
- - - - - . - . . . - - - . - . - . . - - - . . -

..

r
.

i
a
>

Sf-cml ,

b0 m i Mu vra: 50 - e 5
.

.n{l.f,*t' .; w, . t a r s. . Nc.
ya- A. - r

1

- 2 - >tau it . ; - C,us.L. I IL L .i .2 0:

.
Frons- Et ue u a Now, eroje,+ n$nwn i M'-'

. :.\
i t um r d t : s t v.m H o>ec: m r v : t c.c <u > tv-

.,

T

M.m1 sr + m: ca ea:. w r.s u , spc ei srg tu.

NIYlCS Vi % E ) 0 3' = r (3 e r t o r y,'. a u j y i } O '

a.s. wriear secu,a
-

. :au.se:on .
.

i

I
,

y m'.s hs d. ._ ,- ! bliv. M AL C L L L I ,- .- tU Hi w sM t t P d I l i ks' 44iLh b :- *J li
.. .. -

..t .(
- - -. -. . . . - - . . , OFt -

Uflow 1% d it- jf d ic%ed dG stratt aterh' q the d e v, - e41i- ,
-

r# i r a i. F s tate
.,

- on-tre mcLet m e, me vc > 1 w2c. t er t raa. .c r :.a s : at o aleap.
41 .s

e < .i...n. m .o t;. a. n _i. _t ._in c.li. d.en .
1

- n o__o t .., c e c t:~ i, ..e. .t e..r. 2 i
,

_ m .L

E ra l o w r v. : .

1-

-1 '. FM L iv r e .btM un JNHL freA .!a c i ' Lt ,ite+nina a a %ptW in,Da ut

nico D20m mer 4 31 ageir, |
e, % orenoun, t c w+ r i : 2 e mn 3 9 ' s 6 m b en tea- v t vu ; i m ning-

.

CD tn Pri li ' C1 .i * 1h6 Crdf1 N[ 1 I i . i-i . d a i H.i Np! (i .i . ! 9 5.; i i4 V p r ' a g e n

+ 6 pay 37.
:. F /4 3. - k O ., . . ,, . .. ..

IJ 1 T f t it 7, p,,;y J 4.gf g ,:.) +,p4 y(L y(n t 3 i- , {'{ ,. g ,, e r q 17, g tp (r-g, + ;{J.

% ges),
' 4 % f ib IO ddLk bG t hl: .j ?run d i e Mi Fel1. L; s t r: . e f t' 't D q bH6'

*

tc M 1teatc r ! tea .-01, J 8 W., c. r 1 4, !if, i, ser 4 i ;. c p ) ,
^

% Mo t e. i d _J a n Du n c a r (GE' frcs visu fejl, s tM tern:tm ''a- cnicaiation
Of Si>;Uehte hai plM . 11[l f f tc* ter Ar n , de t et spr il 14 ~id 0.9r *4,

> - pp..

- d .4 .NO t Ea 40~ d A C k Dim f, A n d) tem b .1 (J % .*) ieiIy ?M| r e Q 3. 7 (! I n g i C. e f % ' a i 6 ?* O

ty fiM a sw t %c u m c . xas . < ice of-, tan.nent, u t et n;rtl 10, im

p Ttover-7 f pagn y,
1 _.F AX -- to - C he * Po s 1 nrw (fb frna Jack *ct iM Lp " n a s contral r r :Ji

( f i $ d f' b, $ h t 6:0 4/N N a (CCkVF k.priv% i+ ,

O. fSt IO ! d '/ u e t- IIdt C j **C4 M. H. .afVwPV i U; 'i) {tF ' i ti Pl%k LUCA gehe,>

4

dased ;< 4 e n s c ow + 9 me se
.

- 91 90 10 dQ Lee .?M' YM JS H. OJ L a r e ra n 'e 4 t# i. ) . : n t. -O f r i h 4 i< d R d tf l i N / i)(

waluau en, ca W a'in q--(to 4 mie 4 .er ,

m -. s o .- , _

.v. rue 1u-w pr a ceru- sun r x- n +. w e ar m+ <<c u n tea m a,u. ,,

update,~cate.$ giit Q v :er + t. c a + t. ' ,s .

~l}. . f A# ~ tC f* ;;Q @ r. f if f e } S Q f\ .- 1, U ( ) I T ;' 4 ', H. 1 t t( O C ta d i ; U .4 F U V 1'in dr N it i +

' O A[ , . d s _t ed M 16fN ( t ;, # r ' 5 p ; Ois ) .*

!(o F A X . i n P 2 G t9 7 peg #rsen *pL; traa H. A, C 6 r ey A y (Lt~ ) c ; s r , q f et ised P q

and him .u.o, ;a ts viUM co m - 1: w,. )4

,- ,a. e m, . . to..squ.h, m _.en ( W_ ,m 9. A urem u (tm e ntm w ou m -,. , - ,

2 to % M! 1: & daten :: 2a t u e cavsr mn k ,'

+c . e
i

v i.. - w r -m.y+, r. . . - -- . . . , ~% ; ; m.- .:~ __
'

o

mi w; o y t e ; c , a n., u si: <<
.

.c en: ,,,

/7-
ACIit i; A/EP .) |i "I iO fy,1 p - ' "rse er; nt!;;

. /e
.

*

'

Jw i t s; , 3 rc _ r 11 . w ,r e u.. c ra , g.

92042704?4 920413
P DFl APOCK 05200001
A

< _ PDR |

i

i

.
'

d

|
4 - -~..% , . , . ,, - . + - . , - - . . , 4~. - - . . - ~ . . . . ~ . . - . - . . . -- - - - ~+



- . . - - - - - - - . . - . - . - - - -- .-

1GE 3 'e 1:!2f ti GE ELER M4 U?': ' 1'
'

i.
,

.

.

.

.

* *

So(./cyJc
,

,
I

GENoderEinrgy "

_

<h,'
! s

)1 ._

Dats 3/z002
To _ c i ox e. G o gj 3 s o m:

__

;

| --_

l.

| This page plus 3L page(s)
:

! From J m c k F o v. Mali cod.-_ _

i- 17$ Cunner Avenue
San Jose, CA 95125

Phone 8*425- 4_024 FAX 925-1193

or (408) 925- 925 4 487

.

1 Subject Aswa ssna c4no uL __

c uas -

PLGAst u AW5 s vFs rugs GUTr
i

Og'5T6D,
_

L. "TM Q*A T-

.

gnauqu -

J A C '#- 1 0X
_ _ ,

_ - - - - - -.
,

Wuh 94mmeste

Memba

Whetune- WEEMBNW

D

I

.-, - - , , - , ,



w,s w nmn u wue a e '. _ .
,

.

ABWR

STANDARD SAFETY A.NALYSIS REPORT-

CHAPTER 18

HUMAN FACTORS ENGINEERING

.

-
-

!

L

|-



. .- - . . -. . . _

M 20 m nmm n !waw wi w~ r. : :.
.

.

.

CHAPTER 18

TABLE OF CONTENTS

18.1 INTRODUCTION

18.2 DESIGN GOALS AND DESIGN BASES

18.3 PIANNING, DEVELOPMENT AND DESIGN

18.3.1 Introduction

18.3.2 Standard Design Features

18.3.3 Inventory of Controls and instmmentation .

18.3.4 Detailed Design Implementation Process

18.4 CONTROL ROOM STANDARD DESIGN FTATUIES
l
; 18.4.1 Introduction

18 4.2 Standard Design Features

18.4.2.1 Listing of Features -

-18.4.2.2 Main Control Console

18.4.2.3 Process Computer Driven VDUs

18.4.2.4 Process Computer Independent VDUs

18.4.2.5 Dedicated Function Switches
|

| 18.4.2.6 Automation Design
:
!~

18.4.2.6.1 Automatic C cration

18.4.2.6.2 Semi Automated Opera; ion
i

| 18.4.2.6.3 Manual Operation

.

|

__



f. LAP;20 92 1II3ft! GE Ii M EAF AiWP 'd M i. 4-|_
|

|
,

- |
,

TABLE OF CONTENTS
(Continued)

i
i

18.4.2.7 Large Display Panel

18.4.2.8 Fixed Position Display '

18.4.2.9 Large Var!able Display

18,4.2.10 Supervisors' Console

18.4.2.11 Safety Parameter Display Sptem

18.4.2.12 Fixed.I'osition Alanns

18.4.2.13 Alann Proceseng Logic |

18.4.2.14 - Equipment Alanns

18.4.2.15 Concrol Room Arrangement

18.5 REMOTE SHUTDOWN SYSTEM

'18.6 SYSTEMS INTEGRATION

18.6.1 Safety Sptems

18.6.2 Non Safety Sptems

18 'T DETAILED DESIGN OF THE OPERATOR INTERFACE SWTEM

:

! .

1

:

!

|
|
:

!-
|

-

|
o

i
j '

.



. - . -

DJ; N M 01M M EiM AP 4 C' 0 ' . |

.

.

18.1 IN"rRODUCTION '

This chapter describes the ABWR man machine interface system (MMIS) design goah and bases, u
standard MMIS design features and the detailed MMIS design and
implementation process, with embedded design acceptance uiteria, for the ABWR standard-

plant operator interface. 'Ihe inventory ofinstrumentauon and controls needed by the ,

control room staff for the performance of emergency op-rating procedures is aho described.
The incorporation of human factors engineering principles into all phers of the design of |'

..

these interfaces is pmided for as described in this chapter. .

Design goals and clesign bases for the instrumentation and control systems and operator
interfaces 'in the main controi room and in remote locations are estabbshed in Section 18.2.
The overall design and implementation approach is described in Section 18.3. Section 18 4 !

contains a description of the main control room standard operator interface design featwer
The reraote shutdown system is described in Section 18.5, Section IR6 discusses how the ;

systems which make up the operator interface are integrated together and with the other
'

ayuems of the plant. Section ISJ discusses the detailed design implementation procest The
ABWR Emergency Procedure Guidehnes, which provide the basis for a human factors
evaluation of emergency operations, are contained in Appendix 18A. Appendir 18B
discusses the differences between the ABWR emergency procedure guidelines and the U.S.

-BWROG Emergency Procedure Guidelines, Revaion 4. Appendix ISC presents a
chantcterization of a main control room operator interface equipment implementation that

,

incorporates the ABWR standard design features diacussed in Section 18A. The input data
and results of calculations performed during the preparanon of the ABWR Emergency

i- Procedure Guidelines are contained in Appendix ISD.' A general description cf the design
and implementadon process foi the ABWR operator interface and supporting plant systems
is presented in Appendix ISE Appendix 18F contains the results of an analysis of
information and control needs of the main control room operators during emergency

. operations.

' 18,2 - DFSIGN GOALS AND DESIGN llASES

The primary goal for operator intedace designs is to facilitate safe, efHcient and reliable operator
,

! performance during all phases of normal plant operation, abnormal event.s and accident '

'

conditions.: To achieve this goal, information displays. controh and other interface dmces in the
control room and other plant areas are designed and shall be implemented in a manner

;

consistent'with good human factors engineering practices. Further, the following specific design
bases are adopted:i

(1) During all phases of normal plant operation, abnormal events and emergency conditions, the,

l' ABWR shall be operable by two reactor operatoa In addinon, che operating crew will include
| ..one assistant control room shift supenisor, one control room shift supenhor, and two or more

; auxiliary equipment operators. During accidents, assistance is avadable to the operating crew,

i from per.sonnel in the Tethnical Support Center. Four licensed operators shall be on shih at all
'

times, consistent with the staffing requirements of 10CFR50.54m,

'

(2) Promote effic;ent and reliable operation through expanded application of automated opsation
capabilities,

|| (3) The operator interfat c design shall unlize only proven technology,
n ,

i

. .. . - -. - - -. - - .
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_(4) Safety-related systems monitoring displays and control capability shall be provided in fu!) |
compliance with pertinen; segulations regarding divisional separation ann independence, i

1

(5) The operator mterface design shall be highly reliable and provide functional redundancy |
such that t,ufucient displays and control will be av ilable in the main control room and remote '

locations to conduct an orderly reacter shutdown and to cool the reactor to told shutdown
conditions, evea ditring design basis equipment failures,

fli) 1he principle functions of the Safen Parameter Deplay Systern (SPD5) as required by
Supplement I to NUREC-0737, will be integrated into the operator inte rface design,

(7) Accepted human factors r.ngineering principles shall be utilized for the operator interface
design in meeting the relevant requirements of General Design Criterion 19, and

(8) The des gn bases for the Rernote Shutclown System shall be as specified in Section 7.4.i

18.3 PLANNING. DEVELOPhdT NND DESIGN <

18.3.1 Introduction: An integrated program plan to incorporated human factors engineering !

principles and to achieve an integated design of the control and instrumentation systems and operan
i 'mterfaces of the ABWR was ptepared and implemented. The program p:an presena form.d decisior
| analysis procedures to facilitate seledticr of design features which satisfy top level requirements and

goals of individual systems and the oserlil plant. Also included is a comprehensi/e, syneyis(ic
design approach whh provisions for task analyses and human factors evaluations.

L Specific procedures developed as parts of the implementation of the program p?an ac:

!(a) Implementation Procedure for Development of Syst-m Functional and Performance Requiremen-
L

| (b) Implementation Procedure for Analysis of Ta As and Allocation of Functions,
!

-(c) Implementation Procedure for Evaluation of Human Factors and Man-Machine Interfaces,
.

(d) . implementation Procedure for the Design of Hardware and Software, and
.

(c) Implementation Procedure for the VeriBcation and Validation of Hardware and Software.

The prograni phm and the asscreiated pr oceaures provided guidance for the conduct of the ABWR '

;.

- control and instrumentation and man-machine interface system design development activities
. including:

-(a) Definition of the standard)lesign features of the contro' toom MMIS (see Subsections 1812 and
.

18A2),
,

(b) Definition of the inventory of controls and instrumentation necessary for the control room crew
follow the operation strategies givea in the AEWR Emergency Procedure Guidelines and to to npiet. -

the irnportant operator actions described in the Probabi:istic Risk Assessment (3er Subsection 1813 ar -

Appendix 18F).

2

.
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in addition, the program and v30ciated procedures wdl be transmitted to the team responsib!c for the
dehnition of the detailed procca by which the control room man machine interface and control and
instrumentation systems are implemented; this process includes prcnisions for NRC conformance
reviews where the process or equipment-speci6c design mll be tested against specine acceptance

| criteria and is discussed furtner in Subsc; tion IS.3A. Section 18.7 and Appendix 18E).
i

18,3/2 Standard Desigu Features

.
The ABWR c,mtrol room maremachine interface design contains a group of standard or basic featur !
which form the fcundation for the detailed MM15 design. These features are desciibed in Subsection |
10 i |.

- . I
.The development of the control room MMIS standard desig, features was accomplished through u
consideration of exisdng control room voerating experierce: a review of trends in control room desig jr

: and existing contro! room dam presentation methous; tea!aation of new MMI technologies, alarm
reduction and presentation methods; and validatien resting of two full-scale protonpes. The prototype

| were evaluated usmg test scenarios especialh developed for the purpose and unlizing experienced j
i '

nuc! car plant control room opera: ors. Following the completion of the prototype tests and employing
their resWa. the basic control rovm MMiS standard design feature were Gnalized.

|.

L- 18.3.3 inventorv of Controls and (nstimuentation '

L I
I

The ABWR Emergency Procedure Guidelinn /EPG3), piesented in Appendix 18A, and the importan j
meratcr acuans identified in the Probabilis'ic Risk Assessment (PRA), presented in Chapter 19, ii

.ptcvided the bases for an anatp ef he infoma 1 an 1 control capability ne eds of the main control |i

L room operators based upon the operanon stmtegies. - Thu malysis dennes a minimum set of Exed '

displays and a minimum set of contmls which mil enabie the operating crew to perform the ac' ionsL
i

that would be specined m tne emngracy operadng procedures Appendix 18F tontains the tatulated i

resu'ts of thu ar,alysis. Ta5;les 18F-1 '.hrc..gh ISF il it. Appendix 1GF contain detailed descriptions ofe
,

the steps of the EPGs and the informanon, alarms and controh needed by the operators to perform aru '

L validate the completion of those step Table 18F12 contains the same tyre afinformanon for the
important operator actices identified in me PRA

Another ,,et oI three tables in Appendix 18F provide convenient summario of the control, display anc
a! arm listings develaped in the previous tables. These lar cr tables are numbered 1RF.13.1,2 and 3,
respectively. The listings in Tables 18F-13.1 through 3 are an inventors of the controls, displays and

| alarms which define the minimum control, information and alarm requirements on any ABWR
| lontrol room design implementation.
|

'18.33 Detailed Design Implementation Procem

L .The process by which the detailed equipment design implemenMon of *he ABWR control and-
| insu arnentation and man-machine imerface will be compicted i4 discussec in Section 18.7 anci in

Appendix 18E. This pcocess builds upon the standard MMIS design features which are discussed in'

Subsection ISA 2. Ernbedded in the process. which is iilustrated in Figure 18E.11, are a number of
,

NkC conformance reviews in which various aspects and outputs of the process are evaluated apinst
the established acceptante criteria which are presented in Tables 18E ?-l through ISESx.

'

.

3
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18A CONTROL ROOM STANDARD Dr. SIGN FFATURES

18d.1 Introduction

This section presents the standard design feuw-s of the operator interface n the control room
These basic design features ar- based upon pro.en technologies and have been demonstrated,
through broad scope control room d.aamic simulation tests and evaluation, to satisfy the
ABWR operator inicsce design goals and design bases as given in Secuun 18 2. Appendix ISC
presents an example of a control room operator inir: face design impicmentation which

[ incorporates these design features. Final validation of all of the standard design features will be
done as part of the design implementation process as defined by the acceptance criteria listed in
Tables 18E.21 through 18E.2*

;

18.4.2 Standard Design Feature Descriptions

15,4.2.1 Listing of Features

The ABWR control room operator interface des:gn incorporates th>: followmg standard featurev
,

. a) A single integrated control console staffed by two operators; the console has a Icw(
profile such that the operators can see over the console from a seated position. r

(b) The use of plant process comput.'r system driven anarr-en control video display units
(VDUs) for safety system monitoring and non safety system control and monitormg.

(c) The use of a separate set of on-screen control VDUs for safety syste m control and
monitoring and separate on screen control VDUs for non-safety system control and
monitoring; the operation of these two sets of VDUs is entirely mdependent of the process
computer system. Further, the first set of VDUs and all equipment associateci with their
functions of safety system control and monitoring are dmstonally separate and qualified'

to Class 1-E standards..

L (dl The use of dedicated function switches on the control console.

(c) Operator selectable automr. ion of pre defined plant operation sequences

(O The incorporation of an operator selectable semi automated mode of plan; operations,
which provide procedural guidance on the control console VDUs. ;

(g) The capability to conduct these all plant operations in an operator manual mode.

(h) The incorporation of a large display panel which presena informauon for use b4 the
-

entire control room operating staff.

(i) The inclusior on the large display panel of Rxed-position displays of key plant
parameters and major equiprnent status.

(j) The indusion in the fixed-position displays of both IE. qualified and non-lE display, ,

(. ele men ts.
.

4
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(L) The independence of the fixed position displays from the plant procus computer.

(1) The inclusion within the large display panel of a laige videe display unit which is j
|- driven by the plant process computer system.

.

*

(m) The incorporation of a " monitoring only" supenisor's console which includes '
VDUs on which d' splay formats available to the operators on the main control console are
also available to the supenisors.

(n) The incorporation of the safety parameter display system (SPDS) function as part of.

the plant status summary information which is continuously displayed on the fixed-
position displays on the large display panel.

(o) The use of fixed-position alarm tiles on the large display panel,

(m) The application of alarm processing logic to prioritire alarm indications and to filter
unnecessary alarms. .

.

(n) A spatial arrangement between the large display panel, the main control console and
the shift supervi:, ors' console which allows the entire control room operating crew to
comeniently view the information presented on the large display panel.

.

-(o) The use of VDUs to proside alarm information in addition to the alarm information
'

provided via the fixed-position alarm tiles on the large display panel.

The remaincer of this subsection provides further descriptions of these standard design features.
'

18.4,2.2 Main Control Comote

; The main control console comprises the work stations for the two control room plant operators. It
is configured such tnat each operator is provided with controls and monitoring information-
necessary to perform their assigned tasks and allows the operators tr view all af the displays on
the large display panel (see Subsection 18A2.7) from a seated positic:..

The main control console,in concert with the large display paneh prmides the controls and
displays required to operate the plant during normal plant 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
monitoring which are driven by the plant process computer system (see Subsec ion 18A2.3).'

(2) A separate set of on-screen control VDUs for safety system contrc,1 and monitoring and4

''
separate on screen control VDUs for non-safety system control and monitoring: the operation of
these two sets of VDUs is entirely independent of the process computer system. Further, the first
set of VDUs and all equipment associated with their functions of safety system <.ontrol and
monitoring are divisionally separate and qualified to Cla.ss lE standards (see Subsection 18A14).

(3) Dedicated function switches (see Subsection 18 4.2.5).

,

5

.
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h.T e main control console is also equipped with a limited set of dedicated dnplays for selected
functions (e.g., the standby liquid control system and the synchromaation of he main generator
to the electrical grid);

In addition to the above equipment, the main control console is equipped with both intra-plant
and external communications equipment and a laydown space is provided for hard copics of
procedurcs and other documents required by the operators during the performance of theirt

duties.
,

18.4.2.3 Process Computer Driven VDUs
.

A set of on screen control VDUs is incorporated into the main cuntrol console design to support
. the following at tivities:

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

(2) control of non-safety systern components,

(3) presentauon of syste.n and equipment alarm information,

This set of VDUs is driven by the plant procesa computer sptem. Thus, data collected by the
process computer 6.wailable for monitoring on these VDUs All avadable display formats can
be displayed on any of these VDUs.

18.4.2.4 Process Computer Independent VDUs

A set of VDUs which are independent of the process computer are also installed on the nain
control console. These VDUs are each driven by independent processors. They are divided ,

into two subsets: '

,

' The first subset consists of those VDUs which are dedicated, divisionally separated devices. The
VDUs in this group can only be used for monnoring and control of equipment within a given. ,

safety diision. The.VDUs are quali6cd, along with their supporting display processing
equipment, to Class iE standards.

.The second subset of process computer independent VDUs are used for monitoring and control
of non-safety plant ystems. The VDUs in this subset are not qualiGed to Class IE equipment
standards.

,

18.4.2.5 Dedicated Ftmetinn Switches '

Dedicated function switches are instalkd on the main control console. These devices provide
,

faster access and f-edback compared _to that obtainable with soft controh. These dedicated'

i switches are implemented in hardware, so that they are locued in a hed-position and are
dedicated in the sense that cach individual switch is used only for a single function, or two very
closely related functions (e.g., valve open/close).

'

The dedicated function switches on the main control console are used to support such functions
as initiation of automated sequences of safety and non-safety system operation 3, manual scram-

and reactar operating mode changes.

6
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_18.4.2.6 Automation Design

The ABWR incorporates selected automation of the operations required during a normal punt
startup/ shutdown and during normal power range maneuvers.
Subsection'7.7.1.5 describes tne pouer goerat on control system (PGCS) which is the pnmaryi

ABWR system for providing the automation feature; for normal ABWR plant operations-

18.4.2.6.1- Automatic Operatiom When placed in automatic mode, the PGCS performs scquences
of automated plant operations by sending mode change commands and setpoint changes to

'

lowerdevel, non safety related plant system controllers. The PCCS cannot direnly change the
status of a safety-related system. When a change in the status of a safety.related system is
required to complete the selected operation sequenre, the PGCS provides prompts to guide the
operztor in manually performing the change using the appropriate safety related operator
interface controls provided on the main control console.

The operator can stop an automatic operation at any time. The PCCS logic al>o monhors plant
status, and will automatically revert to manual operating mode when a major change in phnt
status occurs (e.g., reactor scram or turbine trip). When such abnormal plant conditions occur.
PCCS automatic operation is suspended and the logic in the individual plant systems and '

equipment directs the automatic response m the plant conditions. Similarly,in the event that the
operational status of the PGCS or interfacing sptems changes (e.g., equipment failures),
operation reverts to manual operating mode. When conditions permit, the operator may
manually re-initiate PGC5 automatic operation.

18.4.2.6.2 Semi Automated Operation The PGCS also includes a semi automatic operational,

mode which provides automatic operator guidance for accomplishing the desired normal
changes in plant status; however. in this mode, the PGCS performs no control actions. The

:operator must activate all necessary system and couipment controls for the semi automatic
sequence to proceed The PGCS monitors the plant status during the semi-automatic mode in
order t_o check the progression of the semi automatic sequence and to determine the appropria'e
operator guidance to be activated.

18.4.2.6.3 i Manual Operation: The maaual mode of operation in the ABWR corresponds to the
manual operations of conventional BWR designs in which the operator determines and
executes the appropriate plant control actions without the benefit of computer based operator aids.
The manual mode pre ides a default operating mode in the event of an abnormal condition in
the plant. The operator can completely stop an automated operation at any dme by simply-
selecting the manual operating mode. The PGCS logic will also automatically revert to manual
made when abnormal conditions occur.

'

18.4.2.7 Large Display Panel

: Theiarge display panel pmvides information on overall plant status with real time data during
: all phases of plant operadon The informatior. on the large display panel can be viewed from .

j; the main control consol and the supervisors' console. The large display panc! includes fixed-
_ position displays (see Subsection 18,4.2.8), a variable display (see Subsection 18.4.2.9) and|

spatially dedicated alarm windows (see Subsection 18M.12),

i

e
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18A.2.8 G.ed Posidon Display |
!

The fued position portion of the large displav panel provides key alant information for viewmg -

by the enure control room staff. The dynamic display element.' oE the Exed-positien displays
are driven by dedicated microprocessor based controllers whicts are independent of the plant
process computer system.

Those portions of the large display panel which present safety related information are qualiGed
to Class IE standards.

,

The information presented in the fixed position displays includes the critical plant parameter
information, as defined by the SPDS requirements of NUREG 0737, Supplement 1. and the Type

. A post-accident monitoring (PAM) instrumentation required by Regulation Guide 1.97, i
*

D.evision 3 (refer to Section 18A.2.H for a diu u9 ion of the SPDS and m Section 7 5 for a !
-discussion of the PAM variab!cs). i

i

18A.2.9 Large Variable Display

The large variable display which is included on the large display panel is e VDU which is
driven by the plant process computer system. Any screen format resident m the process
compuar system can be shown on this large variable displa).

18A 2.10 Snpervisors' Console

'
A console is provided for the control romn supenisors which is equipped with VDUs un which
any screen format resident in the process computer systen md available to the operamts at the
main control console is also available to the shift supervisor. The location of this console in the
control room is discussed in Subsection ISA 215.

,

18A.2.11 SPDS

NUREG-0737 provided guMance for irnplementing Three Mile Island (TMD action items.
NUREG-0737c Supplement 1, clarines the TMI action items related to emergency response

j: - capability, including item ! D1 " Safety Parameter Display System" (SPDS). The principal
purpose of the the SPDS is to aid control room personnel during abnormal and emergency,

! conditions in determining the safety status of the plant and in assessing whether abnormal '

: conditions warrant corrective action by operators to present core damage. During emergencies, ,

the SPD$ serves as an aid in evalutting the current safety status of the plant in executing
symptom-based emerge.cy operating procedures, and in monitoring the impact of engineered

- safeguardsLor mitigation acovities. The SPDS also operates -during normal opr ,on.

continuously displaying information from which the plant safety status can be uw. ; and
.

reliably asscesed. The ADWR does not provide a separate SPDS, but rather, the principaln

functions of the SPDS (as required by NUREG-07' 7, Supplement 1) are integrated into the '

:

| overall control room display capabil; ties Disphys of critical plant variables sufGcient to provide
;

_ informa' ion to plant operators about the following critical safety functions are provided on the
large display panel as an integral part of the 6xed-position displays:

l' (1) Reactivity control.
| (2) Reactor core cooling and heat removal from the primary system.
| (3) Reactor coolant system integrity,
|

'

,

V
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-(4) Radioactivity control, and -
(5) Containment conditions.

Displays to assist the plant operator in execution of symptom-based emergency operating
procedures are available at the main control console VDUs. Examples of these VDU dbplap are
trend pk ts and operator guidance, Information regarding entry conditions to the symptomauc
emergency proccoures is provided through the fixed-position display of the crhical plant
parame:,en on the large display pane! The critical plant parameten 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 accessible at the control rooml

supervisors' monitoring station and may be provided in the technical support center (TSC) and,
optionally, in the emergency operations latihty (EOF), whitn are the responsibility of the '

app icant referencing the AllWR design a proside.

Ent:yconditions to the symptomatic EOPs are annunciated on the dedicate d hardware alarm
windows on the large display panel. The large display panel also displays se contamment
isolation status, safety sptems status, and the following critical parameten:

,

(1) RPV pressure,
(2) RPV water level,
(3) Core neutron flux (startup range and power range instrumentsh '

(4) Suppression pocd temperature.
'

(5) Suppression pool water level,
'

(6) Drywell temperature,
'

(7) - Drywell- pressur e, ,

(8) Drywell water level,
; (9) Control rod sciam status,

(10) Primary containment oxygen contentration.
(11) Primary containnant hycirogen concentra: ion (when momtors are in operaaont
(12) Containment radiauon leve!s,
(13) Secondary containment differential pressure,,

(14) Seconduv containment area temperatures.;

(15) Secon ury containment HVAC cooler differential temperature,
! (16) Secondary containment HVAC exhaust rndiation level. -;
L (17) Secondary containment area radiation levels, and i

! (18) Secondary containment floor drain sump water level. |

The oxygen monitoring instrumentation system is normally in continuous operation and,

hence the large display panel also includes continuous fixed position display of wetwell and
'

.

' drywell Oxygen concentrations. The hydrogen monitoring instrumentation is automatically
- started on a-LOCA signal and hence continuous display is not required. Additional post|

|- accident monitoring pararneters, such as effluent stack radioactiactivy releaw (Refer to Section
7.5 for a list of post accident . monitoring parametersh may be displayed at the large variable
display or at the main control console VDUs on demand by the operatur.

The SPDS is required to be designed so that the displayec inforrr.ation can be readily perceived
and comprehended by the control room operating crew. Compliance with this requirement is

'

| assured because of the incorporation of accepted human factors engincering principles into the ,

overall control room design implementation process (Refer to Subsectwn 18,7 for a discuman of
the design implementation oroces3L

;

I '
i
|

!
|
'
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All of the continuously displayed information necessary to satisfy the requirements for the
SPDS, as defined in NUREG-0737, Supplement ;, is included in the fixe 6 position displays bsted

-in Table 1%1&!. Table 18F-13.1 aisc inchides other displays, beyond those required for the
SPDS.

18A.2.12 Fbced l'osition Alanns ~ !
1

Fixed position alarm tiles on the large display panel annunciate the key, plant level alarm |
conditions that potentially aficct plant availability or plarit safety, or indicate the need of
immediate operator action.

;

18.4.2.13 Almm Processing Logie
!

Alarm priorithing and filtering logic is employed in the ABWR design to enhance the
presentation of meaningful alarm information to the operator and reduce the amount of
information which th- operators must absorb and process during abnormal events,

Alarm prioritizing is accomplished in the ABWR through the designation of three categories of
alann signals The nrst of these is the impor: ant alarms. These are defined as those alarms
which notify the operators of changes in plant status regarding safety and include those items
which are to be checked in the e~nt of accidents, principle events or transients. The important
alarms are displayed on the fixed-position tiles discussed m Subsection 18.4.2.12.

The second categacy is the system specific alarms which are provided to notify the operators of
system level abnormahties or nor -normal system statuses. Examples of these are:

_(a) m.i.in pump trips caused by system process, power sources or control abnormahties,<

(b) valve closutes ir. coo |ing or supply lines.

-(c) decreases in supply process values, -

(d) loss of a backup syvem,

(e) . systern i. solation,
,

(f) safety systems are being bypassed,
'

(g) systems are undergoing testing
.

The system speciRc alarms are aho shown on the fixed-posttion tiles discussed in Subsection
'l M 1 W.

Equipmen3 alv.rms make up the third category of alarras in the prioritizing scheme and are
discussed in Subsecuon 184114.

Alarm suppression in the ABWR is tused upon the following concepts:

10
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(1) huppression based on the operating mode. The plant operating mode k denned on the basis
of the hardware or process status, and ahums which are not relevant to the current operating
mode are suppressed. For example, alarms which are needed in the " RUT mmic but are
unnecetsarv in the " SHUTDOWN" mode are suppressed

(2) Suppression of subsidian alarms. Alarms are suppressed if they are logicallv consequent to
the state of operation of the hardware or to the process status For e.samp!c. scram m4iation (a
plantlevel ahtrm condinon announced with a Gsed position alarm tile on the large display
panel) will logically lead to an FMCRD hydraulic control unit scram accumulator h>w pressure
(also an alarm condition). Such subudiary alarms are suppreued if thev simply sigmfy lopcal
consequences of the nstems operation.

(3) Suppression of redundant alarms, When there are overlappmg alarms. such as "h gh" and
"high-high" or " low" and " low-low". onh the more severe of the condinons :s abr med and 'he
others are suppressed.

Operators may activate or deactivate the alarm suppressmn ogic at anv time

18 A.2.14 Equipment Alanns ,

Alarms which are not indicated by Exed-position a!arn ules en the large display panel (i e,
those alarms of nominally lower level importance such as those related to spetint equipment
status) are displayed to the control room operatim; sta!Iv.a the main control consde VDUs The
supplemental alarm indications and supporting information regarding th< p ant-lesel alartas
which are presented on the large display panel are abo presented on the VUUs.

I S A.2.15 Control Room Arrangement

In the ABWR main control room a:rangement, the main control console is located directly in
fro,t of the targe display panel for optimum viewmg efBciency by the plant operators scred at
the main console. The shift supervisor's console is also placed in front of the large display
parel, but at a scmewhat greater distance than the main control console The shift supervisor is,
thus,in a ; asition ochind the control console operators. This arrangement al!ows all control
room personnel to view the contents of the large panel displays.

18.5 REMOTE S11UTDOWN SYSTEM

The remote shutdow;' wstem (RSS) provides a means to safely shutdown the plant from outade
the main control room. It provides control of the plant systems needed to bring the plant to hot
shindown with the subsequent capabilits to attain cold shutdown, m the event that the control
room becomes uninhabitable.

The RSS system design is destribed in Substctions 7 4 l A and 7AS 4. Ali of the controb and
ins'rumentation recuired for RSS operatien are identified in Subsection 7A 1 A 4 and in Figure
7.4-2.

The RSS um conventional. hardwircci contrais and mdic.uors to naintain diversity from the
main control room These dedicated dences are arranged in a mmut of the interfanng
systems process loops,

1*
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18,6 SYSTEMS INTEGRATION

18.S.1 Safety Sptems

The operator interfaces with the . safety-related systems hrough dedicated hard.vare swnches for
system initiation and logic reset, hardware switches for system mode change,% safety related

- VDUs for individual safet) equipment control. 5tatus di> play and monitorin ; non. safety VDUs
,

for ar'ditiomd safety system monitoring and the large fixed-position display tot plant oversiew
informadon. Instrumentation and control aspects of the micromocessor based safety systerns+

and logic control ($$LC) are described in Appendix 7A,

bDi isional separation for control, alarm and display equipment is iaaintained The SSLC '

processors provide alarms signals to their respecthe safety-related alarm processors and provide
d. splay information to the divisionally dedicated VDUs The SSI.C niicroprocessors
communicate with their respective divisional VDU contrW!ers through the est.ential

7
- : multiplexing system (EMUX). The dhisional VDUs have on screen control capability.

Divisional isolation devices are provided between the safety related sysams and non safety -

related communication networks so that fadures in the non safety related equipment will have
na impact on the ability of the safety s;. stems to perform their design functions, The non-safety->

elated communication network is part of the non-essential multipics systern (NEMS) described
-in Subsection 7.7a.9.

Operation controls through dedicated hardware switches and mastet sequential switches
communicate with the SSLC logic units through conantional hardwire signal transmis6on

-(i.ec, not multiplexed), Communications between the SSLC logic units and alarm paneh and the *
-

_ safety related fixed-posinon displays is 1.hiough mulaplex data links

Safety system process parameters, alarms and system status information from the SSLC are
communicated to the NEMS through isolation dences for use by other equipment connectet' to
the commuaication network Selected operator control functions are performec through

' dedicated hardware control switches which me 1-E qualified and dinsionally separated on the
main control console. These hardware switches communicate with the safety related systemss

-logic units through hardwire transmission lines

The divisionally dedicated VDUs are clanified as .afety related equipment. Tnese VDUs
provide control and display capabihties for indhidual safety mtems if control of a system
component is required. Normally, such control actions are performed for equipment
survedlance purposes only, as the normal method of system conuul is through the mode-
oriented master sequence switches.

,

18.6.2 Non. Safety Sptems

For non-safety systems, operation control is accomplished using master sequence switches, on
; screen control via the non-safety VDUs. The hardware switches for non-safety equipment on

the main control console communicate with the non,afety telated svuems logic units through
hardwire transmission hnes. '

12
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! ?The non.safery systems communicate with othei equipment ie the operator interface through
the NEMS network. The non safety related portion of the brpe display panel fixed-position
displays is driven by a controller separate from the process computer system Alarm processing

: microprocessor units separate from the process computer perform aiarm Ghering and
| suppression and also drive dedicated alarm tiles on the large display pane! The alarms for
, - entry condhions into the symptomatic emergencv operating pro;edures are presided by the

alarm processing units, both safety and non-safety reh,tc d Equipent level alarm information
is prese ted by the process computer on the mam control conso.e VDUs..

- An additional set of non-safety related on screen control VDUs are prcnided on the mam control
console for control and display of non-safety $3 stems. These VDUs are independent of the
process computer system, in the unlikely event of loss of the process com anter system, these
independent VDUs, in conjunction with the large display panci safety-re ated displays, hase 4

TufScient information and control capability to allow the following operations te he performed: |
|

(1) steady-state power operaoon. |

(2) power decrease,

(3) plant shutdown to hot standby conditions, and

(4) plant shutdown to cold shutdown conditiont ;

Without the plant process computer system, control is carried out through the master sequential i
switches and the process computer independent, on-screen control VDUx Monitonag is
accomplished with the independent VDUs and the Gxed-position display on the large displav
pane!. -Power increases cannot be performed in the absence of the process computer system
because core thermal margin limit information provided by the procen computer to the i
automatic thermal limit monitor (described in Sabsection 7.7.2,2) would not be availahic.

i

18.7 -DETAH.ED DESIGN OF THE OPERATOR TNTERFACE SYSTEM-

,
The standard design features of the AfMR main control room MMIS, discuned in Subsection IM1

L provide the framework for the detai!cd equipment hardware and software designs that will be |
E -developed following a design and implementation process such as that typically described in

Appendix 18E. This typical design and implementation process is presented a flow chart form in
Figure 18E.11 and described in more detailin Table 18E.14

'

As part of the Appendix 1SE discussion of typical man-machine interface sptems (MMIS) design an
'

implementation activities, deta led acceptance criteria are specified that snall be used to govern andi

direct all ABWR MMIS design impfementations which reference the CertiGed Design. These
detailed acceptance criteria. presented in Section 18E 2 of Appendix 18E, encompass the set of necessa ,

and sufficient design implementation related activaics required to maintain the impicmented MMIS
design in compliance with accepted human faaors principles and accepted dignal electronics
equipment and software deselopment methods.

;.

As part of the detailed design implementation process described m Appendh J Sh, operator task,

j ana'yses wel be performed as a basis for evaluating detaA of the deugn implementation and
i

13
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'MMIS requirements will be spscified. These MMIS ret uirements will include (bc
,

- instrumentation and controls listed in Tables 18F 111 through 3 as a subset The evaluation of
'the integrated control room design will include the confirmation of the AllWR main control'
room standard design features.

,
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18C,0 Introduction
:

This appendix contains a characterization of a main control room operator interface'

which incorporates the standard design features presented in Subsection 18.3 2. The
purpose of presentmg this design characterization is to prodde an illustrar. ion of an

-implemented ABWR main control room operator interface and is not mez,nt to i

!
;

i
!
,

t

18C,1 Control Room Ammgement

The conceptual main control room contains the main control console, the large
display panel, the supenisor's console, the assistant shift supervisor's desk, a large

,

table and var'aus other desks, peripheral equipment and storage space. The <
.

arrangemen; of these items of equipment and furniture is shown m Figure 18C.1-1.
The spatial arrangement of the main control conso!c, large display panci and |

supenisor's consele is a standard design feature, t.s discussed in Subsection ISA.215.
. Figure 18C.11 illustrates this standard arrangement
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18C.? Main Contr ol Panel Configurath>n

,Se conceptual nuun contre panel is (onfiguted as shown m a pian uew m ligure
u.a? 1, As shown in Figure 18C.21, the t on0gm ation n that of a shallow. trutu ated
V with dre space attachments at the ends of both wmc The dimenstons are suc h
that two operators can wmfortably weak at the console at all tunts

A t rosuertional siew c' the invin comole is shown m figure 18C V 2 lhiSna(roo
section at points A A, n,du ated m figure ISC.21 Tins urw gnes an indicanon of the
comole height and the depth of the conso!c desk surf u e The dashed hacs mdu ate
the position of the computer drnen VDUs, wha h. in ihn < ont ept, ar e CRTs

A second crosucc tional view, at points Ett as indicated in figure IFC 21, is shown
in Figure ISC "1 This view shoos the crosucctional shape 01 d.e c omote in the desk
ar eas,

Figure ]bC 2-4 showb a largt'r, mot e detailed scrsh. the schematic shown m
figure '.80 " 1. This detail includes tl.e identincation and arrar;gement of the
equipment installed on the main control console This eqmpment includes computer
drnen CRTs. Gat panel disphiy devues, panch of dedaated f unction switches and
analog displan for selected equipment (e g., standin hquai control system and the
mam generator). The Hat panel display devices at e dnven by dedicated micio-
processors and. thus, are independent of the prot ew (omputer.

In general, the conceptual equipment arrangement on the main comole n t1) safety-
relv.ed and NSS on the left, (2) oserall plant supervision in the center and (M balance
of plant en the right.

The Hat panel displap on the left side of the console arr +nsionally dedicated. These
Dat pancis ate quahfied to Class IE standards and are med io monitor and wturol the
diustonal niety sptemt

The flat panels on the center arul riyl. panels of the main console support rnonttoring
and control of r,on safety NSS and BOT systems

The CRT3 and Dat panel displas dences or he main control console are 6tted with
touch screem. In addition to the c ontro! caj tailities provided by the touch scicens on
the CRTs and Oat panch, there are panels of dra=, at; d switches implemented in
hardware and located on the main control coinole. Dedicated r,vitches are dnwurd
in Subsection 18 4 '
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[ 18C.3 luge Display Panel Conficuution ;

1

: The conceptual large display panc! is approsimately 3 rneters high and 10.5 meters
wide. In conformance with the standard design feature docussed in Subsection
18 417. it has three major components; the fhed pouuon (munic) displas, the top- |

; lesel alarrn dis alay and the large VI)U. These are aho ihed-positicn alarm tiles |

po;,itioned in (de top portior; of the fixed minne display. All displays on the large
display panel are posinoned to be viewed by the operators frorn a sittirig posaion-

behind the main control console as shown in Figure 18C 3-1.

The fhed position displays occupy the central portion of the large display panel and is f
discussed in Sube.ection 18 418. The thrd position displays are driven by controllers

,

that are independent of the prorrss computer so that the thed position displays will '

continue to function norinally in the event of process wmptiter failure l'igure 18C.3 "
illustrates an implementahon of a (Wed-position display design. |

The plant lesel alarm duplay panel is ti! the left of the lhed position displap 43 you
face the large display panel. To the right of the hed posioon duplays on the panelis ,

the large VDU.
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18C.4 Systems integration i

A characterization of the piant instrumentation and control systems archttocture which-

,

supports the control room operator interface is illustrated in Figure 1BC.41 As shown
.

in Figure 18C.41. display and control capabibly for both safety and non safety ;,

systems are driven by microprocessors which are independent of the redundant j
process computer This assures the ability to Safely shut down ihr plant ;n the utilikely r

event of comput9r faduro. In the care of the safoty systems, the microprocessors are !

divisional!y ded;cated and are each electrical |y isefated from tho rest of the system
'

,

i The plant wide, f;ber optic essential multio|exing syr, tem (EMUX) provides the !

communications network for the system. This multiploxing system is actually a sanas ;

of data acquisition and control networks; separate networks being piovided for safety- ;
related and nonsafety plant systems i
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