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Summary

I . Title
Current Status of Nuclear Power Plant I&C Systems (2000)

II. Objective and Importance of the Study
Analog type I&C Systems of Nuclear Power Plants are being replaced by

digital type systems because of the aging problems of the I&C systems. New

NPPs have adopted computer-based digital I&C systems because the economical

efficiency and the usability of the systems become higher than the analog I&C

systems. However, the digital I&C systems have not been applied to NPPs

because the reliability of computer systems and software has not been validated.

The research works for reliability of the systems have been performed in many

institutions. In this study, we reviewed the current status of I&C systems for

advanced NPPs that have developed in Korea as well as in other countries until

this year. We hope to use the result of this study to plan for a localization of

NPP I&C systems.

El. Scope and Contents of the Study

In this study, the I&C systems of advanced reactors such as AP600 and

NUPLEX 80+ of U.S.A, CANDU 9 of Canada, APWRs and ABWRs of Japan,

N4 of France, and KNGR, KALIMER, and SMART of Korea were reviewed. We

reviewed the nuclear policy of U.S.A and Europe, and the NPP digital I&C

systems developed in many international research institutes. Using this result,

we extracted items to be researched and classified those by types of reactors.

Then, we established the localization method of NPP digital I&C systems.

IV. Results and Remarks for Applications

The NPP I&C systems are dependent on the types of reactors. In order to

handle the aging problem of I&C systems properly, some research works must

be carried out in the commercial NPPs such as the cas;e of Kori units. The

researches on the design improvement of I&C systems; and the long term



researches on the design improvement of I&C systems and the long term

operation should be performed in KSNP. The principle topic of KNGR is the

design of I&C systems based on digital systems together with researches

required on licensing the design. For new nuclear power plants, the digital I&C

systems and computer-based operator aid system should be developed.

Therefore, the specific research items are extracted according to the types of

reactors in order to accomplish the localization of the NPP I&C systems

consistently and economically. Each institution in academic circles, R&D circles,

and industrial circles could set up its research items according to the results of

this project.
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1. v}^ 3 ] ^ ^ - ^ AP600

AP600[l]£] *
ALWR5] URD(Utility Requirement Doc.) &.&•£ W ^ j l 3=$

Slfe M ^ ^7j]o]cf. A>^-7l7)fe ^ ^ i 0 ! ^ 0 ! Sl'fe 7} 7)
prototype^m- demonstration S.'S

^ 10CFR52* ^>^«

. AP600^ U.S. NRCS.4^ FDA(Final Design Approval)^ 1998 ]̂

AP6004 #^r passive safety
^ v ^ <̂ Bi 7W ^ - ^ # 7M
• 40)^14 «!«., HVAC ducting, ^

71 71

£ $ AP600£ modular ^ l i r

tf 7l7l4 Al^ei^j ^.^^_^o]l tflwj- ^--g-il-ll: 3-^- XlS^l-c- SjAl-ollA] S-<y -̂ ^ $1

7l nfi§-°11 ^^1 ^f- 4A1 # ^ i ^ 1 ^^}-l- 7-1^ ^^.7} §i4. AP600^1 ^-S. Al^Eji^-

passive core cooling system - Residual Heat Removal, passive containment cooling

system, canned coolant pump, passive RHR Heat Exchanger -§-°14. AP600

&*!#, AP600^1 ^- f RCP(Reactor Coolant Pump)7>
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*>4. a ^ : 7}<&7]<>\ 3-f, ^ ^ d ^ f l a]si]
^ £#°ll W <*}-fr ^f-i- ^7} * M 4 . 3 ^ AP600£ Passive Containment Cooling
system^ <>l-g-*H ^#£<% -A}3-7\ 1 H 4 : E *l-<3tfl7Hl ^ ^ ^^±^\ *}3L% #

&4. ne | a i SLS] ^(Containment Cooling Wind Tunnel

4 . AP600 ^1#
(1) ^1#^1^ Al

^ ^ IE 7fl7lir

Modular System ^ 2 : ^ a^S) -^ 3.7] 5] ?flta]̂ lHir

(2) T f l ^
AP-600S] 7(|#^1<H ^ l ^ ^ 1 ^ ^ ^ 4 ^ , ^ H •?-£ ^ Man Machine Interface

-^: c ] ^ 1 ! - 1 ! 2 - ^ ^ S H XI4. - ^ 1^- AP600
SI4. o] ZL&o\}*] !±o}~V}<% go]

Monitor Bus# f4J-5.5. 3.71] Operation & Control Center System,
^^^ (Da ta Display and Processing System), ^^.± *LS. ^
(Protection and Safety Monitoring System), ^ ^ 4 : ^H^nHPlant Control
System), Special monitoring System ^ Incore Instrument System£.£. 4if<H;?14.
611- ^ l ^ ^ ^ l ^& Wf^^S. 4 ^ 1 1 7 l # # A>-g-̂  modular *&7§, &Q^?\, Data
highway & Data link* *}•%•% - f ^ l ^ ^ W ^ S , ^-?floll- 4-g-,

Monitor Busfe Real Time Data Acquisition (RTDA) data highway 1-
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cf. He)31 table driven

44^31

°1-8-3314. ^ 2fe AP600S] ^M]

W a l l p a n e i information Station,

. AP 600 31#

2. AP600 Main Control Room
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AP6005]
^ WH

7 - 8 ^ # tfl

^ S pilot plant* ^d^-SH ^ ^ ^ ^ l tfl$ o>^>^ ^ ^ ^ l ^ ^ - ^ ^ # ^ l ^ ^ i $1

^ S WHfe

2. * ] ^ - ABB-CE^l Nuplex 80+

ABB-CE[2]fe 1970^1 tfl f^-T-^) Plant Protection System, Plant Monitoring

S y s t e m ^ ^ ^ l l ^ - l - ^-8-^1 ? ] ^ 4 31«MH ^If-^ tfl^r ^ ^ E ] ^ - *

Nuplex 80+ fe TVA Yellow Creek Nuclear Plants^ ^«fl 1970\!tfl

Advanced Control Complex(ACC)!

. Nuplex 80+fe WH^ AP6004 ^^71-^13. 1998i NRC^ FDA(Final Design

Acceptance)!- ^ ^ § } ^ 4 . Nuplex 80+^r EPRI ALWRS] URD1- §^r§]-^

4 . Nuplex 80+^ 71^ 7^-& ^S\^ 9X3- # # « H ^^.^ 7 | ^ l r # %-g-^fe 3

M-. Nuplex
(1) Tfl

NUPLEX

- Post TMI

- PRA(Probability Risk Assessment)
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4-train^i ESFAS

MMI *M1%HKCSF Monitoring,

- Pre-trip Control Action

- MMI 1MJ-

EPRI URD

(2)

NUPLEX 80+^

o|§]-7fl §1-71 ^*H A}-g-sl-7l ^Ta:^: Programmable Logic Controller,
71^, ^ sensitive plasma ^ 4 :̂̂ & ^ ^ MMI 7l7l, X\SL
Tll^^H^ 2-^}^ 3 7 , | C o n t r o l C e n t e r paneiS) Data

Processing System, Discrete Indicate and Alarm System(DIAS), Component
Control System(CCS), Plant Protection System(PPS), Power Control System(PCS)
f - ^ S 4 ¥ ^ 4 . ^^-M iLJiTil^- ^ 7171^^^^.611^. ^^v 4-g-oi o j ^ ^
off-the-shelf Ho^5l PLC1- A } - ^ ) - ^ ^ 7]7l
segments^ cff1^ ^ # LANAS ^ ^ f ^ . S?V

l ^ H l 5*1*1-84. ^ 3 ^ Nuplex 80+
SI4. °1 ^^°H^i a .^44 -̂°1 ^l^^H^lf-^ ccs, DPS,

PCS ^ DIAS

Nuplex 80+^1 ^
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Nuplex

Support Center(TSC), Emergency Operations Facility (EOF) *§•£.

^r Technical

SAFETY (Design Type 1)

3. Nuplex 80+

4. Nuplex 80+^1

4.
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Nuplex

7 - 8 %•£ cflAj-o.̂  p i l o t NRC £

3. CANDU

A. *M
(1) *ll o
7fl44o

5} M *r 5

Computer)!-

S^& o] rfl^

H4fe 4^-S- CANDU(CANada Deuterium
Ufe- Ontario^] Pickering 13:

l4§f^4[3-7]. n ^ 5^14
? T_ O -x'T /*r1 ^ ^ i^H T ^ O l Ttfl ("S3 ^— -•'r ~?s~ O r ^ H ---^~ t-i t c— C^H .All *- ri *—y ~

relay switching logic^- °]-§-
X,Y ^̂ fBi ^Sfe ^^^1

5JS.4 4°^?!: ^ i ! - ^ll^1

•7}^-B\ ^ ^ E i !

! ife- 4^ ^

r?t^ IT
video display!-

Uranium)^ -fi^l-^ ^"^i^i

yrol DCC(Digital Control
>} 7j{ o] C(- o | ;*j| c>j A] ̂  ^j -g-

34. Darlington Plants #
relay switching logic# pt -processorl- ^z}-?!: OH-180 PLC

DCS (Distributed Control System)^: 7fl̂ h«l-̂ fe-T::ll, °]
^ ^ l ^ l - Network3)-§>JZ-, 4 control function^}^!
CANDU-3^1 7fl^oi ^ ^ ^ o | ] 45]-

-Br CANDU-9^1

LAN-I: 4-8-

Network Based DCS l̂

analog

^ ^ - 7fl

(2)
DJ ^-S- ̂ ^ ] ^ CANDU
^ , trip-point logic, «1H7],

-§: ^ ^ « > ^ J I , 1977\!^ ^ ^ s ] 7 l A]4*V Bruce Plantsfe-
monitoring 7 l ^ # computer display^ printer^^: 7̂1-̂ 1-<̂  7}

^ « f ^ 4 . ol3W 2^?fl 7B^o] £ ] ^ ; olnflfi) control panels 7l
H computer monitoring7]^T?># ^7}% *\^i%°] $\91ty. PDC(Programmable
Digital Comparator)!- ^]-g-*f^ 3#31.^ 7fl^^ CANDU l̂ ^ ^ £ l ° J CANDU-6

^1^-^1-^A^ ^ e i t t 7H^AS 7]# system^ Ji^-f
#7̂ 1 £ ] ^ 4 . Wolsong 1, Gentilly 2, Pt. Lepreau^

4 fb ^ i£ unsafe failure7> <£o)^x] ^ ^ ^^r <1}S- # ^ %1
-71]^i^ Darlington Plants4 O l^°i5^4. °1^J^ setpoint ^^fee) , ti]j5!7l^-«> 4
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, CANDU6°1M

lIf-^ Darlington^

^«fl Darlington SDS1, SDS27f

4 . 3 ^ 6 ^ A

CRTS? ^liLS-

71^4

H TT

(TACT 'N (" ANALOG ANO "N
jwen J \^ OIGITAI INPUTS J

TTT tTTTTH
5. CANDU

(3)

CANDID Human Machine Interfaced 4

f AECL/Ontario Hydro^]^ ^ ^ 7

#

jg_c. Hand-switches, indicator lights, strip charts, recorders,

annunciator windows *§•$) J L ^ ^ 7]7ll :S. T

2>M|tJ)

(ergonomics)
(anthropometry)
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E Z J - -

Tndttiooal ikaldowa system dcslfit

• F -

Traditional shutdown system design pins monitoring computer (Bruce)

rsZ~~
C3

1

j SMMAU

i T
KMOM

I

ttm»tmt»

—J

1

CD-

N\

Trip computer (600 MW <tcsl(n)

--1 I
I

Fully computerized shutdown system

6.

. CANDU-6^]

• 4Afltfl

Uj\9]

CANDU ##<$ ^-g-s]^JL, 34

- y^^r CANDU-600^ ^ 61 ̂ , 4>*fl tfl^ P] efl^ CANDU

30^ \ ! ^ ^ CANDU^r Human Machine Interface i

Human Machine

Interface7|- € ^

M-. CANDU

[3-5]^:

CANDUfe

Darlington^]

600MWel- 7}^ CANDU
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a) ̂
^MM-g^r 4 « I S . ̂ MM n^°] A4*]s\°] 9X3- v\^o] 2tfl3 line

printer^ 3 ^ E H <$£& CRT ^ 1 $14. °l^t!: CRT4 f]S.E. #*1#£ £ - 3 ^
s f l ^ ( ^H#)£ | 4 ^ _ £ ^7^t\o$ ^ ;§ je.fi] ^ - § - ^7\] *}JL OJ4. CRTS] ifl

3.7], %3.3.X\W$, ^ ] 7 i e ] ^-o] ̂ ^ - ^ o.s. ^£S f ̂ -Aioi ^ I ^ ^ ^ ^ I -iTfl

^r SCA(Secondary Control AreaHlt ^^fl^fecll ^ 1 ^ ^ MCR

^ ^IAI^I §-3j- ^ ^ E i CRTl-
$14. 3 - ^ 4 nlefl^ CANDU l̂

i $14. c l ^
(tunnel)Ml" Large Overview Display!- °l-§-«H

(2)
CANDU M r ^ H ^ E ^ £ ^ *.& monitoring 71^4

4 . n ^ 5fe o l f ^ S S ] DCC(Digital Computer Control) System^
^ ^ ° 1 4 . ̂ ^ #SMM Master X Computer7|- «1 - g - ^ ^ ^ §«}S Standby
Computer7]- O]Ĉ W]-O|-A^ a s 7 ] ^ # ̂ 5 ] ^ 4 . 4

Sequence Of Events(SOE)#
CRT<̂ 1 S - ^ 4 . ;?i*^<y. ^

Bar Chart, Trend Curve, Status E>isplay ^-S>\
^ # CRTS

71^ ^^A-1 Turbine Run

, Fuel Handling Control £ t ^ DDC-Y°ll>H ̂  ̂

- Reactor Setback Monitor
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- Reactor Regulating System
- Boiler Pressure Control
- Unit Power Regulation
- Boiler Level Control
- Primary Heat Transport Pressure and Inventory Control
- Moderator Temperature Control
- Flux Mapping
- Automatic Turbine Run Up
- Fuel Handling Control System

3.*] 7)*s-

DCC 3 ^ f e 4 ^ 4 £•& 3
- Bar Charts
- Graphical Trends
- Parameter Status Displays
- Schematic Diagram

DDC-X ^£r
Plant

(3) W S S.J: Tfll-
CANDU €*}^fe ¥71] 3 Shutdown System^ 7 ^ | 2 Si 4 . °]

Shutdown System without Computers

Design with Computerized Monitoring(Bruce)

Computerization of Selected Trip Functions(CANDU-6)

Fully Computerized Shutdown System(Darlington, CANDU-9)

^iS)-^ SDSfe n% 6 ^ ^ i f £o l Trip Logic^-, Display, Testing,

Monitoring^^ 7]^°] 3.^

4. 1̂#
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£ 7 7fl4^ *MN*8 ^ CANDU-9
7]BJ- A>O>1 7fl^ tg.-ij.-a- « <S -̂& ^ r W ^ $14.

DCS (distributed Control System), ^ i L S ^ l W ? ] PDS (Plant Display System) ir ^
ir 7fl̂ -§l-jL &£.^, 7] 7fl^-^ CAMLS(Computerized Annunciation Message List
System)^ ^ # iL#§H CANDU-9i |̂-g-^f^ *}JL

JL,g- -g-TgS.]

Noise

A S-ikS. £-#s)ai, i r o cMH^^ ^S.itA]# ^ ^ r f e Plant Display System(PDS)
°1 tfl^-^-sl Plant ^±L 3J ^ ^ . 1 - SAl^rf. ^^.fe- 7B^^[ CAMLS (Computer
Annunciation Message Listing System) <*)] ^ * | ^|e]£]jL ^ ^ i ^-g- CRTS.
ty. Safety 741 •§• 2.^1: •¥• ^.w—S. T1^:^!-^ diversity^ ^-li -^-^JS-H JL̂ g-

? l ^ i ^ # ^°]JL $Xty. zi^T^xlfy £*>] PWR5] Remote Shutdown Panel
hfe Secondary Control Roomer €^*FT11 Group 2$] $.*]$• ActuatorS.1?]-

°l^7fl 5 ] ^ Secondary Control Room°1Hfe SDS1#

CROUP 1 PROCES5
SYSTEMS WTERFACB

SAFETY SVnEMS
INTERFACES

i SECONDARY CONTROL H.OOM *,

CROUP 2 INTERFACES

t O t O M AMD ACTUATDU f

t» I (MO Ino I

FLAVT
U X K
COWTKX
CMCtOtMCV

KEAT

IVSTtM
O f w n x
UXMC

OCXtftAIQK
CONTROL
UXMC

7. CANDU-9 I&C
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4.

1995\! 12€^ 4 ^ # ¥ # 4 ^ 5 . £ - 3 ^ * 1 ^ 17}$] Monju
Fugen ATR-|- £ # * M * 537)$] Q#o) 7 >^ ^o)| oio.c]) 47] o]

1999^ 9€

APWR5] 7fl̂ H1fe 1982\i^B^ 1987\!4*1 ^ ^ 57fl ^ ^ S | A > 4 Mitsubishi
Westinghouse^>7> %H

Advanced Control Room)4

(2) ABWR(^i) a l ^ ^ ^ s : Advanced Boiling Water Reactor)
-5-S Hitachi44 Toshiba7l-
Kashiwazaki 6 ^ 7 1 ^ 7S71S 1996^4 1997^^ Aov

. 1997^ 5^6j|

(3) Next Generation PWR

^ ^ 5 1 Mitsubishi ^^L <a, Westinghouse^} ^ 571]^ ^^^4(Hokka ido ,

Kansai, Shikoku, Kyushu, Japan Atomic Power)!-°1 APWR# tfl^|«]-7] $\^ A>Afl

tfl(Next Generation) PWR 7fl^-# ^-JL $14. *Hfl) PWR^ 7fl^ ^ ^ ^ 97\i7>^l

$14.

£ 2010\i °l^f S-a i ^ j A S $ 1 ^ 1500
1300 MWe), ^ 1 °)-%-& 90% o ] ^ (̂ 8*3 ^ ^ 80%), ^^ i A>O]^-

137fl-g) ^ # ^ I S §1-31 $14. °1 ^
1- ABWR,

© Next Generation BWR

IERdmproved Evolutionary Reactor)e}Jl ^ f e xHtfl BWR^ 1990\ !^^ 7fl

A S 1500 MWe°H t j)^ 7fl^ ^7)17]- ^ ^ ^ 4 . 1996

- 14 -



(1) Ohi-3,4JL7)

1991 Vi 10^ 4 ^ # 3 £ 3 * A l ^ * Ohi-3,4:Mfe MITKMinistry of
International Trade and Industry) 5L3.OLI®£) <g^AS. Kansai # ^ 4 Mitsubishi

271151

4. ^

7)7}$]

^ £ S . ^ j i ^ - plant, system ^ equipment level information

^ LDP(Large Display Panel)^
1- CRT ^ FDP(Flat Display PanelH 4 ^

s]o] 014. a^- ^ ^ ^ ^ ^^>^ SI*]3-I- ^fe window
type annunciatorl- ^ . J L ^ S - S . °]^k J I ^ ^ H

annunciatorl- ^.cflS A]-g-§|-̂ o.TJ] %£.%*} 4-^^^°fl 4 4

Ohi-3,43l7l 7fl#^]o-]^)^-^- station level, unit level, system level ^ local level
5- ^^£1<H 3X°-V), A levels station bus, unit bus, 27fl^ intermediate bus ^
group busS.>H 'S^s i 0 ! $14. station bus4 intermediate bus-b ^ ^ icoj

H , unit bus4 intermediate busfe :§-#?lM-i--i:

| f^^ .5 |^ ^J7 ; ^7] 7) 0)1 4°^JL^c'l ^ ^ t *

4(self-diagnostic) 7]^ofl S]sfl 7l7l^ 7l^°] i ^ 7 l 7 l s 4 -^ ? iSs]£^- s | ^ 91

4. °1

4 channel, 4 trainA
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2-out-of-4 S ^ A S ^ ^ 4 . ^7l^<y 7)^ A]ig A] i J - ^ R r o

^^°] -T-$\ (bypass) s] fe ^-i- H M ^ l ^«fl automatic bypass management
function^ ^#<5r534 [13].

(2) APWR
Ohi 3, 43171 o ] ^ 2 0 0 0 ^ ^ ] <Q£.o} APWR^l

: Advanced Control Room)4

S ^ ^ l ^ i Touch-screen CRT ^ FDP
JS-S. ACR^ ^ ^ # ^ - r ^ i ^ ^:^i^o l Compact Consoled ^ 6 r

CRT ^ FDP1- ^«fl

-4^(Thinking Process)^ ^^l
^ ) ^ ^ ^ 2 ; ^ *I3151534. ^ ^ H ^ ^ Operator

Console, Supervisor Console ^ Large Display Panels. ~?-A§S\o] $14.[13].

^ ^ $n 4 ^ 4 ^ ^ 7 ] ^ ^ ; 7fl
- automation of reactor power contorl in low power operation
- automation of auxiliary feed water flow control
- automation of failed S/G isolation task in SGTR accident

°}vl §>^ siir Decision-MakerSA-1 ^ ^ £ l ^ 4 . ^^fl 7fl^-^ ^fi.*)B]A]i^^ 7]

^ ^ 4-S-4 7^4.
- Automatic Verification of Plant Status

4 . APWR4 a-JL^Il*?! IPSQntegrated
Protection System)^ MHI (Mitsubishi heavy Industry)^ ̂  7fl^-£l^A^, 1991 \ H
Nuclear Power Engineering Test Center(NPETCHH ^
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84. IPS^ 44^4121, 22]. Ohi 3,4:M

XI4.
APWR^

^(diversity) ^ fail safe •^•^•i:

solid state

^ CMF(Common Mode Failure) M *1 =L A

4^^(redundancy), ^^(independence), 4 ^

. PNOTXCtlD

DATA LINKS

ROD COXTftOi,

8. IPS
(3) ABWR

^r Toshiba, Hitachi 1 - o l M I T ] S ^ l §

l ^ . ^ , H^J 9 ^ ABWR^l I&C

[23,25]. ABWR^ ^ # ^ ^<H ̂  ^ 1 ^ ^ ^ - ^ - S - ^ 8 - 5 . ^ , Process

Computer(Plant Computer System) 4 Distributed Microprocessor-based Digital

Controller^ ^ s H Si4. Process Computer^ CRT ^ ^ , ^ ^ 7]^-, Overall

Automation Manager ^ Core Performance

ABWRS] CMCC(Compact Main Control Corisole)^ LDPS

^ (Voice Annoncement System)

10£ ABWR

- 17 -



9. ABWR

. • IK IISJUI HKL

[pu«r cawnH ustg

win cairn, asou
owim nanngme

»US II8ES CUU twtt fclti»l«i»l kit
NT : talnc* st H«»

10. ABWR

© CMCC

- 771] 2] CRT°fl 200^711^ SHS^
Touch-Screen FDP1- 4-8-

- 18 -



1M-& Touch-Screen FDPS.^ 7]7]

Plant Level Alarm: ^r

Alarm Display Panel0!]

System Level Alarm: A ] ^ 3

PaneH 3.*]

Equipment Level Alarm: 7]7]*\

LDP3

LDP^ Mimic Display

lr CRT^f FDP«̂ 1 3.*}

LDP:

| L D P

Wide Screen, Mimic Display Panel, Alarm Panels,

Wide Screen: 3 9X5.

Mimic Display Panel:

A] % *r °A^ Hard-wired 7] 7]

Alarm Display Panel:

7]7]

CRT

Hard-wired

(Safety System Logic Control) ^ l ^

SSLCfe ^ 5 ] ^

Multiplexing U n i t ) ^ ^

Module)i ^ ^ ^ 1 4

^ ^ ^ TLU(Trip Logic Unit)S.

A i s i - %JL 2/4

A

. APWR^l

71^5] 1/2

SSLC

2/4

L^ RMU(Remote

DTM(Digital Trip

SSLC°I]

- 19 -



RMU°1H ^ s } - £ ^ I s l - DTM*1H ^*}Q wist!- ^ °]t- A
SLIKSafety Logic UnitHl S . ^4 . SLUfe 4 *WS- T ^ ^ H 4 *1|^5
^ î3i# 2/4 ^*HI ^\n ^^^isi- ^M?i4. °i ^^^is^ RMUI- M

l- ^ W 4 . SLU^l #<§ JL^-o.S. ^ £ ^^SLy} 1 W M ^
SLU7> o|^s}.£)^ î o,^ oj^t)-^ SLUfe 2/4 S.^^1 ^)«(| ESF

SLU5. 1/1 S ^ I S ^1^E5^- ^ - g - W [23].
fe LDP5] mimic display paneH]

5. ^ ^ EdF N4

900 MWe : 34 units
- 6 units : pre-series (two at Fessenheim, four at Bugey)
- 18 units : first conractual programme (CP1 series)
- 10 units : 2'nd programme (CP2 series)
1300 MWe : 20 units

- 8 units : P4
- 12 units : P'4
1500 MWe : 2 units (N4, two at Chooz B).

s ^ s ] n)ej) ^^6fl tfltb ^ 1 ^ ^ Civaux ^ Le CarneH AA 27] fi] N4

seriesl- £ W : n , 2000^1^v\Afe- 1500MWe series!-

- 20 -



. EdFfe W ^ H ^ W rf-t^l-n, NSSSfe

Framatome4, Ei«l^^i7lfe Alsthome-Atlantiquê >7> 3 # * H ^)

4 W ^ ^ ^ 1 ^ ̂ ?i°] <?V«£i5ii=- *> <̂>1 7H1"

M-. N4 I&C ^-^
S.^^ N4 series I&Cfe #€M a§s)-l- ^f«H # ^ ^ 7]#, A

O ^ T ^ ^ ? 1 50

7]} ol^-s) ^ ^ ^ - ^ ^ ^ o.S.̂ -Bl <g^ know-how, ^£)JL ^i^^l^ c]xll 7]#ofl

1 9 9 5 ^ 4 ^ ^ 4 #^
# # H>^--^S 4-S-4 ^ - ^ ^^|7i)^-i- ^-g-§f^4.

- 3M1- 4°1-^ ^°lBl f - ^ 1 ^ tilE.^31- -f-§]-ĉ  6}^-ol^£S ĵ-37, 7]7l

- MMKMan-Machine Interface)!-

- 1300

t=B 3^i! ^ <̂  4 tl] o] Ê  ^ ^ 1- ^ ^-t}^ front-end ^frtf (KIC)^

(auxiliary)^- ^^14^ ^ 1 ^ ^ ̂ ^ ^ A | ^ ^ 6 | ] &^7} ^ A ^ ^ o] j

1300 MWe series°1I

1̂ f - A S A>-§-

- 21 -



- 33 *W ^ 31̂ =1 *W*l^-§: ̂ f-^^H 44^1 ^l i i *W7l3

P20 Controbloc^r
] Hartmann - Braun^HH AIA^ Contronic E(SCAT^

JL 1300MWe°1|̂  Controlbloc N20# ^1-g-^H xj^^S&Q Class
^!-o] 1500MWe series^l^fe CS3 (Engineered Safety Systems Control

^ Class 1E3. ^-^-^l-^JL, Merlin-GerinA}<HlAi
GCTA A ] ^ ^ I ^

(1) N4 I&C 7 2 :
| ^ ^ ^ ^ 7 : ! - 7MfetU, ZL f ^ f e

£T NSSS
MMI1- ^11^^:4. N4£] I&C 7^fe

> . N4 I&C

0 i ^ ^ l i : <yEi5floli e ^ : Level 0

: Level 1

l.Ksublevel 1.1)^ 91*-]^ 33^1^^(ILS)J5.3 7 ^ 4 . a^r, °

1.2 (sublevel 1.2)fe

: Level 2

- 22 -



LAN-t-

4 l-^E

4. °1^^

l=fl o)

o.S. MMI

s . s . c-fl o] T̂  ofl cflsfl logging, trending, recording

£ I&C
tpll £

Emergency Control Facility

Ftamote shutdown
Panels

Data Processing System

Spsclflc
lustrum.

Standard
Automatton

Central of
• safeguard

•upport

Co« Control (003)

| DIPS | [Nisi |RPIS ] | RGB |

Steam Dump [
Proieciion |

(SDUPJ i
}

Process Interposing System

o
>

Turbfno Oet8Ctor9
Operation at

m&a$urem&nl$
& actuators

Protection-.,.' •* Reactor .. Naulton Rod CROW Staam dump
trip- chiamtera position ccntfof valvas

•: breakers

11. N4

(2)

1300 MWe grid control*

DNBR4 linear power density ^ ] ^ A ^ tfls| |s |84. o]s-
^ ^ , OPAT f̂l
e | # ^ 6-stage

- 23 -



-£• low-DNBR Sfe high-linear power density^

grid control^ 7>^§>7l

^ 1984^ Paluel 13:7]t- A I ^ O , ^ 1992\14^ £€• 1300MWei

4.
1980^^ ^^>°fl^ 1300MWe s e r i e s ^ ^ ^ ^ - ^ # ZLcflS ^-^1§}

1500MWe N4^ ^-g-f- ^BS-^ c^X)^ iLjLTflf-ofl tfl^} «g^ l - A j ^ t } ^ 1987\!

. o] ^ ^ ^ 3\i:?Kal 7l^> ̂ o>6fl ̂ ^ A ^ ^

^ 1990\! ^ » > i Merlin-Gerin

. N4 £1

- 2/4

• 4 3.$. *W (protection channel) : DAPU

• 2 output logic processing units '• OLPU

• 8 reactor trip breakers for full 2/4 trip logic

s)- 68000 16^1 M 4o] 3.S.S.S.4 *\ *}•%•

output logic unit4-§-AS. DAPU

(3) «19M
^.7|o(j p 2 0

-^ 1987\! A>

4 ££ ^4fF 71 #^^1 i

- P20 Controbloci

N4
o] Al^^o] class IE 7l^

- 24 -



-g- (Controbloc°l

71 ^

fe 1990^ 12-S P20 Controbloc 7f l l^
199Hd f11 ,̂ EdFfe «>1 ̂ - ^ 1 - «M^f7l ^*fl 1300MWe (P'4 seriesHH

Si^ I&C A ] ^ ^ ^ - ^-g-^j.^ n *fl

. =L ̂ ^ Cf^-4 ^-°1 I&C 7l^g-
IE 7 l ^ ^ ^ ^

- 1300 MWe^l Controbloc N20i^i ^ r ^ ^ J i ^ i ^ l E 7 l ^ ^ CS3°1H

Class 1ES. S-Tr^Jl, GCTA

Contronic E
(Hartmann

Contronic E ^ ) ^ £ -

(4)

^Bflol^(station)

- ;*!l o) 31«! (level 1)4 ^^1 1 - ^ E . ^^E^(site computer Hi^ off-site

71 ^#
# £ . CFR(Front End Computer)^ - g ^ l ^ ^ e | ^ 14

2̂ 1 LAN^fe- 4 ^ 4 ^ ^ Al

4 ^ - g - ^-^ as.Afl>y ^^El(PCl f PC2)

0} 5.3.4$ ^^B l l - ^ : ^ ^ 1 ^ : control data banks,

- 25 -



°1 ^ -n-̂ i fe- long-term recording, logbook, operator aid, daily balances
5] J ! in-core mapping^ ^ -

- Dialogues ^ images^ ^e^ffe- 57fl̂ | OS(Operator Station) processor
(technical information roomH ^ ^ i ^ B i ^ -^

PMC(Printer Management Computer)
- dbifl(on-site) ^ e ) ^ ] ^ ^ 4 t | |o |^ s ^ ^

(Peripheral System Computer)^- site %5rtf ^
-fe- RLC(Remote Loading Computer)

(5)
N4

CRT ^

^fl, -f 10^ AHofl ^ ^ ^ 7|
291

4.

ell- ^1^§H &&Q°) ^$m 7l^
CRT S^^i ±%q Tja.^ ^.^j .^- CRT sf^oll 3.e]

cursorl-
i iEJi.^1-71-

(6)

- 26 -



Si

JS.S. 2 : # A ] ^ chief supervisor dialogue desk

S.H. 3 : # A J i

til ^ 9 | | c]l^£ife S-IL 2S. *m$\°] chief supervisor^}- safe

and protection engineer^>1) A>-g-s]£^- ^^£]<^ ^ 4 . H5];n. 4^J wî l]

^ i l , curve, fluid diagram^ ^ ^

dialogue-g- 7]S.H
key switch device : £ # ^ 1 ^^3.$\ ^^SJELl- ^ ^ ^ f e t l l A)~g-.

tfl <§ ^ i l^ :^ (mimic panel)^ ^ v ^ i AJ-*^- a*1^7] 41 ̂

mimic diagram^ 7fS. 3m

2m 5L7)Sl ^ ^ 27fl# al-g-sM -y^lSj<H SI4. °
±± 7}

$14. °1 ̂ ^ ^ Class

6.

7>.

(1) ^

^ S. 4 ] l 4

«1-8-

ility Requirements Document : UR;D)4
, 2̂ 741 A^oJlA^ 7^^711 ^
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1 EWI

2 EMI

3 E.MI

'92. 12 ~

'94. 12

'95. 3 ~
'99. 2

'99. 9. 21

~ '01.12

'02. 1 ~

'10. 6

i ; -^ .6 : , - 'M. ' ' i fy ; :••;;• '• /

4 Train ^ ^ s . -g-̂ l ^

(IRWST), °lf^^:?i#(Double Containment)

(2)

CPCS f-°l

IPS, QIAS

. 6 . S . PCS, P-CCS, APC ^ DCN

Soft Controller Y^-^ -S

PPS, ESF-FFS

1 $JU,

PCS (Plant Protection System)

ESF#

°1«2HS. ) Interlock 7 ) ^ ,

- Programmable Logic Controller(PLC)!:

- ^1)^1 ^-5] >g*l (Equipment Room A,B,C,D)

- Bistable 4 LCL 7]^ ^Q

- Rapid deterministic real time response

- 28 -



(Functional Block Diagram)

- Touch panels (MCB & RSR)

KNGR I&C Overview Diagram

12.

ESF-CCS (ESF Component Control System

ESF-CCS^l 7 ] ^ : Design Bases Accidents)^

#^ r IPS ^ QIASi

7l7l(Multiplexer)l-

(Throughput) SL?d

Data

Encryption 7]

Tech. Spec.^

- 29 -



- *}-§• A l ^ (2/4 Logic, Passive Test, Diagnostic)
- NRC SECY-93-087 Position 4 ^] S-Tj
- Programmable Logic Controller(PLC)!-
- *fl^*i £-3 it*l (Equipment Room A,B,C,D)
- A Functional loop^r ^r-s]^ Microprocessors
- Touch Panels (MCB & RSR)

• CPCS (Core Protection Calculator System)
1 « £ RCP # £ , 7>^7l <£§3, JL r̂̂ h £ £ , ,

•A #$. %•%: ol-§-̂ -<*l M ^ ^ l ^ l - ^ ^ ^ 1 ^ 1 ^ t ^ 1 ^ ASI, Radial
Peaking Factor ^ ^ 3l^§>^ fi.2:^^] ^1^1- ^ W . a ^ DNBR Pre Trip,
LPD Pre Trip * H CWP ^ ^ # ^ ^ 7 ] ^ 93 CEA Position 4| tfl^ ^ a f i f l »|e>]^-
^^1 €^>1- 31^>§1-̂  DNBR U LPD Penalty Factor* ^*\7\v\ A RSPT^
UEL, LEL, DRC^ 4 7 ^ ^ A I JH- PCSS. ^i^:§l-fe 7 l ^ # ^ « 4 . ^Wfl
^ ^ i ^ CPCS^: <̂H ĝ- 3*1 -S3. uB^-7l, ^H^g- <g<i7l, ±$2.± ^^7), System
Interface Processor ^

- 4 *H^ "T1^

- High Level Language
- Touch Panels (MCB)

(2)
• PCS (Power Control System)
t ^ H T f l ^ ( P C S ) ^ y]o>;*i ^ | f i s CEDMCS, RRS, RPCS

^: Mode-K 3.3«L

7171

Mode-K

- 30 -



l E.^ EL 7l#S] 4*11 Al̂ Efl
o. W 4^ 3̂1
- o ] ^ Soft Control

717) A ] ^ 7 ] ^

P-CCS (Process Component Control System)

Component ^^1 ^ 4°ot?}- ^ ^ ^^ r l - IPS ^ QIAS°1]
Common Mode Failure^ ^ I f ^ a l s . ^ ^ 7 l ^ = ^ ^ ^ 4 . o|

7l7l(Multiplexer)

51 ̂ i f (Throughput) SL?d, ^1S|^ .8.# ^

- Segmentation

CCS^ri Data

Encryption

APC (Auxiliary Process Cabinet)

fe Miscellaneous >l)f"i- ^ t b Hardware
APC^l ^ A ^Tfl^-^^ 4 ^ . 4

- PPS/CPC/PAMI ̂ ^ 1 -
- NSSS ^r-M^tCOLSS, NSSS ^l^^lf-, PCS)!-

(Component Control System: CCS)i-IHH

4 l̂f-^II #£• (PPS/CPCS/PAMIfe
Hardwired ^?fl)

- 31



DCN (Data Communication Network)
O

. 31 *> B})^ #£3]-4 ?flo|^- ;g# --

- State based

IPS (Information Processing System)
^r^^^Tll CRT* # « H

^ ^ - 1 - ^]^§fJL i S i ^ 6\ 7} Linkl-
%x}X\ ^ %*L ^ e | f- 4 ^ * ^^ i ^]€ 7 l ^ # ^1^*V4. a t b HDSR(Historical
Data Storage and Retrieval) 7 1 ^ ^

• QIAS (Qualified Indication Alarm System)
QIASfe FPDi ^ i l - *ll^ffe 1 f l S 3 ^ 4 ^^1 QIAS-PSf QIAS-NA

§14. QIAS-Pfe 4 i ^ Â]S1]O]:«V ^ ^ ^ rt-i ^ ^ ^ ^ ^ ^ f V t

§ ^ ^ ^ 4 . °) ^ 1 ^ ^ ^BflA^o.^ =?•<%$<>] (Sensor^-Ei QIAS-P
Processor v}*}) 5L% ^ ^ . 1 - ^ ^ ^ 4 . QIAS-N^- ^ a . ^ e i ^ I l
^l*>7l iHfb ^ ^ f ^ - S ^ - ^ ^ ^ A l ^ Z ] - ^^6( | tfl^- Backup*

2 ^ ^ i tfl^ 5§iLl- ^1^-^H LDP Mimici

• Soft Controller
Soft Controller^ 7fl o] M *)] o]-g- KEY4 ^ ^ ^ o f l ^ ^ - ^ ID1-
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. o)

- CRT (IPS-DP)

'̂1 B-|

Display
Processor A

IPS &
QIAS-N

I II I . I

ZLIJ LU
QIAS-PProc#A i

f f i i r
HJTCs
Process Instrumentation
CETs

LDP IPS

H I M H

Dfcffay
Processor 1

Dijhy
PncexnrN

Primary
Server

Backup
Server

I KejrPlaxt Parameters, PAMI Sfenals, i

\ anllCC Varialles&mother^stems :

13. QIAS

Maintenance
Processtr

250

4.

7fl

-f-

(1)

^ - ^ EBR

PRISMS 711^^741

PSAR
A ^ , «g.££ JOYO ^ MONJU

^ 71
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KH $14. I-HH

SuperPhenix^l 3413- £3-§- ^§-*M <s^S £-<>HH 7]-# §£• T | 1 - A4%], 34i ^

» a i , 2W<>}•£• BN Series^

, 341 ^ ^ î ^^# #

E B R o )

^7}, 3 4 ^ ^

tfl-§-«].31,

N4, Pl-Sf ^ l ^ ^ s l - f ^ ^ AP600, A B B - C E ^ Nuplex80+,

PRISM, ? H 4 4 ^ CANDU, ^ ^ r ^ Ohi 3&4, APWR ^ ABWR,

^oi2] Belt-D, ^ - ^ ^ Sizewell B, Halden Reactor Project #

7-14 ^r3^«Kl

(2)

31-B-
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(1) SMART MMIS

SMART(System-integrated Modular Advanced ReacTor)

SMARTS

7fl ̂ ^ #

SMART Tfl

SMARTS l l ^ l f ^ 3711

4. °11: 71^-1-^ SMARTS

^ISl^^fe ^ J l7 l ^#

o\) rfl^ ^ ^ ^ SMART

SMART^l ^^Tflf-^r NSSS, BOP

l^-|- ^
SMART

• Tfl^Tfll-

SMART MMIS5] ^ -^

§1-71
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. SMARTS

4

BSF-TA 1

4

4.. 4 *•
CA | «A 1 DA

gei* )nttatb> oioi ttgnf

Control Room

Hanaij

^ 4 Jf

'i^S

* £

f . <»

' < . < • • " • • " • • ' —
« « t » « I . y •. .. »-T

' [ . . \ it ij. ̂ . ̂  .̂  *. i. * , v , , ' * . '. i.

• > . « • • • • • ' • » ' <

' ? , ' ^- * . - ^ ^ * -

* j ; i

CH.A Houfcri ( l » g m » n t i ) CH. A Roufc r a ( l *gm • nt 3) I

Safety A Acquisition Network

14. SMART

# 2:7]^

SMART ^ MMISi

SMART
SMART^H
*m 71 ̂ #

0}
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Tfl I-

] ^

1 Ji

' i i i . i i 1 1

11 ii •; i I • rn i it i it i ' f i ,. l 1*1 ' -i. \ •'• ti!

I

1 >Su

* Distributed

PLC based system

NNAN : Interfacing with P], NI, PPS

15. SMART

7}7}S]

71^3] ^el

71 ^ #
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Main
Processors
(Dual System)

Safety Ch. A/B
Dual LAN From I&C Systems and .

Other Information Systems
To Other Information
Display Systems

16.

(2)

drift),

471
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71

Isis.

71

4 .

i £E»|o]o) back-up
Tfl
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fe T}<g=/£4

7] ^ -

] 71

(MTBF)4
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5}-

^4. ^ ^ ^ 711̂  A ^^14

7171 7 j ^

7]
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7}. Nuclear Energy Research Initiative (NERI) ¥.
(1) W

€43

(2)

- €43 ^ ^ ^ ^ - ^ J , al̂ ^O ,̂ ^|7l# -̂̂ 1 ̂ - ^ if-§M a l ^ - €4
^

- € 4 3 7]# ̂ ^ ^^ofl Ô Ô Â  Bi^-s) 9^13 e)c]^# -fi-4«l-7l ^ tv €

43 4
- ^] Hfl 71
- €43

(3)

Presidential Committee of Advisors on Science and Technology)d\}A) ty-%-

4 ^
iiM4

PCASTfe 1997\i 11€ €
^^«>Jl , ^l^i^l^-(D0E)7> NERI (Nuclear Energy Research Initiative)!-
€43"?!T1-7fl^^- #^21-1: ^ * ^JLS}^4. DOEfe PCAST^l ̂ aL#

^ 3007B <>]<#<£[ -^3.^4 ^ 467fl

12671] ^ - S ^ ^ l ^ 107fl

(4)
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]-g-,

(5)

NERI4

NERI

24

2. NERI S

4*11 Sis.

990306-99

990119-99

990168-99

7-00

Smart Equipment and
Systems to Improve Reliability
and Safety in Future Nuclear
Plant Operations
A New Paradigm for
Automatic Development of
Highly Reliable Control
Architectures for Future
Nuclear Plants
On-line Intelligent
Self-Diagnostic Monitoring for
Next Generation Nuclear
Power Plants
An In-Core Power Deposition
and Fuel Thermal
Environmental Monitor for
Long-Lived Reactor Cores

*SNL, Penn. State U.,
MIT, CE, Duke Eng. &
Services

*ORNL, NCSU, Univ. of
Tennessee

*PNNL

*Ohio S. U., U. of Akron,
Westinghouse

(CE-BNFL-Westinghouse) (1) Risk-Informed Design and Regulatory Process, (2)

Design, Procure, Construct, Install, Test Project, (3) Smart Equipment Project (4)

Large APWR with Passive Safety Feature

. Generation IV ( 3 1 #

(1) «H3 ^ ^

20V1 9l°\

2000\i

4471-

(2)
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Generation IV Reactor^] 7]-g.HH):£r 4 ^ 4

- Modular and Standardized Reactor

- Modular and Standardized I&C

- Passive-Safety Design

7 ^

(3)

- NERI, Generation IV Technologies

IAEA*

(4)

- Highly Tolerable of Human Error

- Very Low Probability of Core Damage by I&C

- Robust Safety Systems(RPS, ESFAS)

- Simple, Well-Designed Control Room

- Reduced Dependence on Complex Human Actions

- Expert Systems, Digital Systems and Computer-aided Control

- Self-Testing and Self-Monitoring

- Extensive use of Advanced Automation

- Use advanced PRA to I&C

- Improved analytical SW and Human Factor V&V methods

- Risk-informed Design and Licensing

- Online Monitoring of System Degradation

- Simple Design of Safey Systems

- International Standard(Module, Cubicles

- 44 -



(5)

- Cost-Effective I&C Design and Regulation

- Total Project Lead Time < 4years

- Construction Lead Time < 3 years

- High Degree of Standardization

- Designed for Life Extension(No maintenance I&C)

- Cost Effective Replacement of Component

- Maximize Online Maintenance

- Minimize O&M labor

- Simple Design (Modular)

- Optimize use of Advanced Information Technology

- Maximize use of COTS HW and SW

- International Licensing Framework (Cost-effective Licensing)

4 . Nuclear Energy Plant Optimization (NEPO)
(1) oj^r

(2) «fl^ ^ ^3g-

#^1^1 tfl̂ f-^fi] ^r^^S)- 7l#7fl^(Climate Change Technology Initiative:

CCTI) M a ^ S ] ^iL*> 1 ^ 1 4 . 1̂ i M ^ l ^ ^ r ^ ^ ^ ^ ^ 1 4 Hl-g- ^r^ %&^r

^^\3L ^ ^ v]^ s].£|fe 2000^1 Sj^l^Son 5̂ 1 ̂ 1 - ^ ^ ^ § 1 - ^ 4 . 7}^ v)^-

NEPO I

oil ^ . ^ 1 - J L $14. °1°11 4 4 NEPO 1 £ 2 ^ 4-B-

(3) ^ ^ ^ 1 4 ^ - ^ ^-4=1 2ooo s l ^ l ^ t ^^1 1571] NEP04*H

- Material Fatigue

- Fuel Performance
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- Component Inspection

- In-service Inspection and Testing

- Stress Corrosion

- Digital I&C

- Human Factors

«J4] NEPO

- Development of technology for detection and characterization of defects

in steam generator tubes

- R&D on mechanical behavior of irradiated structural steels

- Assessment of natural aging effect on component

(4) 2001 iMl<S:£ Til 3

D0E/ERPI/NRC2-S1 ^ H ^ 7]& <g^l - Tfl# * ) « J 1 Joint DOE/EPRI

Strategic R&D Plan

. EPRI
(1) EPRI 31

(2)

- Advanced in-core power sensor

- Instrumentation maintenance & calibration reduction guidelines

- Development of instrument performance analysis software

- I&C replacement/upgrade implementation guidelines

- Programmable logic controller (PLC) applications

- Plant-specific I&C life-cycle management demonstration

- Application specific integrated circuits (ASIC) applications

- Prototype ultrasonic PWR coolant flow/temperature measurement system

- Solid-state H2 sensor

- Modern control systems for nuclear power plants

- Dynamic safety system (DSS) applications

- I&C technology user support

- Integrated systems based on distributed architecture

- Environmental testing of fiber optic sensors
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4. DOE &*m <

(Economics), «|^(Proliferation), M ' S (Safety), 3fl7l#(Waste)

(D NEPO(Nuclear Energy Plant Optimization) 31

NERI (Nuclear Energy Research Initiative).^ I-NERI

#71

Generation IV 15°H^ 20^

NRC Relicensing

- Argonne National Laboratory (AND

- Brookhaven National Laboratory (BNL)

- Idaho National Engineering and Environmental Laboratory (INEEL)

- Lawrence Livermore National Laboratory (LLNL)

- Oak Ridge National Laboratory (ORNL)

- Sandia National Laboratories (SNL)

- NRC

(1) Argonne National Laboratory (AND

ANL-&1 Reactor Analysis Division^ Advanced Monitoring, Diagnostics, and

Control 9l^m <rW3- %M. °] ^-°>^ 4 ^ - 4 ^ ^
- Process Monitoring and Signal Validation :

-=k -rl^- Multivariate State Estimation Technique (MSET)°l2l-fe SW-

7fl H-

- Diagnostic and Advisory Systems :

PRODIAG^el-ir SW1- 7^^

- Advanced Digital Control : y ^ ^ l ^

Reactor Analysis (RA) Division^)- Reactor Engineering (RE) Division0!
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^ Advanced Simulation and Control Laboratory (ASCL)

- Simulation of nuclear (or fossil) power plant systems and human-system

interfaces

- Development of process monitoring, diagnostics, and control software to

optimize the performance of nuclear plants and other engineering

systems

- Enhancement of safety analysis capabilities for domestic and foreign

reactors (in the framework of international cooperation on safety

technology and open exchange of safety information)

- Modeling of nuclear waste forms and waste management systems and

concepts

- Assessment of advanced transportation systems and traffic management

concepts

JL, ANL^ International Nuclear Safety Centers°1H ^5]^]-^. §j.^ Russia

§Kr 9 7}x] ^ ^ ^ f^ 4 ^ 3 I&C # £ ' S ^ - i H ^r*8=)jL $14.

- Development of Techniques for Monitoring and Diagnostics of Sensors,

Systems and Equipment

Electronics & Computing Technologies (ECT) Division ̂ H ^ I&C &Q <$.=?-

si Detector Development, Hardware Design, System Design, Software

Development &°\£\ < 3 ^ # ^*S§}2.$14.

- Detector Development ^°\

~ Radiation Detectors: Semiconductor Detector Systems, Scintillation

Detectors

- Imaging Detectors: CCD based Image Intensifier X-ray Detectors, CCD

based small area X-ray Detectors, Large Area CCD-array detectors,

Neutron Imaging Detectors, Amorphous Silicon TFT Readout Detectors

- Miscellaneous Detectors: Motion Detectors, Positioning Systems,

Temperature Monitoring, High Reliability Data Recorders

- Hardware Design &<>)• • Custom VME, VXI, CAMAC Modules,

Computer Interfaces, Motor Controls, Printed Circuit Board Design

- System Design ^^ '• Data Acquisition Systems, Control Systems,

Safety Systems, Electronic Communications, Telecommunications

- Software Development -ar0)1 : EPICS Applications and Device Support,

VxWorks Real-Time Systems, LabView Based Controls, PLC
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Programming, Man -Machine/Operator Interfaces, Sioftware systems and
custom designed programs on PC, SunOS, HP-UX, VMS

(2) Brookhaven National Laboratory (BNL)
BNL Î Research Department TT Energy Sciences and Technology Department

i # ^ | Nuclear Science and Technology Division^] Nuclear Systems
I&C ^ <$^£- Russia ^ Ukraina W ^ ^ r M ##>$ %HV# ^
s] International Nuclear Safety Program (INSP)^ ^ ^ C L S . 31 # simulatorl-
t!: Training program, 41 i? simulator-^ -g*l, 7 ] ^ simulator-^ 7fl4i f̂=~g: ^ f

^-cr Department-2] Nuclear Energy and Infrastructure Systems Division
£] Systems Engineering and Safety Analysis Group 1r Human Factors &
Performance Analysis ^ H H f e A^ € 4 ^ # 3 ^ I&C ^ ] ^ ^ ^ upgrade ^ %
% %Q2\ digital I&C4 ^€*> 4 ^ 4 ^"-^ "S1?!- ^rg3«U 5A4.

- Human Factors Design Review of Advanced Reactors
- Development of An Advanced Control Room Design Review Guideline
- Advanced Alarm Systems
- Human Factors Issues Associated With Hybrid Human-System

Interfaces

Systems Engineering and Safety Analysis Group ir Engineering Techniques
and Applications ^ H H f e <&l-$\ °i^-^ 4 ^ 4 £ £ £ 7 ! - ^r^l^ai $14.

- Risk-based approach to rank the relative impact of environmental
stressors (temperature, humidity, vibration, smoke, radiation and
electromagnetic interference/radio frequency interference) on digital
Instrumentation & Control equipment and, consequently, on plant risk

, BNL-e] Research Division i»r Instrument Divisional ̂ ife 4 ^ - 4 £•£: Lab

Gas Detector Lab: National Synchrotron Light Source
•c: ultra-violet ^ x-ray photons source) 4 BNL^ High Flux Beam
ReactoHl *£&-*}; detector 7fl^-i- ^sfl 4 w 4 ^ ^ ^ ^ ^*S

- A New Technique for Parallax Reduction
- High Pressure Xenon Spectrometer
- One and Two Dimensional X-ray Imaging Devices
- Neutron Detectors
- Detectors for Particle for High Energy / Nuclear Physics
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• Semiconductor Detector development and Processing Lab:

- ^ " ^ silicon detectors 7^g

- radiation damage effect hardness studies

• Microelectronics Lab:

- CMOS Integrated circuits, HYBRID and MCM., BIPOLAR

Integrated circuits

• Micro-Fabrication Lab :

- CRADA with Lockheed Martin Tactical Defense Systems

- High Aspect Ratio Deposition Masks

- High Speed X-ray Detector Array for Synchrotron Applications

• 7]E}- : Optics and Metrology Laboratory, Laser Laboratory, Electron

Microscopy Laboratory, Vacuum Deposition Laboratory •§•

(3) Idaho National Engineering and Environmental Laboratory (INEEL)

NEEL^l Human Factors Group^Hfe 4 # 4 £ £ Q^A $14.

• Nuclear Operations & Process Control i r 0 )

- HF Engineeing Support for Westinghouse Hanford SAF Project

- Procedures Writer's Guide

- HF Course Development

- M&O Factors in Risk Assessment

- Risk Impact of New Technology

- Video Display Unit Guidelines

- Use of Artificial Intelligence (Response Tree) in Process Control Rooms

- Nuclear Power Plant Operator Performance During high Stress Events

- Onsite Analysis of HF of Operating Events

- Human Reliability Analysis

- Nuclear Computerized Library for Assessing Reactor Risk

- Maintenance Personnel Performance Simulation

- Control Room Upgrades for INEEL Advance Test Reactor

- HG Support to Design Reviews

- Task Analyses

• General Applications ^-°1:

- Human-System Interaction: A Methodology for Analyzing Human

Performance

- Field Test of the Personal Electronic Aid to Maintenance

- Workload Guidelines for Advanced Technological Systems

- 50 -



- Investigation of Medical Mis-Administration

• 7]E|- Military, Commercial Aviation T 0 ) "S-T1

ZL5]JL, The Center for Human-System Simulation0!] *\

- Multi-Modal Influences on Decision Making

- Micro-Robot Cooperative Systems

- Adaptive and Context Sensitive Systems

- Advance Tactical Command Center Design T M

Software and Electronic Departmental *\ ^

& OLI+ Sensor €-6>S) o ^ S . Sensors for Plasma Systems, Chemical

Sensing, Laser-Acoustic Non-Destructive Examination, Real-time, sensing and

adaptive control systems for arc welding and other high-luminosity and

rapid-motion processes, Advanced Size and Shape Determination, Tagging and

Bar-coding Techniques if-fr "g^-^JL

2-th Power Systems Engineering Department0!] *| ̂  "Q-p- it I&C

- Centralized Utility & Power Plant Supervisory Control Systems,

- High Voltage Monitoring & Diagnostic Systems

- Prototype System Development & Testing

(4) Lawrence Livermore National Laboratory (LLNL)

LLNL-̂ I Fission Energy and Systems Safety Program ir Computer Safety

and Reliability CenteHM ^ ^r-S- ' S T 1 ifl-8-^ ^

- Software Safety and Reliability : rfc^

- Real-time Performance : 7fl#^^^] ^

- Testing Commercial Safety-related Software : #-§• 4;SS.

7m
- Data Communications :

ABWR Technical Review : GE^] ABWR M ^ l f

Software Verification and Validation :•«&#?!:^ i ^ E . ^ 1 ^ - 7 ] a}

- CE System80+ Technical Review : ABB-CE^
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(CMF), 4] iriLJl(Defense-in-depth), 4 °<H (diversity),

Defense-in-Depth and Common-Mode Failure Assessment of WH

AP-600

Defense-in-Depth and Common-Mode Failure Assessment of GE SBWR

Technical Specification Review for ABWR

Technical Specification Review for CE System80+

Safety Hazards Analysis Criteria : ^ * l l ! T f l ^

- Vendor Program Assessment : -fi^i ^^^ f - *}•%•

o l^ LLNLS] sensor 7)^7^^ ^-§"4 ^ ^ 1-OH1 3 H ^

- Low-Level Radiation Sensor

- Compact Analytical Neutron Interrogation System

- Compton Backscatter Tomography

- Radiation Sensor

- Composite Radiation Detector

- Intelligent Nuclear Sensor

- 7]Ef: Optical Chemical Sensor, Solid-State Infrared Camera, Remote

Electric Field Sensor, High-Speed Digital Camera System, Tomography

for Detecting Defects and Corrosion Damage, Imaging Fourier

Transform Spectrometer (IFTS) System, Chemical Analysis Sensor,

Corrosion Sensors, Sensors for Medical Diagnostics, Diode Laser

Absorption Spectroscopy (LAS) Systems •§•

(5) Oak Ridge National Laboratory (ORNL)

ORNL^l Instrumentation and Controls Division-c: Electronic Systems Section,

Analog and Digital Systems, Signal, Information, and Knowledge Processing

Section, Technical Support and Management Systems Section-2] 4 sectionAS- ^ ^

3X^ ° 1 ^ ^-5- 3 section^ ^ ^ 7 ] ! ^ - ^ ; ##«1-JL 4«i*1) section^

±: 3 section^ ^ ^ f e 4 ^ -

Electronic Systems Section

• Analog and Digital Systems:

- Chemical and Biological Mass Spectrometer

- Circuit Breaker Monitor, Closed-Loop, Step-Motor Control Using
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Absolute Encoders

- Electronics for Large Sonar Arrays

- Sensor Concentrator for Special Nuclear Material Inventory System

• Monolithic Systems

Application-Specific Integrated Circuit Design and Algorithm

Development for Life Extension of Nuclear Power Plants

- Bioluminescent Bioreporter Integrated Circuits ("Critters on a Chip")

- Infrared Transmitter for Tracking Africanized Honeybees

- MEMS Sensors for High-Sensitivity Measurements

- high resolution x-ray computed tomography (MicroCat)

- Molecular-Scale Electronics and Nanoscale Technologies

- Nuclear Materials Identification System

- PHENIX Detector Systems

- Photospectrometer on a Chip

- WA98 Experiment at the European Center for Nuclear Research

• Radio Frequency and Microwave Systems

- Current Signature Analysis

- Microwave Cavity Measurements of Hydrogen Pellet Mass and Velocity

- Microwave Inspection System for Monitoring of Manufacturing

Processes

Microwave Reflectometry for Plasma Electron Density Profile

Measurements

- Millimeter-Wave Radiometer Measurement of Plasma Electron

Temperature

- Personal Radio Frequency Dosimeter

- Portable Microwave Diagnostic Probe

- Radio Frequency Microtransmitters

- Variable-requency Microwave Furnace

- Video Intercept Receiver

- Wireless Sensors for Manufacturing

- 94-GHz Reflective Environment Communication System

Measurement Science Section

• Advanced Laser and Optical Technologies

- Optical system design and analysis
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Mathematical modeling and analysis

Laser R&D (optics, detectors, and sources for the IR, VIS, and UV)

Optical metrology

Optical sensors and measurements

Optical signal processing

• Advanced Nuclear Measurements and Controls

Acoustic Signal Processing

Application-Specific Integrated Circuit Design and Algorithm

Development for Life Extension of Nuclear Power Plants

Continuous Automated Vault Inventory System

Fissile Mass Flow Monitor

Fluid-Bed Upgrade Using Chaos Analysis

Fuel Disassembly System

Future Command and Control Vehicle

Gas-Cooled Reactor Simulator

Gas Flow Metrology Development

High Flux Isotope Reactor Monitoring System

Kalman Filter for Control of Complex Processes

Mechanical Design Drafting Capabilities

Modular, Distributed Hierarchical Control System

Nuclear Materials Identification System

On-Line Web Quality Monitoring System

Process Simulator/Trainer

' Sensors and Instrument Research

Computer-Generated Holograms

Continuous Automated Vault Inventory System

Fluid-Bed Upgrade Using Chaos Analysis

Galvaneal Thermometry with a Thermographic Phosphor System (1999

R&D 100 Award winner)

Gas Flow Metrology Development

Harsh Environment Sensors

Increased Semiconductor Equipment Reliability Through Improved Mass

Flow Controllers

Intelligent Sensing Instruments and Solid-State Sensors

Large-Area Plasma Facility with Real-Time Control

- 54 -



- Neural Network for Motor Fuel Identification

- Optically Based, Position-Sensitive Radiation Detection

- Portable Microwave Diagnostic Probe

- Rugged Incipient Failure Monitoring Module for Use in Oilfield Drill Bits

- SIMSICK Biocybernetic Device

- Solid-State H2 Sensor for Safety Applications

- Stamp Perforation Registration Measurement System

- Transient, High-Temperature Gas Flow Measurement System

- U.S. Navy Tri-Axis Magnetometer

- UV-B Exposure Facility

Signal, Information, and Knowledge Processing Section

• Advanced Methods

- Aircraft Recognition from Acoustic Signatures

- Enclosed Space Detection System (1997 R&D 100 Award winner)

- Fast, Continuous Wavelet Transform

- Forensic Analysis of Audio Evidence

- Magnetic Spectral Receiver (1995 R&D 100 Award winner)

- Multiresolution Analysis: Wavelet Transform Applications

- Neutron Signature Analysis for Nuclear Weapons Identification

- Predicting Failure and Incipient Failure of Aircraft Integrated Drive

Generators

- SIMSICK Biocybernetic Device

• Experimental and Operational Facilities

- Cesium Removal Demonstration

- Enriched Uranium Operations

- Environmental Effects Laboratory

- Fissile Mass Flow Monitor

- Heavy-Section Steel Irradiation Annealing

- High Flux Isotope Reactor Cold Source

- Nuclear Materials Identification System

- Radiochemical Engineering Development Center Support

- U.S. Department of Energy Transparency Program

• Image Science and Machine Vision

- Measurement & Controls for Industry: Semiconductor Wafermap
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Analysis, Direct-to-Digital Holography, Semiconductor Electrical Test

Analysis, Semiconductor Defect Analysis, Image Retrieval in the

Manufacturing Environment, Characterization of Paper Formation, Textile

Printed Pattern Inspection, Imaging Colorimetry, Inspection of Technical

Ceramics, Oak Ridge Web Testbed, Test facility designed to facilitate

the development of web inspection technologies, Currency and Postage

Stamp Inspection

- BIOLOGICAL SCIENCES: Analysis and Screening of Digital

Mammograrns, Small Mammal Computed Tomography, Biological Mine

Detection,

- SURVEILLANCE & SECURITY

• Real-Time Systems

- Electronics for Large Sonar Arrays

- High-Speed Digital Recorder Interface and Playback Decommutator

- Real-Time Beamformer Measurement System for Accurate Estimation of

Underwater Acoustic Energy

- Shore-Based R&D System for Sonar Systems Certification

- Sonar Signal Analysis System

- 800-kHz Narrowband Signal Processing System

(6) Sandia National Laboratories (SNL)

High Integrity Software Program°J) Ai -fe- Correctness Research

- Abstraction, Synthesis and Transformation

- Software testing for High Consequence Automated systems

- Visualization of Abstract Objects

System Immunology ^

- Digital Isolation & Incompatibility

- Critical Software Event Execution Reliability (SEER)

- Security and System Fault Analysis ^ ^ l - ^

., Electronics Quality/Reliability Center

- Failure AnalysisMicroelectronics Reliability

- Microelectronics Reliability

- Micromachine (IMEMS) Reliability

- Packaging Reliability
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- Radiation Effects

- Electronics Materials

?=•£) ^T2--!- ^r^^fJZ. $1A^, Energy, Information and Infrastructure Technology

Division£] Risk Assessment and Risk Management "S^-i- Environment and

Environmental Restoration, Information Systems, Nuclear Reactors, Physical

Security, Production and Manufacturing, Transportation, Waste Management,

Weapons ^ £-°l=S- t K v - ^ - ^ ^ § ] . J I £14. O | - Information Systems £ - ° | ^ <S

- Communications Network Reliability

- Risk Management of Software and Information Systems

- 7]B|- : Qualitative Methods for Assessing Risk, Risk Management Tools,

System Prioritization Method, The Laboratory Integration and

Prioritization System (LIPS) f - # ^ W ^

(7) NRC

Control, Instrumentation, and Human Factors Branch £(- Office of Nuclear

Regulatory Research°lH ^ 3 ^ < y Tfl^HH £ ° H « <3-^-§-£ °\n$\ ^ " 4 .

(D I&C

- Environmental Qualification of Advanced I&C (with ORNL)

- Acceptance Criteria for EMI/RFI in Digital System (with ORNL)

- Impact of Smoke on Digital I&C (with SNL)

- Total System Requirements Spec Framework (with SNL)

- Risk Ranking of Environmental Stressors on Digital I&C (with BNL)

- Application of Computer-Based I&C Systems to Nuclear Power Plants

(with National Academy of Science)

- Digital System Performance and Reliability (with Univ. of Virginia)

- CASE Tool to Evaluate Diversity in Safety System Hardware (with

National Institute of Science and Technology)

- Software Language for Use in NPP Safety Systems (with SoHar)

- Investigate and Develop Digital System Reliability Measurements (with

LLNL)

- ESFAS Requirements Specification Framework (with LLNL)

(2) Human Factors

- Human-System Interface (with BNL)

- Personnel Performance

• Review Guidance on the Staffing of Advanced Reactors
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2.

7\.

Revision of Human Performance Investigation Process (HPIS)

Human Performance in Complex System (with Univ. of Wisconsin)

Root Cause Investigation Improvements (with Performance, Safety &

Health Associates, Inc.)

Organizational Factors

Case Studies of Organizational Effectiveness (not yet assigned)

Early Indicators of Organizational Effectiveness (not yet assigned)

Performance Modeling by Discrete Events (with Army Research

Laboratory)

Improved HRA Methods Based on Operating Experience (with SNL)

Management & Organizational Factors in PRA (with INEEL)

Training and EOPs

Human Factors Event Database

|̂ 7|

ANP(Advanced Nuclear Power)

4.
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(1) &&E,

- nuclear phase-out
- A}-g- ^ Sflccis ^ e ] i ^ C0GEMA4

(2) ^ ^ " ^

• € ^ > ^ ^ ^

- 1999^ 12€

^1 ^ ^ " ^ 71]

l : fuel cells, solar PV, wind power, biomass-f-

7] $n ANPCAdvanced

Nuclear Power) # -T 1^.

Framatome ANP(66%) + Siemens(34%)

- 1999V1 ^m°\] tfl$ o ^ 2:Afo]]A-] 59%

- Fast Reactor Breeder.

(3) ^

2002
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(4)

• w^
- 1998^

(5)

- Nuclear Fission Research ^^-=r ^< Î S E 7fl̂ -, AI ««^S. 7 l t ( 2 E )

- preliminary neutron and thermoidraulic design-i- ENEA^f ABSALD07]-
^r«S§l-^ DEMO plant

(6)

2003̂ 1 °1 °̂11
€^>^ ^ t ^ * M ^ f J E S ^-^1 ^ ^ ^ - 1 - %^}7} ^ NRG (Nuclear

Research and Consultary Group)* ^°] ^--fi-f}^!- ^f-.
&Q •^:O]L'- Materials, Monitoring and Inspection, Fuels, Isotopes, Risk

Management and Decision Analysis, Radiation and Environment)

- High Temperature Reactor
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- Mixided Oxide fuel development

(7) i ^

H £)«1) Moratorium Plus*

- Moratorium^ 'A^-^ ik#&£\ upgraded ^

7)

"n" ^ ^ (Pilot + Demo plant projects).

- P+Di

Moratorium Plus*

plantl- ^7j | ,

Solid state physics and Material Sciences, Particle Physics

- Life sciences

(1)

^r 1995^^-^1 tf^^M; ^ l ^ " * 1188 MW

^?1 Sizewell B(l7fl5i ^ 4 ^ ) 1 - i ^ - § } ^ 87fls] ^ x ^ ^ - ^ ^ l - a.-fi-^ British

Energy^] ^^ -g -^^ ) 9)600 MW<H1 ° ] s . ^ , 1999-2000?> %• 1 ^ ^ ^ : 63 TWh^l4.

Sizewell B °}$\$) it#±^-& AGR (Advanced Gas-cooled Reactor^ cfl^-^ro]^(

Torness^ Heysham 2x= 3 5 ^ ^ ^ r ^ ^ : #S.^ 5 \ 1 ^ ^ ^ ^ ^ 4 - W J L $14. 1995

\l£oi] ^ - g ^ ^ - i - A]4tl- 7 f ^ ^ ^ r ^ ^ ? I Sizewell B ^ I&C n%<>] &^$\ tfl^o]

^ , 1996^ British Energy^ Millennium IssueS. ^ | A ] ^ ^j-s. ^ofl^ "Safety

Approach"7> c ]^ )^ I&C ^ 1 ^ ^ 7fl

(4 ) Sizewell B ^ c - ] ^ l I&C
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Sizewell Bfe " ^^.(unusual alarm)"
evacuation procedure^

Protection System (PPS)"fi1
^ , Sizewell B € ^ ^ 1 "Primary

100,000 df&si] %fttf 3 H t 4-g-^ ^ ^
PPS71- Jl^-M-^ SizewellS-^-Ei 90 Km 7]
^ *1*H nuclear meltdown^ <^%to.S. ^

] ^ : E ^(barrage of tests)# f-̂ il FPSt-

Nuclear
Electric

^ Sizewell B
^ (uncertainty)^: Nuclear Electric

174 ^v^r

tndependerrt desyi assessment (1Q^ ^^j -1

contixtof
acthrittes

17. Sizewell B

NIH s
, PPS°11

, 100,000^1
l,000\li l ^ A S ^^§}<^ 4 ^ ^

light)7> 1 : ^ ^ 1995^
, full power £ #

fl«> -f ^(doubts)
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(4) 3^-71^
^ AGR Nuclear Electric^ ^sfl "civil UK reactor" <

1̂ ^^-^-7] at j£s.7flf-(computer-based protection system)1?! AEA Technology-^
Single Channel Trip System (SCTS)fe safety critical softwiare î 7fl̂ -s)- 3-^\B\^
Al̂ Eflo) j= 7|-̂ l7> JL5}.s]&4. Coolant gas flowl: ^It!:§f3- channel cooling-=r #
oj^r 7]-^ JL^Kgas failure)^-^ 91*}^ jm^^} ^^11- 7 ^ # 7 l nJĴ .6flf
Dungeness B AGR Nuclear Electric^ ^ ^ ^ r ^^>S.l- ^r^(modification)*^ ?A£-
4fe 7]-i^*V(gas fault)^ W ^^(defense)
Tfl^A^H^ 40871]̂  Qx}S-£) ^ S . ^fl^(fuel channel)
temperature trip)^: tfl^-^-S. S}^^. 7

Jl afl^H lfl*> ^ . ^ # ^Alo]] n].2:^.ES. ^4fEi-7ltii i iS^ll^ 'y SCTS#

SCTSfe 7>^ji^i- A } ^ o^s. ^ ^ ^ f e "high coolant gas outlet temperature"7}
fM (detection)£]^ €^>S.# ^ ^ ^ 7 ] ^ AEA Technology^ "Inherently Safe
Automatic Trip (ISATTM) ^ S # ^ ^ § f ^ 4 . ISATTM ^ ^
2~out-of-4 fe^o]]^ 4 ^ - ^ i r 47fl^ M ^ 4 S T 1 ^ ^ ^ , A
thermocouple1^ &7) ^&°]} 7}^$) 2-out~of-3 ^ 5 ^ 1-71-^*1-4. A 1 ^ E ^ i l l
4fl<Hfe- 7 l^ ISATTM A l i ^ 1 * ^«B 7fl^-^ 10\i °lAov i i l ^ H isi7l- ^ ^ * W
^^r °l^^r 7>̂ 1 ^ ^ , high coolant temperature protection^- -r|«l] Dounreay^]
prototype fast reactorl- °l-g-*H 7fl^

ISATTM Al^^jfil jBL̂ i ^ «>4S. 7]7l
SS-^- s. ^ *X£-™\, °11- ^«fl 51 -̂̂ 1 PC fiM^7> A]-§-El4. SCTS

tf

thermocouple ̂ ])
32.

J5.3. thermocouple data§ 3.^

r IEC 880°fl 42f 7flH-£|^^.^, EWICS
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TC7£] "adaptive software maintenance model" 3 . ^ El •%•£.&
^ H 3-§-*r$4. ±2.E,$l<>\ £ 3 (software changed A #3144
(tflif

- Customer£} ^r
feasibility study

(configuration Report)

^^^-^(Failure Modes Effect analysis: FMEA)4 ^% ^^-^-^(Fault
Tree Analysis: FTAH ^^s\9X^. 91^7}^- ^:^§>^ d ^ J E ^ H S ^
SCTS5] 4 ^ ^^S:(precedent-setting)i <^tf7} Sl4fe ^1S](confidence)

(5}) i i

^ ^ ^ - 7 l a > ?> 7̂̂ 1 f-(computer-based safety-critical systems)
slfe- ilMl^i-i- ^ ^ <3::TL*}7l ^^ r "Demonstration of Advanced Reliability
Techniques (DARTS)"^r CECi

Ke.g., black box, white box, statistical&operational), ne)
. DARTS ^ ^ ^ S C T S i ^ ^ ^-o] 2-out-of-4 fesil- Sfe 47fl

rflfV ^.^i# ^sfl, 4<^<^ .a.?-^(natural language requirement
specification)!- ^^>t t4 . 47fl *fl̂ ofl cfl§}ô  4 7 ] | 7fl^
i tfltt -S-^^^ll- ^ 4 t t 4 . ^ ^ S , 47fl a . s ^ ^ 5 l
(effort)i tfl^ ^-^, ^ ^ 3 ^ ^ ^ (static code analysis), ^ Q-Q&q (productivity
analysis)^ ^7} -B-g-^^^-^- ^14^31 $14. ^r^, 1980\i.tfl 2 € 4 ^ ^°>^ ^
^©1 S £ Adelard staffl-^l ^«fl ^ ^ ^ ^ (formal methods)^- "Sizewell B PPS
(Primary Protection System) 3 j 7H -g-g-"§>fe <g^7r ^ ^ ^ ^ 4 . o ] 5 ^ Adelard

-I:0! "on-line plant monitoring system 5j7]-"£}- "quantified
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software safety cases "ST 1 " ! - 3L^-«>ja. $m. 7]Hf, Scottish Nuclear Electric p lc^

«fl "The Nuclear Safety Research Programme on C&I" ̂ 5 . ^ . ^ <£

Adelard^l safety case^l ^^ Q^S.*] "QUAntification of Reliability

in Computer-based systems(QUARCl4 QUARC2)", The University of Virginia

Reactor (UVAR)^] 2 MW 1 # ^ 5 ] concrete walled pool reactor!- °]-§-t!: safety

critical systems0!] W

(2)

(7r)

21.2 GWe<>lH 2010^4^1 27.56-29.2 GWeS.

](shutdown)

2010\!^r4 ^7]§]-^r -o- 7}%-^ (operational lifetime)* ^^-«}fe ^ ^ ^ . S v

l ^ , 600MWe CANDU

® Ignalina ^v^i4i^ ^l

EBRD(European Bank for Construction and Development)

Ignalina € 4 ^ ^ v ^ ^ 27fls] RBMK ^ r S J i j M ^ o l upgrade € ^]

s)-fi(Westinghouse)5r AEA Technology^ Slsfl ^«S£] ^ £

Sizewell BS}- ^[3. Temelin ^"^i^0!! 4-§-^ ^l^^«>-f^^| S S ^ i 4°\ 7)7}

(process control equipment)!- -§-^«l-7]S. ^ ^ £ ] ^ 4 . ii3l^lJi- §}M-fe low reactor

coolant flow(LRCF)# £.$.^3., 4€- §}M-̂ 1 S.Jl^f-^- low operational reactivity

margin(LORM)# i s « t 4 . i i s ^ l ^ upgrade!

, °]S- °±n ^A^ &^°] RBMK

"G7 nuclear safety account"# f̂-Sfl <S:?-«l7> 4

• LRCF

LRCF 7 ] ^ ^ : reactor corel- ^zj-^ffe 16617fl 5] reactor Inlet water pipeline0!]

ant)l- ^-^"§Hr 407fl group distribution headers(GDH) i r ^ i r . -&V45]

^]3.lJEl(check valve) ^ f e ^5 ] €«-(isolation valve)^] J l ^ l - ^7417]

^(design base) 4 ? ! (event)^-5. ^ty. o l s ] ^ A } ^ ^ reactor inlet water pipeline^)

coolant flow# S.^]^\^^}JL, low flow ^ l - ^ H H ^ € 4 5 .

• LORM

Low ORM(operational reactivity margin)5] SS.^ 21l7l]5] ^H^g-, 160
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axial power density distribution (APDD) detector£] %:%, 1277j|£| radial power

density distribution(RPDD) detector$\ # S j - |

O.& 184 £°1 ^-^^l^ol ^ -^^-y °}^2\ backbone(protection highway)?!
Fiber Optic Transceiver (F0TH1 s]*l| £ £ 5 M , S€- &%: ̂ 3.£-t(token passing
protocol)^: 4-8-^tJ-. ^ - A > ^ ^ I - ^ s f l x ^ v%o]tf ̂ E.%3L(data highway)7|- A>^-S]

^ , J i J : 7 l ^ ^ a ^ field inputs ^ i ^ ^ f e 27}*] ^ 3 ] ^ ^ ^ ^ 5 ] ?flyl^(LRCF &
L0RM)4 feel ^e] 711 yl^(logic processing cabinets: LOGCH]

18. Ignalina

^(multiple input cabinet)•£• 7\%^V :

r &M ^lAi 1̂1 °1 s"(sensor cabling)-i:

Sizewell B 4 Temelin^ 5.^^74] (standard nuclear design) °fl-

# ^ i — y s 7̂] (proven I/O board design)7} J§^£\°] ^kSLtf, coolant flow4 rod

position-S] ^ - ^ (measurement)-i: -r]̂ |) 3 ] ]^^ §}-T-—4 'QQ * H # ^ S.§(commercial

I/O standard)0!! 4 4 27fl°] ^ S . ^ - 3.B.7} AEA Technology0!]

[4.
2-out-of-3
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(partial trip output)-!: ^ ^ M , A 7fl«l^£ ORM Je^oji tj)^ ^ 3 4 flow trip
°1) « ^ e ^ - g - 4 27fl 5] 7} i-Jf-g-j^L 4 ^ 3 4 . °)fe K ^ #-§-«^-(trip response
times)4 271)4 M^ ^-jie|#(trip algorithm)^ tftfla} 4 # £ (relative complexity)
6j) 45} ̂ 3 = 1 4 . HBJJ5.S., 7fll! 5S.A1]A](separate functional processors)!

Ancillary system-^ data highway 1-
# ^ ^ # ^ 1 ^ ^ 4 . Ancillary system^- 4 # A^<$ ^ ^ *
(process) ^ ^ i i «H^|o] (information highway)!- 1M1]
EWKS(engineering workstation)^ ^l^l-^l0!(customized displays),
S.?3:5l (graphics & alarm management)i

(2) Generalized Operator Support System (GOSS) [31]

^7) ^?V £ ^ S , Leningrad ^ £ ] ^ 2 ] 4 O 1 ^ ^ ^ ^ . ^ : 4 tb "
^^(Information Display System: IDS)"^ 7fl̂ -ol

^- "G0SS"5l- § f^A^ , RBMK
GOSSfe # ^ 4 : 4 A}JI^O1 (Accident Transitions)^]

(propagation)-i: ycM«}-7] 4 tb "System of Dynamics Barriers (SDB)" 7l]^
§ H ^ ^ ( p r i o r i t y ) ? ] - ^ ^ 4 . ^ =.^^31- TMI

(computerized processing)°fl ^ t b ^ S . g.*} 7]#^r 7^^1 (object)°ll tfltb "global
view"^l (̂1 <H (control) 7Hr4 i N ^ ^^^/^^-(dangerous states/modes)5

GOSSfe IAEA2] "ASSET" # ^ 4 R.F. "Regulation for Quality Assurance
of NPP Operation"^] ^A ^ ^ A^ 3-^H] ifltb S7lA>^(initial events)^: 7l
7] (equipment), Staff (or personnel), ^z.e]jl ^^V(procedures)^1 "quality provision

components" l ^ A S ^ 4 t b 4 . GOSS 71) :̂4 ^ ^ ° ]^Sfe 4 ^ - 4 ^ ^ 27>x] oj

R.F. H«><a:̂ i ^^] (General Safety Rules)5] 4.4.4%1&1
RBMKfe ^ 4 4 0 1 ^ £ # ^ 0 } 3l-^^^(Working places)^ IDS7> S^-

, GOSS 7Ĥ r«=fl ^ - 8 - ^ RBMK ^Bfls] ^x>s . ̂ - ^ ^ 4 ^ - 4 ̂ " 4 .

7 ] ^ i | i 3 g3 ^l^^-^^l ?J45. H]]̂ ] s) (settled) n^r ^^ S.A] 7]
(indicators), ^-^ (displays), ^il(alarms), tfl̂ = 10,000^ 7fl 4 ^^r
(parameters) °fl tfltb ^13:(lights) 4 ^>-g-^ (availability)

37H
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operator's actions)-^ ^-JL^^(^I)-operation)-^

Shift ^ S | H M ^ £ 3

- Shift

al, GOSS - f # £ $ H ^ -8 -^ SDBfe 4 ^ 4
^^.± 2:^i(conditions or states)^ ^tfl(types) ^-^-
^ - ^ ^ ^ ^7l^(main function)4 *131*1 ̂ 18 (supporting system)^- %
(transition)^^V ^QQ i*:$.± 2:̂ 1^1 ^^^^ ^

- ^g|) videogrammes(display)^

ne|aL shift supervisor £
(character of tasks)4) 4€- ^ ^ ^ S - S ^ ^ ^fl-§-(content)^
^ ^ - i ^ ^ € 4€- ^Bfl(i,A,Hi-4, ui-5,

(spheres)5] ^ ^

Safety Observation Screen (SOS)fe-, ^ ^ 1 4 *JSl
Sfe 7fl7fl5] *!;§: O]P|^] (signal image)4

- Shift Supervisor, Senior operators, Safety supervisors, NRC
Inspectors,plant men~on-duty# -rlt?: display device

- Crisis Center specialistsl- ^ *t 5 ^ IDS (RBMK- or WWER-type)
^1^ | (demonstration)^- ^ 4 ^ 1 ^ : ^

(3) o]^-e)4

[27]

%7\, VVER ^ RBMK
European programsi^^ s-^7}°\] rfl*> 7 l # ^ l ^

4 £°1 ^ ^ " ^ *J^ ^ ^\¥ #$. ^^i4i(advanced & passive safety plants) 7JHH1

Computer-Based Systems Important to Safety
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^l 1 !^ 0} Safety Body
(National Agency for Environmental Protection: ANPA)S} SHf-& ^-S. ujsfls) ^Tfl

71 # i SR> » S } 2j7 H l ^;*],g- ^ J L 014. s o>

Digital Programmable Systems^ 3 ^ ° f l tfl^

^(Verification & validation: V&V) ^3)1-
7fl^-^71 (development cycle)s)

(Integrated Protection System: IPS)

1 9 8 7 ^ ^ ^ ^ 1 ^ol3S.SS.Afl^-7]?]: S.jL7Jlf-(IPS)l- PWR

71 s 7fl̂ §>^4. IPS^I 7ii^^^m ^i^u«i-fi7i- -̂̂ -̂ O.M-, ̂ & n ^ n t °i
^el*} Ansaldosf Enea7> ^-^§1-^4. ^ ^ ^ 5J7l-^l tfl^ ^-^l^^l f f l i new

engineering standards, safety evaluation methods, us) JL licensing approac

instrumentation)4

- ITER fusion plants t\x]Tg

- G E ^ %•%•<$ £\f± SBWR c

- AP600 ?1 ̂ (certification processW tfl^ NRC^f^l

- Evolutionalry PWR4 ^ ^ ^ 1 °lTr«fl^-i- ^Itb TSO

- Evolutionary PWR°fl tfl^b -fi-^JS.?i?l EUR Rev. B

- 714, Kola

g based)

i)

ii)

iii)

i) ^1°!^ ̂ r^, fes] ^ 31 ̂ }7l^(logic & computational functions),
^^-(data storage), ^OIE^ $3.

ii) Fail-safe & self-test features
iii) ^!5H ^H1-^ ^ ^ ^ ^Po1 (features)
iv) ^ 7 l ^ ̂  si (electrical separation), H°]tf
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7fl^-^71 (software development cycle)i) 4iiE.4

ii) 4 iSS

iii) i i E ? | 0 ] ^ ^ E)|AEf O}*> ̂ -t$7)^ ^ ^^Sj- £ ^ (V&V, V&V

&!<>| s . ^ ^ , i ^ E . ^ H diversification -*}-§-, safety critical software^] #)

•H", proprietary or commercial software£) nuclear graders] ^ ^ ,

software maintenance)

- 7]B|-; quality, design, realization, operation considerations -§•

^ ^ ^ ^ S ] ^ (Software quality & reliability)

error avoidance) ^ ^f-^-^fl (fault tolerance)

(development cycle)

(V&V)

§1-̂  7jo.

(4)

(7r) t | lcif3:^

^w>^<y ^fi.^- ^^-^1 ^AM-, 7l
Delft University of Technology^ Interfacultair

Reactor Instituutsl ^ ^ ^ ^ 1 ^ 4 ^ - 4 ^cf.

- Natural circulation BWRs

- BWR dynamics

- Fluidized bed nuclear reactor

- Local void-fraction determination

- Monte Carlo variance reduction methods

- High Temperature Reactors

- Reactor physics computer code package

- High frame-rate neutron radiography

1983^1 ^

(PWR, 931?]: kWx2, ^ 1 ^ ^ - 97%, 57%),

^ 1 ^ ^ : 71%, 58%) 47)^

eflS-q^ 1,23:71

^ 1,2J:7] (BWR, 97aks 5,000 kWx2,

Trillo 2^7l(PWR

(4)
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?)£HS] 3-f ^ d t ^ S . - ? ^ £«a^r VVER 27]7}
ic condensorS

VVER

1/4 7}%o] Loviisa ^ Olkiluoto ^ H 5Ufe 47)^ ^ ^

7ll=-£ 471 S ^ * ^ ^ 7 l l r£ 7 M J L $14. « ^ 471

$14.
Loviisa ^ # S ] ^rflsf ^ 1 ^ ^ 1995^0)1

# ^tJ|(i375MWth->15(X) MWth, # 3 ^ ^ ^ ^ ^ 5 :7 l^ ^ 50MW) *]?}
T=D $ 1 4 .

Teollisuuden Voima Oy(TVO) i-fr^l Olkiluoto 1/25.7]$] ^cflsl- Tfl^^ 1994
id6fl Al3f-El$14. o| 3 x S a ] E ^ - ^ . s.^^9] § f4 i r ^ ^ ^ 1 ?>^>a^ ^#«l-fe- ?A

H £ ^ r ^ ^ ^ , BWR 7 l # l -
2500MWth)sl S 7 i # 51-* ^ o i ^ ^« i ^ ^ ^ y j - ^ ^ -^ ^ S s l 15%

250

73°-

si- ss^l^fl s^# ^.2 $14.

1999>d 6 € 1311 ^ s ] S i ^ 7 - 1 ^ 4

. 1999V1

711̂  7>^^r clean tfl ̂ fli ^x] s] 7fliH
40V!

^ ^ i ^ ? l ^ ^ WWER 440/213 type 47], #^91 ^ 27]°]^. ^11:fl 1J171
1999V! 4€ l ^ C ^ S 2000V! 8 ^ S <?!7l£l$l&4.H ^ ^ ^ 1 - ^ - ^ ^ J ! 2J:7l 7>

Kfe 2001V! 5€S. i ^ s ) ^ $14. 1999V! 3€°fl ^Itt ^ ^ S A ^ l ^ STEMA}

$14.
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%HHupgrade)

] 4 . t y ^ I O V ^ o]3^r ̂ - ^ - 1 - ^ : ^ A ] 7 ] 7 1 ^ * H EEZ s)A>fe

4-5-4 ^ - ^ I&C Modules^ 2007\!4X1 I&C Upgrade £

- Reactor control, limitation and protection (Sugan, ARM, ROM, HOI-4),

ESFAS (SOB/SAOZ)

- Process computers (Uran, Hindukus)

- Post accident monitoring

- NSSS Interlocks and Logic/Modulating control

- Turbine and Generator Control and Protections

- BOP Interlocks and Logic/Modulating control

3. Halden project

OECD (Organization for Economic Cooperation and Development) HRP(Halden

Reactor Project) fe iiS.$H°l<S) Halden u ] ^ € *}3- (Boiling Water Reactor HI ̂  €

4 ^ 4 ^ | ^ ? £ £ J ^ ^*S# ^*i 1958^^] OECD^^I-NEA(Nuclear Energy

Agency)s] ^ 1 S A } ^ S Z]-

f. HRP

OECD

I995\i 7 € ^ - ^

^ ^ ^ 4 ^ i s 7><a4^ $1 -̂4 °]fe tt^ol HRP
4 4 4 ^

^ ^ ^ ( n a t u r a l boiling water reactor)^

JL $14.

Man-Machine Systems Research^
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Haden

711

7>. Halden Man-Machine Laboratory
HAMMLAB^ 7f l^^

^^fl VVER

CASH(Computerized Alarm System For HAMMLAB), COPMACComputerized
Operational Procedures MAnual system), CFMS(Critical Function Monitoring
System), SPMS(Success Path Monitoring System), EFD(Early Fault Detection
system), DISKET(DIagnosis System using Knowledge Engineering Technique),
DD(Detailed Diagnosis system), DP(Dttailed Progonosis system) ^^1 Aj^^fl^- <g

HAMMLAB2000
PWR ^ BWR A)-i-eflo]E-|l- zfl^fjl &*}. PWR ^^^^^^ 2.

^ ^ Thomson Training & Simulation A } 4 ^ o_s. Fessenheim CPO PWR# 3.
| | E S 7fl̂ -*>oL $14. £ ^ BWR All-eflo]E^ ^ ^ - H ^ VTT Energy*}-

Forsmark-3 « S t - 7 ]^ -S€S 7fllJ-^31 $X^. * l t - 3 M ^

HAMMLAB20004
Western PWR 4 ^ 5 ] A]^eflo|E^ A^7fl^- ^74]
PWR B]^i^ CAMS (Computerized Accident Management System)

Flexible hardware/software2]
^^f^ structure 7fl̂ -
off-the-shelf 51^1-

v&v
activities^] -f-̂ "

Experimental Control Room
7l 3*11 ^ ^ ^^B] 71
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4 . °11- ^*fl Unified Control Room MMI 7^, 1996\! *iH ^r*3=l Computerized
Alarm System^] ^7} - <^^] 7}x] 7§£.x)?\ ^ 5A)

- unified control room MMI 7 i t ( 5 S ^ | i t 3 M MMI ^ SL^ COSS^

^ ^ t , 1996\! ^ ^ B i pahse 2 ^ A]3}-O.S ISACS^: ^§11 unified £ MMI

- computerized alarm

- Large Screen for Overview Information 7fl1s

- Display of Plant Automatics Diagrams (human centred automation

program^

- Development of a scheme for retrofitting of control rooms

A- Man-Machine Interaction ^-6)

, function and task

• Human Error Analysis Project(HEAP)
1994^*?-*-] -£#Q°) o}*l 3 S c f l ^

7l ^«fl HEAP

Human centered Automation

Computerized Alarm Systems Test and Evaluation

-^ CASH# 4-§-«>^ *%7\ £ £ 2 | | ^1«S§>^4. *%7}^ alarm

presentation, alarm processing and generational ^ ^ - § - ^-SXty. 167fl^

Studies of operator performance at nights
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V&V handbook

31$ Nuclear Power Inspectorate^-

7 ] # ^ 71 ̂ (technical bases)**

• Training

HAMMLAB^l

5f. Plant Surveillance and Operations System -sr0)
^ < d ^ ^^^ |7 l aV 7 l # # ^-8-^H CASH(Computerized Alarm System For

HAMMLAB), COPMA(Computerized Operational Procedun;s MAnual system),

CFMS(Critical Function Monitoring System), SPMS(Success Path Monitoring

System), EFD(Early Fault Detection system), DISKET(DIagnosis System using

Knowledge Engineering Technique), DD(Detailed Diagnosis system), DP(Dttailed

Progonosis system) *§• A^ ^ - ^ ^ € ^ 1 ^ ^ ^ 7 1 | 1 : ^ ^ C L ^ , 4-§- % ^ ^ ^ e i ^

• Plant representation Methods

^ ^ J i ^ A l S L 4 ^ ? 1 ^ l ^ a ^ y o v ^ ^ ^-S-tt JL^A>%>O1^ I ^-§1 computerized

operator support system(COSSs)# T ^ "fl nB-f

^ . ^ , IDS

Plant status Identification Methods
J l ^ ^ # € S disturbance0)] tfltb early detection and diagnosis, # € S .

*
- Neural Networks and Fuzzy Logic Methods*

- On-line Tracking Simulation

- On-line Quantitative!-

- Multi level flow modeling

Operations Planning and Optimization

1994-1996^ 74.^ CAMS (computerized accident management
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system)!- 7$
31 &4.

- Low power Operation: z \ ^ -g-^1 ^ ;§;»£ t ^

boxes)
Alarm system Tool box (computerized alarm system toolbox(COAST)
CASH1- 7fli£sHrtf| *)--§-)
Integrated Diagnosis Toolbox(IDS)^ ^ &i ^l^Al^Bfl^- ^^-^^r-]]

Computerized Procedure(1994-961doll 7 ^ ^ COPMA-IM]
COPMA-31- 7Hik ^ )
Graphical User Interface system
Picasso-3 and Software Bus 7fl^

HAMMLAB

Enhancement and Assessment of System Quality
• MMI ^ l i | 5 l Qualityl

• Application of Formal Method
Halden Project^ HRP Proveri- 4-g-«fl formal ^ i^M^^f- 7fl̂ -«]-ji

automatic theorem proverb formal software 7fl>IMH 6\}'°i ^ °1 ^ ^ ^ ^
theorem proving techniques^ -̂°1§]-7il ^7} ^sfl 7fl̂ -£i<^ %ty. HRP Proverb

HRP Proverb o]-g-^^- ^0)7} ^sfl instruction material^

HAMMLAB 2000°1] formal method*

• Complementary Notations and Techniques
Formal method research ^ graphical and textual notation^

^«S«}^A^, J^|B.B1 ^ # algebraic specification's. ^7J§>^ uniform*!:
] 7 ^ 5 1 ^ 4 . 1997\!ife 4°o1:t!: graphical ^ ^ H ! algebraic specification

Verification and Validation
- Program i
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- Analysis Tools (^411, 4?\ ^ high level language^:

- Testing Methodlogies

- The EISTRAM Project

- testing Proprietary Software

- Testing Tools

- Synthesised Quality Assesment methods

4 oj

^ ^ H M . HRP-fe 1 9 9 4 ^ ^ 1999^4^1 HEAP(Human Error Analysis

Project)!- ^r^§>^3i ° H

(HRA: Human Reliability Assessment) °14. HRP^^fe ^35.^-(Error of

Commission), ^ l^^-^- ^ ^ ^ (Human Error Dependency), -MiL^r ^ A l ^ -2-^"

(Maintenance and testing Error), ?1^^ .# ^^S(-(Human Error Quantification), 7fl

^ i€ aoVlS(Improved Practical Methods) ^ ]

t}^ PSF(performance shaping factors), CPCXcommon

performance conditions)^-i tfl^ *1^3<y ^ T 1 ! - ^

^rtb HRP^ ^ ^ ^ 4 1

4.

MMI (Man-Machine Interface)

MMI
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7flt ^
Tfl

I&C software V&V 7 l ^ 7 B ^ ^
^ ^ ^ 7 ] ^ 7fll: ^ DCS^l

2000^ ^ £ ^ ^ 1 ^ ^ ^ y ] ^ ^ ^ - TII

2000^1 <351 ^-^1 ^ ^ ^ ^ ^

-g-

3g7f

€43
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7fl

71

71 # 7fl !

.a.

7fl ̂ - # ^ t b Master plan

Master Plan

Prototype

3J7V * ITF Simulator^ 1̂ t t ^
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NMS

5%

MMIS

t}5L VDU ^ t

MMIS -M741 sg7> ^ Digital I&C

MMI ^741^7},

; T4|^MW 7)7) 71 ^t

Swell/ Shrink

MMIS
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•SI
T3

CEDM ^ ^ - g - CEDMCS afl^" ^ A]*)

MMIS

Y2k ^-^ n% ^^" ^ f
7fll: ^ IEEE 802.3 °l-g- Network fit Ethenet %•<$. ^ S . n ^ 7fl
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• Safety-critical i S M
Safety-critical i S S . ^ 7flig- wo>^s. A]-3fl<*|̂ , Safety-critical 4;S

^ ^ « j - yoViS€- - i ^ , ^ 7 1 ^ 7 1 ^$3. 91^ trip logic £ € ^ ^ C 3
^.Graphic Panel binding ^ A|l-eflo]^ 7 ] ^ 7fl^-

Cflti] O18171-

• Compact Nuclear Simulator
Compact Nuclear Simulator ^^nrtf 5HT§} Compact Nuclear Simulator

i ^ 1 ^ 1 7fl^f Compact Nuclear Simulator Code °]-q,

Soft Control ^ £ •y^-^-^ €^1 2 :4 ^ ^ ^ ^ 7 H V ^ - H # , f̂lefl

ADIOS A£n^ ^c§<?> ^1^1, ̂ Mtfl 3g7> xm f Mock-up

(ITF: Integrated Test Facility)

K-HPES ^ ^ M ^ 7 1 ^ ^ 3|-^ ^ ? l^ iL# ^-^ *141 AI^E^ Prototype
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(ITF: Integrated Test Facility) 7m

£:*M (SACOM)

^Efl (INSTEC)7l)^

#*1 KOPECK KEPRIi^fe ^^^ a ^ ^l^i# -a?l|3H ^ ^ ^^1 3,

^ o} -g- £ - . 7fl^V =

31 7)7} ^7 f l> id f<>

1 ^ ^ ^ 1 7fl<i, ^ ^ - ^ - ^ Ji^- &q, ^Mtfl Tl l^^l^^l l^ Prototype

7fl TJlf-)

Transmitters

Computer
m Computer

• MMS Tool <>]-§- NSSS I&CTflf- Off-line

NSSS I&CTflf-^ *|H Loop Algorithm^! tfltt
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KNGR t j ^ l ^ xiH^lf- ^ MMW1

Data L i n k ^ S / W 7fl̂ -
^ 1 ^ * %& Data Link

^ SAV ^
Prototype

Loops] Uncertainty 1- W ^ H ^7l Loop
7} 7\7]JL ojfe- >

• MMIS ^i^l ^ ^ - 8 - Engineering
Moduler Modeling System^- <>]-&• ^:^dh A^ Models £

l̂ Emulator!- 7fl^

hold

SAV
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7f l ^ -^

DCS ^-g-#

SAV ^ HAV

7fl ^

^ 71 ̂ -^ fe Tllf-^
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Tfl
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1.

PSR « %

$ ^

€7lo|]

*^7m/^<g«i7>7m

•̂ MI ^"r 2v ~̂ — / -^*'^J"-5j O T^ 2^*>

ol-TtX ^ ^ ? 7^-1 ~7\- vW J\"\

m&£ i a*

A%®& 1 &^k

A^-%- 1 KM

A%<&%r 1 $.^r

A^tt^r 1 <&^k
A^^r 1 10V1

PSR

&-§-
SEP,

not

^S

^*J

/ -
ISAP, IPE,

W ^.A7p

/lO^d

(MITI

/ io\i
/ KM
/ KM
/ KM
/ io\i ~

/ 10^

/ lo^d

-71

SALP ^

15\!

PSR2|-

-

PSR 2

#%*\

PSR 2J

7 J ^ ^

PSR 2|

LR4^1 7̂11

LR fl-^

r^*l7}- 7̂ A|
?74lfe ^>^. fl-

147} ^71(10

5.S £711

5.S. £711

jifoi) n|-e)- LR

5.S £T11

SL3L £711

jJj-ofl 4 B } LR
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oi

4.

7>«a-
^i

71̂ 1

7111^

7fl^f
s l ^

7flt^

7Bt1

31 ¥/

Nuplex 80+

APWR

EPR

KNGR

AP600

MS-600

SIR

SPWR

CP-1300

PIUS
HCPWR
ABWR

SBWR

CANDU 3

CANDU 9
EFR

DFBR
PRISM/IFR

KALIMER

MHTGR-SC

(MWe)

1,300

1,420

1,500

1,300

600

600

320

900

1,300

637

1,311

600

450

1,050
1,500

670
155

333

135

^1/^

^̂ 11̂

n
n/%

°i

7i)t^:E7i#

ABB-CE
JAPC/MHI/WH
NPI(Fra/KWU)
KEPCO

WH
MHI
ABB-CE
JAPC/MHI/WH
CARR

ABB Asea-Atom

t±<S%; 7 m
Hitachi/Toshiba/GE

GE/Hitachi/Toshiba
AECL
AECL/KAERI
EFR Asociates
JAPC/...
GE/ANL
KAERI

GA/USDOE/...

7111
#7fl

7flt

7111
7111
7flt
711̂

7)11
7fl^
^̂ d
^711
^711

7111
7111
7111
7111
711M

7Bt

7flt

"5"

« ! •

2.

(D

NERI

- 88 -



$14.
• NEPO £

GEN IV I

EPRI

ANL, BNL, INEEL, LLNL ^ ORNL ^ - ^ ^ ^

ABB-CEfe 71^5]
1 AP-6004 Nuplex 80+

(2) 71144

3 ^ Fund^l^l

^^1 'S^ 7m^ ^ ^ 4 ^ $14. i l - # ^ «1 S3 ^71 Project4
COG (CANDU Owners Group) P r o j e c t ^ Tj^BflAl^] TJ]^ (CALMS)^l 7fl̂ -<Hl

5 ^ # ^1*351^-5.^, ^ ^ H i 7 1 ^ 4 ^^-oil 4 4 BflolEi UOol^l- o|-g-§ ^ o j£
A ^ 7 l l^# 4^-1 ^ W i $14. DCC1- Distributed Control SystemAS. tfl^|§>
^sfl A]^-*!: DCS7flig- Projector 10\l °lAov ^«S^i ^71 Projects. ^«3£) Ji $14-
7% xr *M|tfl Control Center /fl^ofl ^ ^ . ^ 33^ - 7l-§-o|^ ^o ] # ^

(3)

APWR, ABWR, Next Generation PWR ^ Next Generation BWR

APWR4 ABWR^ 7^o

^ -# A}

$14.

(4) Bfc

- 89 -



EdF#
£- Civaux ^ Le Carnet°fl AA 27)4 N4 series

fe- 1500MWe seriesl-
ue] Ji «]<?!JL 3-3^71 ^

^^Hl 42]- 41-711 ^ W ^ r ^<^14. ^ ^ - ^ N4 series I&Cfe # ^ M
^ H # ^ ^ 7l#, ^ - ^ ^ ^ ^ " y 507fl
know-how, n.E\jl ^ ^ ^ ] s ] c ]^]^ 7]#

1995^^^11

, 2000

£ sl-

(5)

Energy Agency)^ ^ - ^
> ^ ] H a l d e n

o.S A

NEA(Nuclear

(natural boiling water reactor)^

$14.

3.
54

$14.

Point-to-PointS.
4.

$1

$14.

$12 ^-8-71711- 4-§-«H $1

CRT fe Data-link

VDU 7lwV

Network
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J£ 5.

71 ^ ^

^ « 7 l

1&2)

Point-to-point

^ ^ ^-§-7171
4-8-

Hybrid

Data link

^ î l7l
(CRT71 a>

^ ^ >8-8-7l7l

4-8-

Network

VDU ?1&

^ ^ #-8-717]
4-8-

^^1€

Network

VDU 71H>

^#

g ^#
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