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18.1 INTRODUCTION
his chapter describes the human-system inw .6

system (HSI) design development, the HSI design goals
and bases, the standard HSI design features and the4

detailed HSI design and implementation process, with
embedded design acceptance criteria, for the ABWR
standard plant. De ABWR Emergency Procedure
Guidelines and the inventory of instrumentation and
controls needed by the control room staff for the
Performance of emergency operstmg procedures are also
described. The incorporation of human factors
engmeenng principles into all phases of the design of
these interfaces is provided for as described in this
chapter

Design goals and design bases for the HSI in the
main control room and in remote locations are
established in Section 18.2. De overall design and .

'

implementation approach is described in Se: tion 18.3.
Section 18.4 contains a description of the main control
room standard HSI design features. He rernote
shutdown system is described in Section 18.5. Section
18.6 discusses how the systems which make up the
HS! are integrated together and with the other systems
of the plant. Section 18.7 discusses the detailed design
imple:nentation process. The ABWR Emergency
Procedure Guidelines, which provide the basis for a
human factors evaluation of cir.c. g.cy operations, are
contained in Appendix 18A. Appendix 18B discusses
the differences between the ABWR Estergency
Procedure Guidelines and the U.S. BWROG Emergency
Procedure Guidelines, Revision 4 Appendix 18C
presents a characternation of a main control room HSI
couipment implementation that inc= y=.E.s the ABWR .

standard design feanres &===d in Secuan 18.4. De
input data and results of calculanons performed during
the +4 ion of the ABWR Emergency Pwci4me
Guidelines are contamed in Appendsx 18D. A general
description of the design and implementauon process ,

for the ABWR HSI enis presented in Appendix 18E.
Appendix 18F consaans the results of an analysis of
informanon and moods of the main controlroom
operators dunas opermme De design
devet===t and sesung of the main control
room equipment configuranon are described in
AppenGx 18G.

18.3 1
Asnesubnam 23
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18.2 DESIGN GOALS AND relevant requirements of ceneral Design Criterion
19'and

DESIGN BASES
8. The design bases for the Remote Shutdown System

The primary goal for HSI designs is to facilitate shall be as specified in Section 7.4
safe, efficient and reliable operator performance during
all phases of normal plant operation, abnormal events
and accident conditions. To achieve this goal,
information displays, controls and other interface devices
in the control room and other plant areas are designed
and implemented in a manner consistent 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-
tion, the opers".mg crew will include one assistant
control room shift supervisor, one control roo n
shift supervisor, and two or more auxiliary equip-
ment operators. During accidents, assistance is
available to the operating crew from personnel in
the Technical Support Center. Four licensed opera-
tors shall be on shift at all times, consistent with
the staffing requt'rements of 10CFR50.54mc h
N bbha i% . % . I hr Cot lihsq . hist meh g ( m % ds

the HSI design will promote efficient and reliable
operation through application of automated opera-
tion capabilities.

3. 7he HS1 design shall utilize only proven technol-
oEY.

4. Safety-related systems monitoring displays and con-
trol capability shall be provided in full compliance
with pertinent regulanons regaring electncal sepe- *

ranon and : -y-- h-w, -

5. The HSI design shall be highly reliable and provide
functional r dand y such that sufficient displays
and control will be available in the main control
room and remote locatens to conduct an orderly
reactor shutdown and to cool the reactor to cold
shutdown conditions, even during design basis
equipment

,

^

6. The pnnci of the Safety Parameter
Dtsplay S )as requaed by Supplemmt
I to NUREG 0737, will be integrated into the HS1
design,

7. Accepted Aman factors engmeermg principics shall
be utilized for the HSI design in meeting the

1s.2-1
Amenement 23
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HSI
18.3 PLANNING, DEVELOPMENT dation for the detailedWEEE design. These features are

AND DESIGN described in Subsection 18.4.2.

'

18.3.1 Introduction The development and testing of the control room
HSI standard design features was accomplished under a |
program which is described in Appendix 18G. This de-

An integrated program plan to incorporate human velopment program meluded consideration of existing ;

factors engineering principles and to achieve an inte- c ntrol room operatmg expenence; a revew of trends in |
,

grated design of the control and instrumentation systems control room designs and existing control room data |
and HSI of the ABWR was prepared and implemented. presentation methods; evaluation of new HSI technolo- |
1he program plan presents formal decision analysis pro- gies, alarm reduction and presentation methods; and val- ,

cedures to facilitate selection of design features which idation testing of two full-scale prototypes. The proto- jsatisfy top level requirements and goals of individual types were evaluated using test scenarios especially de- j
systems and the overall plant. Also included is a com- vel ped for tre purpose and utilinng expen,enced nuclear i

prehensive, synergistic design approach with provisions plant control room operators. Followmg the comple-
for task analyses and human factors evaluations. tion of the prototype tests and employm, g their results.

,

control room HS1 standard design feature were
Specific procedures developed as parts of the im-

plementation of the program plan are:

18.3.3 Inven, tory of Controls and
a. Implementation Procedure for Development of Sys- Instrumen1a! Iontem Functional and Performance Requirements,

b. Implementation Pwdue for Analysis of Tasks and The ASWR Emergency Procedure Guidelines
Allocauon of Functions, (EPGs), presented in Appendix 18A. and the important

operaior actions identified in the Probabilistic Risk
c. Implementation Procedure for Evaluation of Human Assessment (PRA), presemed in Chapter 19, provided

Factors and Human-Machme Interfaces, the bases for an analysis of the information and control
capability needs of the main control room operators

d. Implementation Procedure for the Design of Hard- based upon the operation strategies. This analysis de-
ware and Software.and fines a minimum set of fixed displays and a minimum

set of controls which will enable the operating crew to

e. Implementation Procedure for the Verification and perform the actions that would be specified in the emer-
Validauan of Hardware and Software. gency operating procedures. App,endix 18F contains the y%Q :tabulated results of this analysisgrables 18F 1 through

The program plan and the associated procedures 18F-II.EAppunda Econtam detailed descriptions of
~

provided guidance for the conduct of the ABWR HSI the steps of the EPGs and the,mformation, alarms and

design development activities including- controls needed by the operators to perform and validaie

.dQ(;the completion of those steps. -Table 4eF-tilhemame- O
a. Definition of the standard design features of the con- i _ e C'i --' ^-

-

ct- - , - - , --

trol room HSI(see Subsections 183.2 and 18.4.2), 6 .

b. Definition of the inv'entary of controls and instru. Another set of three tables in Appendix 18F provide

mentation narannary for the control room crew to convenient summaries of the control, display and alarm
follow the opegapon strategies given in the ABWR listings developed in the sous tables. These latter

Emergency Pesadat Guidelines and to complete tables are numbered 18F 1 ,2 and 3, respectively.

the imp =- actions described in the *Ihe listings in Tables 18F 1 through 3 are an inven-^

Probabil Assessment (see Subsection tory of the controls, displays and alarms which define
1833 and 18F).

the minimum control,informanon and alarm require- ,

1ments on any ABWR control room design implementa-

18.3.2 Standard Design Features tion. 4

1

18.3.4 Detailed Design Implementation |The ABWR control room HSI design comains a
group of standard or basic features which form the foun- - Process |

i

k k **k C@ Skf O* g
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18*4 CONTROL ROOM c. Operator selectable automadon of pre-defined
STANDARD DESIGN plant operation sequences.

FEATURES f. De incorporation of an operator selectable
.

-

semi-automated mode of plant operations,
18.4.1 Introduction which provide rhal guidance on the con-

trol console VDUs.
His secdon presents, in Subsection 18.4.2, the

standard design features of the HS1 in the control room. g. The capability to conducteens all plant oper;
nese basic design features are based upon proven tech- tions in an operator manual mode.

| nologies and have been demonstrated, through broad
scope control room dynamic simulation tests and evalu- h. The incorporadon of a large display panel
ation, to satisfy the ABWR operator interface design which presents information for use by the en-
goals and design bases as given in Section 18.2. De tire control room operating staff.
specific technologies utilized in the main control room
HSI are listed in Subsection 18.4.3. Appendix 18C The inclusion on the large display panel of

, .

presents an example of a control room HSl derign im- fixed-position displays of key plant parameters
plementation which incorporates these design features. and major equipment status.
Vahdation of the implemented main control room de-
sign willinclude evaluation of the standard design fea- j. De inclusion in the fixed-posidon displays of
tures and will be performed as part of the design imple- both IE-qualified and non-lE display elements.
mentation process as defined by the acceptance cntena
presented in Tables 18E.2-1 through 18E.2-4. k. ne ir-9.-M 4 of the fixed-position displays

A froen the plant process computer.
18.4.2 Standard Design Feature
Descriptions 1. De inclusion within the large display panel of

a large video display unit which is driven by
,

18.4.2.1 Listleg of Features the plant process computer system.*

i The ABWR control room HSI design iru,ys.ies m. The ir-pur tion of a " monitoring only" su-
;

; the following stan&wd femmres. pervisor's console which includes VDUs on
; which display formats available to the opera-

a. A single, integrated control console staffed by tors on the main control console are also avail-
I two operators; the console has a low profile able to the supervisors,

such that the operators can see over the console
,The incorporation of the safety parameter dis-

|
from a seated position. n

play system (SPDS) function as part of the
b. De use of plant process computer system plant status summary informadon which is

driven on-screen control video display units continuously displayed on the fixed-position
,

(VDUs) for safety system monitoring and non- displays on thelarge display penet
safety system control and manhonng.

o. De use of fixed-position alarm tiles er the

; c. De use of a sepersee set of on-screen control large display pene!.

VDU: system control and moni or--

j ing on-screen control VDUs for p. De applicanon of alarm processing logic to
control and monitoring; the pr==iire alarm ihh and to filter unnec-
two sees of VDUs is entirely essary alarms.

of the process computer system.i

Further the first set of VDUs and all equip. q. A spat:al arrangement between the large dis-
ment associated with their funcuans of safety play panel, the main control console and the
system control and monitoring are divtsionally shift supervisors' console which allows the en-

separa.e and qealified to Class 1-E standards. tire control room operating crew to conve-
nicsitly view the information presented on the

{ d. The use of Wa:M funcuan switches on the large display panel.

control console.

LA Subsc.th %%.4 for Col
%5= 4erm%w re -- ' ' ' '

A 23
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operanons, manual scram and reactor operating mode De manual mode of operation in the ABWR one-
changes. sponds to the manual operauons of convenuonal BWR

,

13.4.2.6 Amtemation Design designs in which the operator determines and executes
| the appropnase plant control actions without the benefit

The ABWR incorporates selected automation of the of computer-based operator aids. De manual mode pro-

operations required during a normal plant vides a defauk operaung mode in the event of an abnor.

startup/ shutdown and dunng normal power range ma-
mal condition in the plant. The operasor can completely

neuvers. Subsecdon 7.7.1.5 desenbes Power Gene-
stop an automated operation at any dme by simply se--

radon Control (PGC) which is the primary ABWR lecting the manual operating mode. The PGC logic
system for providing the automation features for normal

will also automatically revert to manual mode when ab- ;

normalcondisons occur. :;

|
ABWR plant operauons. i

'
!

13.4.2.6.1 Autoenetic Operation 13.4.2.7 Large Display Panel

When placed in automauc mode, the PGC performs
De large display panel provides infonnation on '

sequences of automated plant operanons by sending overall plant stanas with real-time data during all phases
"

mode change commands and seapoint changes to lower- of plant operauon. De infonnanon on the large display
;

f

level. non-safety related plant system controllers. De panel can be viewed from the main control consol and

PGC cannot directly change the stams of a safety-relased the supervisors' console. De large display penet in-

syssem. When a change in the stanas of a safety-related ciudes fixed-position displays (see Subsecuan 13.4.2.8).
i

system is required to U=c' the selected operation se- a vanable display (see Subsection 18.4.2.9) and spa.
'

quence. the PGC provides prompts e gude the opensor tially dedicated alarm windows (see Subsection
1 ,

in manually performing the change using the appropri- 18.4.2.12). i
;

ase safety-relased HS! conools provided on the mam con-
13.4.2.8 Fixed Posities Display j

'

trol console. i

De fixed-pomeon paruon of the large display panel
J

De operator can stop an automanc operanon at any
time. The PGC logic also monitors plant stams, and provides key plant afonnehon for viewmg by the enure |j

will assomaucally revert no saanmal operaung mode control room staff. De dynanue display elements of
,

when a major change in plant stasus occurs (e.g.. reactor the ftzed-positica displays are driven by dadeared mi-
scram or arbine trip). When such abnonnel plant con- croprocessor-based consollers which me itdependent of

;

!

diticos occur. PGC ==ane operanon is suspended the plant process computer system.
and the logic in the individual plant systems and equap-

! 'g ment direce the ama-ane response to the plant condi. Does pornons of the large display panel which ,'

tions. Sirailarly,in the event shot the opensional satus passat afety reissed infonastaan are qualifad to Classw
of the PGC or interfacing systems changes (e.g.. IE nondonis.

'c
eqmpment fadures), opersion avvens a manual operat- De infonnamos presemed in the fixed-position dis-

-

s ing mode. When e<=$ar= penet, the opermor may
pieys includes the cnacal plant parameter informauon.

,
,

manually re-initiene PGC anomanc operemon. as defined by the SPDS requinaments of NUREG 0737 :j '*
4.2.6.2 Semi.Aegemated Operstles Supplement 1. and the Type A post-accident momeonngr---

g (PAM) innrumasanan required by Regulauon Guide13.

, The PGC also imelades a a-i ==== ate opera- 1.97. Revision 3 (refer to Secuan 18.4.2.11 for a dis-
|

,

N. c tionalsaade psevides at;mmencopermor guidancs ' cuaman of the SPDS and to Secuan 7.5 for a discussiong,

for es deemed aanmal changes in plant of the PAM vanables).
. gc this mode, the PGC performs ao +--J status:'

f6j consol accom64he opsumer must activene all neces- 18.4.2.9 Large Variable Display

sery syssa and agolpensus commels for she semi-auso-

ka masic sequence to proceed. De PGC mammars the plast
De Isrps vanable dispisy which is included on theb

,d I asses dunng the semi-annomene smode in anler to check
large display panel is a VDU which is driven by the

j,g the per.; session of the snai-easomaec sequence and so
plant process compeur sysum. Any scsoen forma resi-

313 doesuniae the appropnose opersaar gadence to be acti-
dont in the pecess compuser symem can be shown on
thislarge vanshie dispisy.j j.) ventl.

N 18.4.2.6.3 Massal Operaties 18.4.2.14 Sepervisers' Ceasele

% s A m .s . 3 c , is o
, _ . _ ,

l kChra. s' dgr mea (g.
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supervisors' monitoring station and may be provided in

A console is provided for the control room supervi- the technical support ceaer (TSC) and, optionally. in
'

sors which is equqiped with VDUs on which any screen the emergency operadons facility (EOF), which are the

format resident in the precess computer system and responsibility of the applicant referencing the ABWR

available to the operasors at the mam control console is design to provide.

also available to the shift supervisor. The locadon of
this console in the control room is discussed in Entry conditions to the symptomatic EC"$s are an- r

I

Subsecdon 18.4.2.15. nunciated on the dMic=M hardware alarm windows on
the large display panel. The large display panel also

|

| 13.4.2.11 SPDS displays the containment isolation status, safety systems
stams, and the following critacal parameters.

NUREG-0737 provided guidance for implementing
Three Mile Island (TMI) acnon items. NUREG-0737, 1. RPV pressure,

'

Suypa.;r.t 1, clarifies the TM1 action items related to 2. RPV water level,
;

emergency response capability, including item I.D.2, 3. Core neucon flux (startup range and power

" Safety Parameser Display Symem"(SPDS). The pnn- range insensnents),
4. Suppression pool temperamre,cipal purpose of the the SPDS is to aid control room

personnel durmg abnormal and emergency conditions in 5. Suppeession pool waser level,

deaermining the safety status of the plant and in assess- 6. Drywelltemperamre,

ing whether abnormal conditions warrant corrective ac- 7. Drywell pressure,

tion by operators to prevent core damage. During 8. Drywell waner level,

emergencies, the SPDS serves as an aid in evaluating 9
Connot rod scram sams,

the current safety sums of the plant,in executing symp- 10. Prunary consamment oxygen concensranon. !
'

,

som-based emergency operatang procedures, and in mon- 11. Prunary cans ===ans hydrogen concentranon

inonns the impact of engineered safeguards or mitiganon
(when monitors are in operauon), ,

'

activities;The SPDS also operases dunng normal oper- 12. Containment radmoon levels, <

anon, continuously displaying informanon from whichr
;

the plant safety sensus can be seedily and reliably as- The oxygen moniaanng instrumentation system is
i

sessed. The ABWR does not primde a separase SPDS, normally in continuous operanon and hence the large '
,

but rather, the principal funcoons of the SPDS (as re- display panel also includes continuous fixed-posidon

#2 quand by NUREG-0737 Supplement 1) are inengreemd display of weswell and drywell oxygen concentradons.
;

g-" into the overall control room display capabilities. The hydrogen moniaoring insensnentation is automati- |
!

\ Displays of critical plant vanables sufficient to provide cauy saarned on a LOCA signal and hence continuous
J2* information to plant operasors about the following criti- display is not requued. Addiriaa=8 post ac-ident moni-

y i

cal safety functions are primded on the large display nonag parasneeers, such as effluent stack redsoectiacdvy

g . -@rpanel as an innegral part of the fixed position displayr release (Refer to Seenos 7.S for a list of post accident ,

'

monisonag paramesers), may be displayed at the large

Q, g%1. Ranctivity coment, vanable display or at the main consol enasale VDUs on
g

Rancear core coohag and heat removal from the da==ad by the operaser.2.; ,,

V A@N
% ; pnmary sysum,

The SPDS is reqased to be designed so that the
3. Reacsor coolant syssa uuspray.

-

Rahommmry coment,and displayed isdannanon can be readGy perceived and com-4j
gS 5. ca=======r condideas. ,,.:M f:f by the control room operating crew.

ca-phance widi this regasement is asemed because of
-

g yey the plant opermor in execunon of the incorpommon of accepted Im= man factors engmeenng
-

cp Dupisys

0c sym operanag procedures are principles isso he overall consrol roosi design imple-0

,<o available at comuni connais VDUs. **==rh= monation process (Refer to Seheecnon 13.7 for a dis-#

d of these VDU esplsys ase send plos and operssor guid- cuamos of the denen ==ri===aaaaa= process).
_.? $ olg ancs, laforenadea regenhas sesry cand*'a== to the
j j M* sy=p===ac emergency procedures is pnmded stuougli

/ " :' t i ".',d '" - '" ---

the 8 " y duplay of es ennemi plant paramesers ,; ' ', t . _ , ' 0; i ~'. ; t-

on the large daspiny panel The enacal plant paramessrs - ' E = - S 5H, " _ -- - - 1, b 1 ' M h c-
*-

on the large display panel are also viewable from the a",_ " f g E M h T_" :.T i M T 1
consrol room supervisors * =ammaring manon The sup- '~ !?.! N EJ _ ' " " f- y . Z d N-- --

" ' " * * * -
pienental SPDS displays on the VDUs on the main ;

cannoi ca== ale are also accesable at the consol room Sast Subsabv\S 11%.S .'h M % . M |i

fm Col CINsa. d%rtenIm |
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18.5 REMOTE SHUTDOWN
SYSTEM

The remote shutdown system (RSS) provides a
:----- :: :r.fely shutdown the plant from outside the
main control room. It provides control of the plant
systems needed to bring the plant to he shutdown, with
the subsequent capability to anain cold shutdown,in the
event that the control room becomes uninhabitable.

The RSS system design is described in Subsections
7.4.1.4 and 7.4.2.4. All of the controls and
mstrumentation required for RSS opersoon are identified
in Subsection 7.4.1.4.4 and in Figure 7.4-2.

The RSS uses conventional, hardwired controls and
indicators to maintain diversity from the main control
room. 'Ihese dedicated devices are arranged in a mimic
of the interfacing systems process loops.

h L b5 tit IB . % . E br COLw

lic- - i d w m .ki k r.g d c. m ,4 c.

.

.
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9
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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 Subsection 18.4.2,
provide the framework for the detailed equipment
hardware and software designs that will be developed |

,4r <

'Iollowingh design and implementation process such ar-
M described in Appendix 18E. This W . :

daagsmenuksnWeessgemen process is 4 east WAt AA,9 of uQ eg Mayts Q JM M d .c'
4shest tumsta Figure 18E.1-1. aunt.dessuuhmbsmummse-

N %L
As part of the Appendix 18E discussion of4ppuut

HSI design and implementation n _ _ @d to gov- 4i g]ed ac-
J

ceptance criteria are specified that shall be use
ern and direct all ABWR HS1 design implementations
which reference the Certified Design. Tlese detailed ac-
ceptance criteria, presented in Section 18E.2 of
Appendix 18E, encompass the set of necessary and suf-
ficient design implementation related activities required
to maintain the implemented HSI design in compliance
with accepted human factors prmerples and accepted digi-
tal electronics equipment and software development
e hrvie

As part of the detailed design implementation
process described in Appendix 18E. operator task
analyses will be performed as a basis for evaluating
details 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 evaluauon
of the integrned control roo6n desigte will include the
confirmation of the ABWR main cantrol room standard .

design features.

.
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18.8 COL LICENSE INFORMATION

"

18.8.1 Number of Operators Needing Controls Access Co(. Actm irev i
*i a. 2:::.2- t

The number of operators needing access to the contrels on the main control panel shall bg.2.2.2-2.
evaluated and the ABWR control room staffing arrangement (see Subsection 18.2, Item 1) shall i

be confirmed as adequate. !

18.8.2 Automation Strategies and Their Effect on Operator Reliability C et Acr es item {
*is.2 2.2 3 t

Automation strategies for plant operation shall be evaluated for effects on operator reliability i
and the appropriateness of the ABWR automation design (see Subsection 18.4.2.6.1) shall be
confhmed. !

18.8.3 SPDS Design Conformance With NUREG.0737, Supplement 1 C o' Ac'N rTem i
* l L"5 t.2. s }

The SPDS design (see Subsection 18.4.2.11) shall be evaluated against the criteria of Secdon :
3.8a of NUREG-0737, Supplement 1, and confirmed to be in compliance wit'i these criteria.

18.8.4 Standard Design Features Design Validation Coe. AcTiw i %
* tt.s.3 t

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

shall be validated using the applicable criteria in Table 18E.2.1.VIII.
!

18.8.5 Remote Shutdown System Design Evaluation co , ,

-4 t 6 5 2.s i
Digital versus analog design approaches for the Remote Shutdown System (RSS) shall be
evaluated for reliability and the adequacy of the ABWR RSS design (see Section 18.5 ) shall be
confirmed t

,

13.8.6 Local Valve Position Indication gg
%.c f

The necessity for providing local valve position indication (VPI) for each valve in any of the
,

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.e., less than 5 cm) which are imponant to safe plant operations.

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

i

t e .e -i
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18.8.7 OperatorTraining coc Acw w
2r i es .7. g. g . ,

An operator training program which meets the requirements of 10 CFR Part 50 shall be
'

established (see Subsection II.1.c of TaL' 18E.2.2.1). j'
-

18.8.8 SPDS Availability
Ce t acnw ITe_3

,

'
* * 'E ' TThe COL applicant shall address NUREG-0933, Item 125.I.3, "SPDS Availability" as part ot

the detailed design implementation process (see Subsection 18.4.2.11).
.

18.8.9 Safety System Status Monitonng
%' tTM gm

The COL applicant shall address the human factors aspects of TMI Item I.E.3, " Safety Syste$'7'#'2 -5
'

Status Monitoring" as pan of the detailed design implementation process (see Subsection i

18.4.2.8).

18.8.10 PGCS Malfunctions

w N."L2. g%
As part of the verification and validation effort, the COL applicant shall consider malfunctions y,
of the Power Generation Control function of the process computer system (see Subsection :

18.4.2.6.1). |

[
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