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181 INTRODUCTION

This chapter deseribes the ABWR man-machine interface system (MMIS) design goals and bases,

standard MMIS design featurcs and the detaled MMIS design and

inplementation process, with embedded design acceptance crieria, for the ABWR standard
plant operater interface. The inventory of instrumentation and controls needed by the
control room stall for the performance of emergency aperatng procedures is also described.
The incorpotation of human taciors enginecting principles into all phases of the design of
these intertaces 1 provided tor as descnbed in this chapter

Design goals and design bascs lor the inscrumentanon and control systems and operator
interfaces in the main control room and in remote locations are established in Section 18.2.
The overall design and implementation approach is described in Secuon 188 Section 18.4
contains a description of the main control roum standard operator interface design features.
The remote shutdown systcin s described in Secuon 185 Section 18.6 discusses how the
systems which make up the operator interface are integrated together and with the other
svstems of the plant. Secvon 127 discusses the detailed design implementation process. The
ABWR Emcrgency Procedure Guidelines, which provide the bawis for a human factors
evaluation of emergency operations, are contained in Appendix 18A Appendix 188
discusses the differences herween the ABWR ¢mergency procedure gudelines and the US.
BWROG Emergency Procedure Guidehings, Revision 4. Appendix 18C presents a
characterization of a man control reom cuergiod interface equipment implementanon that
incorporates the ABWR standard dosign fcatures discussed in Secuon 184, The input data
and results of calculanons potformed during the preparation of the ABWR Emergency
Procedure Guidehnes ace contained in Appendix 18D A general descniption of the design
and implementation process for the ABWR operator interface and supporting plant sysiems
is presented tn Appendix IBE Appendix 18F co- uns the results of an analysis of
information and contro! needs of the main control 1oum operators during emergency
UpLTatony

182 DESIGN GOALS AND DESIGN BASES

The primary goa! for operator interface designs 1s 1o facilitate sale, efficient and rehable operator
performance during all phases of normal plant eperation, abnormal events and accident
conditions. Te achwve this goal, mformiation displays, controls and other interface dewces in the
control room and other plant areas are designed and <hall be implemented in a manner
congistent with good human tactors enginecnng practuces. Further, the following specific design
bases arc adopted.

(1) During all phases of nurmal plant operauon, ahnormal events and emergency conditons, the
ABWR shall be operable by two reactor operators. o additon the operating crew will include
one assistant control room shift supervisor, onc control room shift cupervisor, and two or more
auxibary equipment operators. During accidents, assistance is avalable to the operaiing crew
from personnel in the Technical Support Center. Four licensed operators shall be on shift at all
umes, consisient with the staffing requirements of 10CFRS0 54m,

(2) Promote cflicient and reliable operaton through expanded applicaton of automated operation
capabilines,

(3) The operator intertace design shall utihize only proven technology,




R RTINS,

Mo 1% R0 OO G L ILERE BUDG T ’ PEE

(4) Safetvrelated svstems monitoring displavs and control capability shall be provded in full
corr pliance with perunent regulations regarding divimonal scparation and independence,

(3) The operator interface design shall be highly reliable and provide functional redundancy
such that sulficient displavs and control will be avalable in the main control room and remote
locations (o conduct an wmrderly reactor shutdown and 1o cool the reactor 10 cold shutdown
conditons. even duting design basis equipment bulures,

6) The prinaple funcuons of the Safety Parameter Display System (SPDS) as required by
Supplement 1 1o NUREGO787 will be integrated into the operator interface design,

(7) Accepted human tactors eagineering principles shall be uulized for the operator interface
design in meeung the relevant requirements of General Design Criterion 19, and

(8) The design bases for the Remaote Shudoun System shall be as specified in Section 7.4

185 PLANNING, DEVELOPMENT AND DESIGN

18.3.1 Introduction: An integrated program plan 10 incorporated human factore engineering
principies and (o achreve an integrated design of the control and instrumentation systems and operat
interfaces of the ABWP vas prepared und implomeated. The program plan presents formal decisior
analyns procedures to facilitate selecnon ol dewign leatures which sausty top level requirements and
goals of indmaduad swstems and the overall plant Also included is a comprehensive, synergistic
design approacit wirt provisions for task analvses and human factors evaluations,

Specific procedures develuped as parts of the implementation of the program plan are:
(@) Implementanon Procedure tor Development of Svsicm Functional and Performance Requiremnen
(b) Implementanion Procedure for Analvsis of Tasks ang Allocation of Functions,
(¢) Implementanon Procedure for Evaluaton of Human Factors and Man-Machine Inierfaces,
(d) Implementation Procedure for the Design of Hardware and Software, and _

' .
ie) Implementation Procedure for the Verificauon and Validanon of Hardware and Software.
The program plan and the associated procedures provided guidance for the conduct of the ABWR
control and instrumentation «nd man-mactane interface system design development acuvities

including.

(a) Definition of the standard design features of the control room MMIS (see Subsections 18.3.2 and
184.2),

(b) Defintion of the inventory of contrals and instrumentation necessary for the control room crew 1
follow the vperaton strategics given in the ABWR Emergency Procedure Guidelines and to compleu
the important operator actions described in the Probabilisnc Risk Assessment (see Subsectuon 18.3.8 ar
Appendix 18F).
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In addivon, the program and associated procedures will he transmitied to the team responsible for the
definition of the detalcd process by which the control room man machine interface and control and
instrumentation systems are implemented, this process includes provisions for NRC conformance
reviews where the process or equipmentspecilic design will be tested against specilfic acecplance
criteria and is discussed turther in Subsecoon 18 3.4, Sccuon 187 and Appendix 1BE)

18.3.2 Standard Design Features

The ABWR control room mansnachune interface design contuins a group of standard or basic featur
which form the foundation (or the detailed MMIS design. These features are described in Subsection
184.2.

The development of the contral raom MMIS standard design features was accomphished through
consideration of exising control room operating experience; a review of trends in control room desig
and oxisung control room duta presentstion methods, evaluation of new MMI lechnolo%ies. alarm
reduction and presentauon methods, and vahdaton testing o, two full-scale prototypes. The prototype
were evaluated uning test seenanos cspecially developed for the purpose and utiliang experienced
nuclear plant control room operators. Following the compleuon of the prototype tests and employing
their results, the basic contral room MMIS standard design feature were finalized.

18.8.3 Inventory of Controls and Insuumentation

The ABWR Emergency Procedure Guidehnes (EPGs). presented in Appendix 184, and the importan
operator actions identified in the Probabilistic Risk Assessment (PRA), presented in Chapter 19,
provided the bases for an analvsis of the informauon and control capability needs of the main control
room operaiors based upon the operation strategies  This analysis defines a minimum set of fixed
displavs and a mummum set of conuols which will enable the operating crew to perform the actons
that would be specified in the emergency operaung procedures. Appendix 18F contains the tabulated
results of this analysis Tables 18F-1 through 18F-11 in Appendix 18F contain detailed descripuons of
the steps of the EPGs and the informauun, alarms and controls needed by the operators to perform an
vahdate the complenon of those steps. Table 18F-12 contains the same type of information for the
important operator achons wenufied in the PRA.

Another set of three tables in Appendix 18F provide convenient summarnies of the conurol, display anc
alarm hsungs developed in the previous tables. Thesc later tables are numbered 18F-18.1, 2 and 3,
respecuvely. The lisings in Tables 18F-18.1 through @ are an inventory of the controls, displays and
alarms which define the minimum control, information and alarm requircments on any ABWR
control room design implementation,

18.3.4 Detailed Design lmplementation Process

The process by which the detailed equipmeni design implementation of the ABWR control and
mstrumentation and man-machine interface will be completed is discussed in Section 18.7 and n
Appendix 18E  This process builds upon the standard MMIS design (eatures which are discussed in
Subsection 1842 Embedded in the process. which is illustrated in Figure 18E.1.1, are a number ol
NRC conformance reviews in which various aspects and outputs of the process are evaluated against
the estabhished acceptance criteria which are presenied in Tables 18E.2-1 through 18E.2-x,
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154 CONTROL ROOM STANDARD DESIGN FEATURES

1841 lnwoduction

This section presents. in Subscction 1842 the standard design features of the operator interface
in the control room. These basic design features are based upon proven technologies and have
been demonstrated, through broad scope control reom dynanmic sunulatuon tests and evaluation,
10 satisfy the ABWR operator interface design goals and design bases as given in Section 18 2.
The spealic technologies utilized in the main control room operator interface are listed in
Subsection 1843 Appendin )8C presents an example of a control room operator interface design
implementation which incorporates these design (eatures  Vaodation of the implemented main
control room design will include evaluation of the standard de.gn features and will be,
performed as part of the design implementaton process as defined by the acceptance criteria
presentedd in Tables 18E 2-1 through 18E.2+4

18.4.2 Standard Design Feature Descriptions
18421 Listing of Features
The ABWR control roon operator interface design incorporates the following standard features:

(a) A single, integrated control console staffed by two r\))cralors. the console has a low
profile such that the operawors can see over the console from a seated positon

(b) The use of plant process computer cytem driven on-screen control wideo display units
(VDUs) for safety system monitoriag and non-salety system control and moniuoring,

(¢) The use of a separate set of onacreen control VDUs for safety svitem control and
monitoring and scparaie onsscreen control VDUs for nonsafety svsiem control and
monioring, the vocraton of these two sets of VDUs s entirely independent of the process
computer svstem. t arther, the first set of VDUs ind all equipment associated with their
funcuons of safcty svs.#m control and monitoring are divisionally separate and qualified
to Class 1-E standards,

(d) The use of dedicated funcuon switchies an the contro) console
(¢) Operator selectable automacon of pre-defined plant uperation sequerces,

() The incorporation of an operator s leciable semi-automated mode of plant operations,
which provde procedural guidaace on the control console VDUs.

{g) The capability to conduct these all plant uperations in an operator manual mode.

(h) The incorporation of a large displav punel which presents informanon for use by the
entire conirol room operating statl.

(1) The inclusion on the large display panel of fixcd-posinon displavs of key plant
paramneters and major equipment status
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(%) Dedicated funcnon switches (see Subsection 184 95

The main control console is also equipped with a limited set of dedicated displays for selected
functions (¢ g.. the standby hgad control svsiem and the synchronization of the main generator
1o the elecincal gnd).

J

In addition to the above equipment. the main control cuasole is equipped with both intra plant ‘

and external communications cquipment and a lavdown space 1 provided for hard copies of

procedures and other documents required by the operators duning the perlormance of their ‘

duties. l
|
|
|
|
|

18.4.2.3 Process Computer Driven VDUs

A set of onscrecn control VOIUs 1§ incorporated into the main control console design (0 support
the tollowing activities.

(1) monitoring ol plant systems, both safety and non safety related,
(2) control of nonsaleny system components,
(%) presentation of system and equipment alarm informaton,

This set of VDUs is driven by the plant process computer svstem Thus, data collected by the
process computer 1s availuble for monuonng or these VDUs Al available display formats can
be displaved on any of these VDU,

18.4.24 Process Computer Independent VDUs

A set of VDU's which are independent of the process computer are also installed an the inain
control console. These VDUs are cach dnven by mdependent processors. They are divided
INO two subsets,

The first subset consisis of those VDUs which are dedicated, divisionally separated devices. The
VDUs in this group can onlv be used lor monionng and control of equipment within a given
salety division. The VDU arc qualilied, along with their supporung display processing
equipment, 1o Class 1E stundards

The second subset of process computer independent VDUs are used for monitoring and control
of nonsafety plant systems. The VDUs in this subset are not qualificd 1o Class 1E equipment
standards

18425 Dedicated Function Switches

Dedicated function switches are installcd on the main control console. These devices provide
faster access and feedback compared to that ubtmnable with soft controls. These dedicated
switches are implemented i hardware, so that they are located in 3 fixed-position and are
dedicated in the sense that each indiwvidual switch i used only for a single function, or two very
closely related tuncnons (¢ g, valve open/close)
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184.28 Fixed Position Display

The fixed-position portion of the large display pancl provides key plant informanon for viewing
by the entre control reom siall The dynamic display elements of the fixed-position displays
are dnven by dedicated nicroprocessor-based controllers which are independent of the plant
process computer sysieim.

Those poruons of the large display pancl which present saletyrelated information are qualified
to Class 1E standards.

The information preseniced in the fixed-posivon displays includes the critical plant parameter
informauon, as delined by the SPDS requirements of NUREGO737, Supplement 1, and the Type
A postacaident monitoring (PAM) instrumentanon required by Regulation Guide §.97,
Rewvisio., 3 (refer to Secton 18492 11 for a discussion of the SPDS and o Section 7.5 for a
discussion ol the PAM variables)

18.4.29 VYarge Variable Display

The large vaniable display which 1s included on the large display panel 1s a VDU which is
driven by the plant proccss computer svstem Any screen format resident in the process
compuler system can be shown on this large vaniable display

18.4.2.10 Supervisors’' Console

A console 1s provided for the control room supervisors which is equipped with VDUs on which
any screen format resident in the process computer system and availabie 1o the operators at the
main control console is also available o the shift supervisor. The locauon of this console in the
control room is discussed in Subsecuon 184 215

184.2.11 SPDS

NUREG~0737 provided gudance for implementing Three Mile Island (TMI) action items,
NUREG-0737, Supplement 1, clarifies the TMI action items related to emergency response

capability, including item LD.2, “Safcty Parameter Display System™ (SPDS)  Thy prinéipal

purpusc of the the SPDS is to aid control room personnel duning abnormal and emergency
conditions in determinming the safety stutus of the plant and in assessing whether abnormal
conditions warrant corrective action by operators 10 provent core damage. During emergencies,
the SPDS serves as an wd in evaluaning the current salety status of the plant, in ¢xecuting
symptom-based emergency operating procedures, and in monitoring the impact of engineercd
safeguards or mitugaton sctvities.  The SPDS also operates during normal operation,
continuously displaving information from which the plant salety status can be readily and
rcliably assessed. The ABWR does not provide a scparate SPDS, but rather, the principal
funcuons of the SPDS (as required by NUREG-0737, Supplement 1) are integrated into the
overall control room displav capabibities. Displays of critical plant variables sufficient to provide

information 1o plant operators aboul the following critical safery functions are provided on the’

large displav panel as an ntegral part of the lixed-position displays.
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Alarm suppression in the ABWR s based upon the lollowing concepts:

(1) Suppression based on the operating mode. The plant operating mode 15 defined on the bass
of the hardwire or process status, and aiarms which are not relevant 1o the current operaung
mode are suppressed. For example, alarms which are needed in the "RUN" mode b are
unnecessary an the "SHUTDOWN" muode are suppressed

(2) Suppression of subsidiary alarms. Alarms are suppressed if they are Jogicully consequent 10
the state of operation of the hardware o to the process status. For example, scram initiation (a
plantlevel alarm condition announced with « lixed-position alarm tile on the large display
panel) will logically lead 10 an FMCRD hvdraulic control unit scram accumulator low rressurc
{also an alarm condition). Such subsidiarv alurms are suppressed if they simply signify logical
consequences of the sysicms operaton :

(1) Suppression of redundant alarim.. When there are ovetlapping alarms, such as “high” and
“high-ltigh” or “low” and “lowlow” only the more severe of the conditions 1§ alaimed and the
others are suppressed

Operators may activate or deactivate the alarm suppression logic at any ume
18.4.2.14 Equipment Alams

Alarms which are not indicated by fixed-posiion alarm tiles on the large display panel (e,
those alarms of nominally lower level importance such as those related to specilic equipment
status) are displaved to the control room operating stafll via the main control console VDUs, The
supplemental alarm indicztions and supporting informanon regarding the plantlevel alarms
which are presented on the large display panel are also presented on the VDUs,

18.4.215 Control Room Arrangement

In the ABWR main control room arrangement, the mam control console is located directly in
front of the large displav panel for optimum viewing efficiency by the plant operators seated at
the main console. The shift supervisor’s console is also placed in front of the large display
panel, but at a somewhat gresier distance than the main conuol console. The shift supemasor is,
thus, in a position behind the control cansale operators. This arrangement allows all control
1oom personnel to view the contents of the large panel displays,

1843 Conuol Room MMI Technology

The ABWR main control room standard design features described in Subsection 18.4.2
include equipment which utilizes a variety of technologies to control and monitor the plant
processes. This subsection provides a summary isting and oescription of the technologies
which are utilized 10 suppon personne!l execution of these control and monitanng functions.
For thus purpose, the term “technology” 1s taken 10 have the foliowing definition:

‘the equipment, including both hardware and software, employed to

airectly accormphsh the futictions of control and menitoring of the plant
processes”

11
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t Hardware such as consoles, panels, cabinets, control roem lighting and HYAC and plant
communication equipment which has a suppofting role but is not directly involved in the
control and Monionng Processes s escluged

The scope of this section ¢ limited 1o the man control room and the remote shutdown station
| areas of the plant ang includes all human-system niertace (HS!) equipment technologies
which may be applied. regardinss of use in prior des'gns

1. Hardware switches such as mulli-posilion rotary, push-button, rocker, 1oggle and
pull-to-lock types.

P

I
I
| Soft switch, the functions 'of which may be changed through the execution of
i software tunctions

3 Continuous adjustment controls, such as rotary controls and thumbwheels

4. Visual display units with full color screens, inclughing large reverse projection
screens, cathode ray tubes and llal panel display screens

§  On-screen control utilized with the cathode ray tubes and flat pane! display
devices

6. VDU screen lormats such as 'arge screen optical projection display formats, text
displays, including menus and tabular information and graphical displays
including Trend Plots, 2.0 Plots, P & 1Ds and other diagrams and pictorial
information,

present quantitatve and gualitative information concerning plant process
parameters  This includes analog meters using digitally controlied LEDs and

|

|

7 Analog Metars which employ a hardware medium 10 pictonally or graphically
dignal readouts

8  Fixed Posmtion Digital Dispiays which present aiphanumenc information in a
hardware medium. These can be back-hl.

systems and components and their relauonships utilizing pictorial elements,
labels and indicator L.ghts

10. Fixed-Position alarm tiles which use Light 10 incicate the alarm state.

11.  An Audio Signal system which is coordinated 1o the fixed-position alarm liles and

ulihizes priontizaton and alarm reduction logic and pre-aefinad set points 10 alen

|
|
9.  Fixed-position hardware mimic digplays which schematically represent piant
operators 1o plant status changes.

|
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