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Keith Gregoire (GE)

9384



ABWR 23IA6100AR

Standard Plant —

CHAPTER 18
TABLE OF CONTENTS

Section Title Page
18.1 INTRODUCTION 18.1-1
18.2 DESIGN GOALS AND DESIGN BASES 182-1
183 PLANNING, DEVELOPMENT AND DESIGN 18.3-1
18.3.1 Introducuon 18.3-1
18.3.2 Standard Design Features 183-2
1833 Inventory of Controls and Instrumentation 183-3
18.34 Detasied Design Implementation Process 18.3.4
18.4 CONTROL ROOM STANDARD DESIGN FEATURES 184-1
184.1 Inroducton 184-1
1842 Staudard Design Features 18.4-1
18.4.3 Control Room HSI Technology 18.4-7
18.5 REMOTE SHUTDOWN SYSTEM 18.5-1
18.6 SYSTEMS INTEGRATION 186-1
18.6.1 Safety Sysiems 18.6-1
186.2 Non-Safety Sysiems 18.6-1

18.7 DETAILED DESIGN OF THE OPERATOR
INTERFACE SYSTEM

18.7-1
[’ APPENDIX 184 EMERGENCY PROCEDURE GUIDELINES
APPENDIX 188 DIFFERENCES BETWEEN BWROG EPG
REVISION 4 AND ABWR EMERGENCY
PROCEDURE GUIDELINES

;/ APPENDIX 18C OPERATOR INTERFACE EQUIPMENT
’ CHARACTERIZATION

{
e |8 8B CO- LICSNSE INFORMATION

1R-n




ABWR
Standard Plant

18.1 INTRODUCTION

This chapter describes the humarn-sysiem i
system (HSI) design development, the HSI design goals
and bases, the standard HSI design features and the
detailed HS! design and implementation process, with
| embedded design acceptance critena, for the ABWR
standard plant The ABWR Emergency Procedure
Gudelines and the inventory of instrumentation and
controls needed by the control room staff for the
performance of emergency operating procedures are also
described. The incorporation of human factors
enpmngmnc;plesmnaﬂptmudmededpof
these interfaces is provided for as described in this
Chapter.

Design goais and design bases for the HSI in the
main control room and in remote locations are
established in Secuon 18.2. The overall design and
implementation approach is described in Secuon 18.3.
Secuon 18.4 contains & descripuon of the main control
room standard HSI design features. The remote
shutdown system is described in Section 18.5. Secuon
18.6 discusses how the sysiems which make up the
HS! are integrated together and with the other systems
of the plant. Section 18.7 discusses the detailed design
implementation process. The ABWR Emergency
Procedure Guidelines, which provide the basis for &
human factors evaluation of emergency operations, are
contained m Appendix 18A. Appendix 18B discusses
the differences between the ABWR Emergency
Procedure Guidelines and the U.S. BWROG Emergency
Procedure Guidelines, Revision 4. Appendix 18C
presents a characienzanon of 8 mam control room HSI
cowpment implementaton that incorporates the ABWR
standard design features discussed in Section 18.4. The
input data and results of cakculsbons performed duning
the preparation of the ABWR Emergency Procedure
Guidelines are contained in Appendix 18D. A general
descripuon of the design and implementation process
for the ABWR HS! e 1s presented in Appendix 18E.
Appendix 18F contains the results of an analysit of

informauor: and peeds of the maun control room
development and testing of the main control

room equipment configurstion are descnbed in
Appencix 18G.

ZIABI0CAR
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18.2 DESIGN GOALS AND
DESIGN BASES

The primary goal for HSI designs is 10 facilitate
safe. efficient and reliable operator performance dunng
all phases of normal plant operation, abnormal events
and accident conditions. To achieve this goal,
informanon displays. controls and other interface devices
in the control room and other plant areas are designed
and implemented in a manner consisient with good
human factors engineering practices. Further, the

following specific design bases are adopted:

1. During all phases of normal plant operation, abnor-
mal events and emergency conditions, the ABWR
shall be operable by two reactor operators. In addi-
uon, the opersung crew will include one assistant
control room shift supervisor, one control room
shifi supervisor, and two or more auxiliary equip-
ment operators. During accidents, assistance is
available 10 the operating crew from persoanel in
the Techmical Support Center. Four bcensed opera-
tors shall be on shift at all umes, consisient with

2IA6I00AR
_REY. A

relevant requirements of General Design Critenon
19, and

The design bases for the Remote Shutdown System
shall be as specified in Section 7.4.

the 10CFRS0 S4m» Ses
d.!‘:_"l‘!.‘!‘.'.?"‘?&'."é'.".“l‘w Con i wse +niarmdiag rﬂM&(AMq:‘S

The HSI design will promote efficient and reliable
operaton through application of automated opers-
non capabilines,

3. The HSI design shall utilize only proven technol-
ogy.

4 Safety-related sysiems monitoring displays and con-
trol capability shall be provided in full compliance
mﬁmmnﬁmmﬁngehcﬁalm-
rabon and independence,

S. The HSI design shall be highly reliable and provide
functuonal redundancy such that sufficient displays
and control will be svailable in the main control
room and remote locations 10 conduct an orderly
reactor shutdown and 10 cool the reactor 10 coid
shudown coaditions, even during design basis

6. The princi

Dnsplay -wn_w
1 © NUREG0737, will be inegraiad into the HSI
aesign.

7. Accepted human factors engineering principles shall
be utilized for the HS! design in meeting the
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18.3 PLANNING, DEVELOPMENT
AND DESIGN

18.3.1 Introduction

An integrated program plan 10 incorporaie human
factors engineening principles and 1o achieve an inie-

grated design of the control and instrumentation sysiems
and HSI of the ABWR was prepared and implemenied.
The program plan presents formal decision analysis pro-
cedures o facilitate selecuon of design features which
sausfy top level requirements and goals of individual
sysiems and the overall plant. Also included 15 a com-

prehensive, synergisuc design approach with provisions
for task analyses and human factors evaluanons.

Specific procedures developed as parts of the im-
plementation of the program plan are:

a. Implementation Procedure for Development of Sys-
tem Funcuonal and Performance Reguirements,

b. Implementation Procedure for Analysis of Tasks and
Allocauon of Funcuons,

¢. Implementabon Procedure for Evaluation of Human
Factors and Human-Machine Interfaces,

d. Implementanon Procedure for the Design of Hard-
ware and Software, and

lad

. Implementation Procedure for the Vunficauon and
Validanon of Hardware and Software.

The program plan and the associated procedures
provided guidance for the conduct of the ABWR HSI
design deveiopment acuvites including:

a. Definiton of the standard design features of the con-
trol room HS! (see Subsecuons 18.3.2 and 18.4.2),

b. Definition of the inventory of controls and instru-
mentation necessary for the control room crew 0
follow the opeggpon strategies given in the ABWR

Guidelines and 1o complete
sctions described in the

18F).
18.3.2 Standard Design Features

The ABWR conirol room HSI design contains a
group of standard or basic features which form the foun-

68U e
)
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HSI
dation for the dewailed WIS design. These featurss are
described in Subsection 18.4.2,

The development and testng of the control room
HSI standard design features was accomplished under a
program which is descnibed in Appendix 18G. This de-
veloprient program included consideration of exisung
control room operating experience; a review of trends in
control room designs and existing control room data
presentauon methods; evaluation of new HSI technoio-
gies, alarm reducuon and presentation methods; and val-
idation testing of two full-scale proiotypes. The proto-
types were evaluaied using Lest scenanos especially de-
veloped for the purpose and utilizing expenenced nuclear
plant control room operators. Following the comple-
uon of the prototype iests and employing their results,
the basic control room HSI standard design feature were
finalized.

18.3.3 Inventory of Controls and
Instrumentation

The ABWR Emergency Procedure Guidelines
(EPGs), presented in Appendix 18A. and the important
opersior acuons identified in the Probabilistic Risk
Assessment (PRA), presented in Chapter 19, provided
the bases for an analysis of the information and control
capability needs of the main control room operators
based upon the operauon strategies. This analysis de-
fines 8 minimum set of fixed displays and a mimimum
se1 of controls which will enable the operaung crew o
perform the actons that would be specified in the emer-
gency operaung procedures. Appendix 18F contains the
tabulated results of this analysis,«wWJables 18F-1 through
18F-1 1, i Avqppevdsx. 8 contain detailed of
the steps of the EPGs 1N,
controls needed by the operators 0 and vahdate
the completion of those sieps. Fablo-+iF-12vommms.

IO S 0 AP AT O AR NP

Another set of three tables in Appendix 18F provide
convenient summaries of the control, display and alarm
listings developed in the ious iables. These latier
tables are numbered 18F-1%], 2 and 3, respecuvely
The listings in Tables 18F- 1% through 3 are an inven-
wory of the controls, displays and alarms which define
the minimum control, informaton and alarm require-
ments on any ABWR control room design implementa-
tion.

18.3.4 Detailed Design Impiementation |

Process

|
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184 CONTROL ROOM
STANDARD DESIGN
FEATURES

18.4.1 Introduction

This section presents, in Subsection 18.4.2, the
standard design features of the HSI in the control room.
These basic design features are based upon proven tech-
nologies and have been demonstrated, through broad
scope control room dynamic simulation iests and evalu-
ation, 10 sausfy the ABWR operator interface design
goals and design bases as given in Secuon 18.2. The
specific technologies utlized in the main control room
HSI are listed in Subsecuon 18.4.3. Appendix 18C
presents an example of & control room HSI design im-

jon which incorporates these design features.
Validation of the implemenied main control room de-
sign will include evaluation of the standard design fea-
tures and will be performed as pan of the design imple-
mentation process as defined by the acceplance cnitena
presenied in Tables 18E.2-! through 18E.24.

=S
184.2 Standard Design Feature
Descriptions

18.4.2.1 |Listing of Festures

The ABWR control room HSI design incorporates
the following standard features:

a A single, integraied control console staffed by
two operators the console has & low profile
such that the operators can see over the consolke
from a seated position.

b. The use of plant process compuier sysiem
driven on-screen control video duspiay umits
(VDUs) for safety system monitoring and non-
safety sysiem cangrol and moniionng.

c. The use of & scparste set of on-screen conwrol
VDUs sysiem control and monor-
ing on-screen control VDUs for

congrol and monuoring: the

wo ses of VDUs 1s entirely
of the process computer sysiem.

Further, the first set of VDUs and all equip-

men: associsted with their funcuions of safety

sysiem control and monitoning are divisionally
separn: and qualified o Class | -E standards.

d The use of dedicated function switches on the
congrol console.

Ses Svbseclion 'R.8.4 Far <ol

n ‘acn‘\s& \;\Ccrmof\’mv\ Cq -
%&Lf«\mnc\ts.
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Operator selecuble automation of pre-defined
plant operalion SequUences.

The incorporation of an operator selectable
semi-automated mode of plant operations,

which provide proceaural guidance on the con-
wol console VDUs.

The capability 10 conduct Seses all plant operz
wons in an operator manual mode.

The incorporation of a large display panel
which presents informauon for use by the en-
ure control room operating staff.

The inciusion on the large display panel of
fixed-position displays of key plant parameters
and major equipment status.

The inclusion in the fixed-positon displays of
both 1E-gualified and non- 1E display elements.

The independence of the fixed-posinon displays
from the plant process computer.

The inclusion within the large display panel of
a large video display unit which is driven by
the plant process computer sysiem.

The incorporation of & “monuoning only”™ su-
pervisor's console which includes VDUs on |
which display formats available 1w the opera-
tors on the main control console are also avaul-
abie 10 the supervisors.

The mcorporation of the safety parameter dis-
play system (SPDS) function as part of the |
plant staus summary information which 1s
contunuously displayed on the fixed-posiuon
displays on the large display panel.

i

|

l

|

!

The use of fixed-position alarm ules ¢~ the |

large display panel. |

|

The applicauon of alarm processing logic ml
priontize alarm indications and w filier unnec-

essary alsms {

I

|

|

i

|

A spat:al arrangenient between the large dis-
piay panel, the main control console and the
shuft supervisars' console which allows the en-

tire control room operating crew 0 conve- |
niently view the informavon presenied on the
large dispiay panel

184
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opersuons, manual scram and reaclor operating mode
’ changes.

| 18.4.2.6

Automstion Design

The ABWR incorporates selecied automauon of the
operalions required dunng a normal plant
swarwp/shuidown and dunng normal power range ma-
neuvers. Subsecuon 7.7.1.% descnbes Power Gene-
ration Control (PGC) which s the pnmary ABWR
sysiem for providing the automauon features for normal
ABWR plant operalions.
18.4.2.6.1 Automatic Operation

When placed in aulomax mode. the PGC performs
. sequences of automated plant opersuons by sending
modechmgecammwmmmlobwa-
' level, non-safety relaied plant sysiem controllers. The
| PGCwmdmuymumdaﬂay-nM
. sysiem. When a change i the status of a safety-relaied
3 symurequndncmmmsw‘nemmn»
| quence, the PGC provides promps o gwude the opersux
in manually performing the change using the appropn-
ate safery-related HS! controls provided on the maun con-
| ool console.

The Operailon Can SlOp an MEOMANC OPEralon &l any
| ume. mmlmwmmwmm
will mmuynmnmmm
when & major Change @ DIRNt Status OcCurs (€.§., reacior
scram or wrbine mip). When such abnormal plant con-
ditons occwr, PGC automatic operation is suspended
.mmmnuwwmmaw
ment directs the automatic response 10 the plant condi-
| vons. Similarly,

of the PGC or interfacing sysiems changes (e.§..
Whﬂuu).wgmu—udm-
ing mode. When condibons permil, the Opermor may
_l*mmnyn-mnrocmm

18.4.2.6.2 Semi-Aujomated Operstios

18.4.26.3 Manual Operstion

LIA6100AR
BEY. A

The manual mode of operation in the ABWR -orre-
sponds 10 the manual operations of convenuonal BWR |
designs in which the operator determines and execules
the appropnaie plant conwol acuons without the benefil
of computer-based operalor aids. The manual mode pro- |
vides a default operaung mode in the event of an abnor-
mal condition in the plant. The operaior can completely |
slop an automated opersuon at any ume by simply se-
lecting the manual operauing mode. The PGC logic
will also automaucally revert 10 manual mode when ab-
normal condivons occur
18.4.2.7 Large Display Papel

The large display panel provides informauon on
overall plant status with real-ume data dunng all phases
of plant operauon. The informauon on the large display
panei can be viewed from the main control consol and
the supervisors’ console. The large display panel in-
cludes fixed-posinon displays (see Subsecuon 184 2 8).
a vanabie display (see Subsecuon 18.42.9) and sps- ﬂ
tially dedicated alarm windows (see Subsection
18.4.2.12).

18.6.28 Fixed-Position Display

The fixed-position poruon of the iarge display pancl
mbyﬂudmfavm;bywmm
control room saff. The dynamic displey elements of
NWMWRG\MMW&MW-
Wumm-wwmt
the plant process Computer Sysiem.

Those portions of the large dispiay panel which
md‘ymwnqﬂiﬁwocm:. |
1E sandards.

mmwmmmn-pwmm- ;
mmumwmwm. ‘
awuumwummzv‘ |
SWL‘&T”A”MMW[ ,
(PAM) instrumentation required by Guide
1.97. Revision 3 (refer 1 Secton 18.4.2.11 for a dis-
cussion of the SPDS and w0 Secuon 7.5 for a discussion
of the PAM varabies).

f’{u,u Large Varisble Display

mnmmm is included on the
wmmmvounaum-mbyun
phmmm.mmfmmn-
unummmmumﬂm

18.4.2.10  Supervisors’ Conmsole

L<~.. s.,'“lﬂ- 1 O, ‘Q\‘_,.:b ‘.5(
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‘ A consoie is provided for the control f0OM Supervi-
| sors which is equipped with VDUs on which any screen
| format resident in the prroess compuler sysiem and
avalable 10 the operalors al the mamn control console s
also avaulable w the shift supervisor The locauon of
this console in the control room is discussed in
| Subsecucn 184213
18.4.2.11 SPDS
NUREG-0737 provided gudance for implemenung
Three Mile Istand (TMI) acuon ems. NUREG-0737,
; Supplement |, clanfies the TMI acton ems relaed 10
. emergency response capability, including iem 1.D.2,
“Safety Parameter Dispiay Sysiem™ (SPDS). The pnin-
| cnpdpmdmmeSPDSuchmwlmm
| MlWM“mmcMm
; dewermining the safety status of the plant and in assess-
i ing whether abnormal conditions WRITEAL Cofrecuve &
uon by operators W prevent core damage. Dunnyg
WumSPDSmumMmevm
the current safety siatus of the plant in cxecuung symp-
om—-based emergency operatng procedures. and in mon-
:mguuumdw-lm«mw
acuvities 4 The SPDS also opersies during normal oper-
mMdemmm
mmduymmuwy.dmwyu-
sessed. The ABWR does not provide 8 separsie SPDS,
um.umwmdumsmu-
mnmm-om.wmuw
o the overall control room display capabiliues.
Mhysdmmmmnnm
.dmnpuwmmmmucm-
w-fuyhmmnmmdat!oamewalphy
mnmmpumdumwmmy:

TR Ay

1.
2. Reactr core cooling and heat removal from the

i ;
; Radiosctrviry congrol, and

Yol

Amendrme

LIAE100AR
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supervisors’ monitonng stton and may be provided in |
the technical suppont ceaier (TSC) and. opuonaily, in
the emergency operabons facility (EOF), which are the
responsibility of the applicant referencing the ABWR
design W provide.

Entry conditions 10 the symptomatic EC™s are an-
nunciated on the dedicaied hardware alarm windows on
the large display panel The large display panel aiso
displays the connment 1solauon status, safety sysiems
status, and the following cnucal parameters:

RPV pressure,
RPV water level,
Care neutron (lux (starup range and power

W D e

Hmmhy&mmuu&s
(when mOonitars &re in OPEralIon),
Contaunment radiation levels,

i
|
|

...
o

The oxygen MONIOring INSTUMENTANON Sysiem s
normally i continuous opersion and hence the large
display panel also includes conunuous fixed-position
dispisy of wetwell and drywell oxygen concentrauons
The hydrogen mOnILONNg INSITUMENLANON 1S AUlOMaL-
cally stanied on & LOCA signal and hence conunuous
display is not required. Additional post acident mon-
onng . such as effluent stack radicecuacuvy
release (Refer w Section 7.5 for & list of post accident
MOMIOCINg ). may be displayed at the large
Mmuuummdmm:m
demand by the Opermor.

The SPDS is required 1o be designed so that the
Mﬂm;aundﬁymwd-\dm-
prehended by the control room Operaung crew
Wﬂuwnmmof

mmmnmnu for a dis-
cutmon of the GERED VI PISMENTEDON PIOCEs! |

See Swbsections (8,8.3 awd 18.8.7
F(‘_f\ Coll (itanss \V\C‘({MJ\QJ\
(ang..JL.
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18.5 REMOTE SAUTDOWN
SYSTEM

The remote shutdown sysiem (RSS) provides a
maane o safely shutdown the plant from outside the
main control roem. It provides control of the plant
symnsneed:dnbnngmepwnwwmmdovn.mm
the subsequent capability 1o again cold shuidown, in the
event that the control room becomes uninhabitable.

The RSS sysiem design is described i Subsections
7414 and 7424 All of the controls and
instrumentanion required for RSS operation are ident fied
in Subsection 7.4.14.4 and in Figure 7.4-2.

The RSS uses conventional, hardwired controls and
indicators 10 maintan diversity from the man contol
room. These dedicated devices are arranged in 8 mimK
of the mnterfacing sysiems process l00ps.

Sae ‘,,b&;.t’tan 1I8.% £ for (oL

hhennga ( ntce m,.t.c-\ rctuu(o «\a‘&S'.
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18.7 DETAILED DESIGN OF
THE OPERATOR INTERFACE
SYSTEM

The standard design features of the ABWR main
control room HSI, discussed in Subsecuon 18.4.2,
provide the framework for the detasled equipment
hardware and software designs that will be developed
following® design and implementauion process susk &~ R
- gl described in Appendix 18E. This ey ‘ |
| dnpenserptemaen [ (L prosemecdlh e L oF wakt wayny Jl‘-'\'\lxjs b Juu' Taladh oo
. chas feompte Figure |EE -] me-deumimeeitumnese- . -
IR ek R

+ha

As part of the Appendix 18E discussion of amyms
HS! design and implementauon sewesmes Jelaled ac- olaw, adeveneti.
e

ceptance crilena are specified that shall be used 10 gov-
em and direct all ABWR HS! design impiementabons
which reference the Cerufied Design. These detaied ac-
cepuance criteria, presented in Section 18E.2 of
Appendix 18E, encompass the set of necessary and suf-
ficient design implementauon relaied acuvives required
10 mantain the impiemented HS! design in compliance
with accepied human factors principles and accepied digi-
tal eiectronics equipment and software development
methods.

As part of the detaled design impiementation
process described in Appendix 18E, operaior task
analyses will be performed as a basis for evaluaung
dewils of the design implementation and HSI
requirements will be specified. These HSI requirements
will include the instrumentation and controls listed in
Tables 18F-13.1 through 3 as a subset. The evaluation
of the integrsied control roon desigr will include the
confirmation of the ABWK man control room standard
design features.

Amendment 23 18.7-1
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18.8  COL LICENSE INFORMATION

18.8.1 Number of Operators Needing Controis Access COL ACTion ITEY
*18.22.2-!

The number of operators needing access to the contrcls on the main control panel shall bé 2-2.2-2

evaluated and the ABWR control room staffing arrangement (see Subsection 18.2, Item 1) shall

be confirmed as adequate.

M . . . g CQL “TM ITEM
18.8.2 Automation Strategies and Their Effect on Operator Reliability 3 i
Automatinn strategies for plant operation shall be evaluated for effects on operator reliability
and the appropriateness of the ABWR automation design (see Subsection 18,4.2.6.1) shall be
confirmed.

18.8.3 SPDS Design Conformance With NUREG-0737, Supplement 1 C_cctﬂu‘::\ ON TEm
“B2.2.1

The SPDS design (see Subsection 18.4.2.11) shall be evaluated against the criteria of Section

3.8a of NUREG-0737, Supplement 1, and confirmed to be in compliance wit 1 these criteria.

18.8.4 Standard Design Features Design Validation C?‘L ACTion 1hem
18 3.3~

The design of each of the main control room standard design features (see Subsection 18.2.4)

shall be validated using the applicable critenia in Table 18E.2.1.VIIL

18.8.5 Remote Shutdown System Design Evaluation CoNFIRM. 1SSUE

w _ Ri8.5.2..
Digital versus analog design approaches for the Remote Shutdown System (RSS) shall be iy

evaluated for reliability and the adequacy of the ABWR RSS design (see Section 18.5 ) shall be
confirmed

13.8.6 Local Valve Position Indication ColL ACTian (Tem

. 2 E oo Ul , ot R
The necessity for providing local valve position indication (VPI) for each valve in any of the el

following categories shall be evaluated:
1. All power-operated valves (e.g., motor, hydraulic and pneumatic),
2. All large manual valves (i.e., 5 cm or larger),

3. Small manual valves (i.c., less than 5 cm) which are important to safe plant operatons.

These evaluation records shall be placed in the HFE Issue Tracking System (see Subsection
I1.2.of Table 18E.2.2.1).

1g.@ -1
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18.8.7 Operator Training C;;L AcTian 1TeM
87222

An operator training program which meets the requirements of 10 CFR Part 50 shall be
established (see Subsection II.1.c of TaL . (8E.2.2.1).

18.8.8 SPDS Availability Col Acnen iTem

;T
The COL applicant shall address NUREG-0933, Item 125.1.3, "SPDS Availability” as pan ofg LE e~y
the detailed design implementation process (see Subsection 18.4.2.11).

18.8.9 Safety System Status Monitoring Cow A
~ Tian Ten

=
The COL applicant shall address the human factors aspects of TMI Item LE.3, "Safety Systc;rei 722-3

Status Monitoring” as part of the detailed design implementation process (see Subsection
18.4.2.8).

18.8.10 PGCS Malifunctions c Q; -

i
As part of the venification and validation effort, the COL applicant shail consider malfunctions
of the Power Generation Control function of the process computer system (see Subsection
18.4.2.6.1).
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