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S U M M A R Y

I. Title

Cooperative research for human factors review of advanced control

rooms

II. Objectives and Necessities of Project

Due to the aging and obsolescence problems in the maintenance of

instrumentation and control(I&C) systems in existing nuclear power

plants to which analog technology has been applied, worldwide efforts

has been performed to upgrade the I&C systems by adopting advanced

digital technologies. I&C system designs based on digital technologies;

also result in the abrupt changes to human-system interface(HSI). This

makes human-machine interaction, including operators' collection of

plant information, diagnosis of plant status, planning and

implementation of control actions, significantly different from that in

conventional control rooms, and may introduce new types of human

errors.

At present, Korean Next Generation Reactor(KNGR), to which digital

I&C technologies and advanced HSI technologies are applied, is being

developed. It is necessary to develop methodologies with which human

factors of advance HSI designs can be evaluated to ensure the safety.

For the development of human factors evaluation methodologies, the

cooperation between KAERI and US NRC, which have common

interests to it, should be valuable.

III. Scope of Project

Human factors issues related to soft controls, which is one of key

features of advanced HSI, are identified in this project. The issues are
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analyzed for the evaluation approaches in either experimental or

analytical ways.

Reviewing five US NRC reports (NUREG/CR-6633 -6637, 6684)

published in 2000, issues requiring additional researches for the

evaluation of advanced HSI are identified. Urgency of the issue

researches is analyzed in consideration of the development status of

advanced HSI in Korea. In addition, the issues for which experimental

approach can be used are identified.

An experimental study is performed to compare operator's

performance on the detection of human errors, including errors of his

own, by other control room operators, by local equipment operators,

and by test and maintenance personnel, in an advanced control room

vs. in a conventional control room.

IV. Results

A total of 30 issues were identified in the features of soft controls,

including monitoring the system and process status, selecting and

retrieving a control, providing control input, monitoring system and

process response, performing multiple control actions, using modifiable

characteristics, and coping with consistency across the HSI. Then, the

issues were analyzed if it could be evaluated in either experimental or

analytical ways.

A total of 74 issues requiring additional research for the evaluation

of advanced HSI were identified in the areas of advanced information

systems design, computer-based procedure systems, soft controls,

human systems interface and plant modernization process,

maintainability of digital systems, and advanced alarm system. The

issues were analyzed to discriminate the urgency of researches on it to

high, medium, and low levels in consideration of advanced HSI

development status in Korea, and some of the issues that can be

handled by experimental researches were identified.

As results from the error detection experiment, it was found that
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advanced control rooms have several design characteristics hindering

operator's error detection performance compared to conventional control

rooms.

V. Proposal for Application

The results form the study on soft control issues and the error

detection experiment are useful for the design and regulatory review of

advanced HSI in Korea, like KNGR. Also, the issues requiring

additional researches suggest future researches in relation to advanced

HSI.
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Modernization Process: Technical Basis and Human Factors
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NUREG/CR-6684, Advanced Alarm System: Revision of Guidance
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1.

fe 2000\i

1997. 6 : IEEE Human Factors in Nuclear Power Plant Conference0)]

L> *1 NRC

ITF« i/fltf^l-.

1998. 1 : 1̂ NRC^ Jerry Wachtel4 BNL^] Dr. O'Hara7>

^±9 IJ-S-SH I T F # ^1#«1-JL ITF1-

«fl ^^%K ° H , Jerry Wachtel^ n ^-A] V

^ ? 1 Halden Reactor Projector(HRP)^

KAERI

VVER type PWR^IM- ITF^r n]^- ^ ^ > S ^ ^ 1 CE type
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71 El-,

^^l^Al^Efl DAEXESS (Data Analysis and Experimental

Evaluation Support System)^ ^ 3

1998. 3 : *1 NRC ]̂ Jerry Wachtel^

JUi^-*! "Weekly Highlight" ]̂ 4 # 4

*}^<£^iS] ITF ^ i # 4 f-̂ 1 ITF7]-

"Weekly highlight:

At the invitation of the Korean Atomic Energy Research Institute
(KAERI), Jerry Wachtel of CIHFB/DST and John O'Hara of Brookhaven
National Laboratory, met with staff of its Integrated Test Facility (ITF)
on January 22, 1998. The visit was suggested by Dr. Jung-Woon Lee
during an IEEE Meeting on Human Factors held in Orlando, Florida in
June 1997. Dr. Lee's purpose, and the NRC's interest, was to determine
the potential for future collaborative research between KAERI and NRC
on human factors issues, particularly with advanced nuclear power
plants.

The ITF, perhaps the most sophisticated facility of its kind in the world,
supports research for the improvement of nuclear power plant safety
through human error reduction. It was designed in-house, and is
supported by a staff of 23. The lab contains a full-scope simulator
which models an actual Korean plant (essentially ABB-CE System 80).
The control room contains advanced controls and displays of direct
relevance to current and future NRC programs, including a large screen
overview display, color CRTs with soft controls, reconfigurable flat panel
displays, and programmable alarm tiles. The lab is supported by a
highly sophisticated Data Analysis Experiment Evaluation Supporting
System (DAEXESS). This system can record, in real time, control
inputs, video and audio of crew actions, eye movement behavior and
physiological performance. Data is automatically encoded and
time-synchronized to permit analysis of crew workload, errors, response
time, etc. Of significance to NRC, the ITF has access to licensed
operators who can serve as test subjects, and the language used is
English.
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The ITF staff expressed a strong interest in cooperative work with
NRC. KAERI is a signatory to a cooperative laboratory relationship
with DOE; and participates in an international collaborative program on
severe accident research organized by NRC. ITF personnel will explore
these agreements to determine if they might facilitate cooperation in the
human factors arena. Collaboration between NRC and KAERI in this
field could enhance NRCs access to timely, sophisticated research into
advanced human systems interfaces (HSI), and could add the capability
to undertake relevant studies not previously possible. A current NRC
research effort, The Effects of Interface Management Tasks on Crew
Workload and Performance, might be an excellent candidate for such
collaboration.

1998. 6 : *fl 19*> * H ^ ^ t f ^ ^ i - ^ S H ^<?)4S- "Cooperative

Research on Human Factors Using KAERI's Integrated

Tested Facility"!- ^ § H 4-8-4 £°-

C-2-1. Cooperative Research on Human Factors Using KAERI's
Integrated Tested Facility (KAERI/NRC)

The ROK side opened discussion of this item, which was added to the
agenda of KAERI's request.

The ROK side noted that, in addition to the benefits of any specific
collaboration, KAERI would also benefit from exploring the use of the
ITF and participating in world-leading research.

The Korean side had hoped that the the U.S. side would be prepared
to enter into a collaborative project at the ITF, possibly related to
advanced control room design issues such as

- information design and organization
- display management and navigation
- computer-based controls, or
- computer-based procedures.

The U.S. side could make no commitments, exploring that a major
review of all NRC activities, including research, was underway. The
U.S. side did not know whether - and if so, how much - money might
be available, either now or in the future, to support a cooperative project
on human factors engineering with KAERI at the ITF, although the U.S.
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side reported that Messrs. Jerry Wachtel of NRC/RES and John O'Hara
of Brookhaven had been impressed by their January 1998 visit to the
ITF, which they subsequently characterized to NRC management as
highly sophisticated and technically excellent. They further reported that
collaboration between NRC and KAERI could enhance NRC's access to
timely, sophisticated research into advanced human-system interface and
could add to NRC's capabilities to undertake studies not previously
possible.

The U.S. side indicated that if details can be worked out, RES is
considering proposing a small collaborative project with the ITF, possibly
helping to develop human factors review guidance in the area of
computer interface management/navigation. Jerry Wachtel of RES/CIHFB
(telephone: 301/415-6498; fax: 301-415-5160 would most likely be the
NRC lead on this.

The Korean side noted that it is interested in even a small-scale
proposal, which it would like the U.S. side to submit, if possible. The
U.S. side agreed that it would submit the results of this discussion for
RES Office consideration.

1999. 6 : 4 20*)-

C-l-13. Cooperative Research on Human Factors Using KAERI's
Integrated Test Facility

Both sides acknowledged a common interest in the human factors
research area related to advanced control room designs such as
information design and organization, display management and navigation,
computer-based controls, and computer-based procedures.

The staff and contractors (Messrs. Jerry Wachtel of NRC/RES and
John O'Hara of Brookhaven) of the US side who have visited the ITF
(January 1998) have characterized it to the NRC management as highly
sophisticated and technically excellent. They have reported that
collaboration between both sides could enhance the US sides access to
timely, sophisticated research into advanced human-system interface and
could add to its capabilities to undertake studies not previously possible.

The US side reported that it continue work on several projects to
develop criteria and review guidance to assure that advanced control
rooms do not, because of human factors, comprise safety. The results of
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its studies should lead to new guidance and results which could be
mutually beneficial.

The US side could make no commitments on the ITF during these
discussions. The US side reported that it continues to be very interested
in undertaking a collaborative effort with the Korean side and is working
to secure the funding to support it. The US side is hopeful this will
happen this year. Funding for the US sides safety research program is
never-ending problem. The US side fights a constantly shrinking budget
and competing demands.

If details can be worked out, the US side (RES) indicated that it is
still considering a small scale collabarative project at the ITF, possibly
helping to develop human factors review guidance in the area of
computer interface management/ navigation. Jerry Wachtel of
RES/CIHFB (telephone: 301/415-6498; FAX 301/415-5160) remains the
US lead on this.

With a project of real mutual interest and value, the Korean side
advised that contribution-in-kind might also be acceptable.

1999.12 :

2000. 6 : £ ^43\<$z}4\ US NRC #•§- *1 ^ $ H ! ^ # (Draft Letter

of Agreement)

2000.10 : US NRC^ Ashok C. Thadani (Director of RES)^

^^± ^ *1 KAERI-US

#£•£ ^ 1

2

2000\l

- 2 1 -



KAERI4 US NRĈ r 4^-4 ££

- US NRC^r ^

1- ̂ -Ji^ ̂  $151̂ - KAERI^

US NRC7>

^ A j ^ (ITF)l-

NRCi ^^^.

-22-



4 2 ^ Soft Control ^91 ^ 4111 H

1. Soft Control ̂ ) < £ # ^ ^.91 ^ ^ 3 ^ e 7 } ^

7h Soft Control^] S l ^

71 ^

TMI Aj-Jl^JfEi ZL

^ S) 3-1-711 ^.elVf ^ol

^HS^ MMI 7l7l^ £<y^ ZL

CRT^- 7 E ^ 4 ^ 0 ] 4 ^ . ^ c] ^^.^Al ^ 4 S o f t ControHfe- f̂lsfl

^] MMI 7l7H*i -f^^' ^-t- §1)7|^^ *V^, ^Hfl^j 7l7l«2f ig-e) AflS.

£ - f e ^ ! - ^ 5 § f J i ^ 4 . ^ ^«^>Hfe- ^l<H^°fl^ ^ ^ ^ - € Soft

Control^ £.<>H rq-ej- -f^sjfe ^ ^ l ^ t } - ^ ^ ^ ] ^ # ^ ^ ^ o >

-f^ Soft Control^ S ^ i 4 ^ 7]7)9] ^ ^

-^-^-(description error)

- 2 3 -



.2.^-(capture error)

£]_£ nJ-z}- -^-^THIOSS of activation error)

Soft Control^ tflJf£ ^ ] ^ 7 ] ^ o ] f-rg-sj 7 j 7 l l .

^>, CRT

b, Soft Control^

^ . 5 . , Soft Control^ 4 ^ ^ - " t ^ ^ - A ^ $•$<>] 7]

3141- #?!§}Tr ^ :^ ? Soft Control^

(1) -THA] (monitoring) 7 ] ^

Soft Control^ 7flf-<^

^ 7>-g-^(availability), ^ ^ i £ E ,

- 2 4 -



7 ] ^ < y grouping^!M-

(demarcation line), 7] JL ^ , 4^*)- ^ ^ 7

Soft Control^

Soft Control^ ^*> #A\7]%-$>\

(fragmented awareness) ^^1

^11-(key-hole)

description error

tioVx]S>7l 3 * IH fe 7171^

] (alignment)

-g-

-25



(2)

Soft Control̂  4^^ ^H^Hl t ^H *H7ll- #^SHr 4 ^ °1

7}T] %-g- 7 > ^ ^ cuelr^l ^ ^ f t ^ . nslM-, Soft Control

tflt!:

5̂  2:^(interface management task)°l ^7}

Soft Control^! ^ ^ r ^ t i - ^ ^^>ol4. E P R I [16] ^ ^ IEC [17]

NUREG/ CR-6635

^ ^ ^ (proximity)

(compatibility)^ ^ ^ ̂ ^1

2:21-

°11 tflfl: j i 31

- 2 6 -



7l7l 5f^^ ^ ^ ^ : 3L^ Soft Control^ ^(over lay)

(3)

5] 2:^(interface management taskH tfl«l- JL3}4%)-o] $ i ^ ^ , 7] 7] ^

° g ^ 4 ^ 3 * 1 (set-point)

(4)

1̂ * (feedback)

, Soft Control^

Soft Control^ ^ - f ^ 1 ^ S^Hl tfl^ *>-§-£]

Soft ControH

t-fl AlZj-3

oi(flashing)^-

-27



j ]n> Soft

Control* ^

- 1̂1 <H

(5)

rf.

7]]o)

7]

Soft Control^1

- ^ $14. ^«>3-2-5. ^-S-tt ^tfl A)^>4 ^ ^ ^ 22] fix]

^14. EPRI[18]7l- ^ l^ tb

H «1«H Soft Control^ S-°^°l S.

- 2 8 -



7}

^ ^ ^ Soft Control^ 7 ^

4 . NUREG/CR-6635[8]^]^

Soft Control^]

-§l XI

^ 7]711- «-§-*j-^r ^]<H^s] ^- f^Tr Soft Control

- 2 9 -



Soft Control^ ^ ° H <H^ ^ 5 . ^ ̂ - s ^ x ^ ^ ^ < ? l x ] ^ ^Tflofl 4 s

(6)

Soft Control4 ^^ ^^-t] 7}*V$) HSI

$14. ,
^ Soft Control^

317}

-g- 2:̂ -^1 +nz])st 4 a ^5Hi tfltb 4-g-

^ $14.

°14. ^^ilS ^S£lHc,>§ vfl-g-̂
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- ^>-S-s] Al^-ajo] xl<g
- ^ 1 ^ ^ 4 ^ ) tfl*}- ^ i
~~ ^% *3 ^il 'H 4 ^ ŝ  Aj p]i
— ̂ 1 ̂  2:-5l--2l -n"M. -̂ -1
- 5iX| i o . o.s. ^ ^ . c

- s~ Bil efl ̂ . 4 §i °fl '-fl ?b

'i-^-^ ^ 4^- -̂'y
2-^" 71-^-Aj ^ Tzj.̂ - ;

A}«j o]Af n j - ^ ^ H

^ 5^ Aj • T7 ̂  5£] So f t

- cflH] ^-O]

^H> 7 l | r q > ^ <^^-

Jj^V-f-tj-aj 7 ] ^ q>^

i ^-^AJ
^ t t -2-3 1"^ ^ ^

fl tfltt ^ ^ "̂̂ 1

- 7 }^ ^.i1^] rfl*}- 4 " ^ 3:^ 71 -̂S] C=1-T- ̂
- ^4*l"7fl 4-& -^4 -
- Soft Control* i f l-«l

- 4^- HSI 7l7l4s] AJ
- 4 HSI 7l714^1 ^* j
- * H 7 i %•%• ̂ 4 4 3

V̂ > 4 = . Hj-AlS.4.0]

-of * * f t ^ ^ ^ a

|-s:;4-§- ^ ^ l ^ ^ l "y^

^4^(*S-S-?i :i-)<

1̂
-?-

^ ^ ^

1̂ jy 2] -§- ^ J2.

Control 4 i r4

V^A-I SJ-O|

T 1 ' ! ^ J :4

1̂ cfl *)- sv 0]

- 3 3 -



S. 3-2 Soft Control^ tfl

«<y-4 ^ £

4 HSI ^

^oHq ifl-g- *J ^ A 7 ] # ^ 7JJg.iL4:

- 7 ] ^ ^ H ^ A1ZV2] ^ # 2 } ^ £ 1 4 ^-^

- 7 ] ^ ^31°1 °J?}^^2j i l ^ r tfl-g- ^ -^ <^Jf

- 4o]7}o] 7giL^%> 4^°11^ ^S.Sl ^41 %~£r #*) f̂l-8-

- ^ ^ ^ • y ^ ^^§1 -4 4 4 <̂ -?- ^ s

- 46)7)7}S!\ %•#$ 5-^^(proximity) ^ -f^-

- ^ <>| 7] 4 «g= %i ̂  (compatibility) ^ ^1&1-

- *H7lsl * 4 i^- 7>^^ ^ 4 ^ ^01

- ^ H ^ l 4 * a n i ^ - 7>^^ ^ 4 ^ «,VoJ
- ^ ^ ^ - ^ ^ e ^ i * H -a^ s]4 no^ tfl«i ^91

- ^^%V4 ^5- : 5.*] ^ ^ ^ l 4 ^ ^ ^ 4 ^ ^-§- ^ £?-
-2.^-^ 4 ^ 4 4 s*°J

- °J^4 7l7l 3 ^ 4 ^§ j ^ : i ^ € Soft Control4 ^ 4
(overlay)̂  4tl: 5.^ 4«1 -̂̂ 1

- ^14 °d^^- %ne\ ^ * 7]$ 4 ^ °^^-
- ^1^4 S4 yov4̂ 1 ^ 4 ^ 4 ^ 7]§ 4 ^ 4 ^
- 1̂4 ?1*3 -S3N 4 * S4 ^4
- ^t-^4 44^^1 4^^1 4 ^ ^
- *IH ^4°!] 4?!: ^ i i ^f-^
- ^«a ^1^4 i-s-^^11 ifltt -S-^ £ 4 ^ SJ-°J

- ^ 4 * ^ iLfF ^e^l 4«t 44 svo]
- 7>lg ^.4l4 <§«> ^Izj °> f <^«-

- 7f̂  i i i 4*> 4¥ 2:̂  71̂ 4 ^ ^ 4^-^

- «4«>?1] 4 ^ 3 4 4 # 4& «ov4#44 ^ 1 ^ S.4
- Soft Control* af-§H ^ Q ^r^^l a^Sl-4 -^^2:4

- ^^^1 41r^o l^°il 4?t i f - ^ ^S3£ ^°J
- 4 ^ HSI 4 714̂ 1 4vs4-§- -̂°1144 «J#^ -ft-̂ 1
- 4 HSI 7I444 ^ t l - ^

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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2.

*1 NRC^r 1 9 9 0 ^ ^ti> m - a ^ A I ^ ^ Hybrid^

^«h fl-^ll^-^iJ&S. NUREG-07114 NUREG-0700

2000\! 3€ NUREG/CR-6633, 6634, 6635, 6636, 6637[6, 7, 8, 9, 10]4

2000^ 8^ NUREG/CR-6684[ll]^r

NUREG-0711 ^ NUREG-0700 Rev.

Hybrid^ a lH^H tflf!: ^l^r^t}-^ ^

s ^ a ^ - ^ ^ ^S. ^ 1 ^ )̂°fl Advanced Information Systems Design,

Computer-Based Procedure Systems, Soft Controls, Human Systems

Interface and Plant Modernization Process, Maintainability of Digital

Systems, Advanced Alarm System ^r°M tfl€fl ^7}

ITFI-

(1) Advanced Information Systems Design

xi^ <?}#-7l7fl ^ ^ I ^ ^ £ 5 ] ^ ^ a ^ ^ ^ l CRT

^-o.S- 4)-^ ^^] 4 ^ 4 ^ ^ EIDCEcological

Interface Design)4 &•& a | j s^ sj^-oji
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£ £ ^ 3 Si CRT 71̂ 1-

^ ^ H - t r Technical Basis Issues, Design Review Issues,

Operator-Related Issues^ 4 ^ f

(Technical Basis Issues)

Lack of a Well-Defined EID Process

EID(Ecological Interface Design) ^ ^

1 ̂ , ^ # 31 f-(abstraction hierarchy)^:

Lack of Specific Representation Guidance

graphic formal &•& <?l^fe *>^]. 2:71^31 °ltl-. ^ 7\T]

Evaluation of Operating Experience

£°J^<y ^]^°fl -i^l^ EID M | flfl^ § ^ ^ ^ ] ] fl

l^ l i EID #

Critical Testing and Evaluation of EID Concepts

, analytical redundancy^ 4-g-^- ^ ^ g ^ 3xj7|.*v A J £ g

^ E I D
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EID7>

A-A(Abstraction-Aggregation) matrix 5] °]^ cell°l

Evaluation of Displays

(Design Review Issues)

Task and Temporal Considerations

A-A matrix^- EID ^e iKbg: ^ " ^ i i * ^ 1 ^ ̂ TT ̂ 1^:3 (temporal)

approach)^

EID y c H ^

EID

EID

Volume of Information

EEH 4-§-s|fe- 4 ^ ^ ^ -^43 ^)£-i A-A matrix* 5f-*H EID

- 3 7 -



Density of Display Information

^7}^= 7111 ^iLS^l ftxl^ ^iL ^ £ # ^7fA|?lcf. ^7}si

£ ^ interface ^ ^ ^ ^ l ^

145}

Operator Use of a Large Span and Variety of Displays

System Complexity and Emergent Features

^ t N ^ ^ ^ " ^ (integral and configural)

°J ̂  (underlying domain)^ ^-^-^ ^

- 3 8 -



(emergent features: ^ - S H T I I fei 3l#,

&*1 oJriq-. Graphic

Perceptual Resolution

f1 "̂̂  ^ ^A<H(integral and configural)

(emergent features)^ ^Sfl- o H

Elements of Configural Display

^l(Configural Display)^, ^-

Effects of Instrumentation Failures

EID ^iLSAlofl P ] ^ ] ^ 7)|#7l ji^"(Instrumentation Failures)^]

- Tfl#71 JL^-o] ^^1 1-EflH J l^ -A^ ^ ^ ^ 0 ] 5fl^e>£S. ^A]f- 7}

-39-



backup display^

Organization of Information

^2:(display pages and networks)^

, interface ^ 4 7]^ ^ 4 ^ 1 ^ 4 - § - ° l 9X7]

Slfe ^J^S. &f>)5L $14.

< g ^ ^ 4 ^ interface

interface

ifl7l ^*V interface

2 ] ^ T ^ 1̂̂ 1 interface 2 :4

(HSI: Human-System Interface)^

(navigation)̂ 1 4^- i#^>7l ^l:7fl € ^ $14.

- 4 0 -



^2i(display pages and networks)

Integration of EID Displays into Remainder of HSI

4 ^ - EID

(Operator-Related Issues)

Implication for Training and Qualification

Christoffersen ^[19]^ 4 w 4 ^°1 € ^ # ^fl^i $14. "EID^

EID inetrface7f ^-7]?>fil *f ̂ (long-term learning)^ 7] ̂  ^ (retention)

. EID

4.

Acceptance bv Operators

. EID

o\} ̂ <£*}!= ^ - 1 : Rankine cycle ^ ^ i<^l^i ^ 7 ] ^ 4 $14.

- 4 1 -



Internal vs. External Mental Model

tb ^R > O 14. ^ ^ £ ^ i ^ -#% 5J7Ksituation assessment),

^ ^^1 (monitoring and detection), ^}-§- Tfl^ ^eJ ^ o| §J (response

planning and implementation) °ll cflft ^ ^ 1 ^ -S-^i-i:

(2) Computer-Based Procedure Systems

Methodolgical and Criterion Requirements for Evaluating CBP Effects

CBPi

1̂ 1 7l^-^<y ^ ^ 1 ^ ^ : 7H

CBP7>

P R p s . 7fl SA s i — 7S-Q- Ol 2 O] •&)- 4x

. CBP^l ^ : £

^# $14.

- 4 2 -



CBP1- ^«fl JL

t f l^o.5. JDLS]̂  CBPi

Role of Plant Personnel in Managing Procedures

7}-

9-1^. °1# yo1-̂ l*>7l ^fV HO>O>^ CBP^l

CBP

Team Performance

CBPTT ^ ^ i € ^ 1

- 4 3 -



#3<2 ^ J ^(Hor izon

of Observation : ^ 1 ^ ^SLtiiW, ^ 7U ̂  (Openness of Tools :

4^- £ 3 € ^ l s^-i- ^-J! $1-5"), :isjaL Aov^4-§- 7fl^-^(Openness of

Interaction : £ 3 € # £ l 5 ] 4 ^ S ^ ^ a . S $ ) f-# 6l<H^] ^ § 7}

>(workstation)^]

7]

CBPt- f-̂ 1]

RO

Situation Assessment, Response Planning, and Operator Error

$14. CBP4 ^^§1-^ £ 3 ^

i ^ 1 (procedure steps), ^ H

CBPi a^sj^l ^ ^ ^giLl- a-^§}^ ^ ^ T^^O] $|o_x̂  S R 0

CBP1- €-§-^rfe %*&°] $14^- i J lS la l $14. ^ f l CBP

of Abstaraction)^14.

- 4 4 -



(mental model)-!: 7HJL $\°]o\

Level of Automation of Procedure Functions

%A(trade-off)fe 3:A}I%°\°\

Keyhole Effects and Use of Multiple CBPs

CBP^r ^ ^ r ^ ^ -

|s.ti} keyhole effect

CBP Failure in Complex Situation

JfE^ PBP5L ^§^6] : -^ fe . ^-f7f ^ ^ ^

^^> ^ - f ^lfe ^Tfl 0)^0^ ^ ^ 0,-1-

°1 3M $17-14, ^ ^ CBPi S]«fl

- 4 5



^(transition) <>] *fl

Hybrid Procedure System

ttfl^fe CBP7> £ ^ 1

4 . O15J 3-f ^ ^ i n 5]^r ^ ^ EOP^r

Specific CBP Design Features

CBP l̂ ^ ^ 1 ^ - ^ ( ^ 1 # 1 : ^ text4 flowchart, outline view, navigation

aids, highlighting ^ H &Q ^ ?^^ xj^o] ^A*>4.

(3) Soft Controls

Time Delays and Control Stability

v]x}& X\^.^6\]X\^ A]^>x]^(time delay) 7>^^ ^ Soft Control S

Input and Feedback Methods for Continuous-Variable Inputs

- 4 6 -



37|«fl tfl^ feedback^

^ # ^ $14. i l l - 4-§-«>fe ^ ^ H

barchartl- S ^r $14. ° ^ 4 feedback^-

- keyboard, arrow key, slide7r ^^1

feedback^ -̂fe- ̂ -f^ ^^°fl tflt!:

- a l l - ^ # ^ 1 ^ r £ 4 ^^"S . ^ ^ i ^ i ^ ^ (tradeoffs)

- o]s. s . ^ ^ . s ^ interface(^» 1:^ , arrow key*

slider)^ 4 ^ ^ s j x ] ^ a ^ ]̂«fl ̂ « -

- Arrow button^ tfl̂ flA^ ^ ^ ^ ^ B.TI1 ̂ ^ -̂TH ^S)-

arrow button^: i^xr ^-f^f button^ ¥ ^ 4

3.7]%: ^§ffe adaptive gain ^ - ^ # ^ ^

Confirmation and Warning Messages

3H ^ i^ - 1̂̂ ]̂ ] S ^ ^ ^ 1 ^ ^ ^ ^ ^ ^ 1 ^ - ^r^Oevel of

specification)̂  4^- &^^°1 ^ 4 . i » # ^ , ^^i

# 4 i "̂̂ 1- #m r̂ $14.

^ «fl^«H ^§m ^-f7]- ^ ^ $14.

Sequential Plant Control and Interface Management Tasks

4 ^ ^^fe ^<H°> *>fe 3-f7> $14.

Soft Control^: 4-§-^7] ^sfl Af^ <^^ 5 4 0 ] ^^.§>cf (6\)

- 4 7 -



). Soft Control

7,}T.)}O] < £ ^ o ] ^ ^ § f i g £ * I € ^ ^SLfr(capture error)

Ef A_^ A>-g-

Access to One Versus Multiple Input Fields at One time

°̂  ̂  ^-(input field) SL r̂ ^-^r^] ^ ^

Intelligent Agent

^ 1 ^ ^ Agents

(user-initiated notification concept)^-^ sf^ 2 :4 ^ j ^

*1^3 Agents ^^ i€ o ] ^^1 ^ ^ 1 ^ ^ ^

514. * H 4 , ^ 1 ^ ^ Agent* 4-§-4^^1

1- Agent* ^ S f l 6 ) *>fe ^ ^ 4 Agentl-^

Interaction of Soft Controls with Automation

^(cognitive demands)* ^ -4

7)%^ °}n*\jL °m^r ^ 1 4 7 ] ^*V «?14^ -S-^l- ^7fl5l4. Soft

Control^ tf^HiL-i- ^-^i^^lTfl ^*}5l *}^^r ^^}S.^ *}&

^ o^4. Soft Control4

• 4 8 -



Soft Controls and Display Space

3-7} $•

^71] ^ ^ § ] - ^ ^ ^ j ^ - ^ o i £ s . tfl^cf. Soft control *}•%••

Keyboards Versus Incremental Input Devices

^ ^l^o]] ^^-sl ^ S o f t control^ M 1

S arrow button^lM- keyboard-!- 4-§-^f^ $14. Keyboard ^ ^ ^

keyboardl-

7> Efol>g ^ o f l 7l^l*>4. keyboard^- ^ ^ ^ ^ ^ #*1 (incremental

input devices) °fl ^| tb, ^-

Consistency of Soft Controls in Hybrid HSIs

Hybrid1!OflBlH+41 *l) Si#-71*11 ^ ( H S D f e , ^-

^itfQ 7flAi x\o]}! t^o^ Soft control^] ^-§-€ ^r 91

hybrid^ H S H ^ i ^ 4€- interfacel-

consistency)^

- 4 9 -



interfaced

$14. hybrid^ HSH>H 4

soft control* 4-g-«>fe £ # € 3 l

(4) Human Systems Interface and Plant Modernization Process

The Effects of HSI Inconsistency Upon Alternating Use of HSI

Components

*

7V fevo) 4 ^ ^

(Tanaka ^ [20])S, # ^ ^ $14. t f l^-^4 7 l ^ HFE 4 ^ ^ interface

4 ^ ^ : W ^ ^ : ^ (consistency)

interface ^ ^ ^ ^ ^ fl

^ ^ - 4 ^TfE^ display^- interaction-consistent mapping^ ^ T T ^ 71a}

3 ] ^ ^ f s o f l ifltb ^ ^ # «^1#«>7] ^sfl, Text-editing method

(TEM) (Tanaka ^ [20])4 # £ A})^^- <H^AJ S j 7 | - 7 ] ^ o ] yfl^sj^i

§14. °]2-i*}- ^ - ^ ^ ^ ] ^ -^ ^ °1# l ^ ^ ^ r ^ r ^ ^ ^ o ^ ^ ^ (i) ^

, (2) ^ ^ i HSI

The Effects of HSI Design on Crew Coordination and Cooperation

$14.

$1
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$14- o>

$14.

The Role of Training in HSI Skills

$14.

$14.

$14.

$14.

51



«[_a_s]-t}-. Mumaw

The Effects of the Installation Process for HSI Upgrades upon

Personnel Performance

7]& HSI^l upgraded ^R> ^ 3 ^ 5 1 °J

-. Upgraded ^s^

, fl ^^o f l 4H.Tg ; 7 ] ^ HSI

7] 711- ^A] ^ 7 i § H ^^j-Jl, ^xHO.S . 7}^ 7}7}% 3]-^ ^ ^ A] f\

HSI 7l7l7> ^g-^M ^ ^ o ] Al^^- ^ o|

t

7}7}7} ^A

}5L ^&^r o > 7 ] ^ ^ $14. S . ^ 7 1 ^ ^ AH 717l 7>

^H7l^ol 4 ^ tiJ-Alo} 7 ] 7 ]

$14. l̂̂ f- ^"^ ^^°11 tfltt

$14.

Personnel Acceptance of Upgrades

^ ofl ^ ^ ^ o ) H . ^ ^ o]

- 5 2 -



(5) Maintainability of Digital Systems

(Process-oriented guidance)

the development of guidance for reviewing practices, policies, and

procedures related to maintaining digital systems:

HFE program development

HSI design

Training maintenance personnel

Design of maintenance procedures and technical information for digital

systems

- 5 3 -



Automated test equipment and maintenance aids

oi:(Technical Specification)^]

Verification and validation of maintenance

(Supplemental guidance)

s-m^j. o j ^ TH]^ ̂  $14. 7]

On-line maintenance features

Advanced features of test and diagnosis equipment

^ J i %]7) ^ ^ J I ^ - ^ ^ 4 4 ^ 4 a(look-up table

- 5 4 -



717]

Circuit cards

7]

tj-

D a t a - b u s technologies

(6) Advanced Alarm System

(General Issues)

Operator-Centered Alarm Sys tem Design

rrj-

heuristicsl- 2]-§-

- 5 5 -



Heuristics

$14.

3(Operator-centered objectives)^ 4 ^ -

% y ^ (situation awareness)^]

^§> £ ^ i g ^AI s ^ ^ - ^-^Al^^ci] ^o_*> cue

°] ^}°^ higher-level processing ^ information processing

^(Guidance)

Role and Definition of Alarm System

feedback 7 l ^ # 7>4JL $14.

i $14.

-517>

- 5 6 -



AWS Lessons Learned and Advanced Alarm System

^(alarm

inhibit features), first-out alarms(€^]-S ^ Bj«l ^^o l | tfl^),

reflash, message legibility/intelligibility, ^ i ^^T-^ iS .^ ^^] (keying

alarms to alarm procedures) ^ ^ t ) - . <»]fi]t!:

=1. ^-^S^

71 fe

Context-Specific Alarm Response Characteristics

# context ^ - ^ ^

error)7|-

acknowledge

Context ^<H<y

Hybrid Systems

- 5 7 -



^Hr 4 # ^ $14. 71^
SPDS ^ 4 ^ ^ :$£L S A ^ ^ ^ H ^ ^ H $14-

$14.
014.

Alarm Setpoints and the Alerted Monitor

• • 3 - ^ H ^r^-^^r ^1^^-^161 ̂ (signal detection theory)^

"alerted-monitor system"±S, S.^\S\o\ %A. °lfe A%Q^(automated

monitor)^- ^1?>^1 (human monitor)^

4. €4

nuisance/false alarm^

Second Event Detection

(mixed success)

4.

- 5 8 -



(Processing Methods and Related Issues)

Effects of Processing Methods

*§• t i l : (mode dependency, state dependency i?)ol 4

, filtering

^ °] ^ ^ ^ ^ T 1 ^ 0 ) ] f̂l?!: ^ ^ I T I ^ ^(operator control over the

implementation of these methods)^ ?}:§

Design Goals of Alarm Processing Systems

- ^ ^ ^ filtering percentage H i t - ^ ,

filtering

Alarm Information Availability

^1 7}x) alarm availability technique (filtering, suppression, priority

codingH ^}^s\JL $ i4 . o i l : ycH

- 5 9



Filtering^ £#Q£\ ^ #

Suppression^ ^ ^ 1 - ^V^I^lfe- ^ i L # ^17^}^ filtering^

iL3: display A<

-^(secondary task workload)*

Alarm priority coding^ o}*?- ^ i i £

Mitsubishi^] DPAS(Dynamic Priorities Alarm System)0!]

^-^i€ol priority codel-

filterings}°i high priority ^^S- message-fr n2--̂ :̂ }

Criteria for Prioritization

Alarm prioritization schemed

7-1 (functional basis) s}£

Alarm Generation

Alarm generation technique^ ^ £ . £ ^ J . # ^3^

- 6 0 -



4.

$14.

Processing Complexity

1 ^ ^ filtering Al^

$14.

(Display of Alarm Data)

Alarm Allocation to Display Type

4$m ^ %V4 ^ -^ SDCV(Spatially Dedicated Continuously

Visible) ^ i l ^ l f e , %&tf ?H& text message

message S 4 ^ - 4 -f^^: ^ ^ - ^ Q^^ $14. SDCV

4 ^ 4 ^ ^14# ^l^^fe- ^ S <H-34 $14. ^ S

^ display4 4€- graphic displays^!

^^ i^^ o l 7-14

J l ^ l ^ : , message Iistil4

VDU# ^

^ $14.

- 6 1 -



7 H

Design of VDU Alarm Displays

^ &fe ^-<S^1 $14. VDU ^SL a^l ^ f e - ^ £ ^ i l messaged

tfl-sfl ^ j s j o ^ ^ 4 . n e m , fe^ ^ J i ^ S ^Efl̂ A-̂  message Iist7>

^^- ^ ^ . 1 - graphic S * H ^ ^ ^ 1 ^>OJ§>7] ^ *b (7>

message lit^l ^^1

. VDU ^SL S

1- 3t!r VDU display

Information Content of Alarm Displays

$14.

=14.

Hierachical Displays, Alarm Integration, and Data Layers

message, data layers, 4 g.*]7)$i\-s>\

- 6 2 -



^ (hierachical display), #

s } ^ data layer *>-§- £*11HJ£- 4

71 # # 3 ^ 7}*} JL $14- O)-5}Ai; f c ]

Use of Auditory Cues

7}

Speech Displays

-g-^ 71^} ̂ ^ s ] ^ - ^ A ^ ^ , A]

messaged

(Alarm System Controls)

Increased Complexity with Advanced Alarm Systems

SART(silence? acknowledge, reset, test)

, filtering ^ 4

Role of Automation

^ ^ ^ ^ *H3:*1# 4^51-f- ^ $14

- 6 3 -



silencing^

^.^-(mode error)7>

^^(acknowledge) §

Context

Specific Alarm Response Characteristics ^ ^ 4 ^ ^ o ] o j^ )

Implementation of Controls in Advanced Alarm Systems

^ ^ H ^ H H f e ^J i^ f -o ] T^-S. Interfaced- ^f-^-s|jL control

interfaced 7}^^ ^-B-^ ^

keyboard A>-g- oj^). SART control^

7] 7l# A>-g-%v ^ 014 soft Control^ Hard Control^]

-^, ^^: ITF1-

1-^ 4^- a 3-34

- 6 4 -



3-3

(1) Advanced Information Systems Design

(Technical Basis Issues)

Lack of a Well-Defined EID Process

Lack of Specific Representation Guidance

Evaluation of Operating Experience

Critical Testing and Evaluation of EID Concepts

Evaluation of Displays

(Design Review Issues)

Task and Temporal Considerations
Volume of Information

Density of Display Information

Operator Use of a Large Span and Variety of Displays

System Complexity and Emergent Features

Perceptual Resolution

Elements of Configural Display

Effects of Instrumentation Failures

Organization of Information

Integration of EID Displays into Remainder of HSI

(Operator-Related Issues)

Implication for Training and Qualification

Acceptance by Operators

Internal vs. External Mental Model

(2) Computer-Based Procedure Systems

Methodolgical and Criterion Requirements for Evaluating CBP
Effects
Role of Plant Personnel in Managing Procedures

Team Performance

Situation Assessment, Response Planning, and Operator Error

Level of Automation of Procedure Functions

Keyhole Effects and Use of Multiple CBPs

CBP Failure in Complex Situation

Hybrid Procedure System

Specific CBP Design Features

O

O
o

o
o

•
o
o
o
o
o
o
o

•
•
o
o
o
o

•
o
o

o
o
o

• o
•

o
o
o

o
o

£ ^

V

V
V

V
V
V
V
V
V
V

• V

V
V

V

V

V
V
V
V
V
V
V
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3-3

(3) Soft Controls

Time Delays and Control Stability

Input and Feedback Methods for Continuous-Variable Inputs

Confirmation and Warning Messages

Sequential Plant Control and Interface Management Tasks

Access to One Versus Multiple Input Fields at One time

Intelligent Agent

Interaction of Soft Controls with Automation

Soft Controls and Display Space

Keyboards Versus Incremental Input Devices

Consistency of Soft Controls in Hybrid HSIs

(4) Human Systems Interface and Plant Modernization Process

The Effects of HSI Inconsistency Upon Alternating Use of HSI
Components
The Effects of HSI Design on Crew Coordination and
Cooperation

The Role of Training in HSI Skills

The Effects of the Installation Process for HSI Upgrades upon
Personnel Performance

Personnel Acceptance of Upgrades

(5) Maintainability of Digital Systems

(Process-oriented guidance)

HFE program development
HSI design

Training maintenance personnel

Design of maintenance procedures and technical information for
digital systems

Automated test equipment and maintenance aids

Verification and validation of maintenance

(Supplemental guidance)

On-line maintenance features

Advanced features of test and diagnosis equipment

Circuit cards

Data-bus technologies

^

•

o
o
o
o
o

o

o
o

"5"

o
o

o

o

o

o
•
o

o
o

•
o

o
o
o
o
•
o

o
o

V
V
V
V
V
V
V
V
V

V

V
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3-3

(5) Advanced Alarm System

(General Issues)

Operator-Centered Alarm System Design

Role and Definition of Alarn Systems

AWS Lessons Learned and Advanced Alarm System

Context-Specific Alarm Response Characteristics

Hybrid System

Alarm Setpoints and the Alerted Monitor

Second Event Detection

(Processing Methods and Related Issues)

Effects of Processing Methods

Design Goals of Alarm Processing Systems

Alarm Information Availability

Criteria for Prioritization

Alarm Generation

Processing Complexity

(Display of Alarm Data)

Alarm Allocation to Display Type

Design of VDU Alarm Displays

Information Content of Alarm Displays

Hierachical Displays, Alarm Integration, and Data Layers

Use of Auditory Cues

Speech Displays

(Alarm System Controls)

Increased Complexity with Advanced Alarm Systems

Role of Automation

Implementation of Controls in Advanced Alarm Systems

•

o

o

•
o

o
o

•
o
o
o

•
o

o

o

o

o

o

•
o

o

o
o

o

o
o

o

V

V
V
V
V

V
V
V
V
V
V

V
V
V
V
V
V

V
V
V
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• System/alarm log

• Operator action log

• Debriefing and Video recording

• NASA TLX(Task Load Index) i $]*}; Workload

M-.

KAERI ^ US NRC#

$!## US

US N R C ^ ^ 7>^tb ^ 1 4 ^ ^ - -S-^i^-^ 1) reasonable, realistic, 2)

mixture of normal and abnormal (diagnostic # ^ i ^ " ) # 1̂1 ̂ 1 ̂ J L ,

<?]^1^^.S \+*l£7]- ^ J l <£*[ ^^b^I ^VJL>S-%(^, SGTR (multiple

tube) + safety v/v failed, ^^r ISLOCAS]-

KAERI^] ^ -^^ -S Afal^-^-ife SRO, RO,

>̂ §}^ o H , SRO, RO

experiment control°1 &&*£ 7A

-̂-n-7]- slip, lapse, ^ ^ rule-based

mistakes, knowledge-based mistakes ^ ^ ^ - ^

- 6 9 -



KAERI^l ^]^c

2.

tfltV US NRC^H

. f- ^ 514.
7] ^ A j ^
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Case l: RO

T07>

Case 2: ^ ^ S Stj] A]1- j l ^ f - . ^ ^ ^ ^ 2 3]-^ A]

malfunction^:

Case 3: s]^*t ^-f°14, RO i ^ T07> ^

Case 4:

Case 5: ° J ^ (57J-XJ O]

! ^^-ife- £4 4-^sl^r feedback^
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RO

l - SROS- §}TT

RO ^ TO

SRO, RO,

ITF

l - RO SEfe TO

-§-°lt!: Case 1, 4, 5

3,

- 7 2 -



3.

RO

7]-

(RO-g-)

2) # ^ 75%<^H 50%S ^ - ^ A] ROfe- # 1 H ^^-f!: Borationl:

«W^]r TO(^^^ l^^ l - )^ ^r^flS # ^ # ^^f" (TO ^ff-)

3) ^ # ^ ^ ^ ^ \ RCP Seal Injection Filter M^ A] ^ ^ - ^

in-service Filter *}# ( ^ ^ - ^ ^ ^ i-^-)

4) ^ - ^ ^*\ ^ B B S - ^ B ] J l ^ cfl7l Aj-Bfl ^ x i ^ ^gfl Line-up

RHR a^r SDC^l^f-sl ^ ^ # ^el^«.-g- ¥ ^ * 1 ^ (RO

(TO-g-)

5) ^

4^-4

- 7 3 -



A|U|-E|o 1 j

1. * ! § ^ 2 Mode

- 2 m -g-̂ oH! A-|

3. ^

^^ ix i lo i *ny L-467OI

« L-467CHIAH L-465S. U J S ^ £ ^ ROO||.

L-465oil ^ I S # § ^ l ^ (Instructor?I- L-465* FaihLo^Pil 1J-).

4. #4^

- L-465 Fail-LoS °Ĵ H Letdown Isolation Valve^F &o

Back-Up Heater x ^ # g i

1) PRZR Lo Level Train A (ALB08),

2) PRZR Lo Level Heater Off and Letdown Secured (ALB08),

3) PZR Lo Level Deviation (ALB08),

4) Letdown Hx Out Hi/Lo Flow (ALB 13)

5. ^ S S s * |

Mm 3-1 L-467OI

- 7 4 -



2 (RO, :na| A|

1. 3 # £ 2 Mode

- | ^ i # ^ 75% (470MW)

2. 3 § 3 | # 3^1-^2 ^ 2

#^j 75% ^ S #

x-)|o|» AUTO Defeat

3. ^l i -yiJ- £PH

# ^ # 75%°\\M 50%

BorationdOO Liter)#

- TO(lnstructor7|- cH^J)^ ^ S ^ l # ^ # 75% (470MW)ol|Ai 100%

(650MW)^ Target Load Setting^ s n RateS 50MW/Hr x

(o|aH, #^-#-& ^-S7|

# ^ - £ U ?j-g# RO7I-

- Instructor-^ RO7|- Boration# °!-*l7c[-n|-x(- ROO||7|| CCW Pump

M l ^ 2 (Pump A» Pump BS)# X|A| ( £ M ^ ^ S77W RO

o(| 711

4. §#

- c ^ H f 1J--S ^ M ^

1) Tref/AUCT Tavg Deviation Alert

2) Rod Bank Lo Limit (¥l S M s |

3) Rod Bank Lo-Lo Limit (^l ^ M

5. -&SS S* |

- 7 5 -



6.

3 (RO, JL5\ A|^a|| O|E|)

1. ^ § ^ S Mode

2. 3

- RCP Seal Water Injection Fi l ter* 50% £=•••£• Malfunctions

1̂-0=1 RCP Seal Water Injection Filter Hi A P

3J-

i- SS" ^SSof l^ l Filter "B"

^SS(lnstructor)-& Filter

rS^eJ Filter "A"# TOot-oi RCP Seal Water l̂-

4 ^ "

1) RCP 1 Seal Injection Flow Lo

2) RCP 2 Seal Injection Flow Lo

3) RCP 1 Vibration Alert/Danger

5. fSS i*|

6. AJSf£

- RO^l- FR-156°S RCP Seal Injectionol s\x[

- 7 6 -



4 ( R O >

1. 3 # £ S Mode

2.

- "Bypass/lnoperabiiity Display A" S M S Defeat

3. *!ii&S- Ŝ H
- ROCHI 7i! 7l-oj-7| Heater 5̂  a m sj-oj ^ R H R ^ E | § | . £ ^ . X|A|

- RO7|- RHR 2|a|SK2 SI Line-up# ° ^ I S Instructor-^ Heat-up

rate# 3n«^ ^ S l t .

- RO0l|7|| 0|-E||o|

RCS gj-sjol 37kgcHI £ & s | - a RHR

4. # &

- ^ ^ t i M f OpenH-4 #A|OI| double indication

- RCS £j-e|o| 39.5kgcHI £&s|-S ^ ^ ^ 1 - ^-& § M

1) RHR PMP 1 Discharge Hi Press

5. f2H ^*l

- 5\ double indication, S f i , RHR discharge 5! suction

H RHR xl-EF aJ^7F ^ s | ^ # ^

6. #§•#£.

RHR (̂-EJ- uJM7f ^ E J

• 7 7 -



5 (T Q j

1. ^ § § 2 Mode

2. ^ § - ^ l # ^ ^ I S

3. ^

^ ^ ^ = "B"

- o|o)| :L[-E^ ^ ^ ^ ^ H

4. #S-

- a J M Status LightsoiW

1) Main Feed Pump B Plant Problem (ALB 07)

2) Main Feed Pump C Plant Problem

3) Main Feed Pump B Auto-Trip/Breaker Out of Service

4) STM GEN 1 Level Deviation

5) STM GEN 2 Level Deviation

5. -&SS i*l

- 7 8 -



^ < 2 ^ ITF-g-)
A|L|-EL|o 1 (RO, t H ^ S * ^ ? ! ^ ^ ITF)

1. ^ § ^ 3 Mode

- a m^ £ 2 (1C20)

2. ^ # ^ l # 2L7|£*i 2E2

3.

(Instructor)o| RO^I *M1J\

&€: *t*mo\ P-100Yoil Mmm °WI H (Instructor

7̂  P-100Y# Fail AI1J) (Generic Component Index / RCL -

TRRCPT100Y)

4. g #

- P-100Y

1) RCS PZR PRESS LO

2) RCS PZR R Ress Error HI/LO

5. ^ S S ^ * l

6. ^ # # ^

- RO7I-

- 7 9 -



# P-100X

2 ( R 0 ? t H ^ x H N g 1 ^ |TF)

1. ^ § ^ r S mode

- >gx\± s ^ 75% (IC17)

2. 3 £ * l # ^ 7 | £ 2 ^Zj

75% -gS §

f-g- AUTO DEFEAT £J-E||S s * |

(Instructor̂ !- Manual Seq.S ^ a j ^ J l ROofl^lt- *\\o\

3. -^S-y-g- S^H

- Instructor^ HOo\\n # ^ # 75%cHIAi

- R0o\\7\\ BorationdOO Liter x[-g-)# z[

- TO (Instructor)^ ^ S ? | # ^ # 75%oUi 1OO%S Target Load

Setting^ t[n rate» 3 MW/MinS. X | - # # # £ | J E ^ ^x l f j - (o |^

5^- i ^ ° S 10 MW/Min, 20 MW/Min^S #7|-A|^|QK).

- Instructor-̂  RO F̂ Boration# ° l - * l ^ nl-^l- RO<>IMI CCW Pump

^ S (Pump A« Pump B^)#

o j o | o |

4.

1) RRS Tavg/Tref LO

5. -g-SS 3E*I

- °l # # SI SSL 1)#

80-



6. #gg3

- RO7|-

3 ( R O j ^ ^ H N S ^ ^ ITF)

1. ^ § ^ 3 mode (IC18)

2. ^1# 7j|# ^ 7 | ^ g i z j

- RCP Seal Water Injection Filter "A"ofl -S-̂ |7|- $joi ja*l|

3. ^

- RO-b e^^SSf!(lnstructor)oj|7|| Filter

- t i § - ^ 2 £ ! (Instructor)-̂  S^H^ Filter "B"# In-service th

"A"» *}E.^oJo|: s m S[z[^oi H ^ Filter "A"# x|-E[^

RCP Seal Water̂ F * ^ £ | £ - - y # # S ° ? J

(Remote Function Index / CV - CV21) Diagram CV04

4. § #

1) RCP 1A/B SEAL INJECTION FLOW HI/LO

2) RCP 2A/B SEAL INJECTION FLOW HI/LO

5. -trS-c! S*l

6. ^ S - # S

- RO Î- 7||7|» #§H RCP Seal Water Injectionol E|X| p ^ ° #

8 1 -



A|U|-EL|O 4 ( R O > ^Qxm&^dt ITF)

1. ^ # ^ 3 mode (IC85)

2. ^ # 7 i | # i 7 | g * j ^ £ !

- {JLE\2\ 3 ^ "BYPASS/INOPERABILITY DISPLAY A" g f i f

Defeat A|^o.uf |JF^ - f rA^ 7|^o| alcH Double Indicationoil

3. ^S^S- Ŝ H

- Instructor-^ ROoj|7-jj 7|-gp| Heater̂ F ?

f. Instructor^- ROcHI7H| SI Line-up# °

SI Line-up# ° ^ I S Instructor-^ SDC^I# Train B£|

Valve 652, 654# 20% (10% O|A^O|O|O|: display^oil double

indication HJ) OpenS".

(Generic Component Index: RHR/ MVSIS652 & MVSIV654,

severity 20)

4. # #

- Valve 652, 654# opentJ-4 #A|oii double indication S A | £ | J L C\

1) SI SCS SUGT LINE ISOL VLV.NOT FULLY CLOS (A |3 | -^

2:353)

RCS Pressure7F %S\7[JL Leveiol ^y[t[L.\ Relief Valve(SI-189)

y\ ^ ^ 3 i | ^ ? i ^ & i ! # SJ-̂ -sl-SAi Levelo| g

s|oj c^-g g a ^ ^ 3 m PZR HTR S ^ TflS .

2) RCS PZR LEVEL LO-LO ( A | ^ - ^ 5:183)

2 ^ S £ ^oi l-^ D^A| Leveiol °[gE|ZL Pressure

- 8 2 -



5. -nr^-r! ^ * |

- &7| # # # ^ j 7 valve 652, 654̂ f-

(PZR HTR« H ^ r£ $ i ° 4 o|-fe-

e{o| A j -^^a c M Relief Valve7^

1=1 /

6. ^S I -^S

- R07(- ^ Valve7(- S^J 5 i# S ^ ^

O - " - 1=5

5 (TO, n^^nm^=^± ITF))
1. ^ -g -^S Mode

2.

3. M

^ ^ ^ ^ ^ "B" M^S |̂fH ^S- ^SSoil7||

(Remote Function Index / FW - FW34)

- ojoj[ cc(-a(- ^ ^ ^^.7[

4. S #

- ^ ^ . Status Lightsoj|Ai &^°l

1) MAIN FW PMP 05P NPSH PRESS LO

2) MAIN FW PMP 02P SUCTION PRESS LO

3) COND DEAERATOR INLT FLOW HI/LO

- 8 3 -



5.

6.

4.

650MW

xi

RO

, TO ^f-^r §>A1^-^ ,

;g-f Camcorder # ^

Digital Camcorders sx)^^^]-^ ^ ^ 1 4 ^ ° J ^ 4 Instructors^)

8 4 -



7]-3-51,81}. tiVig, J T F 3 3-f, Digital Camcorder^ f)^- ° J #

System Log, Alarm Log, Operator Action Log (CRT

57fl

RO, 2<y^ TOi t f l ^ - i ^ ^ :

RO, l^l^l TO l̂ tfl^ ^ ^ i ; ^ 1 ^ 3

RO 2^1, TO 1*1, ITF^H RO 2°J, TO

iTF7>

n. 4# ITF

Al j re | A ^

Af-g-ofl A4, ITF

CRT

^ 3-1

- 8 5 -



3-2

5. CRT

CRT

CRT

<y#-7l7fl <g7:l]ir LDP5]- CRT (Alarm, Process mimic,

Functional display, Component Controls-i: S.^r), a.e)ji FPD°ll a^lslfe-

SPDS, Tile^ ^iL^- ^ ^ . ^ ^^£]o] &t\-. <^z] 7}T] ^^ &± ^ 7}

page ^7> ?>o> CRT^ Process mimic^ 5}^ navigation^ ^r

-86-



R04

. pll Test^ R04 TO-g- 4 4 25^%>4 ^ f - 4

TO-g- £-^HH in^ ^ } 2 j A S ^# |*H 25

# ^^1^1 ^fe RO, TO-g- 4 8 set<>H

Process mimic diagram^ 4-5-̂ 1 5 3-4, 3-54 ^

l: ^ l ^S . 1, 3, ..., 23, 25, 24, 22, ..., 4, 2

2: n^S- 24, 22, ..., 4, 2, 1, 3, ..., 23, 25

3: ^]f-i£ 2, 4, ..., 22, 24, 25, 23, ..., 3, 1

4: ?fl f - i 25, 23, ..., 3, 1, 2, 4, ..., 22, 24

8 set^l RO-B-

set 4 4 ITF4 ^-g- Initial Condition 12, 14, 16

RO-g-

- 8 7 -



3-4 R0-§- test6!! ITF Process mimic diagram

DWG

1
1
2
2
3
3
4
5
5

6
7
8
9

IIP::'
10
11
12
13
14
15
16
17
18
19
19
19
19

K.A^iXrlSi

20
20
21
21
22
23
23
23
23

24
25

Mimic
ID

CC
CC01
CC02
CC03
CC05
CC04
CC06
CC08
CC10
CC11
CH
CH01
CH02
CH04
CH07
CV
CV01
CV02
CV03
CV04
CV05
CV06
CV07
CV08
CV10
CV14
CV15
CV16
CV17
RH SI
RH01
RH02
RH05
RH07
RH06
SI 03
SI 04
SI 05
SI 06
RCS
RC01
RC02

Mimic Descr ipt ion

COMPONENT COOL ING SYSTEM
PUMPS AND HEAT EXCHANGERS TRAIN A
PUMPS AND HEAT EXCHANGERS TRAIN B
MISC. HEAT EXCHANGERS TRAIN A
MISC. HEAT EXCHANGERS TRAIN B
MISC. HEAT EXCHANGERS TRAIN A
MISC. HEAT EXCHANGERS TRAIN B
RCP COOLERS TRAIN A
ESW PUMPS AND HEAT EXCHANGERS TRAI
ESW PUMPS AND HEAT EXCHANGERS TRAI
CONTAINMENT SYSTEM
CONTAINMENT PURGE SYSTEM
CONTAINMENT AVAC RCFC
CONTAINMENT MONITORING SYSTEM
CONTAINMENT HYDROGEN SYSTEM
CHEMICAL & VOLUME SYSTEM
REGENERATIVE HEAT EXCHANGER
LETDOWN HEAT EXCHANGER
BORONOMETER PROCESS RADIATING MONI

N A
N B

TOR & ION
SEAL INJECTION HEAT EXCHANGER & SEAL FLOW T(
VOLUME CONTROL TANK
CHARGING PUMPS
REFUELING PUMPS
BORIC ACID MAKEUP PUMPS
REACTOR DRAIN TANK
REACTOR COOLANT PUMP 1A SEALS
REACTOR COOLANT PUMP 1B SEALS
REACTOR COOLANT PUMP 2A SEALS
REACTOR COOLANT PUMP 2B SEALS

EXCHANGER
) RCPS

RESIDUAL HEAT REMOVAL & SAFETY INJECTION SYSTEM
SUCTION SOURCE FOR LPSI TRAIN A
SUCTION SOURCE FOR LPSI TRAIN B
SUCTION SOURCES FOR CS PUMP TRAIN
SUCTION SOURCES FOR CS PUMP TRAIN
CHEMICAL ADDITION SYSTEM
PASSIVE SI SYSTEM & HPSI LINES TO
PASSIVE SI SYSTEM & HPSI LINES TO
PASSIVE SI SYSTEM & HPSI LINES TO
PASSIVE SI SYSTEM & HPSI LINES TO
REACTOR COOLANT SYSTEM
REACTOR VESSEL DRAIN & VENT VALVES

A
B

COLD LEG,
COLD LEG,
COLD LEG,
COLD LEG,

PRESSURIZER PRESSURE CONTROL SYSTEM

TRAIN
TRAIN
TRAIN
TRAIN

2A
2B
1A
1B



S. 3-5 T0-§- tesH Process mimic diagram

DWG

1
2
3
4
5
5
6
7
8
9
10
11
12
13

14
15

flip*
16
16
17
18
19
20
20
21
21
22
23

24

25

Mimic
ID

FW
CW01
CW02
FW01
FW02
FW03
FW06
FW04
FW05
FW07
FW08
FW10
FW12
FW13
MC01
IA
IA01
IA04
MS
MS01
MS02
MS07
MS08
MS09
MS10
MS11
MS12
MS13
MS14
SW09
TP
TP04
SPCTRL
GC

M i m i c D e s c r ipt i o n

FEEDWATER & CONDENSATE SYSTEM
CW PUMPS
CW FLOW TO/FROM CONDENSERS
CONDENSATE SYSTEM
CP SYSTEM CD
LP FW HEATERS (TUBE SIDE)
HP FW HEATERS
DEAERATOR
FW PUMPS
FW LINES
FW PUMP TURBINES
AF SYSTEM (1)
LP HEATER DRAINS
HP HEATER DRAINS
MAIN CONDENSERS
INSTRUMENT AIR SYSTEM
INSTRUMENT AIR COMPRESSORS
HY, Nl SYSTEMS
MAINSTEAM SYSTEM
MAIN STEAM HEADER (1)
MAIN STEAM HEADER (2)
LP TURBINE INLET/OUTLET FLOWS
FROM HP TURBINE TO FEEDWATER HEATERS
FROM LP TURBINE TO FEEDWATER HEATERS
MSR DRAIN TANK A
MSR DRAIN TANK B
AUXILLIARY SYSTEM
GLAND SYSTEM
MAIN STEAM BYPASS FLOWS
TURBINE BUILDING OPEN COOLING WATER SYSTEM
TURBINE PLANT COOL ING SYSTEM
TURBINE BUILDING CLOSED COOLING WATER SYSTEM (1)
SPECIAL CONTROL
GENERATOR CONTROL
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6.

X\ o

a 3-6

ITF

^%i\

RO 1

TO 1

RO 2

TO 2

RO 3

TO 3

RO 4

TO 4

RO 5

RO 6

TO 5

RO 7

RO 8

TO 6

1

o

o

o

o

o
X

X

o

o

o

2

o

o

o

o

o
X

X

A

A

X

3

o

o

o

o

o
o
o

o

o

o

4

o

o

o

o

X

X

X

X

o

o

b

o

o

o

X

A

o

Remark

(*m3iL 5) ^llreil^B^ ^^_%2\ ^ i £.
7]7\ ^ *}*]^% ^ o ] S W ^ ^

( * 1 4 3 £ 5) ^ r ^ *§= suction^ valve7|- «-

( A ] U } . ^ ^ 2) TO^l #33 ^ - ^ 3)-<8-t- ^4]^>°i

€• ^1<?1A5L ^zl-SH ^ 3 ^ S TOS] i ^ - 1 -

(*me|.SL 2) TOs] #33 7J-^ ^ v ^ # s]^]s>^

^ €°J^.^ ^4«><^ ^*] ±£. TO l̂ i ^ - 1 -

'-) "O": ^ ifl, "A"
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Tabular Alarm^

4 . ^flsfl̂  ^iL

^-f, CRT Sj-^ol] «J ti.fi] -̂Efl7> graphic^S S ^ s ] ^ 5tM

- ITFfi] ^-f, -S-̂ fl 7> $%& njj, «fl̂ " 7l7l

514 $&•£- ^-T-fe- ^Jf-g- trend graph

<Lv\ CRT ^ 1 - l

CRT

^ 3LB\ *]^°]tf<^*\ic: double indication^: S

-̂ r disabled f] 3L ^ ^ - 1 : ?1*J«>^ * H ^ # 3 3.*]%- 2

l-<H-2-fe- double indication ^ ^ ^ $1^-5-4, I T F i ^ i ^ double

indication^ §11^§}fe ^ i i ^7l7> #7>^$>^

^ * > ^ ^ H CRT S r ^ l ^ r ^W-̂ 1 711 £71- ^^>

Double Indication^ CRT

Sll- ^7l ^&.2.H, ^°1 double indication0!]
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double indication ^ i ^ £ ir^p-^uL ^ ^ ^ ^ - l - CRT 5)-
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S!

a f e "Soft Control

1) Soft Control ^ ^ ^ ^ ^ ^ € # 2 4

2) *flsfl^ 1̂<H

71 #*1 ^

3) Soft Control

] , ^ "Soft Control

l) Soft Control

3) Soft Control ^ £ ^^5j7>%vs. c ^ ) tfl-gfl̂ -̂- n] NRC7>

2000^ 3 ^ ^ S * ! : NUREG/CR-6635, Soft Controls: Technical Basis and

Human Factors Review Guidance [8] iLJi^t- <>]•§-«H Soft Control €

^ ^ ^el«l-ui ^^3j7}7l- ^iL^r ^ ^ r # £ # * } ^ 4 . ZL5]JL, Soft

Control^ i ^ > ^ ^ 1 ^ ^1^-71^1 <£T11^ ^ S l - ^§fl ^7 | - °1^7> ^

-fi-̂ : ^^>^: Soft Control ^ o>^5]- Advanced Information Systems

Design, Computer-Based Procedure Systems, Human Systems Interface

and Plant Modernization Process, Maintainability of Digital Systems,

Advanced Alarm System §^.6fl cfl̂ fl NUREG/CR-6633, 6634, 6635,

6636, 6637, 6684 [6, 7, 8, 9, 10, 11]4H iHflsH ^ ^ ^ 3 . , °I ̂ ^ 1 - ^

71]^ f-, ^Lfl ^ ^
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2)

31

AA

7l

7]

7}
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S o f t Control^

*>-§- ^-o], 4 ^ ^ H ( 7].£3 j i ^ 4 = .

, CRT

Advanced Information Systems Design, Computer-Based Procedure

Systems, Soft Controls, Human Systems Interface and Plant

Modernization Process, Maintainability of Digital Systems, Advanced

Alarm System &°M tflSj) # 74^i £ # s ] ^ 4 . o]f ^ojofl rfl«fl

Soft Control

7m^1 ^Mtfl^^S. MMI
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, CRT

upgrade7> ^^- 41^

f- ^ ^ 1 ^ upgraded
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ZL

7|

.E-S- ITF
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LETTER OF AGREEMENT
FOR

COLLABORATION IN THE AREAS OF HUMAN FACTORS AND
HUMAN PERFORMANCE RESEARCH

BETWEEN
THE UNITED STATES NUCLEAR REGULATORY COMMISSION

(USNRC) AND THE KOREA ATOMIC ENERGY RESEARCH
INSTITUTE (KAERI)

I. BACKGROUND

The United States Nuclear Regulatory Commission (USNRC) and the
Korea Atomic Energy Research Institute (KAERI) have had several
successful collaborations in the area of nuclear safety research and
are currently collaborating in the cooperative severe accident
research program (CSARP) and in the steam generator tube integrity
research program. These cooperative research programs have
provided and continue to provide very useful information to both the
USNRC and KAERI and enhance our understanding of important
technical and safety issues.

In order to continue the collaboration between USNRC and KAERI
in the field of nuclear safety research, USNRC and KAERI would
like to implement an additional cooperative activity of information
exchange in the areas of human factors and human performance
research with advanced human-system interfaces.

II. PROVISIONS

Except as noted below, this activity will be governed by the terms
and conditions of the Arrangement between the United States
Nuclear Regulatory Commission and the Ministry of Science and
Technology (M.O.S.T) for the Exchange of Technical Information and
Cooperation in Regulatory and Safety Research Matters, signed on
September 19, 2000.

III. OBJECTIVES

This collaboration will be conducted to establish a technical basis for
human factors review of advanced human-system interfaces.

IV. COLLABORATION PROTOCOLS

T " —i
1 _ 1
1 -L



Both the USNRC and KAERI will make technical in-kind contributions
to each other's research programs as described below.

The USNRC will provide KAERI with expert advice regarding the
performance of human factors research studies being undertaken in
the area of advanced human-system interfaces sufficient to establish
a technical basis for USNRC's regulatory positions and guidance to
be developed in this field. In addition, USNRC will provide KAERI
with the insights gained from related research conducted or
sponsored by USNRC.

KAERI will provide to the USNRC the expertise of their research
staff in conducting such research, make available their Integrated
Test Facility (ITF) and related facilities needed to undertake this
work, and the results of their studies in this area.

V. OTHER

The implementation of this collaboration will not involve the
exchange of cash, but may involve technical exchange visits by key
personnel. USNRC or KAERI analytical computer codes will not be
exchanged under this collaboration.

DONE at Taejon, Republic of Korea, on this 9th day of October 2000.

FOR THE UNITED STATES FOR THE KOREA ATOMIC
NUCLEAR REGULATORY ENERGY RESEARCH
COMMISSION: INSTITUTE:

Ashok C. Thadani, Director Jongmin Lee, Vice President
Office of Nuclear Regulatory Research Advanced Nuclear Technology

Development
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ROS set 1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

Descr ipt ion

Surge Tank 01TA Drain VLV

RCFC 1SA Outlet Temp

CCW HX 01AA Tube Side Inlet Valve

RCFC 01SA Inlet Moisture

H2 Recombiner A Outlet Valve

Letdown HX Outlet Pressure

RCP Seal Injection Isolation Valve CV-HS-231P

A" Charging Pump Suction Valve

Boric Acid Makeup Pump 1 Discharge Pressure

RCP 1A Controlled Bleed Off Temp

1.11 ISIS Minimum Flow Valve CS-HS-025

1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

1.21

1.22

1.23

1.24

1.25

SIT 2A Header Pressure

PZR Head Vent Valve RG-HS-103

RCP 1A Upper Thrust Bearing Temp

Spray Additive Isolation Valve CS-HS-013

Shutdown Cooling HX Outlet Temp

RDT Seal Leak Isolation Valve

Refueling Water Tank Temp

Part No.

V2061

CC-TI-121

V1005

VP-MI-013A

HGV1001

CVV231P

V316

RC-TI-118

MOV CSV0025

RGV0103

RC-TI-156

CSV0013

SI-TI-303X

V2043

CV-TI-200

VCT Hydrogen Isolation Valve V108

_etdown Boronometer

Charging Line Isolation Valve CV-HS-524

Channel A CNMT Pressure (WR)

ACU 03S Deluge Valve VQ-HS-061

RCP 1A MTR Air CLR Outlet Temp

Essential Chiller Condenser 1A Outlet Bypass Valve

CV-AI-203

MOV CW524

CM-PI-352A

VQV061

X-TI-167

i/1175

Value Unit

Norm

deg C

Norm

percen

t

Norm

Kg/cm2

Norm

Norm

cmH20

deg C

Norm

Kg/cm2

l̂orm

deg C

Norm

deg C

torm

deg C

*Jorm

ppm

torm

cmH20

torm

deg C

torm

2-1



R0# set 2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24

2.25

Descr iption

Reactor head Vent Valve RG-HS-101

Spray Additive Tank 01TA Pressure

Shutdown Cooling HX Discharge Valve SI-HS-657A

(Train A)

Reactor Drain Tank Temp

Refuel ing Water Tank Discharge Valve CV-HS-532

Rx Makeup Water Flow CV-FIK-210X (set point)

A" Purification Ion Exchanger (01D) Inlet Valve

Regenerative HX Charging Line Outlet Temp

CNMT Temp

Low Volume Purge ACL) Inlet Valve VQ-HS-035

RCP 2A Inlet Valve

ESSEN CHILLER CNDSR 1A Temp

CCW PMP Discharge HDR Pressure Train B

SFP Cool ing HX B Outlet Temp

ESW Pump 01PB Discharge Flow Check Valve

RCFC 02SB Inlet Moisture

H2 Recombiner B Outlet Valve

Letdown Flow Bypass Valve CV-HS-526

RCP Seal Injection Temp CV-TIK-231 (Output)

C" Charging Pump ALT Discharge Valve

Refueling Water Recirculation Valve CV-HS-510

RCP 2A Controlled Bleed Off Valve RC-HS-432

Containment Spray Pump 01PA Flow

SIT 1B N2 Supply Valve SI-HS-642

SDS Line Pressure

Part No.

RGV0101

CS-PI-005

MOV SIV657

CV-TI-268

CVV532

V369

CV-TI-229

CM-TI-031

VQY0035

V1078

CC-TI-089

CC-TI-138

V1002

VP-MI-016A

HGV1004

MOV CVV526

V798

CVV510

MOV RCV432

CS-FI-338

SIV642

RC-PI-131

Unit

Norm

mmHgA

Norm

deg C

Morm

L/min

l̂orm

deg C

deg C

Ĵorm

Norm

deg C

Kg/cm2

deg C

Norm

percent

Norm

Norm

deg C

Norm

Norm

Norm

L/min

Norm

Kg/cm2

2-2



R0§ set 3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

Description

ESSEN CHILLER CNDSR 1B Flow

RCP 2A Coo I i ng FIow

Post LOCA Purge ACU Outlet Damper VQ-HS-059B

CNMT RECIRC Sump A Water Temp

Charging Line Back Pressure Valve CV-HS-239A

Letdown Rad Mon outlet Flow (process value)

Rx Makeup Water Flow Control Valve CV-HS-210X

Refueling Water Tank Level

Recycle Drain Header EDT Isolation Valve CV-HS-562

LPSI Pump Discharge Pressure Train B

Spray Additive Tank Train A Recirculation Valve

RCP 2B Upper Thrust Bearing Temp

PZR Spray Control Valve RC-HS-1001

SIT 2B Vent Valve SI-HS-605A

Shutdown Cool ing HX Outlet Valve CS-HS-033

RCP 1B Seal Cooler #2 Inlet Pressure

Boric Acid Makeup Flow Control Valve CV-HS-210Y

B" Charging Pump ALT Suction Valve

RCP 2B Seal Injection Flow Valve CV-FIK-244 (set
po i n t)

Letdown Flow Isolation Valve

Hydrogen Monitor UU-006

RCFC 02SA Outlet Temp

ESW Pump 01 PA Discharge Flow Check Valve

SFP Cooling HX A Outlet Flow

CCW Pump Discharge Common Header Return Flow Valve

Part No.

CC-FI-094

CC-FI-191

VQY0059

CM-TI-041

CW239

CV-FIK-204

CW210X

CV-LI-200A

CW562

SI-PI-307

V1021

RC-TI-186

RCV100E

SIV606

MOV CSV0033

CW210Y

V756

V343

CM-AI-006

VP-TI-011A

V1001

CC-FI-139

V1169

Unit

L/s

L/s

Norm

deg C

Norm

L/min

Norm

percent

Norm

Kg/cm2

Norm

deg C

Norm

Norm

Norm

Kg/cm2

Norm

Norm

_/min

torm

Dercent

deg C

torm

L/s

Norm

2-3



set 4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

Descr ipt ion

SDS Line Temp

SIT 1A Fill Drain Valve SI-HS-631

Shutdown Cooling HX Inlet Valve CS-HS-028

RCP 2A HP Cooler Inlet Temp

Emergency Boration Valve

A" Charging Pump Suction Valve

RCP 2A Seal Injection Flow Valve CV-HS-243

Letdown HX Outlet Flow

H2 Recombiner A Outlet Valve

RCFC 01SB Outlet Moisture

ESW Pump Discharge Flow (Train B)

Part No.

RC-TI-132

SIV631

MOV CSV0028

RC-TI-180

V753

V317

CVV243

CV-FI-202A

HGV0029

VP-MI-018A

SX-FI-050

4.12 AFP ENG CLR B Outlet Temp JCC-TI-146

4.13

4.14

CCW HX 03AB Inlet Valve

Essential Chiller Condenser 2B Outlet Bypass Valve

4.15 RCP 1B Seal CLR Outlet Temp

4.16 Post LOCA Purge ADAR 10F Temp

4.17 Channel D CNMT Pressure (NR)

4.18 Charging Line Flow

4.19 Pur ification Ion Exchanger Bypass Valve CV-HS-520

4.20 VCT Discharge Valve CV-HS-501

4.21

4.22

4.23

4.24

4.25

RWT Discharge Isolation Valve CV-HS-531

RDT Discharge Isolation Valve CV-HS-560

Shutdown Cooling HX Outlet Isolation Valve

SI-HS-696A (Train B)

Spray Additive Pump 02PA Discharge Flow

RCP 2A Upper Thrust Bearing Temp

V1146

V1178

CC-TI-174

VQ-TI-056A

CM-PI-351D

CV-FI-212A

CVV520

MOV CVV501

MOV CW531

CVV560

MOV SIV696

CS-FI-011

RC-TI-176

Unit

deg C

Norm

Norm

deg C

Norm

Norm

Norm

L/min

Norm

percent

L/s

deg C

Norm

Norm

deg C

deg C

cmH20

L/min

Norm

Norm

Norm

Norm

Norm

L/h

deg C

2~4



RO-g set 5

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

Descr ipt ion

CCW HX Outlet Flow

CCW BP A Discharge Valve

ESW Pump Discharge Flow (Train A)

RCFC 01SA Outlet Moisture

(H2 Monitor UU-006 Outlet Valve)

Letdown Flow Control Isolation Valve

RCP 1B Seal Injection Flow Valve CV-FIK-242 (Output)

B" Charging Pump Suction Valve

Boric Acid Makeup Flow CV-FIK-210Y (Output)

RCP 1A HP Cooler Inlet Valve RC-HS-446

Containment Spray Isolation Valve CS-HS-035

Cold Leg 2A Injection Flow

PZR Surge Line CIV PX-HS-004

Hot Leg Loopi CIV PX-HS-001

Spray Additive Tank 01TB Level

LPSI Pump Discharge Flow

Equipment Drain Tank Temp

Charging Purap GRAV Feed Isolation Valve CV-HS-534

Load Fo11ow SuppIy VaIve CV-HS-527

.etdown Radiation Activity

PZR Aux Spray Control Valve CV-HS-203A

CNMT Temp (TE-037)

Low Volume Purge ACU Deluge Valve VQ-HS-047

RCP 1A Cool ing Flow

DG A HX Outlet Temp

Part No.

CC-FI-071

V1201

SX-FI-049

VP-MI-017A

MOV CMV1004

V358

V319

MOV RCV446

MOV CSV0035

PXV004

PXV001

CS-LI-002

SI-FI-306A

CV-TI-269

CW534

CW527

CW203

CM-TI-037

VQV047

CC-FI-177

CC-TI-109

Unit

L/s

Norm

L/s

percent

Norm

Norm

L/min

Norm

L/min

Norm

form

L/min

Norm

form

percent

L/min

deg C

form.

Norm

CPM

form

deg C

Norm

L/s

deg C

2-5



ROS set 6

•E*ll

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

Descr ipt ion

Reactor head Vent Valve RG-HS-102

Spray Additive Tank 01TB Pressure

Shutdown Cool ing HX Bypass Valve SI-HS-306A

Reactor Drain Tank Level

3oric Acid Batching Tank Outlet Valve

VCT Nitrogen Isolation Valve

B" Purification Ion Exchanger (02D) Inlet Valve

Regenerative HX Outlet Temp

Channel B CNMT Pressure (WR)

Post LOCA Purge ACU Inlet Valve VQ-HS-050

RCP 1B Inlet Valve

SDC HX B Outet Temp

CCW Pump 01PB Inlet VLV

Part No.

RGV0102

CS-PI-006

MOV SIV306

CV-LI-268

V122

V644

V383

CV-TI-221A

CM-PI-353B

VQY0050

V1075

CC-TI-078

V1122

RCFC 1SB Outlet Flow CC-FI-124

CCW HX 03AB Tube Side Inlet Valve

RCFC 02SB Inlet Temp

H2 Recombiner B Outlet Valve

IX, PRM, Boronometer Inlet Temp

RCP 1A Seal Injection Flow Valve CV-HS-241

C" Charging Pump ALT Suction Valve

Charging Pump Grav Feed Isolation Valve CV-HS-536

RCP 2A Seal #3 Pressure

Containment Spray Pump 01PB Flow

HPSI Header Isolation Valve SI-HS-646 (Train 1B)

PZR Pressure Controller Manual Set Point (Output)

V1010

VP-TI-008A

HGV1003

CW241

V757

MOV CW536

CS-FI-348

MOV SIV646

PIK100

Unit

Norm

mmHgA

Norm

percent

Norm

Norm

Norm

deg C

cmH20

Norm

Norm

deg C

Norm

JL/s

Norm

deg C

Norm

deg C

Norm

Norm

Norm

Kg/cm2

L/min

Norm

Kg/cm2

2-6



R0# set 7

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

7.18

7.19

7.2

7.21

7.22

7.23

7.24

7.25

Descr ipt ion

ESSEN CHILLER CNDSR 1A Flow

RCP 2B MTR Air CLR Outlet Temp

Low Volume Purge ADSR 05F Temp

CNMT RECIRC Sump B Water Temp

Charging Line Back Pressure Valve CV-HS-240A

Letdown Boron Low/High Range

VCT Makeup Stop Valve CV-HS-512

Pre-Holdup Ion Exchanger to RWT Isolation Valve

Equipment Drain Tank Level

Shutdown Cooling HX Outlet Temp (Train B)

Spray Additive Isolation Valve CS-HS-014

RCP 1B Upper Thrust Bearing Temp

PZR Head Vent Valve RG-HS-105

SIT 1A Vent Valve SI-HS-607A

SIS Minimum Flow Valve CS-HS-026

RCP 2B Seal Cooler #2 Inlet Temp

Boric Acid Makeup Bypass Valve CV-HS-514

A" Charging Pump ALT Discharge Valve

RCP 2B Seal Inject ion Flow Valve CV-HS-244

Charging Pump 1 Dischrge Re I ief Valve

Hydrogen Monitor UU-005

RCFC 02SA Inlet Moisture

CCW HX Outlet Temp (Train A)

SFP Cool ing HX A Outlet Temp

CCW HX 01AA Inlet Valve

Part No.

CC-FI-093

CC-TI-182

VQ-TI-041A

CM-TI-042

CW240

CV-AR-203

CW512

V124

CV-LI-251

SI-TI-303Y

CSV0014

RC-TI-166

RGV0105

SIV607

MOV CSV0026

RC-TI-193

MOV CW514

V796

CW244

PSV345

CM-AI-005

VP-MI-015A

SX-TR-065

CC-TI-137

V1141

Unit

L/s

deg C

deg C

deg C

Norm

ppm

Norm

Norm

percent

deg C

Norm

deg C

form

form

form

deg C

Norm

form

form

form

percent

percent

deg C

deg C

form

1



set 8

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.11

8.12

8.13

8.14

8.15

8.16

8.17

8.18

8.19

8.20

8.21

8.22

8.23

8.24

8.25

Descr ipt ion

SDS Line Pressure

SIT 2B N2 Supply Valve SI-HS-629

Shutdown Cooling HX Outlet Valve CS-HS-034

RGP 1B HP Cooler Inlet Temp

VCT Hydrogen Isolation Valve

C" Charging Pump Suction Valve

RCP 1A Seal Injection Flow Valve CV-FIK-241 (set

point)

Letdown Flow Control Isolation Valve

(H2 Monitor ULJ-006 Inlet Valve)

RCFC 01 SB Inlet Temp

CCW HX 02AB Tube Side Inlet Valve

RCFC 2SB Outlet Temp

CCW HX Outlet Temp (Train B)

DG A HX Outlet Flow (Train B)

RCP 1A Inlet Valve

Low Volume Purge ACU Outlet Damper VQ-HS-044B

CNMT Temp

Charging Line Pressure

Boronometer & PRM Bypass Valve

VCT Discharge Valve CV-HS-504

Boric Acid Batching Eductor Inlet Valve

Reactor Drain Tank Pressure

Shutdown Cooling HX Inlet Pressure (Train B)

Spray Additive Pump 02PB Discharge Flow

Hot Leg Loop 1 CIV PX-HS-002

Part No.

RC-PI-132

SIV629

MOV CSV0034

RC-TI-160

V143

V322

V348

MOV CMV1002

VP-TI-006A

V1008

CC-TI-126

CC-TI-070

CC-FI-112

V1072

VQY0044

CM-TI-047

CVV521

MOV CW504

V649

SI-PI-303Y

CS-FI-012

PXV002

Unit

Kg/cm2

torm

Norm

deg C

*lorm

\lorm

,/min

l̂orm

term

deg C

lorm

deg C

deg C

L/S

Norm

Norm

deg C

Kg/cm2

Norm

Norm

Norm

cmH20

Kg/cm2

L/h

Norm



R0# £*ll*l set 1 :

(Initial Condition: IC12)

set 2

(Initial Condition: IC14)

DWG y js :

1

3

5

7

9

11

13

15

17

19

21

23

25

i 2 4

j 22
20

18

16

14

12

10

8

6

4

2

ITF
Mimic
Bds

CC01

CC04

CC10

CH02

CH07

CV02

CV04

CV06

CV08

CV14

RH05

SI03

RC02

RC01

RH06

RH01

CV10

CV07

CV05

CV03

CV01

CH04

CH01

CC08

CC03

0.000

21.272

1.000

4.050

0.000

26.009

1.000

1.000

52.807

0.135!

1.000;

43.697 :

0.000;

59.98a

0.000^

21.923;

1.000!

21.388:

1.000

980.297

1.000J

1.091

0.000

21.890

0.000

DWG B i S

24

22

20

18

16

14

12

10

8

6

4

2

1

3

5

7

9

11

13

15

17

19

21

23

25

ITF
Mimic

RC01

RH06

RH01

CV10

CV07

CV05

CVO3

CV01

CH04

CH01

CC08

CC03

CC02

CC06

CC11

CH02

CH07

CV02

CV04

CV06

CV08

CV16

RH05

SI06

RC02

0.000

936.361

0.000

26.667

0.000

398.51

1.000

219.868

23.555

0.000

1.000

23.357

8.156

21.267

1.000

4.377

0.000

0.000

63.74

0.000

0.000

1.000

0.000

0.000

0.000

2-9



R0-§- -£*l|x| set 3

(Initial Condition^ IC16)

set 4

(Initial Condition: IC18)

DWG y d s

2

4

6

8

10

12

14

16

18

20

22

24

25

23

21

19

17

15

13

11

9

7

5

3

1

ITF
Mimic

CC05

CC08

CH01

CH04

CV01

CV03

CV05

CV07

CV13

RH02

RH06

RC01

RC02

SI04

RH07

CV15

CV08

CV06

CV04

CV02

CH07

CH02

CC10

CC04

CC01

O-

124.021

28.895

0.000

19.547

1.000

10,52

0.000

93.260

1.000

2.877

0.000

60.064

O.OOOi

0.000

1.000

100.422

0.000

1.000

25.78

0.000

0.000

19.546

1.000

218.148

0.000

DWG S ! s

25

23

21

19

17

15

13

11

9

7

5

3

1

2

4

6

8

10

12

14

16

18

20

22

24

ITF
Mimic

RC02

SI05

RH05

CV17

CV08

CV06

CV04

CV02

CH07

CH02

CC11

CC06

CC02

CC05

CC08

CH01

CH04

CV01

CV03

CV05

CV07

CV10

RH02

RH06

RC01

25.500

0.000

1.000

25.292

0.000

0.000

0.458

267.336

0.000

6.445

1723.102

21.362

0.000

0.000

21.446

21.562

35.641

332.905

1.000

1.000

1.000

0.000

0.000

0.000

60.121
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R0-§- €-*ll*l set 5 ;

(Initial Condition: IC12)

R O § ^ * i l * l set 6 S 9

(Initial Condition: IC14)

DWG &!S

1

3

5

7

9

11

13

15

17

19

21

23

25

24

22

20

18

16

14

12

10

8

6

4

2

ITF
Mimic

CC01

CC04

CC10

CH02

CH07

CV02

CV04

CV06

CV08

CV14

RH07

SI03

RC02

RC01

RH06

RH01

CV13

CV07

CV05

CV03

CV01

CH04

CH01

CC08

CC03

990.430

0.325

1712.042

4.050

0.000

1.000

33.78

1.000

750.00

1.000

0.000

0.000

0.000

0.000

83.342

0.000

22.040

0.000

0.000

10.000

0.000

23.335

0.000

28.895

21.272

DWG ti2

24

22

20

18

16

14

12

10

8

6

4

2

1

3

5

7

9

11

13

15

17

19

21

23

25

ITF
Mimic

RC01

RH06

RH01

CV10

CV07

CV05

CV03

CV01

CH04

CH01

CC08

CC05

CC02

CC06

CC11

CH02

CH07

CV02

CV04

CV06

CV08

CV16

RH05

SI06

RC02

0.000

936.361

0.208

69.997

0.000

0.000

0.000

127.091

1.003

0.000

1.000

21.267

1.000

76.416

0.000

20.549

0.000

25.488

0.438

1.000

0.000

53.502

0.000

0.000

124.77
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set 7
(Initial Condition: IC16)

R0§ -£*ll*l set 8 §&

(Initial Condition: IC18)

DWG & i 4

2

4

6

8

10

12

14

16

18

20

22

24

25

23

21

19

17

15

13

11

9

7

5

3

1

ITF
Mimic

CC03

CC08

CH01

CH04

CV01

CV03

CV05

CV07

CV13

RH02

RH06

RC01

RC02

SI05

RH05

CV17

CV08

CV06

CV04

CV02

CH07

CH02

CC10

CC04

CC01

123.190

21.697

21.686

20.681

0.424

3283.242

0.000

0.000

39.772

21.933

0.000

60.064

0.000

0.000

1.000

25.948

0.000

0.000

0.447

0.000

0.000

4.894

21.307

23.191

1.000

DWG e d s

25

23

21

19

17

15

13

11

9

7

5

3

1

2

4

6

8

10

12

14

16

18

20

22

24

ITF
Mimic
UJJL

RC02

SI. 04

RH07

CV15

CV08

CV06

CV04

CV02

CH07

CH02

CC11

CC06

CC02

CC05

CC08

CH01

CH04

CV01

CV03

CV05

CV07

•• cvio

RH02

RH06

RC01

t=f

0.000

0.000

1.000

25.294

1.000

1.000

25.40

0.000

1.000

20.126

1.000

21.440

21.362

0.000

1.000

0.000

20.229

173.294

1.000

1.000

0.000

7.025

2.830

0.000

0.000

2-12



set 1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

1.21

1.22

1.23

1.24

1.25

Description

CW Pump 05P Discharge Pressure

Condenser Pump 01P Suction Pressure

LP FW Heater Bypass Valve

FW Pump 01P Recirc Valve FW-FIK-023 (Output)

FW Pump Turbine A Steam Exhaust Valve MS-HS-061

LP Heater 3A Control Valve

Condenser A Temp

NT System Self-regulating Valve

LP Turbine A Steam Drain Valve ES-HS-055

LP Turbine A Steam Drain Valve ES-HS-075

Main Steam Inlet to Aux Steam Header Pressure

TBOCW Pump 01P Discharge Valve WH-HS-025

Generator Field DC Volt

NT Discharge Header Pressure

Steam Bypass to Condenser A Valve (Output)

MSR A SCAV STM Valve HD-HS-003A

EXT STM Shu toff Valve ES-HS-005

Steam Atmosphere Dump Valve MS-HS-178BB

Air Supply Header Pressure

HP Heater 6A Control Valve

Aux FW Pump 1PA Suction Pressure

SG1 Downcommer Isolation Valve

Deaerator Inlet Flow

Condenser Recirculation Isolation Valve

Condenser Shell A Inlet Valve CW-HS-091

Part No.

V276

MSV061

HDV137

CD-TI-037

NTV1014

ESV055

MOV ESV075

AS-PI-002A

MOV WHV025

MP-EI-114

WT-PI-026

MS-HIK-1001

MSV HDV003A

MOV ESV005

MSV178

HDV099

AF-PI-005A

V101

CD-FI-300

CDV1086

MOV CWV091

Value Unit

Kg/cm2

Kg/cm 2

Norm

DMLSS

Norm

Norm

deg C

Norm

Norm

Norm

Kg/cm 2

Norm

VDC

Kg/cm2

-

Morm

Morm

^Jorm

Kg/cm 2

Morm

Kg/cm2

Norm

L/s

slorm

Norm

2-13



TCH set 2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24

2.25

Descr ipt ion

TBCCW HX Outlet Temp

SBCS Master (set point)

MSR B SCAV STM Valve to CNDSR B HD-HS-003B

HP Turbine Steam Drain Valve ES-HS-003

MSIV Bypass Vale MS-HS-183B

Air Dryer Package Isolation valve

HP Heater 5A Normal Drain Valve

Aux FW Pump Discharge Header Train A Temp

SG1 Economizer Flow Control Valve FW-FIK-1112

(Process Value)
Steam Generator Blow Down Regenaration HX A to

Deaerator Valve

Steam Packing Exhauster Discharge Pressure

Condenser Shell C Outlet Valve CW-HS-150

CW Pump 01P Discharge Valve CW-HS-073

Condenser A Left Outlet Valve

LP FW HTR Train A Inlet Valve

FW 01P REC. Flow Valve

FW Pump Turbine A Speed

LP Heater 1C Drain Valve

Condenser A Left HotwelI Level

HY System Self-regulating Valve

EXT STM Shu toff Valve ES-HS-047

EXT STM Shu toff Valve ES-HS-081

STM Seal Feed Valve TA-HS-051

TBOCW Pump Discharge Header Pressure

Generator Neg. Seq. Amp

Part No.

WT-TI-046

MS-PIK-1010

MSV HDV003B

MOV ESV003

MSV183

V1014

HDV117A

AF-TI-033

CDV901

MOV CWV150

MOV CWV073

V049

V217

V023

HDV211

HYV001

MOV ESV047

MOV ESV081

MOV TAV051

WH-PI-020

MP-11-102

Value Unit

deg C

-

Norm

Norm

Norm

Norm

Norm

deg C

-

Norm

Kg/cm2

Norm

Norm

Norm

Norm

Norm

rpm

Norm

percent

Norm

Norm

Norm

Norm

Kg/cm2

-

2~14



T0# set 3

•£*ll

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

Descr ipt ion

Condenser Shell B Inlet Valve CW-HS-093

DST Level Control Valve

Deaerator Pressure

SG2 Downcommer Isolation Valve FW-HS-175A

Aux FW Pump 2PA Discharge Pressure

HP Heater 7A Drain Valve

After Filter Discharge Pressure (Instr. Air Sys.)

SG1 Main Steam Line Pressure

HP Turbine Steam Drain Valve ES-HS-016

MSR A SCAV STM Valve HD-HS-029A

Steam Bypass to ATMOS Valve (Process Value)

TBCCW HX A Outlet Valve WT-HS-043

Generator Field DC Amp

TBCCW HX A Inlet Valve WH-HS-033

Main Steam Inlet to Aux Steam Header Flow

LP Turbine B Steam Drain Valve ES-HS-141

Deaerator Inlet HDR Drain Valve ES-HS-066

HY System Self-Regulating Valve

Condenser Shell C Pressure (narrow)

LP Heater 2B Control Valve

Hot Reheat Steam to Main Feedwater Pump Turbine A

Supply Valve

FW Main FW Pump 03P Speed

LP FW HTR Train C Outlet Valve

Dondenser Pump 04P Discharge Pressure

ntake Structure Level

Part No.

MOV CWV093

CDV214

CD-PI-303

V175

HDV093

MOV ESV016

MSV HDV029A

MS-HIK-1007

MOV WTV043

MP-1 1-114

MOV WHV033

AS-PI-003

MOV ESV141

ESV066

HYV007

CD-PI-357

HDV174

MSV1181

V275

CW-LI-079

Value Unit

Norm

Norm

Kg/cm 2

Norm

Kg/cm 2

Norm

Kg/cm 2

Kg/cm 2

Norm

Norm

-

Norm

ADC

Norm

?

Morm

Norm

Norm

mmHgA

ôrm

Norm

rpm

l̂orm

Kg/cm 2

percent

2-15



TO-g- &*\\x\ set 4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

Descr ipt ion

Generator Power Factor x.xxx

TBOCW Pump 03P Discharge Valve WH-HS-027

Aux STM Feed Shutoff Valve TA-HS-052

EXT STM Shutoff Valve ES-HS-079

LP Turbine B Steam Drain Valve ES-HS-056

NT System Self-regulating Valve

Condenser B Right Hotwell Level

LP Heater 1A Drain Valve

FW Pump Turbine B Speed

Startup FW Pump 07P Recirc Valve FW-FIK-057 (Set

Point)

HP FW HTR TRN A Inlet Valve

Condenser Pump 04P Suction Pressure

CW Pump 02P Discharge Pressure

Condenser Shell A Outlet Valve CW-HS-146

Condenser Recirculation Valve CD-LIK-210 (Output)

SGBD REGN HX A to CNDSR Valve

SG2 Downcommer Flow Control Valve FW-FIK-1123 (Process

Value)

Aux FW Pump 2PB Suction Pressure

HP Heater 5B Emergency Drain Valve

Air Pressure Regulating (95PSING) Valve

Main Steam Drain Valve MS-HS-074

MSR STM Shutoff Valve ES-HS-036

MSR B SCAV STM Valve to CNDSR A HD-HS-030B

SBCS AMI Setpoint (pv, out)

TBCCW HX C Inlet Valve WT-HS-033

Part No.

MP-JI-102

MOV WHV027

MOV TAV052

MOV ESV079

ESV056

NTV1029

HDV209

V059A

MOV CWV146

CDV306

AF-PI-008A

HDV120A

V1027

MSV074

ESV036

MSV HDV030B

MS-HIK-1010

MOV WTV033

Value Unit

-

Slorm

Slorm

Slorm

Slorm

Slorm

percent

Slorm

rpm

DMLSS

Slorm

Kg/cm2

Kg/cm2

Norm

-

Norm

-

Kg/cm2

Norm

Norm

Norm

Norm

Norm

-

Norm
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set 5

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

' 5.15

|5.16

5.17

5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

Descr ipt ion

CW Pump 06P Discharge Pressure

Condenser Pump 02P Discharge Pressure

LP FW HTR Train A Outlet Valve

FW Pump 01P Recirc Valve FW-FIK-024 (Set Point)

FW Pump Turbine B Steam Exhaust Valve MS-HS-062

LP Heater 3C Control Valve

Condenser Shell A Pressure (wide)

NT System Self-regulating Valve

EXT STM Shu toff Valve ES-HS-048

LP Turbine A Steam Drain Valve ES-HS-139

Main Steam Inlet to Aux Steam Header Valve As-Hs-001

TBCCW HX B Outlet Valve WH-HS-050

Main XFMR 345kV Side Amp

TBCCW HX C Outlet Valve WT-HS-045

Steam Bypass to Condenser B Valve (Output)

MSR A SCAV STM Valve to CNDSR B HD-HS-003B

MSR STM Drain Valve ES-HS-029

MSIV

Service Air Supply Valve IA-HS-014

Part No.

V273

MSV062

HDV139

NTV1019

MOV ESV048

MOV ESV139

MOV ASV001

MOV WHV050

MP-11-104

MOV WTV045

MS-HIK-1003

MSV HDV003B

ESV029

V150

V014

HP Heater 6B Control Valve |HDV100

Aux FW Pump Discharge Header Train B Temp

SG2 Economizer Flow Control Valve FW-FIK-1122 (Process

Value)

)eaerator Temp

Condenser Overflow Valve to Condensate Storage Tank

CD-LIK-212 (Set Point)

Condenser Shell C Inlet Valve CW-HS-095

AF-TI-034

CD-TI-315

MOV CWV095

Value Unit

Kg/cm2

Kg/cm 2

Norm

DMLSS

Norm

Norm

mmHgA

Norm

Norm

Norm

Norm

Norm

AMPS

Norm .

-

Norm

Norm

Norm

Norm

Norm

deg C

-

deg C

-

Norm

2-17



TCK set 6

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

Descr ipt ion

Surge Tank Demi Water Valve

Steam Bypass to Condenser C Valve (Output)

MSR B SCAV STM Valve HD-HS-004A

EXT STM Shutoff Valve ES-HS-004

SG2 Main Steam Line Pressure

Air Dryer Package Isolation valve

HP Heater 5B Normal Drain Valve

Aux FW Pump 1PA Discharge Pressure

SG1 Downcommer Flow Control Valve FW-FIK-1113 (Process

Value)

Deaerator Inlet Flow XXXX.XXX

Condenser Overflow Valve to Condensate Storage Tank

Condenser Shell B Outlet Valve CW-HS-148

CW Pump 04P Discharge Pressure

Condenser Pump 02P Suction Pressure

HP FW HTR TRN B Outlet Valve

FW Pump 01P Recirc Valve FW-FIK-025 (Set Point)

FW Pump Turbine A Steam Drain Valve MS-HS-063

LP Heater 2C Drain Valve

Condenser She 11 C Temp

HY System Self-regulating Valve

LP Turbine C Steam Drain Valve ES-HS-057

LP Turbine C Steam Drain Valve ES-HS-077

STM Seal Feed Bypass UNLD Valve TA-HS-050

TBOCW Pump 02P Discharge Valve WH-HS-026

Generator Volt

Part No.

WTV003

MS-HIK-1005

MSV HDV004A

MOV ESV004

V1015

HDV118A

CD-FR-300

CDV1076

MOV CWV148

V060B

MSV063

HDV179

CD-TI-039

HYV005

ESV057

MOV ESV077

MOV TAV050

MOV WHV026

MP-EI-101

Value Unit

Norm

-

Norm

Norm

Kg/cm2

Norm

Norm

Kg/cm 2

-

L/s

Norm

Norm

Kg/cm 2

Kg/cm 2

Norm

-

Norm

Norm

deg C

Norm

Norm

Norm

Norm

Norm

kV

2-18



set 7

•E*ll

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

7.18

7.19

7.20

7.21

7.22

7.23

7.24

7.25

Description

Condenser Shell A Inlet Valve CW-HS-092

Demineralizer Outlet Valve (CCP outlet Valve)

Steam Generator Blow Down Flow to Deaerator Check Valve

SG1 Economizer Isolation Valve FW-HS-174A

Aux FW Pump 1PB Suction Pressure

HP Heater 5A Emergency Drain Valve

Air Dryer Package Isolation valve

Steam Atmosphere Dump Valve MS-HS-107AA

EXT STM Shutoff Valve ES-HS-017

MSR A SCAV STM Valve to CNDSR A HD-HS-029B

Steam Bypass to Condenser A Valve (Output)

TBCCW HX B Inlet Valve WT-HS-032

Generator Megavar

TBCCW HX C Inlet Valve WH-HS-035

STM Seal Feed Bypass Valve TA-HS-049

LP Turbine B Steam Drain Valve ES-HS-079

EXT STM Shutoff Valve ES-HS-049

NT System Self-regulating Valve

Condenser C Left Hotwe I I Level

LP Heater 3B Control Valve

Hot Reheat Steam to Main Feedwater Pump Turbine B

Supply Valve

FW Booster Pump 06P Suction Valve

LP FW HTR Train B Inlet Valve

Condenser Pump 03P Discharge Pressure

CW Pump 01P Discharge Pressure

Part No.

MOV CWV092

CDV202

CDV1254

V174

AF-PI-006A

HDV119A

V1016

MOV MSV107

MOV ESV017

MSV

HDV029B
MS-HIK-100
2

MOV WTV032

MP-JI-104

MOV WHV035

MOV TAV049

MOV ESV076

MOV ESV049

NTV1076

HDV138

MSV1180

V1017

V218

Value Unit

Norm

Norm

Norm

Norm

Kg/cm 2

Norm

Norm

Norm

Norm

Norm

-

Norm

MVAR

Norm

Morm

Morm

Morm

Norm

percent

Morm

Norm

vlorm

Norm

Kg/cm 2

Kg/cm 2
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T0# set 8

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.11

8.12

8.13

8.14

8.15

8.16

8.17

8.18

8.19

8.20

8.21

8.22

8.23

8.24

8.25

Descr iption

Generator Amp

TBCCW HX A Outlet Valve WH-HS-049

STM Seal Feed Bypass UNLD Valve TA-HS-074

EXT STM Shu toff Valve ES-HS-080

HY System Self-regulating Valve

Condenser Shell B Pressure (narrow)

LP Heater 1B Emergency Drain Valve

FW Pump Turbine B Steam Drain Valve MS-HS-066

Startup FW Pump 07P Discharge Valve

HP FW HTR TRN B Inlet Valve

Condenser Pump 03P Suction Pressure

CW Pump 03P Discharge Pressure

Condenser Shell B Outlet Valve CW-HS-147

DST Level Control Bypass Valve

Steam Generator Blow Down Regenaration HX B to

Deaerator Valve

SG2 Economizer Isolation Valve FW-HS-177A

Aux FW Pump 2PB Discharge Pressure

HP Heater 7B Drain Valve

Air Dryer Package Isolation valve

Main Steam Drain Valve MS-HS-073

MSR STM Drain Valve ES-HS-033

MSR B SCAV STM Valve HD-HS-030A

Steam Bypass to ATMOS Valve (Output)

TBCCW HX B Outlet Valve WT-HS-044

Part No.

MP-11-101

MOV WHV049

MOV TAV074

MOV ESV080

ESV059A

HYV002

CD-PI-356

HDV214

MSV066

V058

V060A

MOV CWV147

CDV1088

CDV902

V177

HDV094

V1017

MSV073

ESV033

MSV HDV030A

MS-HIK-1008

MOV WTV044

Value Unit

amps

Norm

Norm

Norm

Norm

Norm

mmHgA

Norm

Norm

Norm

Norm

Kg/cm2

Kg/cm2

Norm

Norm

Norm

Norm

Kg/cm2

Norm

Norm

Norm

Norm

Norm

-

Norm
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T0-&

(Initial

set 1

Condition: IC12)

TO# S*ll*l set 2

(Initial Condition: IC14)

DWG tiS

1

3

5

7

9

11

13

15

17

19

21

23

25

24

22

20

18

16

14

12

10

8

6

4

2

ITF
Mimic

CW01

FW01

FW03

FW05

FW08

FW12

MC01

IA04

MS07

MS09

MS12

SW09

6C

TP04

MS14

MS10

MS08

MS01

IA01

FW13

FW10

FW07

FW04

FW02

CW02

1.232

0.698

0.000

2.44

1.000

0.045

24.534

0.700

1.000

0.000

2.619

0.212

296.215

9.247

-2.00

1.000

1.000

0.000

8.773

0.283

2.434

1.000

324.028

1.000

1.000

DWG H i s

24

22

20

18

16

14

12

10

8

6

4

2

1

3

5

7

9

11

13

15

17

19

21

23

25

ITF
Mimic

TP04

MS14

MS11

MS08

MS02

IA01

FW13

FW10

FW07

FW04

FW02

CW02

CW01

FW01

FW03

FW05

FW08

FW12

MC01

IA04

MS07

MS09

MS13

SW09

GC

20.612

67.52

0.000

0.000

0.000

1.000

0.332

22.010

69.77

1.000

36.758

1.000

0.000

1.000

1.000

0.000

3994.000

0.357

35.804

0.700

1.000

1.000

1.000

2.511

1.000
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TO-g- ^ * i l * l set 3

(Initial Condition'- IC16)

set 4

(Initial Condition'. IC18)

DWG *£$.

2

4

6

8

10

12

14

16

18

20

22

24

25

23

21

19

17

15

13

11

9

7

5

3

1

ITF
Mimic

CW02

FW02

FW04

FW07

FW1O

FW13

IA01

MS01

MS08

MS10

MS14

TP04

GC

SW09

MS12

MS09

MS07

IA04

MC01

FW12

FW08

FW05

FW03

FW01

CW01

1.000

0.139

1.979

1.000

2.394

0.000

8.648

74.039

0.000

1.000

-2.00

1.000

4385.396

1.000

0.000

0.000

0.000

0.700

32.211

0.325

1.000

0.000

1.000

0.632

30.858

DWG ^ 2

25

23

21

19

17

15

13

11

9

7

5

3

1

2

4

6

8

10

12

14

16

18

20

22

24

ITF
Mimic

GC

SW09

MS13

MS09

MS07

IA04

MC01

FW12

FW08

FW05

FW06

FW01

CW01

CW02

FW02

FW04

FW07

FW10

FW13

IA01

MS02

MS08

MS11

MS14

TP04

0.003

1.000

0.000

1.000

0.000

0.700

35.669

0.765

4321.000

28.57

1.000

0.540

1.232

1.000

67.79

0.000

50.00

2.395

0.000

0.583

0.000

1.000

0.000

55.59

0.000
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TOS S*H*I set 5

(Initial Condition: IC12)

set 6

(Initial Condition: IC14)

DWG ft!i

1

3

5

7

9

11

13

15

17

19

21

23

25

24

22

20

18

16

14

12

10

8

6

4

2

ITF
Mimic
Sis

CW01

FW01

FW03

FW05

FW08

FW12

MC01

IA04

MS07

MS09

MS12

SW09

GC

TP04

MS14

MS10

MS08

MS01

IA01

FW13

FW10

FW07

FW04

FW02

CW02

1.232

42.111

1.000

28.42

1.000

0.045

31.338

0.700

1.000

0.000

0.000

1.000

34.297

0.000

-2.00

0.000

0.000

1.000

1.000

0.282

22.010

4.40

89.471

45.00

1.000

DWG felS

24

22

20

18

16

14

12

10

8

6

4

2

1

3

5

7

9

11

13

15

17

19

21

23

25

ITF
Mimic

TP04

MS14

MS11

MS08

MS02

IA01

FW13

FW10

FW07

FW04

FW02

CW02

CW01

FW01

FW06

FW05

FW08

FW12

MC01

IA04

MS07

MS09

MS13

SW09

GC

0.000

-2.00

1.000

1.000

77.495

0.000

0.329

2.415

50.00

572.457

1.000

1.000

1.232

0.554

1.000

28.37

0.000

0.000

27.719

0.700

0.000

0.000

0.000

1.000

21.653
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TOS ^ 1 * 1 set 7

(Initial Condition: IC16)

set 8

(Initial Condition: IC18)

DWG B d S

2

4

6

8

10

12

14

16

18

20

22

24

25

23

21

19

17

15

13

11

9

7

5

3

1

ITF
Mimic
ujs

CW02

FW02

FW04

FW07

FW10

FW13

IA01

MS02

MS08

MS10

MS14

TP04

GC
L

SW09

MS13

MS09

MS07

IA04

MC01

FW12

FW08

FW05

FW03

FW01

CW01

1.000

1.000

1.000

1.000

2.401

0.000

1.000

1.000!

1.000

0.000

-2.00

1.000

87.377

0.000

0.000

0.000

1.000

0.700

35.602

0.131

1.000

1.000

1.000

38.878

Q.450

DWG &i2

25

23

21

19

17

15

13

11

9

7

5

3

1

2

4

6

8

10

12

14

16

18

20

22

24

ITF
Mimic
Sis

GC

SW09

MS13

MS09

MS07

IA04

MC01

FW12

FW08

FW05

FW06

FW01

CW01

CW02

FW02

FW04

FW07

FW10

FW13

IA01

MS01

MS08

MS11

MS14

TP04

27983.369

1.000

0.000

1.000

1.000

0.700

37.839

0.000

0.000

0.000

1.000

0.314

1.232

1.000

0.000

1.000

1.000

2.395

0.000

0.000

0.000

0.000

1.000

-2.00

1.000
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