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i Docket No. 52 002
i i

:
,

U.S. Nuclear itegulatory Commbslon ;,

i Attn: Document Control Desk i

Washington, DC 20555 :

! !

I

: Subject: lluman Factors IIngineering llevised ilAl llesponses -

I
i

Dear Sirs:

linclosure I to this letter provides revised responses to llAls 620.5,620.13,620.16,620.24,'
and 620.25, as agreed at the December 4,1991, meetmg with NRC staff. Other revised
responses will be provided in the near future.

.-

)

| Should you have any questions on the enclosed material, please contact me or Mr. Stan ;

llitterbusch of my staff at (203) 285 5206.
,

; Very truly yours,

COM11USTION ENGINEERING, INC.

1 Muse.-.

C. II.- Ilrinkman
-

'Acting Director
Nuclear Systems Licensing
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T. .Wambach (NRC)
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Chapter 18 Section 17.7.1.1.2 describes the use of Il colors; TE
710-01 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 control room. This would include, at a mini-
mum, the colors, the symbols, changes to alphanumeric and subolr.
such as case or size, any patterns, position / location / denotation of
data that would convey information, flash, flash rate, figure-
tsackground 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 operators or
maintenance personnel.

.

BR.GPRDno to 620.S (RoViEton_.1Lt

The issuo of Huplex 80+ coding was one of tho seven technical
issues addressed in detail durir ; mootingn with the NRC lluman
Factors Branch on 11/17/91 and 12/4/91) as well an in the
supplomontal responso to RAI 620.13. This responso is being
provided to Question 620.5 to further clarify the matter and '

provido detalla requested in the 12/4 pooting. The following
issues will be addressed:

a) The Nuplex 80+ coding scheme and the identification of the ;

documento that the detalla reside a**o provided below

b) Examplos of rationale ~ (including lluman Factors Engineering '

rationale) for selection and assignment of individual codo
'

dinonsions

c) Differences in coding as they portain to dif foront equipment
(such as CRTs, flat panol displays, etc.)

The revised coding schomo matrix uns' provided in the table ,

presented at the 12/4 meeting and attached here for reference.
Examplo tables and- figures are also attached for referenco, to
demonstrato and provido examplos of nystematic use of human f actors

|
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engincoring in the application of information coding.
Doncriptionn of coding and symbology may be found in neveral

documents which have previously boon provided. In addition to the
Information Systema document excorpted horn, the iluman Factoru
Standards and Guidelines Document providos nuch information.
Although coding and symbology may be addrounod in other project
documento, auch an other syntom doacriptions, all coding
conventions are defined in _ the two af oromantioned ones, and are t

utandard throughout the donign.

Coding conventions do not vary acroon hardware or sof twaro
types in Nuplex 80+. The onmo typo of lino (e.g.~thicknoon,

atyle), nomenclaturo, color code, flash ratos, and other appocts of
coding are unod rogardlona of hardwaro typo. For examplo, rod has
the came meaning on the Integrated Proccus status overview display
(the ' big acroon') an on CRT displayo, pushbutton switches, and
other places whore it in usod an a coding tool. Thuu, the coding
matrix providad in this reaponno is applicable to all typou of
hardwarJ. The only variance to this coding standardization in that
the flat pool displaya are monochromatic (this was noconaary in
order to provido alarms, indicatora, and proccan contro11 ors on
qualiflod hardwaro). Ilowever, thin varianco does not advoraoly
affect the man-machino interfaco ainco, in all canon, color lo a

; nocondary coding mechanism. Thnt 10, anywhero whero color convoys
information, such as red for an open valve, it in redundant with

| another coding mechanium (in this case whether the valvo symbol in
filled or hollow).

,

,

The fact that color in only a accondary coding technique
assures that on monochromatic displays, there is no contradictory '

coding technique, moroly the absence of the rodundant information
' >

coding method. This assurou pouitive transfer of training from
*

hollow fill and that the man-machino interface will be consistent
-

throughout the control complex.

Operator error duo to equipment ft.11uro causing coding
'

confusion is not considorod a concern in Huplex 80F. The man-
machino interface is ronintant to hardware failuroa which would
causo coding trothods to be mistaken, as explained below

CRTo: Dogradation would be caused' by gun failure or gun
calibration. Either would causn a failuro of color, not chape i

coding. Color coding is a redundant, secondary coding method and
la capily detectable. Further, any display can be called up on eny
of the numerous CRTs in the control complex, so backup hardware is
alwaya available.

Flat Panel Displays: Dogredation would take the form of pixol
failure. Pixel failures are unlikely to confuso tho operator
becauso all symbols / linos uso multiplc ' pixel widths. Further,
there is always a second sourco of flat panol display control
(1.o.-if one process controllor fails, an operator's modulo can be
used while replacement is mado).

|
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Switch Indications: Thoro will be two or more light nources in
each lens. Ilonco the failuro of ono pource will not ollminato
indication but will immodlately alert the user to a maintenanco
nood.

Further, periodic testa will bo performod and hardware will moot
touting requiromonts not forth by the IIRC. 11ardwaro which shown
signs of failuro will bo immediately replaced or repaired, an it in
in conventional planta today.

C90iting_XXamidatLanilMt191HO.Cl.

It in beyond the scopo of thin rapponso to explain the courco
of nyarl coding techniquo (note that main coding motliodo alono fill
a 20 x 25 grid on the attachment) . Sono examplos are provided
below to illustrate the procosa uuod in choosing coding techniquen
based on human factora rationale. Similar methods woro uned to
develop all coding typen and the sourco materials cited below woro
utilized as woro other standard human factora publicationt,auch an
Salvandy, Van Cott f. Kincado, partinent NUREGo, ot. al. A full
listing of main sourco materials may be found in CESSAR/DC and in
the original responao to RAI 620.31. Tho Design Banen Document for
Syntom 80+ lluman Factora Standarda and Guidelinos lista all llF
bases used by the donign team. This document will be provided .in
the upcoming additionn to the Rotoranco Donign Documentation.

Lottor Height: Minimum MMI lotter heights woro determined
using the viewing dintancos based on control panol size and the
visual arc formula found in NUREG-0700. Larger sizes for
hierarchical information were based on hierarchical label setupn
described in report EPRI-NP-3659. The practice was utandardized in
the llF Standardo and Guidelinen and the Information Systems
documents.

Color: Based on guidance in NUREG-0700, a limited not of
basic colors woro chocon, to avoid the ' rainbow offect' from
overcoding. The color sot will be unod in the context of control
panolo, for both control devicca and information displays. The
basen for this coding may be found in the HF Standardu and
Guidelines Dacos Document. Samplos of rationale are provided
below.

Blacks background color, label text
(rationales providos high contrast)

Blues component control status auto /pormissivo/on-line
(rationalot Industry standard por EPRI HP-3659)

Groent component status off/ inactive /da-onorgized/no-flow
(rationalo nuclear power industry convention, moots HUREG-

0700 6.5.1.6c.(2))
Rods component statunt on/onergized/activo flow status

(rationalo: name as for groon)

_ _]
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Yellows alarm annunciator
(rationales good warning (attention getting) col"r por EPHI-

3659, availablo on electro-luminoucent displays)

Orangos componont control status: manual; non-alarm annunciator
(rationalo industry convention, supported by orango uses

listed in EPR1-3659)

Light Grey (lo intensity white): Static data (e.g. menu options)

(rationalet Por HUREG-0700)

Gray: Dividing linos, piping, non-controllable components, grida,
and miscellaneous items; minimally informativo and static
support . items

(rationale: Por tablo-6.5-7 of HUREG-0700, also for grey &
lt grey, note that items are expected to be of
low prominence)

Cyan Doncriptors of dynamic process paramotor values
(rationale: draws attention well but not as readable as

white, thortforo providos visual search landmarks
but a non-critical distinction

White Dynanic data (e.g.-prccou paramotor values & system
responso to operator touch)

(rrstionale t high contraut, used por EPRI-3659 for best
roadability of most informative info)

Purplot wording on labols for pont-accident monitoring indicatoru
(rationalot good contrast with white label background; purple

used aparingly por EPRI-3659)

Component and System Status coding (Refor to Figure 2 for an
examplo):

Use of Fill for inactivo/ closed /off Components: Standard
based on consistency with industry convention for valvos in P&ID
drawings. Easily discriminable on CRTs and flat panel scroons

Use of Hollow for activo/opon/ont some as for fill; also
provides good contrast to fill

Use of Dark (Rod /Groon/ Fill-no fill): Matches conventional
control panels which uso lights out, leaving dark red / green lensos,
to indicato loss of control power. The Nuplex 80+ convention is
common to the wholo MMI (IPSO, CRTs, control switch backlights,
etc.).

Use of Triangles for Activo/Inactivo System Status: Unique
use of triangle shape, no existing or conflicting industry
conventions for ' system'. Usos standard Huplex 80+ red / green and
holow/ fill

|
_
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; Anterix Indicatoo cuppoct data, uced for sa11once por NASA
USE-100, unique use of this codo

,

'

Undorlinot Used below descriptors to indicato that there is
i an oporator aid annociated with the paramotor or component

(providen information but low importanco). Samo rationale ao for
autorix

! Alarm Coding Rationalo: (refer to Table 1) Delow is the rationale
; for the alarm coding methods used in Nuplex 80+. Hofer to Section
i 2.6 of the Numan Factors Program Plan for System 00+ for a full
I list of doulgn basis references for the alarm aystem. In general,

a combination of this guidanco and the practical limits on display'

technology, plus flash rates and other clearly speciflod guidanco
! in NUREG-0700, Sections 6.6.3 f, 6,6.4 provided the design basis.

Alarm Priority: Alaras are shopo and callanco-coded for priority
! with increasing salianco corresponding to higher priority.

Salfonco lovels woro chosen by empirical evaluation of prototypes.!

500 Figure 1 and Tablo 1 for details.
.

Alarm Status: Changes in status of alarms are indicated by
flashing and hue, good attention-gotting featuras (por EPRI NP
3659, ot. al.). Past and slow flash rates are used as described in
Tablo 1. Exact flash ratos are still to Lo determined but will

j fall within the rangos of NUREG-0700. Duty cycles of 50-50 and 25-
! 75 are unod as appropriato based on NASA-3000. See Table 1 and

Figure 1 for details. Throo huos of yellow were selected to allow
coding of multiplo-status alarm tilos. The 3 hues woro acceptable
por NASA-3000 and provented masking, a common problem with multiple
input or combined alarms on existing systems.

Audiblo Annunciation: Momentary audible tones give clear,
unambiguous announcement of now, continuing unacknowledged, and
cleared alarms. Limiting tono to momentary prenonce avoids
disrupting operators. Tones woro 'solected for sound
charactoristics por NOREG-0700 and EPRI NP-3448.

The coding techniques conform to general human factora good
practico and NRC guidance. Overall coding schomon woro chosen to
be simplo, unambiguous and non-conflicting based on a distillation
of the best reference materials available. Similar rationale
exists for all coding used in the Nuplex 80+ control complex.

,

,
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TADLE 1

EXAMPLED OF ALARM CODING

AIARM CONDITIONS

WITilIN Tile AIARM SYSTEM, DIFFERENT PRIORITY CONDITIONS ARE
REPRESENTED BY Tile APPLICATION OF COLOR (shado), DESIGN, AND FLASil
RATE. Tile TABLE DELOW LISTS THE CONDITIONS AND TilEIR DISPIAY i

IATTRIBUT"St

ifnapingw,lpAgpd Alarna 111 s o l a y A t t r i b.u i o.
(same on tile or CRT),

New Friority 1 Fast flash & reverso video

thw . Priority 2 Solid f ast flashing wide border

Now Priority 3 Solid fast flashing brackets
i

How Operator Aid fast flash orange underline
|

'

AcknowledggA_Mf_rEn

Cleared Priority 1 slow flash, reverse video i

,

C1 cared Priority 2 slow flash, wido border

cleared Priority 3 slow flash, at brackets

cleared Operator Aid not displayed, goes directly to
reset

Existing Priority I solid background

Existing Priority 2 solid wide border

Existing Priority 3 solid brackets

Existing Operator Aid solid dark orange

Roset statio non-flashing

1L01.2D11
1-Color New=Dright Yellow, Existing = Medium Yellow, cleared = Dull
Yellow
2-The highest priority unacknowledged alarm is shown where multiple
conditons exist
3-The highest priority acknowledged alarm is shown where multiple
conditions e"ist
4-Unacknowlesged and acknowledged alarms are show simultaneously

- . , . . . - . - . - . . - -. - . . - .

- - . - , . - . - . - - - , , . - . -. - ., ..-,. , - . . . - .
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Qtmstion 620 d11
How does C-C plan to demonstrate that "impreved plant comprehension"
has been achieved over the reference design for:'

a. improved alarm presentation and handling

b. continued plant operation with loss of I or 2 diverse informa-<

tion display systems

c. integration of normal and accident monitoring displays

d. improved usability of the information presentation methods used
to rt' duce required operator informatica processing require ments.

.

~

hetiDgnoc to Q2LA)d.Lgm ndlinyhdgn.J.11

C-E has addronsed the issue of the alarm hardware and how it |

Was chosen, based on analyses and evolution, in Sections 3.3 and
3.4 of the lluman Factors Program Plan which is being submitted an
an additional responso to RAI 620.1. Ilowever, it should be noted
that alarm hardwaro specifico for Nuplex 80+ are not fina.1 at this
timo. This additional information is in response to the alarm
technical areas discussed during 11/17/91 and 12/4/91 meetings
between the NRC lluman Factors Branch and C-E, GSI IfF 5.2, GSI .

I.D.5(1) and to satisfy HRC requests for additional detail in !

620.13 (a).
The phraseology from CESSAR/DC such as " improved plant

cornprehension" of the alarm system requires clarification.
Features such as improved comprehension and reduced cognitive
workload are desirable and, indeed, aro design goals of the man-
machine interface design for Nuplex 80+. Ilowever, it would be
extremely dif ficult or it.noas.tblo to measure the dependent variablo
or conduct studios to objectively determine if theno goals were
reached. In addition, there is no available baseline data for such
comparisons. The Nuplex 80+ alarm scheme will result in some such
improvements as shown by ieduction of actual numborn of alarm tiles
and other hardware features. Ilowever, the design basis is to
demonstrato that adequate operator performance is achieved, not
optimal or improved performanco. See supplemental response to RAI
620.12 for a further explanation, if nocessary.

Adequate operator performance will be demonstrated through the
analyses and reviews described in the liuman Factors Program Plan.
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 tilos) and the CRTs continue to provide a
venue for human factors-input to the system,-as well as for input
from experienced operators on the permanent staf f of the design
team. Prototyping provides a further opportunity for review and

|

t
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design input, as doccribed in the plan.

Syntomatic analyson of oporationn are planned for the entiro
Huplex 80+ dealgn, as outlined in the program plan. Thoso includo ;'

validation, an describtA in the plan and following the methodology |
used in the lluplex 80+ F:tnction and Task Analysis Report and the'

Huplex 80+ Verification Anolynio Report, both of which have boon
submitted ao reference documentation for the design cortification.

procons. Additional analyson will includo suitability reviews and
validation. Alarm system analysis was not performed prior to
Nuplex 80+ design because of the plethora of industry and ;

regulatory material availablo. Instead, an ovaluation of this
material was conducted, as doncribed in Section 2 of.the program
plan. ,

The following background studica and references contributed to
!the Nuplex 80+ alarm schemos

-The Halden Reactor Studico

~ Control Room Reviews
:~EPRI ALWR Roquiremonto, Chaptor 10
t

-NUREG-0700, Chapter 6
|

-NUREG/CR-3217, 3898
.

-EPRI NP-3448

Those studios and references influenced the design in the following
ways: ;

f -Haldon Studios Provided basis for using critical functions and
'

success path monitoring as banco for alarms.
,

| |
|

|
|
|

|
|
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-Control Room Reviews: DCEDRu highlighted human factorn problems
with tho existing System 80 annunciation methoda, allowing
designers to avoid thoso pitfalla. This combined with other 11 cts
of 'clanoic' alarm pystou problems (e.g., in HUREG-0700), to

develop the 110t presented below

HELEK_ Sat _ALhBM DEVELM]iEFl

TYPICAL ALARM SYSTEM HP PRODLEMS THE NUPLEX S0+ SOLUTION

1. Alarm overload / Cascading Alarm reduction based ont
a) multiplo alarms for anno -signal validation prior to

condition (e.g.-channel a, alarm chocking, climinatos
b,c,d,x,y) multiple channolo

b) opurious alarm due to -algnal validation climinatos
instrument failuro spurious alarms

c) inappropriato alarms -modo /oquipment/EOG dopondency '

for plant /oquip. status onouros alarms are relevant &
not due to normal line-up i

d) poor organization / priority -apat.4al dodication for alarma
relating to significant
operator actions only;
providos greator onlianco to
most important alarms

2. Huisanco Alarms Huisanco alarms climinatods
-alarma not valid or appropriato -coftware smoothing

,

*opurious alarms (oliminatos contact bounco)
* contact bounco -modo /oquipment dependency
* phantom alarma

3. Audible Signal Problems -No silencing required
-ooparate tonco/freq. for
now & cleared alarms

-mementary reminder tonos
(for unack, now & clearod)

4. Alarm Format Problems Addressed via systematic
-wording and lettering application of human
-grouping and location f actors and industry guid-
-poor organization anco fort
-unclear coding -wording, letter height

-alarm categorization
-panol & scroon location
-coding and meaning

5. Conventional liardware Problems Eliminated via DIAS /CRT:
-inconsistent lighting lovels
-bulb burnout -no bulbs or LEDs
-inadoquato change capability -software disable / alarm

downgrado-

- . - - . . . . - . . - - - - , .- ,-. . - . ., - . , - .,
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-too many combined alarms -many moro inputa possible
a) hard to know cause of flash .

a) exact alarm messages
bj combAnod roflash masks prioritios b) sorts priority-shows

higest
c) combined reflash manks existing c) alarms can bo shown

together (via coding)

d) combined reflash hidos cit.2 rod d) shows all conditions;
or masks uncleared to show cleared cleared and existing

6. Hard to test -alarm testing from samo
input in conjunction w.
control / protection system
-activo display heartboat

7. Alarm Significance Unclear Significance Visual Mapping
used to relato alarm to
proceduro being used

8. Classic Alarm Acknowledge A l a r m A c k ,io w l e d g e c r i t o r i a*

Problems (Global / Local) -single point, singlo page
to ensure alarms are .

recognized beforo flashing
& audibles are oliminated,

,

-stop flash /rosumo
eliminatos visual noise
during conditions where the
operator is unable to

,

individually recognizo/ack,
each now condition

9. Alarm Access Difficulty -alarm mapping to sectors,
in CRT navigation directorios allows 2-touch

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

10. Multiple Alarm conditions -alarm lists sorted by time
difficult to diagnoso or plant area

.

b
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-EPRI ALWR Hoquirements: These requirements, as they portain to
alarm system design, woro factored in to the Nuplex 80+ alarms
schomo to develop features and definitions noted in the 'Kay

iFactors in Gonoric Alarm System Dovolopment' provided belows

KEY FACTORS IN otNERLC._hLARM SY8TEH=DIYEkQPMH
HUPLEX 80+ ,

-Alarm Roduction Method
* Process Representation Value i

-Modo Considerations
* Modo critoria
* Modo Switching Methods

-Alarm Prioritization
*Prioritization Display Coding
*Prioritization Critoria
*Prioritized Display Behavior

-Alarm Acknowledge Featurou
*Acknowledgoment Critoria
(singlo point, single pago, viewable only) ,

* User Query / Acknowledgement Responso Behavior !

,

-Ops. Alarm Messago/ List Format Behavior

-DIAS Design
* DIAS tilo scroon design and Dohavior
* DIAS /DPS Alarm Interaction / Allocation

-Audiblo Design

-Stop Flash /Rosumo Design

-Alarm Presentation Mapping Design
*Tilos/Paramotor
* Component /paramotor Descriptors
* System / Train /Flowpath Descriptors
*Pago and Directory Options

-Alarm Significanco Mapping Design Critoria
*EPG Solection Dependency; 1 to 1 mapping for Success

. . - , . - . - - - - - , _ - . , . , . - _ . . - . - - - - . - - - - - - . - ---. - -
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! Patho
*CP, Pfl, ED

,

Cornp11anco to non-alarm Regulatory Guidanco-

Rog Guido 1.97*
*NUREG-0696
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-NUREG-0700, Chapter 6: All functional requirements for the alarm
system man-machino interfaco listed in this document woro used as !

design goals and woro act. |

-HUREG CR/3217 This reforonco, along with many industry reports
such as EPRI NP-3659 and 3448 helped form the basis for 'Huplex 80+
Alarm Acceptanco critoria', provided (for illustration, those are
not formal DAC) below

HUPLEX 80+
A] arm Accentanco criteria

1. Verify Modo-Dependency of Alarms
(No ALARMS INAPPROPRIATE TO PLANT MODE)

-Normal Operations
* plant dark at power
*no ' status' alarms (no action required) present

-Normal Transients
*no extraneous alarms during SU, SD, ils
*no external alarms during normal RX trip

;

2. Alarms Specific to Event

-Abnormal Transients
* alarms correct for ovent
LOCA, SGTR, ESDE, LOOP, LOAF, BLACKOUT
N+1 EVENT (appropriato to functional recovery)

-Normal Reactor Trip
* alarms indicato only unusual items not normal ' wake
of trip' status information

-Dynamic simulation verifios:
* no cascading alarms (alarm avalanche)
* no alarms based on inappropriato oquipment status

| * no phantom alarms (causo must be discernablo)

3. Verify Alarm Priorities

-All Alarms Must Hect Priority Dofinition when Simulated

4. Reduced Number of Alarms

| -The number of alarm tiles actuated during events is less in
; Huplex 80+.than in conventional plants)

*cxamine transients noted above (high workload)
* number of nuplex alarms < number of alarms for reference
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plant (e.g.-System 80 of same size)
.

-(Pending Availability of a system 80 simulator)
i;

5. Event Identification

-Through a combination of alarms, operators shall be able to
identify abnormal transionts during simulation

6. Verify All Display Alarm Critoria llavo Boon Hot

* Alarms are categorized by panol and function
* Alarms can be acknowledged individually or in small
groups
* Alarm status and representation (cleared, acknowledged,
etc.), are as described ;

* process display page, display fields, and navigation are
as described

* alarm supprossion features work as described

8. Vorify Useability

-Working Prototypo; verify with users that
* Acknowledge, Toot, and Roset functions and
actions are understood
*prioritization scheme and navigation are understood
*various software-based coding schemos are understood

Critorion When a novice usor, after <30 minutos of instruction, i

can understand the above and doinonstrato accurato uso.

9. Functional Layout

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

<

h

i
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-NUREG 3898: Provided detalla on alarm procopaing i

E.uRI NP-3448: Showed the ucofulnoun of rotaining apatial
dedication

Throughout the design proccos, relationshipo betwoon the human
f actors of the alarm system and other plant information and control
methods are standardized and donigned to conform to good human
factora practico. This in accomplished by providing two documents
to donignors, the Huplex 80+ Information System Description
Document and the Human Factors Standards and Guidelinos Document.
Thoso documents, which are baned on the aforemontioned references
and others as described and referenced within, nasuro-
utandardization of the MMI features such as flash rato,
prioritization, letter olzo, color coding, location, etc.

The development of Doolgn Acceptanco Critoria for the alarm
system will further anauro that the design doon not deviato from
operational noods tuul t..o principlon of good human factors
engincoring. Tho Danign Acceptanco critoria for the alarm system
add assuranco that the doolgn in acceptable in torna of its
functionality and uncability.

!
I

i

e- . . - . . .. , _ -c.. .
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29.0D_t10lLfdA161

How was the task analysis used by those responsibic for the individ-
ual panel designs? On what basis was the allocation of tasks made
to specific places of equiranent?

E0.En9Brto to 620. lfdRg.yinisr_1).1.

C-E has addressed the issue of System 80+ task analysis in
numerous documents as woll as one of the technical discussion erano
during mootings with the 't1RC lluman Factors Branch on 11/17/91 and
12/4/91). Additional information in response to this RAI is
limited to the areas specifically requestod by the NRC, namely the
relationship betwoon tack analysis, task allocation, and panel
layout.

The following description of how task analysis is factored
into control panel layout usos the RCS panel as an examplo. The
aamo methodology shall be followed in all Nuplex 80+ control panol
layouts for System 80+. This method is standardized by means of
the control Panel Layout Guidelinos document, found in the Nuplex
00+ referenco documentation volumes and CESSAR-DC, Section 18.3.
Details on the specific RCS panol layout method may be found in the
System 80+ Reactor Coolant System Control Panol arrangement
document, in Volume 5 of the referenco documentation volumes.
Further details on the use of task analysis in the panel design
process can be found in the Human Factors Program Plan which is
being submitted to supplomont the response to PAI 620.1.

TASK ANALYSIS AND PANEL LAYOUT
}1GPLEX 80+

I. FTA IS THE FIRST STEP IN NUPLEX PANEL LAYOUT
(*RCS Panel is the Examplo)

1.-Assignment of Functions

A. Revi+.w of FTA/ Computer sort of FTA data to identify 1

functions |
o :

B. Evaluato Functions; datormino applicability to RCS ]

C. Engineering / Operations review of Reactor Coolant System |

functions

D. Compile function list

- _ _ , _ _ _ _
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2.-Functions Organized Into Groups

A. Reactor Coolant Pumpo

B. Reactor Coolant Scal /Dlood

C. Roactor Coolant System

3.-Functions Organized on Panel ,

* The most frequently used functions (based on operating
proceduros and experience, as wall as FTA data) are on the central
portien of the panol, others on the periphery, based on their
functional relattonships (nardwaro interf aco/onorgy flow) with the
ndjoining panel sections.

4.-111gh Lovel Function Analysis !
:

A. Review list of functions and subfunctions to determino |
adequacy of groups, based on operations

,

J

B. Focus on operating mode

II. DETERMINATION AND ASSIGNMENT
OF ALARMS, INDICATIONS, AND CONTROLS

1.-Dovelop List of Nooded Alarms, Indications, & Controls

A. Review Function and Task Analysin

B. tamputer Sort:
* Identify Paramotors and Characteristics for the RCS

C. Evaluate Parameters and Characteristics:
* Assign to functional groups (based on proceduros, systems

and operating experience)

D. Indopondent Evaluntion for Other Paramotors and
Characteristics; for examplo:
* I&C donign requirements
* System 80+ RCS p&ID
* Support system P& ids
* System 80 operating proceduros

H. Engineering and Operator Evaluation
*of-paramotors and characteristics

g

F. Compilo Information Requiroments List

i

1
-- - - - - - - . . . , , , , , . , . . . , .
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G. RovioW FTA Results and Other Documents:
to identify controls for RCS panel function*

II. Engincoring and Operations Evaluation
*ovaluato list

i * modify list

2. Further Engineering-Performed

-In addition to the FTA
; -Hardwaro selection for the MMI

-veri {icationandvalidation
Alarms and indications are examined separately from controls.

Monitoring. tasks were_ovaluated extensively via the Function and
Task Analysis. Control tasks were ovaluated to confirm that
control allocations for- previous System 80- plants remained .

applicable for System 80+. This was because the control-

requirements and MMI format for Huplex 80+ were ossentially the' 4

same as for existing System 80 plants. Even in casos where flat -i

panel displays woro used for process control, the function and
appearanco for the controllers . was very similar to conventional
Manual / Auto stations. Not sr, the indicators; although the type and ,

nature of the information being indicated remained- the same for :
'

Huplex 80+ as in existing plants, the man-machine interf ace used to
present it has a different format and does not operate in the same-
way. Thorofore, a new FTA was needed primarily for monitoring
tasks and to a lesser degree for control tasks.

-Allocation of tasks to specific pieces of equipment-was made
based on a number of-factors such as hardware properties of the
equipment, rpgulatory constraints on the reliability and use of
equipment, sof tware functions possible on the equipment, operating
experience, and, the human factors ' suitability' of the equipment
to the task. In other words, based on reference documentation such
as Salvondy's Handbook of Human Factors, MIL-STD-1472D, and Van
Cott & Kincade's Human Enaineerina Guide to Eauipment Desians it is
known what types of hardware are appropriate to generic task types
such as monitoring, discrete component _ control, etc. Using this
basis,-different tasks were allocated to the basio equipment types:
Big Scroon, CRT, - Electro-Luminescent Displays (ELDS) , and Discrete
pushbutton Switches. The rationalo.for choosing these hardware
types'is discussed at longth in the Human Factors program Plan.
The nature of the identified taske__may be found:in.the Nuplex 80+
Function and Task Analysis Report.

Some examples of allocation of tasks to specific pieces of-
'

equipment are illustrated balowj to show design methods used.'

Electro-Luminescent Displays are used_as the sample hardware for_

the tasks described. Hote that required information and' control-
charictoristics were selected and this selection drove the hardware
decision, as described in Section 3 of the Human Factors _ Program
P1an.;

I=

|- ,
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Because of the qualification and high reliability of these
devices, ELDS are appropriate for tasks which must be performed
during events for wh.ich CRTs and Big Scroon are unqualified, i.e.-
assumed unavailable, such as a seismic event. The DIAS hardware is
programmable to display information and permit control 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 lovels placed on
ELDS for monitoring tacks. The ability to provide spatial
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 / Automatic Stations for
process control. Hardware and software properties of the displays

'

allow the user to change and see setpoints 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 practico for the other main
pieces of hardware. The IPSO display (big screen) is suited only
tu 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. A
description of the human factors rationale for the selection of all
control room equipment types can be found in the Human Factors
Program Plan.

,

'
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Ouestion_52.p A 4J

Describe the workload analysis for one and three person operation of
the controlling workspace. Describe how the task loading and work
loads change.

Fesponse to 620 2A _(JLevision 11:

The issue of analysis of crew sizes and how the Naplex 80+
design supports them has been addressed in discussions of the seven
technical areas of human factors concern at meetityJs with the NRC

HP Branch ou 11/17/91 and 12/4/91.
To clarify phraseology from CESSAR/DC and previous draft

respei.Tes to this RAI, the discussion on the range of pote# ial
task . Loadings (e.o.-infinite) are not germane to the issue of
workload analysis of proposed crew sizes. Per discussions with the
Human Factors Dranch of the NRt, the goal of one-person operation
applies not to the entire cor. trol room, but only to the controlling
workspace. It is accommodated by the design of the Master control
console (MCC). 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. This staffing level was analyzed as part of a
commitment to meet the one-person staff for operational scenarios
described below:

The Nuplex 80+ Function and Task analysis found that, for
y anticipated conditions, the one-person crew was able to handle the

norma) workload demands of operation. Those conditions analyzed
for tne one-person crew size included only normal steady-state
operations and escalation froin hot standby to full . power
operations, as well as immediate post-trip actions. Nuplex 80+ is
not designed such that cold shutdown to hot standby, recovery from
trip, and normal shutdown could be managed by the one-person crew.

The immediate post-trip actions were considered to be the
limiting condition of operations based on C-E's experience with
similar plants. Walkthroughs were performed with the emergency
procedure guidelines for System 80 and it was concluded that
workload demands on a single operator were highest immediately 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).

Staffing levels form the design basis for the Nuplex 80+
configuration and floor plan. The one, three and six-person crews,
were based on EPRI guidelines (AIRR URD) and task sequences
required (e.g.-during post-trip for the three person crew) . The
one and three person crew sizes represent minimum staffing for the
limiting evolutions, hot standby to power, and post-trip,

.

, . . .
.

.

-
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frespectively. Other pant operating modes are expected to be
bounded by these staffing needs (i.e.-require crews of one to A;

three). These sizes will be validated at the integration test
f acility using design acceptance criteria. Refer to Sections 2 and
6 of the 1: en Factors Program Plan for supplemental information.

As pointed out in Sections 1-4 of the FTA report, the nature
of tasks which must be performcd for the System 80+ plant, and the
information needs in Nuplex 80+ do not vary significantly from
previously-licensed System 80 plants such as Palo Verda 1,2,& 3.
The Nuplex- 80+ control complex is evolutionary and not
revolutionary. The control room is designed to upgrade the MMI by
capitalizing on newer technologies and lessons learned in the
nuclear and other process industries. 11owever, much of the
documentation and experience gained from the current generation of
C-E power plants remains relevant to the operator of System 80+.

The following high level tasks were considered for differen'
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
80+, potential roles of additional operators (allocation of tasks) ,
and workload analysis for Nuplex 80+ may be found in the response
to RAI 620.25.

.

2
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ouestion 620.25:.

Describe the basis for the design goal of one person control of
operations between hot standby and 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?
RespoDye to 620.25 (Revision 11:

The issues of allocation and crew sizes and how the Nuplex 80+
design supports them have -been addressed in - discussions of the
seven technical areas of human factors concern at meetings with the
NRC HF Branch on 11/17/91 and 12/4/91.

To clarify phraseology from CESSAR/DC and previous - draf t-

responses to this RAI, discussion on the range of potential task
loadings (e.g.-infinite) are not germane to a description of chosen
cren sizes.

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 three and six-person crew sizes do not reflect
specific EPRI or NRC -goals but, rather, represent a - range of
potential crew sizes based on typical utility staffing levels.

Separate analyses were not performed for the one, three, and
six person crew sizes. Although'the assignment-of tasks and the

-

number of crew members may change, depending on a given utility's.
preference, the number and nature of the tasks- do' not. Nor is-

there a difference in the functions-the plant systems must perform
-

or the control room information needs based on task-size.

The allocation of. tasks between multiple crew members is a key
design consideration. This has been addressed in the~ design of the
Nuplex 80& control complex, through the _ floor' plan ' design and
allocation of eystems-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 ire all controlled from
the MCC. The remaining two operators in the = 3-person crew size -
would include one operator assigned to the safety and auxiliary-

consoles to control emergency success paths and one senior reactor
operator at the CRS console,juonitoring overall' critical functions
and directing-success path strategies.- For other plant operating.
modes, other staff allocations are possible but the one and three-
person-crews are considered the minimum crewisizes for the limiting-
cases of operation.-

The crew size of 6 is envisioned to include two operators at-
the MCC. Ilowever, these= individuals will-Lot interfere with one

.,

_
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another since overy section of the MCC has its own spatially
dedicated displays and any CRT display can be called up on-any of
the CRT screens. Further, since the panel layouts mimic plant
energy flow, the task sequence moves logically cround this
'horcoshoe', allowing for an even break-off of tasks without
interference.

The other four crew members are envisioned to be one cach at
the Safety and Auxiliary consoles, and two at the Control Room
supervisor's console. The crew at DCety and Auxiliary consoles
will have no job overlap since the functions assigned to these two
sets of panels are quite different. During emergencies, this will
consist of monitoring and restoration of cuccess paths. The two
crew members at the supervisor's- console- are envisioned to be
supervisory and STA/ advisor personnel. They will have the ability
to call up any CRT display on their own two CRTs and to monitor the
plant via the IPSO disp]ay, however, they will not perform any
control tasks. The 6-person crew is not a routine staffing level
but might represent extra consulting and/or backup personnel
brought in by a given utility should 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 80 (or System 80+, if available)

i Emergency Procedure Guidelines us the task basis. For this
analysis, a simulated full operating crew will be used. Per the
aforementioned meetings with the NRC HF Branch, issue of crew sizes
will be included in the design acceptance criteria as they are
developed over the next year.

A summary of logic for operating crew sizes is provided below:
1
'

- Crew Size:_, Minimum Maximum

Mode

Start-up bounded by normal & post-trip 6
operating minimums

Normal Ops. One Person 6

Post-Trip Three Person 6

Crew 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 80+ may be found in the rerponse to
RAI 620.24.

,


