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implementation process, with embedded design acceptance critena, for the ABWR standard
plant operator interface. The invertory of iastrumentation and controls necded by the
control roam stali for the performance of emargency op *rating procedures s also described.
The incarporution of haman factors engineening principles into all phases of the design of
these interfaces s ;- ovided for as described in this chapter

K : |
181 INTRODUCTION I

]

- This chapter describes the ABWR man-machine interface systern (MMIS) design goals and bases, 5
standard MMIS design features and the detailled MMIS design and 1

Design goals and design bases for the instrumentation and control systems and aperator
interfaces in the main control room and in remote locations are established 1n Section 18.2
The overall design and impiementauon approach s described in Secuon 183 Section 184 .
contains a description of the main control room standird operator interface design features :
The remote shutdown system 18 described i Section i85, Secuon [8.6 discusses how the |
systems which make ugethe operator interface are integrated together and with the other
svitems of the plant. Section 18.7 discusses the detailed design implementanon process. The |
ABWR Emergency Procedure Guidebnes, which provide the basis for a human factors |
evaluation of emergency operations, are ¢contained in Appendix 18A Appendic 188 |
discusses the differences between the ABWR emergency procedure guidelines and the US '
BWROG Emergency Procedure Guiaelines, Revision 4. Appendin 18C presents a |
chzructerization ol a main control room operator interface equipment implernentaton that
incorporates the ABWR standard design features distussed in Section 184 The input datg :
and results of calculatons performed during the preparation of the ABWR Emergancy

Procedure Guidcelines are contained in Appendix 18D, A general description of the design -
and implementavon process for the ABWR operator inte-face and supporting plant svstems !
1s presented in Appenaix (8L Arpcmhx 19F contains the results of an analysis of
infurmation and control needs of the main control room uperators during emergency
ope alons

182 DESIGN GOALS AND GESIGN BASES |

The primary goal for operator interface designs is to facilitate sale, efficient and relible operator .
performance during all phases of normal plant operanon, abnormai events and accrdent i
conditions, To achieve this goal, information displays, controls and other interface davices in the
control room and other plant areas are designed and shall be implemented o a manner

consistent with guod human {actors engineering practices. Further, the {olluwing speafic design .
bases are adopted:

B N . e e T g . 4 B e .~ e T e T e i e
m - inv y- e N i by e Samadea T

(1} During all phases of normal plant operation, abnormal events and emergency conditions, the
ABWR shall be operabie by two reactor operaters. In addition. the operating crew will inciude |
one assistant control room shaft supervisor, one contrel room shift supervisor. and two or more ’
auxiliary equipment operaters. During acaidents, assistance 13 aviclable 1 the operating crew -
from personnel in the Technical Support Center. Four hicensed operators shall be on shite at all
times, consistent with the staffing requirements of 10CFR50 54,

(2) Promote effic.ent and reliable operauon through expanded application of automated opy ation
capahilities,

{3) The operator interface design shall unlize only proven rechnology,
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() Safery-related systems montoring displays and control capability shall be provided in full
compliance with pertinen® regulations regarding divisional separation and indspendence,

{5) The operaior inter{ace design shall be highly reliable and provids functonul redundancy
such that sufficient displays and control will be available in the main contro! reom and remote
locations to conduct an orderly reactor shutdown and to cool the reactor 1o cold shutdown
conditions, evea during design basis equipment fflures,

(6) The priaciple funcions of the Safcty Parameter Digplay System (SPDS) s required by
Supplement 1 to NUREC-0787. will be integrated into the operator inte:face design,

{7} Accepte d human factors enginesring principles shall be utilized for the operator interface
drsign in meeting the relevant requirements of General Design Criverion 19, and

(8) The des'gn bases for the Reniote Shutdown System shall be as specified i Section 7.4

183 PLANNING. DEVELOPMENT AND DESIGN

18.3.1 Iotroduction: An iniegrated program plan to incorporated human [actors engineering
principies and 10 achieve an integrated design of the control and instrumentavon sytems and onera:
interfaces of the ABWR was prepared and implemented. The program plan presents forma’ decisior
analysis procedures to facilitaie selednior of design features which satisfy wop level requirements and
goals of individual systems and the overdil plant  Also included is a comprehensize, syne:gisac
design approach with provisions for task snalyses and human factors evaluatons,

Specific procedures developed as parts of the implementation of Jhe program p'an wre

(a) Impicmentation Procedure for Development of Syst=m Functional and Performance Requiremen

{b) Impiementation Procedures f1r Analysis of Ta ks and Allocation of Funcuons,

(¢} lmplementation Procedure for Evaluauon of Huran Factors and Man Ma_hine Interfaces,

{(d} Implementirion Procedure for the Design of Hardware and Software, and

te) Implementation Procedure for the Verification and Validation of Hardware and Soitware.

The progran: plan and the assoated proceaures provded guidance for the conduct of the ABWR

ic:::!::glir‘:'d msirumentation and man-machine inlerface system design development activities
AUdiIng:

{a) Defination of the standayve! dcsign features of the contre! room MMIS (see Subisecnuns 183 2 and
184.2)

() Definttion of the inventory of controls and instrumentation necessary for the control room crew

foliow the operation strategies givea in the ABWR Emergency Procedure Guidelines and 10 connpien
the important operator achians described in the Probabilistic Risk Assessment (sex Subsectinon 1833 ar
Appendix 18F),

N p—
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In addition, the program and wsociated procedures will be transmitted to the team responsible for the
deuntiion of the detailed process by which the control room man-machine interface and control and
instrumentation systems are implemented, this process inciudes provisions for NRC conformance
revicws where the process or equipmentspecific design will he cested against specific acceplance
criteria and is discussed furtner in Subsc.tion 1834, Section 187 and Appendix 18E).

18.8.2 Standard Design Fearures

The ABWR control room man-mrachine interfuce design containg a group of standard or basic featur
which form the foundation for the detailed MMIS design. These features are descnibed in Subsection
1842

The development of the contrel room MMIS stendard design Teatures was accomplished thiough
corsideration of exisung control room upeialis g expetience. a revnew of trends in contre! room desig
and exisung control room data presentanon methous. evaluation of new MMI technologies, alarm
reduction und presentation methods: and validuticn tesung of wo fullscale prowtypes. The prototype
were evaluated usimg test scenarios especially developed for the purpose and uulizing experienced
auclcar plant control room operaiors. Following the completion of the prowype tests and emploving
their resuls, the basic control roam MMIS siaadard desgn featue were finalized.

18,23 Inveantor of Controls and (newrwuentation

The ABWR Emergency Procedure Guidelines /EPGS), puesented in Appendix (8A, and the importan
unerator acuons denrSed in the Probabihs’'c Risk Assessment (PRA), presented in Chaper 19,
picvided the buses for an anahyzs of the infoima | and control capabibity needs of the man control
room operatcss hased upon the operanon sirategies.  Jha analysis defines 2 minumunt set of fixed
Jdisplays and « minimu:a se! of contrnls which vl enabie the oprrating crew 1o perform the actions
that would b2 speaficd » e em mgeacy operadnyg procedures. Appendix 18F containg the whulated
resu'ts of thus analysis. Tables [8F-1 through 18F-1] i Appendix 18F contain detaiied descripnions of
the steps of tie EPGs and e information alarms and controls nceded by the operators to perform and
validawe the ompletion of those sieps  Table 18F-12 conuuns the same tvpe of iniormation for the
impor@ant operator uctiors sdentified in the FRA

Anxother set of three rables in Appendix 18F provide convenient summariey of the control, display ani
a'srm hstuings developad i the provious tables. These larer tables cre numbered 18F-13.1, 2 and &,
respectively. The listings in Tables 18F-18.]1 through 8 are an inventory of we controls, displays and
alarms which define the minimum contrel, informanon and alarm requirements on any ABWR
control rooin design implementaton.

18.3.4 Deuiled Design lmpleineniation Process

The process by which the detalled equapment design implemenation of *he ABWR control and
insttartentation and man-machine interface will be compieted 1+ discussed m Section 187 and
Appendix 1PE. This process builds upon the standard MMIS design features which are discussed ir
Subsection 18.4.2 Embedded in the process, which iy wlustvated in Figure 18E. )1, are a numbey of
NKC conformance reviews in which various aspects and outputs of the provess are evaluated aguinst
the established acceptance cnteria which are presented in Tables 18F 2] through 18E O-x

[ —— |



B Lt Pl | B e Ry e e ™ T

02 PR GE NDCLESR AP RIS

184 CONTROL ROOM STANDARD DUSIGN FEATURES
18.4.1 Introduction

This section presents the standard design featur=s of the operator mterface i the control room
These basic design features ar~ based upon prowon fechnologies and have been demonstrated,
through broad scope contral room o, wamic simulation tests and evaluation, to sausty the

ABWR operator inteiiwce des'gn goals ard design bases as given in Section 182 Appendia 18C
presents an example of a comrol room operator interface design implementaven which
incarporaies these design features. Final validanon of all af the standard design features wall be
done as part of the design implementation process as defined by the acceptance criteny listed in

Tables 18E.2.1 through 18F 2x

18.4.2 Standard Design Feature Descriptions

18.4.2.1 Listing of Features

The ABWR control room operator interface desigo incorporates the following standard features:

(a) A single. integrated control console staffed by two aperators; the console has a lew
profile such that the operators can see over the consele from a seated posiuon

(b} The use of plant process comput2r system driven on-screen control wdeo display units
(VDUs) for safety systern monitoring and non<safety system control and monitoring

{c) The use of a separate set of onscreen conteol VDU tor safety system control and
maonitoring and separate on-screen control VDUs for non-safety system control and
monitoring; the operaiion of these two seis of YDU's is entirely mndependent of the process
computer system. Further, the first set of VDUs and all equipment associated with their
funcuons of salety system control and monitoring are divisionally separate and gualilied
to Class 1-E standards.

(d) The use of dedicated function switches on the contrel consale,
(¢) Operator selectable automanon of predefined plant operation sequences

(f) The incorporation of an operator selectable semiautomated mode of plan. operatons,
which provide procedural guidance on the control console VDU

(g} The capability to conduct these all plant operatioss (in an operator manuval mode

{h) The incorporation uf a large displav panel which presents informauon for use by the
entire control room operaung stafl

{i} The inclusior on the large display pane! of fixed-positon displays of key plant
parameters and major equipment status.

(i) The inclusion in the fixed-position displays of both 1E-gualified and non-1E display
clements.

48
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(k) The independence of the fixed-position displays from the plant proccis compurer

{1) The inclusion within the large display panel of a laige video display wnit which s
driven by the plant process computer system

{m} The incorparation of a “monitoring only” supervsor’s console wrich includes
VDUs on which d*splay formats avalable 1o the operarors on the main control console are
also available 1o the supervisors.

{n) The incorporation of the safety parameter display system (SPDS} funciion as part of
the plant status summary informaton which is continuously displayed on the fixed-
position displays on the large display panci

{0) The use of fixed-position alarm tiles on the large display panel.

(rn) The application of alarm processing logic to prioritize alarm indiiations and to filter
unnecessary alarms.

(n) A spaual arrangement between the large display panel, the main control console and
the shift supervisors’ console which allows the entire control room operaung crew 1o
consyniently view the information presented on the large display pancl

{v) The use of VDUs to provide alarm information in addivon to the alarm informaton
provded via the fixed-position alarm vles on the large display panel,

The remmunaer of this subsection provides further Jescriptions of these standard design {eatures.
18.4.2.2 Main Control Consale

The main cortrol console camiprises the work statons for the wo control room plant operators. It
3 configured such that each operator s provided wath controls and sponitonng iaformauon
necessary to perform their assigned tasks and allows the operators (¢ view all ~f the displays on
the large display pane! (see Subsection 1892 7) from a seated positic .

The main control console, in concert with the large display panei, provides the controls and
displays required to operate the plant during normal nlant operations, abnormal events and
emergencies. These main control console controls and displays include the following:

(1) On-screen control VDUs for safety system monitoring and non-safety system control and
monitoning which are driven by the plant process computer system (see Subsecaion 184 28)

{2) A separate set of onacreen control VDUs for safety systom conirol and monitonng and
separate on-screen control VO Us for nonsafety system control and monitoring: the operaton of
these two sets of VDUs is enei: ely independent of the process computer system. Further, the first
set of VDUs and all equipment associaied with their funcuons of safety system control and
monitoring are divisionally separate and qualified to Class 1E standards (sce Subsection 18.4.2.4)

(8) Dedicared fuiction swiiches (see Subsection 184 € 51,

g S L p— -
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The main control console is also equipped with & limited set of dedicated displas for selected
functions (e.g., the standhy liguid control system and the synchronigation of © e main gencralor
to the electrical gnd).

In addition to the above equipment, the main control console is equipped with both intra-plant
and external communicauons equipment and a laydown space is provided for hard copies of |
procedures and other documents required by the aperaters during the performance of their :
dunes.

18.4.283 Process Computer Driven VDUs

:
A set of onscreen control YOUs is incorparaied into the main contro! console design to support |
the following auchvines: :

(1) monitoring of plant systems, both safety and non-safery related, 4

(2) control of nonsafety syslem components, ;

(3) presentation of system and equipment alarm information, :
!

This setof VDU is driven by the plant process computer system. Thus, data coliected by the |

process computer 42 avarlable for monitoring on these VDUs Al avadable display formats can

be displayed on anv of these VDUs, l
i

184.2.4 Process Computer Independent VDUs ;

A set of VDUs which are independent of the process comp:uter are also installed on the nain
control console. These VDUs are each driven by independent processors They are dmwaded
nto wo subsets:

R P p———

The first subset conwmsts of those VDUs which are dedicated, divisionally separated devices. The
VDUs in this group can only be used for monionng and control of eguipment within a given
safery division. The VDUs are qualified, along with their supporung display processing
equipment, w Class 1F standards. f

Py

—

The second subset of process computer independent VOUs are used for monitoring and control
of noo-safety plant “vstems. The VDUs in this subset are not gualified 1o Class 1E equipment
standards.

18.4.2.5 Dedicated Functinn Switches

Dedicated function switches are installed on the main conwol console. These devices provide
faster access and fsedback compared to that obwinable with soft controls. These dedicated
switches are implemented in hardware, so that thev are laccted 1n a fixed-position and are
dedicated in the sense that each imdividual swirch 15 used only for a single funcion, or wo very
closely related funcdons {e.g., valve open‘close)

Bl e e o e e o

P T S

The dedicated funcuon switches on the main control cansole are used to support such functions
as initiation of avtomated sequences of safety and nonsafety system aperations, manual scram
| and reactor operating mode changes,
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18.4.2.6 Automation Design

The ABWR incorpurates sclected automation of the operations required during a normal pant
startup/shutdown and during normal power range maneuvers

Subsection 7.7.1.5 descrives tne power generavan conirol system (PGCS) which is the prmary
ABWR system for providing tae automation features for normal ABWR plant operations

18.4.2.6.1 Automatic Operation: When placed in automane mode, the PGS performs sequences
of automated plant operations by sending mode change commands and scipoint changes
lower-level, non-safety related plant system controllers. The PGCS cannot directly change the
status of a safcty-related system. When a change in tie status of a salety-related system i
required 1o complete the selected operation sequence, the PGCS pravides prompts to guide the
operator in manuaily performinug the change using the appropriate salet-related operator
interface controls provided on the main control console

The operator can SIOp A0 dutomauc operation at any time, The PCCS lagic also monitors piaat
status, and will automadically revert 10 manual operating mode when a major change in plant
status occurs (¢.g., reactor seram of turbine (rip). When such abnormal plant condinons oceur,
PC.CS automatc operation is suspended and the logic in the individual plant systems and
equipment directs the automatic response 10 the plant conditions. Similarly, in the eveni that the
operziiona! status of the PGCS or interfacing swstems changes (e.g . equipment falures),
operation reverts to manual operating mode. When condiions permit, the opecator may
manually resiritiate PGS automaug operauon

18.4.26.2 SemiAutomated Operation The PGES alsoinclides a semiautomaic operatonal
mode which provides automatic operator guinance for accomplishing the desired normal
changes in plant status; however, in this mode, the PGCS pertarms no control acions. The
operator must activate all necessary svsiem and couipment controls for the semi-automalic
sequence to proceed. The POCS maoniors the prant staius during the semi-automauc mode in
order to check the progression of the semi automatic sequence and to determine the appropna‘e
operator guidance to be activated.

18.4.26.5 Manual Operation: The maaual mode of operaucn in the ABWR corresponds w the
manual operations of conventonal BWR designs in which the aperator determines and
execuies the appropriate plant control zenons without the benefit of computer-based operator aids.
The manual mode pre ides a default operating mode ‘n the event of 2n abnormal condinon in
the plant. The operator can completely stop an auviomated operation at any vme by simply
sclecting the manval operating mode. The PGCS logic will also zutomancally revert 1o manual
made when abnormal conditions occur.

18.4.2.7 Large Display Panel

The iarge dispiay panel provides information on overall plan siatus with real-tmie data during
all phases of plant operation. The informatior, on the large display panel can be viewed fram
the main control consol and the supervisors’ console. The large display pancl includes fixed-
position displays (sec Subsection 18.4.2.8), a vanable display (see Subsection 18.4.2.9) and
spavally dedicated alarm windows (see Subsection (8.4 7.12)
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18.4.28 Fixed-Position Display

The fixed-positicn portion of the large display panel provides key plant information for viewing
by the enure control room stalf. The dvnamic display elements of the fixed-position displays
are driven by dedicated microprocessor-based controliers which are independent of the plant
process computer sysiem

Those portions of the large display panel whiek present safetwrelated information are qualified
to Class 1E standirds.

The information presented in the fixed-posinon displays inciudes the eritical plant parameter
inforzaation, as defined by the SPDS requiremerits of NUREG-787, Supplement §, znd the Type
A post-accident monitoring (PAM) instrumentation required by Regulation Guide 187
Pevisior: 3 (refer 1o Section 18.4.2.1! for u discussion of the SPDS and 1w Secuon 75 for a
discussion of the PAM variables).

18.4.2.8 Large Variable Display

The large variabie display which is included on the large display punel is : VDU which is
uriven by the plan: process computer sysier. Any screen format resident in the process
compu.sr system can be shown on this large vanable display

184,210 Supervisors' Console

A console 1s provided for the contrel room supervisors which s cquipped with VDUs on which
any screen format resident in the process computer systen ind available to the operacors at the
main control console is also available to ‘he shift supervisor. The location of this consale in the
vontrol room is discussed in Subsecuon 184.2.15

18.4.2.11 SPDS

NUREG-0787 provided guidance for implementing Three Mile Island (TMD action items
NUREG-0737, Supplement |, ciarities the TMI actian items related 1o emergency response
capability, including item LD.2, “Safetv Parameter Display System™ (SPDS).  The principal
purpose of the the SPDS is 10 aid contrel room personne! during abnormal and emergency
conditiony in determining the safety status of the plant and in assessing whether abnormal
conditions warrant conuctive acuon by operators 10 prevent core damage. Luring emergencies,
the SPDS serves as an aid in evalusting the current safety status of the plant, 1n executing
symptom-bused emerger.cy operating procedures, and in monitoring the impact of engineered
safeguards or mitigation acuvities. The SPDS also operates during normal opr . “von,
conunuously Aisplaving informatnon from which the plant safery status ean be e, . and
reliably asscased. The ABWR does not provide a sepavate SPDS, but rather, the principal
functions of the SPD§ (a5 required by NUREG-07" 7, Supplement 1, are integrared into the
overall control room display capabilities. Displays of critical plant variables sulficient 1o provide
information to plant aperators about the following critical safety functions are provided on the
large display panel as an integral part of the fixed-position displays:

(1)  Reactvity control,
(2)  Reactor core cooling and heat removal from the primay svstem.
(%;  Reartor coolant system integrity

TS T e



- (|

(4) Radioactvitv control, and
) Containment conditions

Displays 10 assisi the plant operator in execution of svimptom-based rmcrg‘e;ncy operating
procedures are available al the main control console VDUs. Examples of these VOU displays are
trend plots and opsrator guidance, Informaton regarding entry conditions 1o the sym ptomatc
emergency procedures is provided through the fixed-position display of the critical plant
parame.ess on the large display panel The critical plant parameters on the large display panel
are also viewable from the control room supervisors’ monitoring station. The supplemental
SPDS displays on the VDUs an the main control console are a'so acressible at the conirol room
supervisars’ Monioring statian and may be provided in the technical support center (TSC) and,
optionally, in the emergency onerations factvy (EOF), whien are the responsibiitly of the
applicant referencing the ABWR design o provide

Eatry conditions to the symptomatic EOPs are annunciated on the dedicate? hardware alarm
windows an the iaige display panel. The large display panel also displass e containment
wolation status, safety systems tatus, and the following critical parameters:

(1) RPV pressure,

(2) RPV water level,

{8) Core neutron flux (startup range and power range instruments),
{4) Suppression poc! temperature,

(5) Suppression pool witer level,

(6} Drywell temperature,

(7] Drywell pressure,

& Drywell water level,

{9) Contro! rod scram status,

(10) Primary comtainment axygen congentraion,

{11) Primary containn. ont hiydrogen concentration (when monitgrs are in gperation),
(12} Contaunment radiation levels,

{18} Secondary containment dilferenual pressure,

(14) Secondary containment arca temperatures,

{13) Secon iy contrinment HVAC cooler differential temperature,
{18) Secondary containment HVAU exhaust radiation level,

{17) Secondary containment area radiation levels, and

(18} Secondary continment foor dran sump water level,

The oxygen monitoring instrumentation system is normally in continuous operation and
hence the large display panel also includes continuous fixed-position dispiay of wenwe!l and
drywell oxygen concentrations. The hydrogen monitoring instrumentation is automatically
started on a LOCA signal and hence continuous display i1s not required.  Addiuonal post
actident monitonng pararieters, such as effluent stack radioactizctivy release {Refer to Section
7.5 for a list of post accident monitoring parameters), may be displayed at the large varuble
dispiay or at the main conwrol consote VDUs on demand by the operator

The SPDS is required 1o be designed so that the displayest inform ation can be readily perceived
and comprehended by the control room operating crew.  Complignce with this requirement 1s
assured because of the incorporation of accepted human ractors engincering pricciples into the
overall control room design implementatuon process {(Refer o Subsecnon 18.7 for a discussion of
the design implemeniation process)

; | |
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All of the continuously displayed informanon necessary 1o satisty the requiremenis for the
SPDS, as defined in NUREG-0787, Supplement &, 1 included in the fixec-position dis};hm sted
@ Table 197181 Table 18F1R8.1 aiso incledes other displays, bevond those required for the
SPDS.

18.4.2.12 Fixed-Position Alarms

Fixed-position alarm tiles on the large display panel annunciate the key, plantdevel alarm
. conditions that potentially aflect plant availability or plant safety, or indicare the need of
‘:‘ immediate operator action.

154213 Alarm Processing Logic

Alarm priotitzing and Hliering logic 1s emploved in the ABWR design 1o enhance the
presentat:on of meaningful alarm snformation o the operator and reduce the amount of
information which -2 cperators must absorh and process during abnormal events.

Alarm pricritizing is accomplisned in the ABWR through the designation of three categories of

|
|
|
|
|
'i.
|
|

; alarm signals The first of these is the imporiant alarms. These are defined as those alarms
f which notify the operators of changes in plant status regarding salety and include those nems ‘
‘p which are 10 be checked in the ¢2nt of acaidents, principle events or transients. The important |
i alarms are displayed on the fixed-position ties discussed in Subsection 184.2.12, |
; i i
“_ The sceond catrgory is the systemespecific alarms which are provided 1o notify the operatars of {
system-level abnormaiines or nor snormal sysiem statuses. Examples of these are: :
[ :
{2) mun pump trips caused by system process, power sources or control abnormahines, J
: (b) wvalve closuies i coo’ing of supply lines, J
(c) decreases in supply pracess valies, %
{d) loss of a backup sysrem, :
(e} system solation, ;
(f) safery systems are being bypassed, %
{g) systers are undergoing testing f
The system-apecic alarms are also shown on the fixed-position nles discussed in Subseciion :
184212 :
Equipmen, alarms make up the thivd category of alarms i the prioritizing scheme and are j
discissed in Subsecuon 184214 ;
Alarm suppression it the ABWR s based upon the following conCeps: i
I
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186 SYSTEMS INTEGRATION
18.5.1 Safety Systems

The operstor interfaces with the safetyrelated spsiems hrough dedicated hardware switches for
system initiation and logic reser, hardware switches for svstem mode chianges, safety related
VDUs for individual safety equipment contral, status display and monitorin . nonsafety VOUs
for additional safety sysiem monitoring and the large fixed-posiion display tor plant ovenview
wdormanon  Instrumeniatnon and control aspects of the imcronrocessor hased safety systens
and logic control (SSLC) are described in Appeadix 7A

Ditisional separation for controi, alarm and display equipment s wiaintained. The SSL.C
processors provide alarmis signals to their respective safery-related alarm processors and provide
d.splay information to the divisionally dedicated VDDUs - The SSLC nicroprocessacs
communicaty with their respeciive divisional VDU conirollers through the essential
muluplexing system (EMUX). The divisional VDUs have onscreen contral capability

Divisional isolation devices are provided between the safety-renated sysioms and non-safety
related communication netvorks s¢ that failures in the nonsafety related equipment will have
1o ‘mpact on the ability of the safety systems to perferm their desgn funcuons. The nonwafety-
=elated communication network « part of the non-essental multiplex systern {NEMS) deseribed
in Subsecton 7.7, 9

Operation controls throupﬁx dedicaied hardware switches and master sequential swiiches
commumicate with the SSLC logic unis through convenuonal hardwire signal transmassion
{i.e., not muluplexed). Communications between the 88LC logic units and alarm panels and the
saletyrelated fixed-position displays is thoough muliiplex tdats links

Safety sysrem process parameters, alarms and system status information from the SSLC are
mmmunizazeg 1o the NEMS through isalaton dences for ase by other equipment connected ©
the commuaication rnetwork. Selecied operator control funcrons are performea through
dedicated hardware control switches whih a e 1-E quabfied and divisionallv separated on the
main control console. These hardware switches communiciate with the safetyrelaied systens
logic unis thirough hardwire transmission hnes.

The Civisionally dedicated VDUs are classified as aafety-related equipment  Toese VDUs
provide control and dispiay capabilities for individual safety systems il control of 2 system
component is required. Normally, such control actions are perforneed for squipment
sufveiliance purposes only, as the nermal method of systewn conuvd in through the mode-
onented master scquence switches.

18.6.2 NonSafety Systems

For non-safety systems, operation control is accomplished using master sequence switches, on
screen control via the nonsufety VDUs. The hurdware switches for non-safely equiptnent on
the main control console communicate with the nonsalety related sysiems logic units through
hardwire lransmission lines

12
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The nonssafery systems communicate with other equipment 1 the operator interface through
the NEMS network. The non-safety related pertion of the larpe display pane! fixed-position
displays is driven by a controller separate from the process computer sysiem. Alarm processing
microprocessar units separate from the process computer perform wigrm fltering and
suppression and also drive dedicated alarm tles on the large display panel. The alarms tor
entry condiiions into the symplomalic emergency operating proedures are provided by the
alarm processing units, both salety and nonasafety related  Equipment level alarm informaton
is prese~ted by the process computer on the main control consale VDI's

An addinonal set of nonsalety related onscreen control VDUs are provided on the man conrol
vonsole {or control and display of non-salety systems. These VDUs are independent of the
process computer system. In the unlikely event of loss of the process computer system, these
independent VDUs, in conjunction with the large display panci saferyrelated displays, have
sufficient informanon and contro! capability 10 allow the tollowing operations e be performed

(1) steady-state power operation,

{2) power decrease,

(3) plant shutdown 1o hot standby conditions, and
4) plant shutdown to cold shutdown conditions.

Without the plant process computer system, control is carned out through the master sequential
switches and the process computerandepen dent, onscreen conuol VOUs Monionag is
accomplished with the independent VDUs and the fixed-position display on the large display
panec.. Power increases cannot be performed in the absence of the process computer system
because core thermal margin iimit information provided by the process computer 1o the
automatic thermal limit monior (described in Subsection 7.7.2.2) would not be availubie

187 DETAILED DESIGN OF THE OPERATOR INTERFACE SYSTEM

The standard design features of the ABWR main control room MMIS. discuased in Subsecbon 18.4.2,
provide the framework {or the detailed equipment hardware and software designs that will be
developed following a design and implementation process such as that typically described in
Appendix 18E. This typical design and implementauon process is presented 12 flow chart form in
Figure 18E.1-1 and described in more detail i Table 18E 1.8

As part of the Appendix 18E discussion of iypical man-mach ne interface systems (MMIS) design an
impiementation activities, deta'led acceptance criteria are specified that snall be used to govern and
direct all ABWR MMIS design implemeniations which reference the Certified Design. These
detailed acceptance criteria presented in Section 18E.2 of Appendix 1BE, encompass the set of necesss
and suflicicnt design implementation relawd scuvities required to maintwn the implemented MMIS
design ju comphance with accepted human faorors principies and accepred dighal electronics
equipment and software development methosds

As par1 of the detailed design implementation process described in Appendix 8k, ozerator task
analyses wi'l be perfarmed as a basis fo- evaluating detia’s of ihe design implementation and

13
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S requirements will be wtuﬁod i‘imc MMIS requirements will inciude the
trume aﬁm and controls listed in Tables 18F-18.1 through 8 as a subser. The evaluation of
um room &e&gm will include the confirmation of the ABWR main control
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18C.0 Introducuon

This appendix contans » characierization of a main control room eperator mierface
which incorporates the standard design features presented in Subsection 1882 The
purpose of presenung this design characterizauon is 1o provide an illustration of an
implemented ABWR main control room operator interface and is not meant 1o

18C.1  Centrol Room Arrungement

The conceprual main control yoom contains the main control console, the large
display pancl, the superyisor’s consale, the assistant shift supervisor’'s desk, a large
table and var.ous other desks, peripheral equipment and storage spacs, The
arrangemen: of these iterns of equipment and furniture is shown i Figure 18C -1
The spatial arrangement of the main control console, large display panel and

superisor's conscle 5 a standard design feature, os discussed in Subsecuon 184 215,

Figure 18C.1-1 illustrates this standard arrangement

e e I |
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Figure 13C 21

Main Conmrol Console Configuraton



Figure 18C.2:2
Main Control Console Cross-Section A-A

1.1 meters

1



Figure 18C 2-3
Main Contro! Conscle Cross Section B-B

0B metars







1AC.3  Large Display Panel Configwration

The conceptual large diplay punce! is approximately 3 meters bigh and 106 meters
wide  In gonformance with the standard design feature discussed in Subsection
18.4.2.7, 1t has three major components, the fixed-posision (miumic) display, the 1op.
leve! alarm durlay and the large VOU. There are also fixed-positic n alarm tiles
posivioned in the wp portion of the fised-mimic display. All displays on the large
display panel are posinoned (o be viewed by the operators from a sitting position
behind the main control console as shown in Figure 18C 81

The fsed-position displays occupy the central portion of the large display panel and 1
discussed in Subsection 18428 The fixed-posidon displays are drven by controliers
that are independent of the ‘M-xcss computer 30 that the fixed-position displavs will
continue to function normally in the event of process cumputer falure Figure INC 37
illustrates an implementat.on ol & “xedposition display design,

The plantlevel alarm display panel 1s i whie left of the Axed-position displays & you
face the large display panel. To the right of the fixed position dixplays on the panel is
the large VDU
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186C 4  Systems Integration

A characterizalon of the plant instrumemalion and contro! Systems architecture which
SUPPONS the CONrO! roGm ope &0 INtertace Is /ustrated in Figure 1AC 4.1, As shown
in Figure 18C 4.1, aispiay ana contrai capability for both satety and non-salety
Syslems are Griven Dy MiCroprocessors which are independent of the redundant
process computer. This assures the abiity (o sately shut down M plant in the wiilingly
event of computer taiure  In the cave of the satety syslems the microprocessors are
Sivisionally oedicatac and are each electncally isclater rom the tost of the system

The plant-wide, fibar-aptic essential multiplexing system (EMUX) provides the
communications network for the gystem. This multiploxing system is actually a seras
0! data acquisition and control netwerke, separate networks beINg piovided o1 safety.
re'ated ang nonsa'ety plant systems







