





VOLUME 1il, CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paraqrapn No

Reaquirement

Hav.

2.2.10

M‘f"

MCR (Continued)

The location and appropriate layout of the MCR will be basax on reducing
the neert for access to the MCR by other piant personnel, yet maintain the
necessary Lapablity for the MCR staff 10 interface effectively with the fieid
equipment uperators and maintenance staff. The MCR environment is to
be designed using human engineering principles to provide a comfort-
able. professional atmosphere for the operators that enhances their effec-
tiveness. Attention will aiso be given to the use of colors and lighting
levels 17 enhance operator alertness and minimize operator fatigue.

The layout of thie MR -~ nd the inventory of alanns, displays and controls

will be selecied as part of the design process to explicitly, comprenensive-

ly, and consistently support a top down, functionally based, decision
making approach for investioating. planning, executing and verifying con-
trol for all plant conditions. Furthermore, the MCR equipment and infor-
mation will be integrated and coordinatad with other plant functions: en-
gineering. maintenance, management and emergency response facilities
(Technical Suppon Center and Emergency Off-Site Facitity).

MCR shall contain compact, redundant, operator work stations with
multiple display and control devices that provide organized, hierarchical
access to alarms, displays, and controls. Each work station shall have
the full capability to perform MCR functions as well as support division of
tasks between two operators. An additional work station shall be located
in the MCR for use by a supervisor. Redundancy in the work stations
shall be provided so that the inoperability ol any one work station does
not prevent the operators fram sharing thuir tasks between two operators
at differant work stations. in addition, certain controis important 1o safety
shall be provided in a separate and diverse manner (e.g., conventional,
hardwired controls). These controls will provide a diverse backup
capabilily independent of the work stalions. A means of readily vbtaining
hardcopy output of the work station displays will be provided for the
operatmg staff.

h selection and arrangement of the dispiay and control features for the
redundant work siations shall be established during the design process
described in Section 3. The dasign shall consider the use of muiti-fune-
tional display and control features to obtain an integrated, compact work
station design which provides a consistent interface for all conditions and
actions, This inciudies, for exampie, the use of a muiti-functional control
device for the operation of redundarit safety trains and for the operation
of both safety and non-safety equipmaent.
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‘The specific feztures described here are 10 be used as the starung poiat for the
design. They must be tested and validaied as part of the M-MIS design process,
described above and in more detail in Sections 3 and 4 of this chapter, and the
human factors studies and evaluations of human performance that arc used as the
basis for the design and its validation. The requirements on the design process and
esung and validadon of the design are most imporiant and, where the evaluations
show conflicts or the need for modifications, the design process requirements shall
lake precedence over the specific features identified as the starting point.”
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Add the following new bullet at the end of 3.1.2.4:

s Appropriale adnunistrative systems for ensuring that humen fuctors issues
identified in the design process arc adequately communicated, tracked and
resolved systemutically and consistently, including a definition of how the
desiga temn will communicaie and coordinate on human factors issue: and the
requirements on the technical conient of those communications.*

der Rat

s In order to ensurc that human factors is properly addressed in the design, it is
important that appropriate mechanisms be in place for identifying,
comumunicating, and tracking the resolution of human factors issues that anse
during the design process. ln addition to having an administrative system
(2.g., an issues tracking system), the designer must define the required
technical content for the issues that are tracked.”
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Requirement

Ratonsle

4.1.3.%

4.1.3.2

4.1.33

é__\___“u__g__ts_ can impact the M-MIS and plant system designs.

Makeup of Heview Team (Continued)

« Individuals familiai with othar disciplines appropriaie (o the
functions of the particudar controi station, for example,
maintenance, testing, procedures, lighting, radiation
protection, communication, ficensing, and reactor en-
gineering

Use of Mockup Contrai Stations

The: design process shali provide for the fabrication of a mock-
up of each control station for use in the review process.
Mockups shail be capable of being readily modified so that
changes can be made easty and evaluated Maockups shall
be availlabie sarly In the plant design so that resuits of eva ua-
tions can impact the M-MIS and plant system designs

Use of Active Simulators

The control station design review process shall provide lor the
use of active simuiation of the contrdd stations. Dynamic

simulation devices shall be made available early in the design
process and prograss in scope and detall 1o full scope design
simuiator during the design process 3o that results of evalua-

iteration of Functions, Tasks, and Designs

The design process shall provide for the teration of the con-
trol station design with the functions and tasks assigned 1o the
control station.  That !s, the design process shall specifically
provide for teedback from the design of the individual control
stationy io the overali identification of functions and tasks and
their assignment to particular cortrol stations.

_(&)/ M_W 4 ﬂ-ﬂv.n_ Page 10.4-3
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Makeup of Review Team (Continued)

Use of Mockup Contiol Stations

Although some initial reviews with drawings can be made, &
is essential that accurate pictornal mockups be made at an
early stage. This imnrovas the quailty of any roviews

Uuo!lcﬁwSinm!mon

Although mockups can provide a review of some features,

they inherently lach (he time Incut and onerational context

which is important in some tasks. For such tasks, the sardy
use of simulation helps 10 avoid un-sasonable demands on
the operators.

iteration of Functiors, Tasks, and Designs

The design process needs to be such that difficulties found in
the coursa of the review can result in reassignmernt of tasks.
Otherwise, there is no mechaniem to correct intial assign-
ments of functicus and 1asks which lead 1o unsatistactory
control station designs.
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VOLUME i, CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Fasegraph No Requirament Rationale Rev.
4825 Unauthorized Use Unauthorized Use

The M-MIS Designer shall ide tify those contzols at normally Although securty against unauthorized use Is prudent, such
unmanned local contrl stations which have serlous conse- measures can easiy impede the operstors actions in an
quences ¥ activated by unauthorized persons. Satious conss- emergency. Tha M-M!S design must belance these con-
QUeNces are: siderations
« Vidlation of plamt tachnical specifica’ions, 54
« Immaediate trip of the plant; ¢
« Actuation of safety sysiems; ¢
s Damage of expensive equpment or repalrs that require an a

oIl mea—

axtended ourage

For such cordrols, the M-MIS Designer saall providta positive
maans 10 preveni unauthorized actuation, except whers such
means would interfere with emergency use of the control.
Where no positive means s practical, the M-MIS Designer
shall assure that the conditions caused by the unauthorized

— BCton will be adequa’<'y annunciated 'n the MCR.

49,3 o " ans %nmuncmm

(7of Ledll
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The M-MIS design shall provide for contrdd stations cutsids
tha MCH which have the capahiity o bring the reactor 1o hot
standby and maimain # in ihat condi®ion indefinlsy The M-
MIS design shal! alao sllow the plant to be brought to cod
stundown within 72 hcurs using thess control statlons as well
as loval controls. The remote siutdown ststions shall aiso
provide for the performance of speclal functions and tasks as
defined in other sections Of this chapter and in other chapters.

Page 10.4 82

it is the intent that the ALWR have a capabiity 10 meet sp-
pable regulations with regard 1o MCAH evacuation. Func-

tions and tasks in additicn to those required by regudation
have heen identiflad.

-
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t
KAUONalL

A nrablar o . hann 1dent Aneraiinans
Prodiens [ oCC u--.u.u.C\a ICEAICINE Operalion

carried out at local control stations in present plants. For
NURE( ( R-3696, Potential Human Factors Deficiencies in the
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Attachment B

Database Pages

Issues P.1B.0-31, Issues P.1B.0O-32, issues P.1B.0)-36, Issues P.1B.0-66,
Jssues P.1B.O-67, Issues P.1B.0O-68, 1ss.1es P.1B.0-69, Issues P.1B.0O-70,
Issues P.1B.O-71, Issues P.1B.0O-72, Issues P.1B.0-73, lssues P.1B.0-74,
Issues P.1B.0O-82



ALWR/NRC OPEN ISSUES

y ALWHR Ch Mgr Status: NRC SER nput Status: Next Action:
P18.0-31 [ ] aosedicen N

electronic display of proceduras, use of mixed types of procedures from ane control station to another, and use of active simulator 1o valicate procedures
(3233

Absiract “Industry Positinn NRT Fosition Ketlon Decc?uon
{OSER, p 18.3-52) "The siafl concludes that the information Pizase ses the responss to “E10-N-BD" and {DSER) See Abstract MRC prepare SER input
pwr.wu:,acfb in these sactions of the Requirements Document is *PA0.O-88".
not sufficient for a gstermination that the requiraments for the | —- (11/3732 meeting) See
design. dev 1, and validation of plant procedures ars J0.0-86. Wl ciose by
acceptable. the elsctronc display of procadures (11/3/32 meeting} Although the “design passing fc the dssigners.
may anhance irformation: display flexibiity, the limitations ocess” has priority over specific design
and constraints associated with this technology. as well as Isatures in the UKD, this particular fealurs has
the MW and rekability of this racowved 2 great deal of emphasis from the
rschrology, id ba fully evaluatad in the context of the usn.
entira control roon: and other contre! station designs before

committing te such an approach. Fuither, the sfaif concludes
that EPRY shouid evaluate 1ssues concerning the use of
mixed 1ypes of piocadures from one coniro! station 1o the
next, as well as the requiremant for the active simulator to be
used for the validation of procedures *

NRC Review '
DRCH/HEFE ©. Galletti -

Page 1 Last Updatea: 12/18/92 Printed on: 12/18/92






ALWR/NRC OPEN ISSUES

example, see NUREG/CR-3608, Potential
Human Factors Deficiencies in the Design of
Local Control Stations and rator interfaces
in Nuclear Power Plants,
NUREG/CR-5572, An Evaluation of the
Eftects of Lecal Control Station Design
Configurations on Human Performance and
Nuclear Power Piant Risk. The problems have
included human ! ing deficiencies in the
control paneis, move fundamental probiem
relating tc the number of local controt stavons
ired to accompiish a function or task and
deficiencies in communications, feedback
intormation, 5 mﬂtwlack - nt to
support operations.
“functional centialization” of iocai operations
has been Mbd:ﬂyhﬂn NRT aem:
significant concern with respect 1o
probabilty of human error in ing out
operations at igndicant control
stations {sse 2 R-5572). 1t is the
intent in ALWRSs that the problems with loca!
control staticns in present piants wili not recur
in the ALWR. Locai control functions and tasks

allows functions to be carried out iently
and excessive workload and coordination of
parsonnel.

Last Updated: 12/14/92

Printed on: 12/18/92
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ALWR/NRC OPEN ISSUES

P.10.0-66 |[___':

ALWR Ch Mgr Status:

Cpen

scheduling of human facicrs studies bafore stant of control rooms design process {3 1.3 of Appendix B)

NRC SER input Status:

Nexi Actica:

Abstract

(DSER, p 10.8.5-4) "It is the staff's position that the major
portion of human factors studies should be completed bafore
the start of the controi r0om design process Results of the
g‘u;nan tactors st’t:dioo should be available to the M-MIS

igner during the early phases of the design
crtical decisions are i made conceming the conceptual
framework, the baseiine design cf the control room. the desigr
of the control boards, and the depth and breadth of hardware
and software systems. If tha resulis of human factors
studies and evaluations are not avaiabis during the gesign
process when the information is neaded, the design wiil
prograss without the bensfit of human facters input.

“Incorporating man-machine interfaces into the control room
using a verification and validation approach places human
factors in a retrofit mode from the very begin

process. Such an approach tends to focus the human factors
effori on specific issues rather than on the control roem as a
whole. The studies and evaluations performed before the
stant of the actual ign process contribute valuable insights
concerning the human factors aspects of the individual
man-machine interfaces considered for the contro! room, as
well as the istic effects created by various
combinations of the interfaces within the contro! room. The
scheduling of human factors studies is an open issue that
must be resolved before the staff can complete its review of
the Passive Requirements Document ”

Page 6

ing of the design

Industry Position
it is EPAl's position that 7t is both impractical
and unde sirable 1o have the maior portion of
the human factors studies done belors ihe
design ie started This is because meaningtul
human factors studies are best done on a real
design, with real requirements, in the context
of a reai overall plant. To require the majority
of the human factors work be done before
design effonts can provide a focus for the
human factors studies, would be much less
sfficient that basing the studies on a real plant
design. Furthermore, #t ignores the importance
of iteration of the M-MiS design with the plant
systems desicns, which is specifically required
i Chapter 10. Of courss, the featurss
salected asg the ing point for the
development ard the focused human factors
studies should be chosen based on cm
human factors principies and practices. is is
the case for the basx design features outlined
in Chapter 10.

A new aph will be addad 10 Section
2210 of &aptcr 10, batween the existing
fourth and fifth . as follows:

“The specitic features described here are 1o be

used ¢s the starting point for the design. They
SRS dtion gonein, Stecried does oot

I i . above and n
mdﬂaﬂmmawldmmﬂﬁa.

and the human factors studies and evaluations
dh;mmgﬂmoﬂ\a&mu«duﬁw
basis for n and its validation. The
requirements on design: process and
testing and validation of the design are most
important and, whers the evaluations show
confiict sor&omﬂi&m&m& ak'om
design process requirements 1

as the starting point.*

Last Updated:

KActicn Description
{DSER;) See Abstract NRC review URD change
{10/1/92 Whitaker &
Wiison'Smith! The NRC
thinks the r of
business .s to develcp a
concept, study A,
develop requirements,
and then design the
system. Task analysis s -
a discovery tool, not 2
Validation and Verification
tool, For examgpile, the
URD stans vg’!:x the
assumption compact
worksmaor‘.‘e" ions are ths

pri ed design without
doing studies that arrive

at that conclusion.

NAC Review
(11292 FB G. Galletti

beiiaves tha issus can be
resoived by an “up front”
clarification that the
gesign procass i

by the URD takes
pracedencs over the
specific design features
also found in the URD

12/14/92 Printed oa: 12/18/82
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ALWR/NRC OPEN ISSUES

ALWR Ch Mgr Status: NRC SER input Status: Next Action:
| m— e
guidance to the M-MIS designer to overcome past problems (3.1 4 of Appendix B)
Abstract stry Position NAC Position ~Action Description
(DSER, p 10.R.3-5) "In Section: 3.1, of Chapter 10 EPR! The URD requires in Section 3.1.2 4 of Chapter | (DSER] See Abstract NAC tc review URD change
states that experience has anown that conventional design 10 that the M-MIS Designer prepare a detailed -

methods cannot be expected to provide d interfaces
between the operators and the pltant and that even if ali the
design requirements are identified, it is unrealistic to expect
them to be met in a simple and practical manner unless the
design process is systematic and consistent, The staff has
identitied two important problems in smplementing the EPRI
requirements as pan of a design process.

“The first problem i the lack of guidance provided for the
M-MIS designer to ensure that past problems related to the
implementation of large numbers of design requirements can
be identified and successfully overcome. ... Inr nse {o
an April 17, 1991, reguest for additional information, EPR!
stated in & letter dated June 13, 1991, that the specific
programmatic methods used in the ign process are the
responsibility of the M-MIS designer. The deficiencies in the
Passive Requirements Document the nooos?tzm‘
guidance for the M-MIS designer to overcome past pr
and .. . are open issues that must be resolved betors the
g:cﬁ can complste its review of the Passive Raquirements
ument.”

plan for the development and implementation
of the M-MIS design. That section identifies a
number of assential attributes of that plan. In
order to assure that the M-MIS Designer

syste: ‘atically considers al' the requiremants in
the Ut.D, even those in other chapters, the
follov.ing additicnal item will be added to those
which the design plan must specifically
address as defined in the requirement of
'S'ection 3.1.2.4 of Chapter 10 {Volumes il and
):

“*A plan and method(s} dev by the
M-MIS Designers for assuring applicabie
requirements, including those in Chapter 10
and in other chapters of this requirements
document are consistently and sptomaticany
addressed in the design process.

The following item will be added to the
rationale for that section:

“The M-MIS Designer must integrate 2 large
number of requirements from various sources
and the other chapters of the Utility
Requirements Document te develop a
satisfactory M-MIS design. Systematic
identification of these requirements and

appr means to assure that they are
comm in the M-MIS design process are
necessary.”

We note that past problems of consistently
addressing and resolving large numbers of
requirements have been small compared to the
probiems caused by the omission of k

i [ i . The URD is
this more

%3/92 meating)

wewer - Galletti - says
OK with minor change to
10-3.1.2.4

NRC Review
DRCH/BHFB G. Galletti

Last Updated: 12/14/92 Printed on: 12/18/92
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the RAls of Aor: 17, 1991, the requirements in | Wilson/Smath) The NRC

are intenaed as a starting for the business i 0 develep 3

process. The URD defines the attributes concept, study 2,

the process must be usad to prove out raguirarnents

the human factors of the design features and =nd then desgn the

validate that the overall design s sffectve. 1t system. T, s

s intended that the design process estabish a discovery oc., not 2

the details of the appiication and # s fully Validation and Verfication

expacted that some of the initial leatures will tool. For ig, the
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mathods of evaluation mciude task analyses assumption that compact

and the axiensive use of mockup and workstations the

simuiation as waill as multidiscpiinary prefarrad without
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specitic human factors prebiemns with the 2t that conclusion.
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