
ALWR URD}. They are provided information in the control room
offices and are expected to interface (without interfering with
operations in the controlling workspace) with the control room
supervisor who is easily accessible. The specific duties, responsi-
bilities and capabilities of the additional personnel entering the
MCR during emergencies are the responsibility of the plant
owner/operator., A separate or expanded task analysis to include (4!
these individuals is not planned at this time.

The Technical Support Center (TSC) is part of the Nuplex 80+
advanced control complex which contains monitaring-only interface
with the controlling workspace, through the ability to view IPSO and
to call up displays on a Data Processing System (DPS) CRT. No
control tasks are performed at the TSC and the TSC staff are not
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directly involved in safety monitoring. Hence, the staffing levels, l.‘
information needs etc., are not scheduled for a formal analysis.

TSC staffing and monitoring will be evaluated as part of the normal
MMl design process.

The number of people expected in the TSC is highly variable, but NRC
regulations require that it be designed for 25 people (NUREG-0737).
The Nuplex 80+ TSC is designed with adequate space, information
through the DPS CRTs, p. -onnel access and communication to meet the
regulatory requirements. The Nuplex 80+ TSC is described in
CESSAR-DC, Section 13.3.3.1. No additional design requirements
beyond the ALWR-URD have been imposed on the TSC, '



ATTACHMENT




R TR R S NraEre—.

Attachment
COMMENTSE ON DRAFT BNL CRITERIA FOR AN HFE REVIEW PROCESS

ABB-CE ha . performed an initial review of the Draft Human Factors
Review Criteria for the Design Process of an Advanced Nuclear Power
Reactrr, prepared by Brookhaven National Labe (the BNL Report).
Though this is a draft, the BNL Report serves as a good starting
point for the development of acceptable ITAAC and/or DAC specific
to the ABB-CE certification process. The following comments on the
ONL Report arc offered as part of the effort to determine a more
specific and appropriate set of criteria for the ABB~CE design.

The BNL Report embodies what is basically the DOD's Systems
Approach to design. In the DOD framework, there is heavy emphasis
on fnrmal processing; in BNL's version, there has also been a
movement of !{uman Factors Engineering (HFE) to the center of much
of the design process, around which other activities. .have been
organized. While the goals and many of the interim products of the
BIL approach are agreed to be valid and practical (and, we feel,
are sharad by ABB~CE's apprcocach), the BNL framework is not entirely
an appropriate organization of design review activities for ABB~CE.

One general concern is that, despite the expressed goals of being
workable and well-defined, the BNL Report presents open-ended
criteria that do not permit closure of the review process. Other
general concerns limit the blanket applicability to System 80+ of
te BNL approach, which:

defers specific technical criteria on design products,
stresses restrictive planning criteria on program,
interprets 10 CFR 50 references very broadly in scope,
but specifically in implications,

makes no distinction between Tizr 1 & Tier 2 ITAAC/DAC
activities,

has unnecessary elements and reduced applicability for
evolutionary design.

Also, the BNL approach is unreceptive to products that embody the
desired technical results, but have not been produced in the
particular form or style, or delivered along the specified route of
program organization. This is arbitrary, and unacceptable in a
retroactive requirement.

ARtate-of~the~Art Human Factors
One concern is with the BNL interpretation (Section 3.2, Paragraph
2) of the reference to "state-of-the-art human factors principles"

(the original context is control room design) in 10 CFR
S§0.34(f)(2) (ii1):
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For purpuses of clarification, "state-of-the~art human factors
principles" is defined as those principles currently accepted
by human factors practitioners. “Current" is dcfined with
referencéd to the time at which a program management or
implementation plan is prepared. "Accepted" is defined as a
practice, method, or guide which is (1) documented in the
hpuman 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 [documented in HFE) literature that has
undergone a peer-review process.

The BNL definition appears to intend (but does not make
sufficiently clear) that conformance to HFE principles cannot be
required by reviewers if those piinciples have only "been accepted"
(i.e., entered the literature) subsequent to the implementation of
the HFE program plans.

Furthermore, the state-of-the-art is referenced to generic (i.e.,
conservative) guidance, which is often not optimal (too
restrictive) for any actual decign that must incorporate tradeoffs.

Ultimately, differences over what constitutes the state-of-the-art
will hinge on what is meant in Section 3.2, Paragraph 2 by "can be
justified." As defined, this is wide open to interpretation, and
does nnt address the issues of resolving 1) conflicts in "accepted"
practice, 2) countext-specific engineering tradeoffs, or 1) design
decisions based on original thinking.

Human FPactors Engineering Program Management (Element A)

The BNL approach places HFE at the center of activities of which
HFE should he a part; thus, the design team becomes the HFE team.
However, placing the HFE discipline above «cher design team
disciplines is not necessary and perhaps uncesirable. The
superordinate status of HFE is further implied by references to,
for example, "independence from cost and schedule consideraticns"
in Criterion 5, and special stop-work authority over vaguely
defined "unsatis{actory conditions" in Criterion 4.

Operating Experience keview (Element B)

The BNL Report presumes that this phase of activity lies ahead.
However, while no: complete (il remains ongoing), much of this
activity is past history for System 80+.

fystem Functional Requirements Analysis (Element C)

The introductory BNL material categcorically fails to identify the
specific purpose, method, or products of this ana'ysis. There is
also a requirement for a form of graphic description (Criterion 7)
that seems u.awarranted in its specificity.

11
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Generally, for an evoluticnary plant and contrel room design whose
operating and safety functions are well-understood and validated by
experience, a top-down analytic reassessment of these functions is
believed to be unnecessary.

Allocation of Punction (Element D)

The rather elaborate analytic and documentary activities specified
in the BNL Report for function allocation are not appropriate or
cest effective for an existing, evolutionary design. An
evolutionary design philosophy minimizes revision of successful
technoiogy: appropriately, there have been few changes to the basic
allocation of operating functions in the System 80+ plant (e.q.,
automatic reactor trips are still provided where plant monitoring
and time response demands exceed human capabilities.) Due to the
present sufficiency of the operators role in existing System 80
plants, no major conceptual changes to it were envisioned or
embodied in System 80+. ‘

Task Analysis (Element E)

In general, the technical contents of Element E are consistent with
ABB-CE's goals and methods of Task Analysis (TA). However, the
expansion of TA scope to all maintenance, test, and inspection
tasks per Criterion 3 must be done in a controlled tashion since it
is unclear and without historical precedent how these tasks should
be treated in terms of analyzing the operators role, or evaluating
their inzact on safety. It is agreed, however, that human actions
found to significantly affect plant risk in PRA analys=es should be
considered "critical."

Human-System Interface Design (Element F)

The BNL Report identifies a number of program elements that are
managed through various mechanisms in the System 80+ design process
(e.g., use of mockups and prototypes, Availability Verification,
development and implementation of HFE Standards and Guidelines.)
Why these issues are treated here, rather than under Program
Management (Element A), Verification and Validation (Element H), or
other, more specific headings (e.g., HFE Design Guidance), is an
arbitrary choice of program organization (and thus, should not in
itself be a requirement).

Plant & Emergency Operating Procedure Development (Element G)
while part of the overall System 80+ certification effort, this
element is not within the scope of the control room design, and is

managed via an entirely separate mechanism (i.e., NPOC Strategic
Plan Building Block Seven.)
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Human Factors Verificationm & validation (Element H)

Criterion 5 lumps the verification of Availability and Suitability
together as a single, unelaborated activity. These are distinct
activities, as defined 1in NUREG-0700, and warrant separate
treatnents, since they are of the utmost importance to evaluating

MMI design product adequacy.
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