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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.

II. 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 case 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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98} Darlington SDSI1, SDS27} 7|ERdo] Ho ALHoz F4&7)0 2Had Aol
o I8 62 Z gAEE dAYAAT WlE 34L& a3 Aol

|
wgp{ CONTROL QUTPUTS
x X
PRINTER ! Y / .
- " !

MASTER DATA LN STAND BY
- CONTROL CONTROL

COMPYTER X} o—————W1 COMPUTER Y \

DisK ANALGG ANG cownc'r ANALOG AN
OIGITAL INPUTS SCANNER OIGITAL NAUTS

A B C

2¥ 5. CANDU 7‘1101711% TZ

) 4

(3) AAH

CANDU¢] Human Machine Interface= Al ©AIE AAA LA k3 440
FA A AECL/Ontario Hydrool M A /AdFoltl. Zr Al FAo04 ¢ Q17
AAASS 54L& 7 2o

» 1A

Alojgto] ®B%  Hand-switches, indicator lights, strip charts, recorders,
annunciator windows ¢ I 77152 FAHD AF e s e AAR o
2 v 7] A AR G2 S vg o g st dAolt

m 24
FA gt vltje txFo|e} JHEV FFHI, AFE o 93 Fra et
ARFEA7L o]FoZY. AHaAE AU7FEE  (ergonomics) FH QA=A

(anthropometry) 7|¢€ A 837t o83 AA o4 nds Aojuty wgdy ==z
gho] QXM AO F2 HLgAY.



"i:""““‘““-“——"""ﬁ CONTROL Pasf
(zl»—-—-— —_————————— i .:9:--—— ———————————
= SN M- -= 1 2 T A,
o= h e
R [ade Nt ==Y 'y
e [ T S [
l oo [ -} Vo ‘r4_
irel '-z t rm |
(\L N i u- p
Stcson HE a . [\L 33
[~ e = e {
| v i
t
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Trip computer (600 MW design) Fuily computerized shutdown system

23 6. CANDUSE dx=2 AA A9 ws 33

= 34

BlY e daFd o7t SHYAA AFTHE R
Ha g0 & EXNFHE Ad HE A8 AF
7150 EX L] BEREHS &olFEF NS o] FN
ojdo] 3AE & <+ U

» 4A

0o AFH, AT, A2 A olgstd A7 A5 7179
$4g AALE AAY FAlo Dol

Ol

AFFeel 123 &S &
Hog FAEHJSH, HARHE
t}. CANDU-69] &-£3 FA|

2A ) FAo] A2 1970 d o] A 38 CANDU fdd AHLEH3 1, 34
o] FA2L AAL 22 CANDU-6002] RolH, 44t vl 8@ CANDU
e #gd ez ¥t 309 @ F< CANDUE Human Machine Interface ©l
A g BAg ger, ALHQ AEHFE T3 oL d4E Human Machine

Interface’} @ Zio|t}.

L. CANDU AZAo] Al~de 57
Gl A AFe veh Zo]l CANDUE 442 HARTEH AF3td ASA AT
[3-5]& A&stP, R3ATY ZAF AW /MA7} A Darlingtonell A &4t A
g3}gk Al 2ol HE—"]QS’J\E}. E HMe 2 EFE 600MWeE 7|E2.2 CANDU



1&Co A4S 7l=dd

(1) AFEstE FA A4
FAALE 7+ A% dE2 FAo side] AAHo u vEY 2009 line
printer®} FAFEo] AZ2" CRT 5| At ol CRTS} 712E ARELS A Y
Hd(FAojuh e B e Aste £, Are L dA s Utk CRTY 9
X9 A7), ABFALH, EAAY Fo] THHOE HES FAo] o|FojxA AA
Hth @4 A ojke SCA(Secondary Control Area)oll = &34 o] A& MCR
9 /\]'%°l 57]'*‘5—?——-, o AbE37] 913 Aolth SCAdE AAZRE AHXA|, YZHA|7 |1
NE FEY ASNEY ARE] FFHATE SCAS FAo] A3t
cugRAE A3 Ao Aelxo] ok AAY CANDU?"fﬂ

Ao EA& gokstd nAAY old2ay ANA T3 PHE CRTE FH3d &
Fotel 7Y EFF FAl Lol & & Aok 22y vHE CANDU & AT
S dA AFH daFde] FANES v FEstE 21 FHY TEANLL

|3t~ A77t s . PR T2 FANLLE AFEH d2Ee

A ]
9] @4 B d(tunnel) & }E Large Overview DisplayS ©]-83l9 Bstg]= Aol
= A F9 3stitolt},

(2) AZA AF

CANDU ZA Aol X AFEHE ZE FQ monitoring 715 A7) 5L F33
tt. 2% 55 o]FF 29 DCC(Digital Computer Control) System? 7§ o2 =1
8 ZAo|tt. oW A3 A Master X Computer’t B E 25l ZvlE  Standby
Computer”t o|ojgtotr] BE 715 & Aedtt Z AFE e d502 EHEE %‘—%
3 AolE 4= glod olgd T oy =W st s FFEHG 1
°] UE & AFEHIL 715E AR AojrlsE AE FHSA "k o] /'ﬂ]

FEHEL CRT3 A g ofgt ZAE ) Sequence Of Events(SOE)E 7] &3t}
ﬁy_(Alam)—— T T BR A& CRTO ZAEch ASHA g AAA
59 %% £9]7] &4 Bar Chart, Trend Curve, Status Display 59 %<& A4
€% CRTZ ZJd3doh

l

Lo

fl

L F8 A9 7%
DCC F2 AoJRE 52 THEY o I HES
Zol

% 1old Ad R A g
sto] 41e 9z Wudh e A 7%

(o]
o
Xl Turbine Run Up<

DDC-X¢ll, Fuel Handling Control 25 DDC-Y A 3512 UYnzE F719
AFE S0 AXHo HEyHoz A 3 & HFEHE] 253 5o o3 o
g wkx] e

~ Reactor Setback Monitor

- 11 -



- 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

() BE FEA 7E
DCC #HAFHE &34 22 9 tdaFeo] sds AFdrh
- Bar Charts '
- Graphical Trends
- Parameter Status Displays
~ Schematic Diagram

- 78

(th An ZA 7%

DDC-X && DDC-YZ & AHE o] o= & Agold ZuAe
BE Plant Aol 9P 9t AFH AREA L AIE 9
AFHS vl AFE S Aol 2& Ye BT So] S5 9 AR o

3l ZR-8& CRTS ZRSTFo] Alojdd

3) AA=Z s AF

A4 CANDU 9A2E F70¢ Shutdown SystemS 7FA| 32 it} o] 5 719
AR AX AFL EYH, 7IsHoz EZH o 3 e AoES I3t

A28 FANIIY, G2 e 1% S FF HFBLL FUs VYA
Z gA%it o] AAE BA ATL & 22 49AE wHdso g
(D Shutdown System without Computers

—

@ Design with Computerized Monitoring(Bruce)

® Computerization of Selected Trip Functions(CANDU-6)

@ Fully Computerized Shutdown System(Darlington, CANDU-9)

44 AFHstE SDSE 18 69149 Z°] Trip Logict, Display, Testing,
Monitoring 59} 715 E°] EF AFH osix FFHh

. AS AoAlE #d I g

-12 -



FHo AZFAo] g4 AF /ML AANE = CANDU-9 2 o] %9 m#Fd
AE&AY 718 AletE A FES BF ATE T Utk A AoATY
DCS(distributed Control System), A 2 % A A%< PDS(Plant Display System)2 3
Z Mtz ded, 7] Ag"E CAMLS(Computerized Annunciation Message List
System)9] A5& R ¢35 CANDU-9] A&3ta st vt o] dhol EHEXA ¢
AAs, 7171 £ FA A A Al2" g, AA 2 AXYely =7 AN,
Noise AnalysisS& o] &3l g Alxd A Fo d+E FIPsx o, #A
AL HAe AFEH 7€ ABTEH MdS 2AA FALY FFA N
oz 3t Aol EFHET

1Y 7€ CANDU-99] AZAo] AFelt}y. 7122 DCCS Aol7]% & DCS

=

rgor
=

t
R
ofy

J
B 2 ARE FTAZY HARE JAEE CAMLS(Computer
Annunciation Message Listing System)oll 2J3) A&l¥x 2y A8 CRTE A
t}. Safety A X3 F 1FOE TR diversity: R FEERE 1% 93 L
At FHAARE =olm gtk YT A9 o] PWRE Remote Shutdown Panel
o] d33l= Secondary Control Room< A 3tA Group 22 A2 Actuator=5F
@7 © 7ol SAo|th o] HW Secondary Control Roomol 4 SDS1& 2H5A]

2 = g1, SDS2ek &FAE & itk

- GROUP 2 INTERFACES

1]
¥
Ed
N 1

ot [ H A
Yo Teand H
aiins Dirvings :
g :

[
; 8
]
B

E ¥ B2
;
g
5

GROUP 3 BYSTEMS SE100RS 8y SAFETY BYSTIM
AND ACTUA MoNTOR

CONTROL $ENSORS AND ACTUATORS {OR0UP)} ToRs

a9 7. CANDU-9 I&C +&

_'13...



EALE EAAAFA 1719 Monju 24324 Z(FBR), 17]
ol Z2 56ty Fugen ATRS X §ste] Z 537|194 QHo] 7 Fo o, 4719 ¥
Aol & 1A Fol St BEF AAnET ol 1999d 9€ o= olutEtr1d E7}o)
Fete] A8 ZAAA JCOALS E7to] Abd2olA dAATLE At A A
TR AAEE EF AE 29717 ostEo] gle Aotk AA ENA I
TEAAY MEEFQ =S dEF g 2o

O APWRUIHR 71t 8 =)

APWRS] 7ol = 19823 F-H 19873d7kA] dE 9] 571 A& 3|ALe} Mitsubishi
T5d 2 =59 WestinghouseAt7d #ajstg o, @4 MEL &8sty H&S &
HZolth. APWR A&317] 93 AFAAEY 5L AdAd FAL(ACR:
Advanced Control Room)® tJX 8 B3 AF, Z3d Arxg 2 SAXY T 52
2 g%d 5 gk

@ ABWR(X# H|5 74 2: Advanced Boiling Water Reactor)

ABWRS &% 1300MWH 2.2 HitachiAt®} Toshiba’l v]= GEAlSYF FE 0.2
MEatgen, x99 ABWRL Kashiwazaki 63719 73712 19963 1997 4
H&AE A 19973 5490 v]Z NRCe HF A4 $U& &yt 8 &
< M A, 18 &, A YAE, O AA 2 AN FA ok
@ Next Generation PWR

A E 9] Mitsubishi 3%, WestinghouseAl @ 5719 A & 3] AH(Hokkaido,
" Kansai, Shikoku, Kyushu, Japan Atomic Power)E°] APWRS W37 38} 24
) (Next Generation) PWR 71'Z-& 3t itk Al PWRE] /I8 dAHL 97d 74
AA ER &4, 20008739 Al2=" F4, FHE JEE FESte o= Hol gt
I F ah7E NS, AL Zs WSS AP AA 20068 A 7A] ERE 7| E U
£ #3712 Ho o A PWRS 20103 o] AA dAFo= 9lon 1500
MWes (33 Zd 1300 MWe), AH] o] €& 90% o4 (83 A 80%), A Ato|Z
24ML (A A 13/4¥) 52 Ex=2 31 Yo} o] =L F3 AluAe] g4
el e AA AN AESL, A4 ©71E ABWR, APWRET & A7d A
S AL, A AALE dS FYAIE e FZE T T

@ Next Generation BWR

IER(Improved Evolutionary Reactor)2tx # 2+ A d) BWRE 1990d %€ 7)
o Z<=xlo] ABWRS AP o2 1500 MWeoll g 7id A7 S5 5o 1996
AR AAMNd digt AAH3} AF7F JAPF o

%

- 14 -~



. =3 ASAAT 54

(1) Ohi-3,4%7]

1991 10¥9%E A A& A} Ohi-34% 71w MITI(Ministry  of
International Trade and Industry) T2 139 ¢33 o2 Kansai ¥ 3} Mitsubishi
JF0] FFLE MEE) o] A" AT AFE ALY} BE Ala" o
Ad 71¢S Agdden F YESAA AE7Es 2D A 3Ad FANE BAVE S
IR 3s R

= FAlolA
Ohi-3437] FAelAe 174e] FAlolwat 274e] pazAlcRoz F4s el 9
o FAclRe neRAdHdg A4 FHeW, RarEen @ HEAn &3
o) 7bs 3t ma Al e FAlo]N Ao HXH o] 1) g YZHECCS)o] Do
e, FARF AYN Baw ¢4, IY1 /1% L AALAS G ok
249 ¥olg 207 99 U2 71 L BALA, B8
o AFFHAN e, 7 A5 oA gAdo] 71719 FAAHE 4A 5
F Q=S Aode 77le ¢AE 2 WAx et YxFdo] HES Hol

= ZE AR & plant, system % equipment level information
ol A 7}A] A= 2 FEEo] CRTY EAERT $AL AHE Jehl= 223 A
B : 3} l AEoR CRTOH FAED ARE= FQ50 u;]—a} oA

I-I:I

< A AAHE ZHE window
type annunciatorg HA&3EZE o|F ILHI}Y HEIEAY T8 FEo 7|E]
annunciatorg IHE A}EstR o AR Fo] ML wal A A D =ao

2 OHSEES A

s ASAAS

Ohi-34%7] A& Ao} A% 2 station level, unit level, system level % local level
2 FAHY Qo 7zt leveld station bus, unit bus, 27§19l intermediate bus %
group bus24] |2 5o} 9lt} station bus® intermediate buse JH =o|ZE A A
317] Y8 F5 A8 AFE3H0, unit bus$} intermediate bust § &7 o] E-& AF&dth

EE AojA2"E o]FglHo] U1, Fr|7]d ddige] TAPE wf AP
TH(self-diagnostic) 715l 93l 71719 7150 RE7|7|2 A& HEHEE Ho
th o]F3E 7))o FEE=Fe] B oMY LANHE FAH £=F
ARER A58 =HeE HdAHo .

RIAZL A A2 4 FARFE Y8} 4 channel, 4 train®. & FAH o]

Mo 3

~ 15 -



2-out-of-4 2A o2 FAAG. FI)HY 7
HEE XS 9537 A8 AFH2E 7
Qo] ¢3)(bypass)H= AS WAS7] A8} automatic bypass management
functiong T=stAth [13].

(2) APWR

Ohi 3, 4%57] ©|% 20003 thol] LE ] APWRe| 2 &317] 98 AZA A2
o] EAL A4A) FA o] A (ACR: Advanced Control Room)® tiXd B3 ASE 7%
stg ARAE 2 £3XY 715z 84T & Qo

0

AR AES A3 ZE A X Touch-screen CRT 2 FDP
g AF 27499 Compact Consoled] gko}
A0 AEHE ZAISHE Alo]E = QeoerzE AU &
Zl

AA, BAAE g g FE 42N Ut
EAFHL2 2-Y9 A3 H A (Thinking Process)® UX|3=& 3 FQ3d

SIHE FHA S dA B F JEE AFH F2RE AAHJY. FA 2L Operator
Console, Supervisor Console % Large Display Panel®2 34 %o} 9lt}[13].

APWRAIXN = &% dAY 7 F7HEHERE dd B33 2 T35 Ao
FAY 2o g AR S7EY. B3 APWROAME 2399 g 74 <
2 e 82 58 d8 g7 22 7158 MLstad

- automation of reactor power contorl in low power operation

Q)

S
of
)
L)
Ho
)
2
E

- automation of auxiliary feed water flow control
- automation of failed S/G isolation task in SGTR accident
ACRE At3A] 403 AR {FY 2 ALY AFE AA 33 EF8 £0)7] ¢

3, HFHE ALt ¢HIHE HolHE Astes ARAIY TS AL
I A ALY 982 oy FAFo] BAIS o FE3 22X 7} A HeA
eigt 3pH H = Decision-Maker24 AU, A /ftd ABAHEA| 2P 7]
&3 2.
- Automatic Verification of Plant Status

- 71719 Bad FA7A

=
5

o

n AEA A F

APWRE 9xIZ Alo] 2 B3 AT M9 AFH 4 gAY A3 AL
e BaAoAsPer AAHUTG. APWRY REAEY  IPS(Integrated
Protection System)¥ MHI(Mitsubishi heavy Industry)el A 2= %o 0], 1991d 9l
Nuclear Power Engineering Test Center(NPETC)ol A T2 EElY H2EE 338}

_16_



g
e

Sk 29 8 IPS9 FAL Yelit[21, 22]. Ohi 343 7] AoJAEL v¢A &

A molmaZZ2AA 71&S Aoy, HAFH AFL solid state FER
T4 =9 Ut

APWRY H3A1%L ddx%d 2 CMF(Common Mode Failure) &4 A] =1 7]

5ol AAER FEE AE A4 A thEFA (redundancy), = H 4 (independence), thF
295

A(diversity) % fail safe 548 283t QAR

i SENSORS ]
] )
EY) { ¥ sss
GROUP - 1 ’ OROUP -2
] SICNAL CONDITIONING SIGNAL CONDITIONING |
N =
- 1 } v
—| AUTOMATIC
»-P P P .1 - TESTER
BSF REACTOR REACTOR —w SUBSYSTEM
ACTUATION FRIPT TRIP-2
SUBSYSTEM SUBSYSTEM SGBSYSTEM o] COMM. . soN.
p— 1 v
¥ (3 3 = -2 SLB- i > ;mnoscho
. STE H
o * = el o e SYSTEM STSTENS
12 y oz 2 ’
. 2x ! FIBER-OPTIC
e DATA LINKS
A )\‘_ ’ B Y .
. FIBER i 7\
OPTIC J coMM. 1
DATA .
LA B Livks  DYNAMICTRIP [ ——— ;J& :
ESPACS LOGIC SUBSYSTEM n
. . SYSTEM o
S48 [ ! W
- i o | FIBER-OPTIC
. S i DATA LUSKS
' i M 1 B4
POWER -T . T ROD COXTROL
L RO S o™ e T )
B "4 ir [ N
a3 8. IPS T4

(3) ABWR ,

ABWR<E Toshiba, Hitachi 2 2] Ag3jAlEc] MIT]I Z2a38¢] 4oz
TE MLe AFESE ASAATS AYslz o, 23 9= ABWRY I&C
MeFroltt [2325]. ABWRS A4 Aol 2 ZAA%ES 2838901, Process
Computer(Plant Computer System)$¢} Distributed Microprocessor—-based Digifal
Controller2 F+A =] At Process Computer= CRT T%, ¥4 712 Overall
Automation Manager @ Core Performance A2t 59 71%& F33}9, tlx]gA o
715 Zt A 2¥9 Aojg dFeit,

n FAo] A
ABWRe] FA o] 42 CMCC(Compact Main Control Console)$t LDPZ F+X4 5
o] Qlon ZAIZIFE Y3 s A4S A 2" (Voice Annoncement System)

< AA3%t 29 102 ABWR FAoukS Yeh gt

.'_17_



AR : Zeeote Muitipisxisg WX
WP : Jalance ot Plast
EHC 2 Turb & Steam bypase requistor

1% 10. ABWR AZAAAT AA 74

@ CMCC |
- R A ZA R AATlE AT

~ 7709) CRTel 20044708) std ez HAL FHE FA
_ AT HAEY 7+A L Aol = Touch-Screen FDPE AHE

_18_



- AU 252 MAE Y3l Touch-Screen FDPEA 7|7] ¥ SAREE
AAST F£F5CE FAHE 2XE FELZNA A7|eS T8

- ABH AFY 5L AT 29H AA

- AR

<

Plant Level Alarm: 234 JHE Ugl+ T8 Z12E LDPY
Alarm Display Panelell ¥A]

System Level Alarm: Al=®9] v/ elE LDP9 Mimic Display
Panelo] %2

- Equipment Level Alarm: 71719 8l 2 HeE CRTS FDPOl EA

@ LDP:
- HEA FAAQN S ZA .
- D=7 LDP 24 2 AES 44 g & F JAxE A
- LDP+= Wide Screen, Mimic Display Panel, Alarm Panel2 43
- Wide Screen: AFEHZ A=, TAL9 A ¥4FL ZAAE + d=
E dHdse] MEFAA H B FAWS FolE EA
- Mimic Display Panel: ¢tAAS#H #HE Ze¥s CRT AL 2
Al & 4 Y& Hard-wired 7712 T4
- Alarm Display Panel: 2849] v]R4 HHE A5 gotd 5+ =&
T8 AR(YAE ERY, A2 F44H F)E £ Hard-wired
7\ 712 4

n A ZAAE

ABWRY] AZAAAN2ELE dde] AN E =]
B AZA dAE 2 FEA7&S B L33 APWRS
(Safety System Logic Control) A|2#€&
o ARG R ngAQALe AF vlolsjz= 7
=49

SSLCE &H#3 4442 FAHJes dF AMAHAIFZE RMU(Remote
Multiplexing Unit)oll A o53d 7 gz 2% %31 DTM(Digital Trip
Module)oll gd . DTMAAE MM A58 AAHX 9 ¥tz o] HAAETE Zh
Ad el TLU(Trip Logic Unit)2 R Hlu} &2 B3AES TLUAAE 7+ Ade
DTMlA B A5E 2t3 2/4 2A& 3t 2 A ojido] AAXE dAAH
TEZANZ YAZ EAARA AEE LAY, 92 EFAEE AdY 52
o] ST A o] AFE FER= AL UAE7] 8} SSLC ZFH A

O} -
o

1 98 9A2 Ao &
Ag B3 A% SSLC
alel 2/4 228 A5}

4
& FAse] Alzdel AR

o :

TAAHAEN(ESH)E AR RIEAFTH 2ol 4719 Bdd AL A4 HH

- 19 -



RMUAIA tFstd A8E DIMAA ARz vud F o& Z+ A9
SLU(Safety Logic Unit)dll 2t} SLUE A ME2 FAHY 4 A2 DTM) A
W ANZE 2/4 ZA g3 FFAIZE FYANUY, o] FEANEE RMUE 53l
ESF9 37 71718 75t SLUY ©¥ n@ez FRE 7557 TAsHA &
L& 7 AdE R SLUV olF8tE o Qe o|Fdd SLU= 2/4 2&d 93] ESF
TEAEE LAY, vk 1719) SLUC 2go] FASE ol& 371, & Y
SLUZ 1/1 & o2 A29g§& &30 [23].

BHAas BIAZEY J%ﬂ?’l’% F W= LDP9 mimic display panelo] EA|
AF-AA Ae AR kA 33 7179 53 AEi= FDPl 93 7rAdr

Kl

5. xZg 2 EdF N4

ol
P>
L o

e g A
AAHEAHEIF) S FAHLE AAH dig A7l )\335]931‘4.
960d Ateld 7tA22E FAHoE AT R(300 MWe, Chooz Al), T2
ZA 2 (250 MWe, Phenix) 59 ZZEEY 93E /Est.
e 7t2Z2e AF2Y =Y F ATE =S FFE ALY =Fo2 H
E F3stact 19703 ) Fyko)] Fessenheim©o] A HA 900MWe
Eojzta, oA AR AV x4 E Al 4" S 4
MEe A st 823t A Y B3 AAE T,
SO, FHAEFL 7} sitesE9 I = AFA
Ao e 2 9 kA AY W a8 &
~howet FAZRR oz v, HAl9 1&C 7|s
3 = A8E TFH8A o] 2% &

H
lﬂ K

5
N

I
LS
=

ki

J»r

=

19504

i o
m

et

U UBN DA A
Mo rot %

rf

=

b4
Rl
ll:

(o]
rzi“

)

Kl
Ho
lo

£
L
[ =
S R
or AN
r{

oK
Gl
R:7
()
oy X

& =
I

2w
N
3
g
N
N

/2 x-
>

-~ AN of
off A =
3K

S

oo

ol
ne

M2

(N
Ay
e
=5
A3
)
s

I o

Y|
e
of
=
2
=
oy
2
Mo
2
©ofy
o,
X
£
L
1
ofy
r [*3
N
o,
o
P
b
l"l“g
P
flo
ul
O
59
M)
ul

* 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).

Zzgxe vy YA I AFL Civaux @ Le Carnetoll Z+ZF 27]1¢] N4
seriesE AA3dt1, 20003 7R = 1500MWe seriesE AHE-3HA| T 11 o] Fol& 7]



o A ¥E 290 dAR 297 @ Bs BAL el JBL HA
= q2e )& e B A FABTHE Aol

gy 23 A F3EA ZFAQE A 2 AR
Pdgs& 9HEsA AAgAt. EdFe FIAYAALE @Fst, NSSSe
FramatomeA}, 41273 7] & Alsthome-AtlantiqueAt7F A&

SR
A% 20 4 GRE FAHEE AT K, BPE 4

HE

FE Boht AEHE Fobe TP 4¥ ANYANES FEHAT, YA
A9 ABAAY ATHE ARREE AABTA FIHEE G8e LAY
TPat FFAL AREY AFUAS NNEAAANE FIEAE FAkE
Aol vFgATE e Holdrh EH, AAZ 44 BH2ES A&Hoz BF
FozH BgAL A9, A3 23 A4, APAE, AT, FEAY
Ay, QAL 5 £ AF BAFYol ASHES FEFAD, P Az, 3

o
A B 59 Awk Ao ?_Héi}ill‘:% g o] 7Hd & FAolth

L}. N4 1&C &4
EE3E B3t 44 7le, AYdeAFYA 50
now-how, 283 AFAY AL 7]&
2goz T 3k 198147 H A7
3101 19954 7é°ﬂ FPEAE AT 1500MWed NAE AF71A9) 12483 =34
H 7S ngoz g & AANE S A&
- ZHE Alo]9] HolE BAL UEHIE 539 o|FAARZE 3, 7]7)
EEIE S8 REET 16HE mlo|22Z 2 A2 24
- MMI(Man-Machine Interface)& 34X 7]17] 93] AFE 7)) o] A S
AAGY EAYNA RAFE ARFSE Folx, $HY] AR HIo &
O|EZ 31, AU Ry dte ARuFo] ol EE 47
- 1300 MWe?o] A EANA & A& HZ kst Al29] A5

olg % Mo met AL Nde 57 2 548 ek
- Ao AE g5t Aoje HolE A& AF3E front-end HFE(KIC)
oz} F+EEHE AT AFTHoez 34
- BE Alado sl FEA (duplex)HA
- Ao] A AFE A A0 3 backupl E AE A o)A A ] R (H W 1)
7 st=glololz AH A2E NIAREAT F o AojRded rxRd
(auxiliary)& AX|st] A AFE Ao EA7F 2T A9 o] g
£ 53 YHLE FAAFAR {FEIFHES 2
- 1300 MWe seriesol Al AH&HW T Y RIAFTY d5& FHANA B
AZo 7 AR
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- UEYZE AHEste] Aot AojA L=, a2n AAA LR HE W
3l

A

- 2AA0 @ AFE AojN2He 2FReA de] gAg Aojr)z T

e

H St AlTY #HFZAoiet 2ZAAAE FHIJE  AA AL x7]4
CEGELECAL A 7123t P20 Controbloc& AH8-3t712 Agst@ ot 272 EAH
&l Hartmann - BraunAtollA] 2 A& Contronic E(SCATZ HH)2 HAHAY.
7123 1300MWeol Al Controlbloc N20& ©] &3t A2 H W Class 1E9} #H " A
o}7]5E°] 1500MWe seriesdl A& CS3 (Engineered Safety Systems Control :
Merlin-Gerinl A 7§&) A 28§ ALRSt A& st . & F7]9 B7)%
ZA 289 Aol @ TUE P L Class 1IEE #7349 12, Merlin—GerinAtol| A 7§33+
GCTA Al&"E& AH&3ha Uth

(1) N4 I&C +=
ZFs e diHez 9% &CTEE /A EH, 2 F2E 28 1F 2
ol Wer 3749 ddz Fgdrt dd 02 AN % FEVIS A dFH S,
2 12 NSSS Ao} 3 B3 AT ax BHHlAY 59 AorlsE sAdT. Ad 2
E Aojd #d=o] MMIE AFdth N49| I&C FZE 99 93E E531HA
AANEE BFA717] A8 ddBd A2d3 v kd A 2FAelod= 3 A aA

ALgste] Ar|A ez APt N4 I&C F2E 4HRYAE v&3 2o

O Z2A2 JEHol2 #E : Level 0
ol A FEI|, MM, A71ARY), A4F 29X, 283 FAA HE7] D Ao
29X 427 5 @30 Ay 429 dden

@ A5 4y G4 : Level 1

o] Yol AAAEN BRZAZToZ FAAY o dholM AojHel YA
BEds n2Ad2 A7 ASHL AHEZRE AH A 9 BEd #E"E F
SAoAEE Wt o HEe ZA FAY FE¥Ez Fdd. WA, Fed
Li(sublevel L& EER 2HA2YALS)C 2 FHHG £, o] gafAE =
ZAl& dolg A s g 2 Jof & AFdA N5 E wEdAY 2o AS
Az 4 HFVFS Fad Fd4E 1.2 (sublevel 1.2) A& AH F383
e Az 28440 2 HFZ Aojg FYth

@ 54 2 A : Level 2
o] e AA F 71X 7]5E SR} A HAAE Ao dd 170 o]
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A A2ld dolE & AAR £H3tE 71T £ o|HE HolH 78 L 3

g 2@dh o) ALAME AL 98 BHL 2} Aoy A, o
_g]

S olF3td LANS 53] 39tk F A= volg Hgrs|5e2 MMI
BA7171 A8 SAQAA RoFE ARE nt 41 A HysE 5
HE A AAE ZE dglolEldl 3l logging, trending, recording & 3
AL 5o AFHE 53 FAHEE 3o MHAEE Foln Yrh

&k
[e]

=

=

;:imlonﬁéE

o|

@ Aol
AL L I&C T2 F HAF o2 HAFH 7vtoz HAAHo dAL
At def HEA VT FANEE AAstEY. 22

524 7bs# CRTE 2ETh o] 9o Aol ol & sh=sholols 88 19) Aoigu] s
dZ2d HIFREA Bxado] glo s AutHed LANTE AU
o
Emergency Controt Facliity '
Remote shutdown J ,
Pane! Panals i
Operator information System
' Data Processing System 1‘1
i I l | i
- ‘
Centrol o! Cora Control {CO3) Atmosphere ‘
- | s o] () A
i

] l il

- Process intarposing System

Operationat ’ Protocuon ¥y nencxor Nautmn Rod CROM Steam dump
Tuwbine Datectors moasurements : nisasurements ™~ - ©  tdp. - chamters - poshion control valves
& actuators T & ESF aotudtors B brnkan

| Level 0

a9 11. N4 A% 2110121154 TE

(2) JAE X3 AS(SPIN) ,

1970 o) FR/F 1300 MWe 2 40 grid controlS & = AEE 7] YA e
THAFEE FEANZ D87 Y7 wWF ol gxE RIAEL ALEA IRk A
e YUAE H3AES B Aud dngdFS A s, OPAT ML
DNBR# linear power density A% 2 A AT} 0|5 ¢18ZF L 6-stage =9

O



G427, AolE A2 AN, 21 V8 FA9 Lx EE Y AENA B2
o 2R EE AV YA AT Uk oA FwIFS WA

I AT YRAE BIAEFEL low-DNBR *+ high-linear power density$ &5
B FAXG dALZANS e AAo] B} ARHA 2AAFEI S/HAeH
grid controle] 7hs3stAl HAAth o)L tXE7|&S HEF mEt dolojFy ga
o mE AuFL, 22 A, T4 HAE 2 & HAEYV| 5 3 o8 &
Ago] 2gn AR g o] & & TV T B AHS A HAh o]H X d
A%

7HA
=1 < 1984 Paluel 153718 AlZo 2 1992@7HA] EE 1300MWed] &&=

oy

19803 % Fwol= 1300MWe seriesollA €92 AHELE a2 FXEEA
1500MWe N4ol] 488 Q2 UXE B3AZ g AFE A&3to] 19879 4
Fzoto] FHEoj AT o] dF = 3d (o] 7|7 Ftd F2A
o] g%l daF) o ALHE £ 1990d F¥to] Merlin-Gerin ’é‘%ﬁ’é’ﬂ]/\'} Z2EE
Yol vtEoIH o] Ala”le Y3 HFAFI FHHAT. N4 UAE REAFe] 54
< o33 2o

- 2/4 2R & AMESHARE pdRE FRE A4
- 4 B3 g (protection channel) : DAPU
- 2 output logic processing units : OLPU
- 8 reactor trip breakers for full 2/4 trip logic
- ZEET 68000 168 E vlo] A2 ZZAA AL
Al = A&
sto] g Aoj(C-Ao]) A&
- T2 39" output logic unitAh-E 22 DAPU Au|dl = 4
- E=A0E £ AV4 Agrt BLF FolE FHRS o] & LAN A&
ZE O MEE ETF(SAGAE ©] &3t 4HB™E AZEY S 7t
9 oz 2 AA dy #Za
AZEgo]e] AF 8
1 FE9 A AF
- LG 7P AR AFE Y

|
B
K

(3) HItAE AoAE
N4¢] v]ehd AojAlAele %7])o] P20 Controbloc® A&3l712 AASIw
Cegelecoll Al 7031 =gk 1985\ H-E] 19873 Alolo)] AA A AlE £AFHANA T}
3 e A% ZeEAd BEAsA =HAo
- P20 Controblocel] A}&-5 & AZE o7 YF B33, +dA] 3¢ @o)
U 2ol o A"E N4 Z7|Ud Q37 B/ Erbssictn gud
- Al&=glo] U5 B33ste] o] Alxdlo] Class 1E 715 A{EA g8 &

0
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A AE U 5 ALF FHo] BeA

Bsl7h A7) dEel A F 270 d4RD

ol AFH=E Qs EdFE 1990 12€9 P20 Controbloc /g S@3712 A48}

gt} 1991 d F4k, EdF+ o] A2 312387 98] 1300MWe (P'4 series)ol| A Al
Hi 9 1&C A2 E 83t 1 2P ZuA 697 A 47E F9
st 2 28 33 Zo] 1&C 75L& ¥BASA A
- 1300MWedl A 1E 7152 +33tE SPINS g2 Aladze] AARE
et AL YA 22 AHE
- 1300 MWe<9] Controbloc N20o| A +33}31 1T 1E7]% < CS30lA A&
- 7127 2 F719 d7IHES Aostn ZUEHHSE Vs
Class 1IEE #F/3}I3, GCTA A& A A g
- o9 & EE HAA Aor)ed AHACA ALEEY Contronic E

(Hartmann—- BraunAlel A A Ao A <3

EdF7} N4o| A 83}7]2 ZAA 3% Contronic E A|2¥98 AV 9} Aojalz 7} A o]
Ao A AYHE FYHATA Alado)x & AojA2dats vl YEYS ALE3)

of dZHo} Ut

(4) wlolel A Alzd
dolet Ael Alsde Ao A% Aoje Wllevel 1) Aol 2FHE HolHE
He i, gagdolsts Axdolth o Axdel F 7%e e 2.

4719 A9 A€ol M (station) &

$AY zeol el A FAFE AP BT Az
2R =g 9B dolg AYrs Fa

- dlolg =7, Alm ¥ BaA A
- Aloted(level )k WA FAE e (site computer E= off-site A2

4 $)gel Hold 2 7% 3

@ #92 1d= 9d4=4e z2tE= CFR(Front End Computer)
i 20) AXE Fde LANS A2 dZ3td oy HYPAxE
sta, #e 19 AuERREH ALHo=Z doly HS

@ @ 29 LANG & o}#e} 2 A|2glo] AAF 3l

- 2709 gE5dE Ze Z2 A HFHPCL, PC2)

o= Ruv —
o] Z2AI HAFHEL A A7t control data bank® E2Hsta, Hb
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83 Ao AT dolH HEE g}

- Y =g HFEHRC)
o] # ¥ = long-term recording, logbook, operator aid, daily balances 1
21 in-core mapping¥ < F&3ltn AGH HolEly HYr|sS F
gict. o] AFEHE 1759 "oz WEYE 2 Qo

- Dialogues ¥ imagesE #&]3l+= 5719 OS(Operator Station) processor

- Alojd 2 7]&A 2 A (technical information room)dl Y= ZJEH 5L A
o] 8= 3o PMC(Printer Management Computer)

- Z&ul(on-site) TEA2RFH} doly mE % T AEHE PSC
(Peripheral System Computer)$} site ZAFE oA 24" Q2L ©o)
HZ 2493+ RLC(Remote Loading Computer)

(5) BEAZA£H

N4= Aol del R3S M2 dAsHA G $349 ATl F4
CRT £3W< o] &3t ZRE BAIST ok FEES 4709 A(2F, =3, 54,
Aoz aFFH Ao 244 SEA wEt BT =7 |
e, $ACH 19 234 252 2149 $He] 583 102 Aol
T, $AE9 29 =4 2§ Holx 1R YdE £AY &
BARIFOIT 7 SERG o WE $7E 878 TdL: 2AAME A
Pl osl SHHAEE dAFH gk olg 2L AT A BA= B4 FERIAFA 4
sl FAHAA ALl FHE 7|2EF &1, ATAAN A7} dAs AH
(2447 2 T4 A% FF 5)8 WAL BeE 54 FRIF ZA "
o 2E 3FY BREE TAT ARbEo] ofd AT tEt AAHES 24
of 9, M2E A7 2L 39 g flashingo 2 H2FHolstn A &
2 st & dol FE 7|EolEE HAH v WA Bre A4

H

g2 ARE st CRT shdo| 28 54 8 dAAR = 9
AE 2 YHzR] 3ttt CRTE £Agel os) Aeig w21 w2
AA AR F=dg AlEE 28 N4 $AYo] AR 3ANA cursorE o]
E JEstd £ FAFaue 2t AZEHAT} AF
BAEa ot AAPAE FAL 7 JE 7S ATt Uk

(6) Alo1d

EdF= 39 A% AHeF 5L €07] A3 A= MY AAdd e
Adatads 284S 9 _ FE 718 Aoj A S AEsHA AT °l7 & &
Aol A AL HEE QT tdzEgelsty, Brlsy AJLAES o] &3t

Aol ALsA 2A T3 A& 3t Q“U} oz

O _}_1\_ =
I 1Y A5 BAHAT, A9 JHLFAA AT AFF-Fol EA4 HA



N4sl Alojde 47he 2A Hzazt *4215101 23 ol
AFEA 2D dFFo] Urk o] F 44 2R HAAE
T4 7H # A

- 2= 1: 724 2 Ao g2z
- B= 2 : 72A] ¥ chief supervisor dialogue desk
- 22 3 ZA HaA,
A AR 2 T WY dazae Add F4dd x5 Y1, 2= 12 A

grojitt A WAl U HA tla2as 2= 22 ME 5] chief supervisor$} safe
and protection engineerol Al Al H =& A x| Ho] ot adgn A A da23E
TSColl x5} Ut} Z} d2as o3 22 v E 7k

- 37/Me A& F3A . a2y AH, curve, fluid diagrams ©2E# o]

- 4709 ARE§ ¥

- 37M9 Aog HA 23™

- dialogue® 71B.&=

- 37 9] key switch device : £ 7Y HA23¢ SHAREE AYst=t AL,

FEA| 2"l FA7F AT F¢ Y] BERBAAAN AAE 3T F J=F
BARE AFste HFHo2 HXHIU o] #do 4 X ¥ mimic diagram2 7}£ 3m
A2 2m 2719 #d 27HE ol &3l HAFHo Ut} o] B2 Eojoes Ase A
SA A2 o steEF st=olojE HY AAH Qi) o] #d o= 7]
Y olg 2 FAHES FAI BEIdo] glo Aojd HFEH EAV TARE
W TALE FARAR FEH] AT Ao s S AT dth o] I Class

B2 £75 Ak

384 2 %A (mimic panel)< 2 W4 A4S A6 9§ 543 Aojde
[e]

6. =

7b AAY 4
(1) AAY d=ztz A2 8

AANLE ARADL E 17 2o] 38AZ vhro] SeEH 1 AFEFE 3
A A4Eedne] EF JALAS ASD 6§ dSF T Y FAHL
2RV SR ALeE Rolthoad 928 194 AQANE AAGAD A

of Fa3% HA7)ELA(Utility Requirements Document : URD)®} A /M3L A
S 3, 29HA Aol A= AEAA 2 JEEAAE S35 39A Aol A= AA
HA3lo] 3t ATt HAANF 3 A7 E FPIo

;27-



1 AAdLAE A A7

Tz oo | Tl e F a7
9212 ~ |- AMERZY MY
=% &
9412 |- MATIELH L MANGMY
HAUERE o g | 0 T g o slzaAsy Iz
7H I:IE!- ‘99 2
- dAHAE
‘9. 9. 21 ===
3 o - EFMAAS g
~ 01.12
- ®IIZ 2RTIEMY
¢ ~ . AFMIA
. 02. 1 LA o
0.6 |- AMOEEAY
AAY dAERALE A7EY 1353 Kwae A28 74358 94 2718

7|&e2 AAY 4 Train T_X}i £7] AY FHGAolgtEr HAE AZAGA
(IRWST), o]FZ23 715 (Double Containment) 59 MZ& 7|&& A=t vt} of
+8 dde) AR s HAAMALRE FHFI AADE A AYH,
B3 qAE FEFEH 52 FAAL L ASA ] AT i HAl Azb7|AA
AXN2ES AEFgozH s Y A, P, wARTAAE FolE8 A
Asta 9l

(2) 7L HE

AN AxH T ALY ASAAAN 2R FExE 29 129 2k I-0A B
1t} Zo] MY YA ASAAN2¥EE HIAFSZ PPS, ESF-FFS %
CPCS 5°] 9a, AlojA% 2.2 PCS, P-CCS, APC ¥ DCN T°| g3, ARA TSR
IPS, QIAS ¥ Soft Controller F&2.2 o] it}

D BRIAE

® PCS (Plant Protection System)

PCSS %8 715¢ dx22 A A EYAI)I ESFE S22 7= Ut
olgolx 4 % EYsI 3] Interlock 71%, AlE7F, 9BANEE € HR7
T2 7HA 2 ok AAY €A PCSY HAEAAL v Zrh

- Programmable Logic Controller(PLC)Z o] &3+ A7
- Agdd B8 Ax (Equipment Room A B,CD)
- Bistable 3 LCL 7% &%

- Rapid deterministic real time response

_28_



- fo]3 T2 YW AZEY 9 (Functional Block Diagram)
- Touch panels (MCB & RSR)

KNGR I&C Overview Diagram asp @E@ -

29 12. A4 LA ASA FAE

» ESF-CCS (ESF Component Control System
ESF-CCS9] 7|52 9d° HA7|FEA3(DBA: Design Bases Accidents)®] Z
E A3ATI 2 Al AR S-S H4Fste SH R WAL, Ed
HAa3st e V)5S YT o] AFS FEH otddue FAF5S AF L FF
Aojstal tAAF FAHAATES IPS 2 QIASY A T3 7152 319 23 2
< HASAZS 7Hh
- A% JdEY AHYE I X8 9425 dF53 7]/ (Multiplexer) & &
£33 By 72
Al

=]
=3
o

S

- A% 9 A8 A5 (Throughput) &7, A FA 2 2 A37F 2AE =3
€ /MEE dHoly FAW

- GFFZA T2

- LR ES 5] A 953 A4 &

- AZEA Y] HE

- AEE AFe AL FRE Y LZEA7 CCSztel Data

Encryption 71 &
- AF A7 FE

or oy

2 %5 3te Tech. Spec.d AVNAAY) 5

;29_



- A% A3 (2/4 Logic, Passive Test, Diagnostic)

- NRC SECY-93-087 Position 4 ° &A% A&EHsnd &
- Programmable Logic Controller(PLC)E& o] &3 A 7|

- gy Eg A2X (Equipment Room A,B,CD)

- 7} Functional loop< E2l ¥ Microprocessors A&

— Touch Panels (MCB & RSR)

® CPCS (Core Protection Calculator System)

o] A% & RCP &%, 7I47] &8, L2# 2%, AXH 25, Alo% 94, =9
AAZ7] A5 & o83ty AAZAZANEZE LTAAIIH =4 AS] Radial
Peaking Factor 5& Z4tste Bz A A5E Y. =% DNBR Pre Trip,
LPD Pre Trip Aol CWP 2132 & 2A7|9 93 CEA Position°] gt 225 W Aol ¥
Az #AxE A4St DNBR % LPD Penalty FactorE® 2AA|7|9 7z} RSPTE
UEL, LEL, DRC9 A 719 HH A3 E PCSE AGsle 7|5S FPd. A
A CPCSE AlolE A A5 8l&7], Alojs A4V, =4R3 A4l7], System
Interface Processor 2 <3¢ B2 FAHEY U3 2& A4S /AT

-4 AE A (Aojsdir] 2 Ag)

- AAL, OFEAY VS e &9 AZEYY ARE
DAV ES BEAE s A 48
High Level Language X213
- Touch Panels (MCB)

@ AAZF

s PCS (Power Control System)

Z8A A F(PCS)2 H|HA AF 22 CEDMCS, RRS, RPCS ¥ Hel+ZF &
2 3% Mode-K 202 FAHI 7|E A9 Aol FE5AX] AfAF vl

A B FEol A HAG £ AT AHE T H FARTY A S
[¢]

2

FTHARoH AA WA i FAAS FEsta 717] dFol dH|F HAE +3
33

ol AITL WAA HIFZEE HY 7Y FEH FAstY FatxFe o
T AR F840] AT, =AY BEEE 2257 sty Aojw JAFAY A
THHE AYE Aolsty JFAY 7L, £ & FU1E Aojde AolE +F
ZA AAE, HYl EES 23T oAl 42 A 2 hddB Apgle] A
AzE93 HRlEHE 343 22 F&se dA=2 28 AeAlT 2 V1€ 94
A JReEAolsl B YA 24 FHLLE AFo2 Aolstd ¥aFE LR
$8g A4 Mode-K 23 T2 FAH Ut o] AT A5 da3
Y.
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- UYEY A 7|8t gxg A|AH

- AL 4 JuFAdE A% v AA

- A7/ AAA FAE Y3 Soft Control A A
g 2 77 Ag 7%

S W% W god 723 AA Fa

¢

L

® P-CCS (Process Component Control System)

o] AT AL THFY HAL ATY A&H Ao H AF/4F Aog
3t AL AE9 Component AE 2 tpd3d FAH W4-E [PS ¥ QIASO A&
3t oFAH A E 2] Common Mode Failureo] thu|3t AH|2X9 758 38} o
AT AASAHE & 2

- A5 Jd&E AHgE A% dF 8 94335 gFs 7]7](Mult1plexer)e g
£33 BNy 2

- A% 9 X8 A% (Throughput) £, 1A 24 2 37 2 AL w3
€ MEE dlojy FA%

- OEFEA TX

T8 7% digk gds3k AA A&

- Segmentation

- AZEA 7] A&

- Ao dAEe AP FrRE Y8 AZEA 78 CCSTl Data
Encryption 71%& #-§&

- A71A27E

= APC (Auxiliary Process Cabinet)
APCE A2 14 H 2 SAMTEY A € Ao E A% NS E AT}
3 FA AN o] BV B AXAERE GdAAA AHZ FA38H7] Ao
AR AR Bxe] AlFAHY AFch £33 KNGRY FRAS(LALRIAF
7171 A AE ) E ] ke Miscellaneous Zl5S 913 Hardware WAsta ioh.
APCe] F8 AAEAL g7 2
- PPS/CPC/PAMI ¥+ & 3 23 A4
- NSSS #2745 (COLSS, NSSS #AlojAl%E, PCS)E A3t N5z
- o]8] Al&: 7]7]) A o] A= (Component Control System: CCS)Ujoll A Al & %]

- ZAl L% %0}04 E]X]% 29 A5 E Z+ AT AL (PPS/CPCS/PAMIE=
Hardwired A A])

;.31..



® DCN (Data Communication Network)

A e Beolle AR ASANATE] UAEst Holl mpepa] &
A AAAQ dolg F4%e F40] 7hestth. Eg ujA e st} AolE
< A 71718 A& ZAAT7]7] fAsiAE HolE AT &80 FFHo|,
gy FARE #5317 A3 ASA AT AR & VFer FAE F% A
BHER EAG A} EE ol & fAsty, ATHEL A
BE MAsof o BT HAFHe HETFo] BE tREA
T UAEE A e voly FATLY A 2astn F

oft

g JeE F4d4
AAY FAE AALTA
-OFd 8
- O%4d 84
- State based &
- AR4E84 ¢ 81
- 534 ¢

A A7 desi. oA F

%
% 3 Fasge ooy 2o

o

N

p—
- 4% 2 A

@ ABAE

®» [PS (Information Processing System)

PSS A YoA CRTE 53ld AXRE A|Fdle AZELE AXZGezEZ 24
AR E A3t 2ZE AHo]7] LinkE ©] &3t Ao AEHo|AE A3t H4itst
AAAM 2 AR AY 5 U &d A9 7% S AF . =3 HDSR(Historical
Data Storage and Retrieval) 7]5& $33t0 QIAS9YE S AU FEHAZ AlA"

ol

® QIAS (Qualified Indication Alarm System)

QIAST= FPDoll ARE AF3le= ATCZ 23 7 o] QIAS-PS QIAS-No
2 745 Ut QIAS-P+ A% Aot W T HF1 A 2 FA-E =
Az deE A, o] AT AHuMdoz FAEo (Sensort®H QIAS-P
Processor 7}A]) A4 AR E A|F 3ot QIAS-N2 AR AZA TIPS Y-S
Ast7] f3 AZoE FRA LAYz W dd Backups Alse ALE 7HA|
HeF 1 17 2 W5 g ABE AF3H9 LDP Mimicol|l EAHE X 2 7
B A3

m Soft Controller

Soft Controller2 Alo]Ego]-& KEYS AZEooj3ld IDE A= 39 ¥
A A=} Fd7]7] AojstE S JEWE AZEA 07 © Ao AoEg o2 T4
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"t} o] AEY F9 HAAERNL th&3 2}
- CRT EAI7I(IPS-DP) ¥ AXEA 77l 45 Lo KA Ao
Hl—,\g
- Aoj & AcledoldN Fxstd Holy 5P FET WL Uy BTG
o2 Aojdoly Ae

£ 2

] ‘ 1PS , Diphy Diphy

F 3 Processor 1 Precessor N

Processor A

_I‘:;QIAS—N
Y 1T 1T [ :
T 11T T T
! QIASPProc#A | isar a
i \1 { ] I L | P;ervu-y ];e:]::-p Processer
HITCs
Process Instrumentation Key Plant Parameters, PAMI Signals,
——— ..:I:s and ICC Variables frem other systems
249 13. QIAS 74
L g2
AAFE&E2E 300137 M7 250 YAz Ao A A o] By FJ83)
A4 Ao xPoz, Ve AXFAME YA 483 Ad AR 7)=e] A
AT Y AAFEHERE AL LWR=F ) v|ste] 3] v Ae| 24 @

dZAAYAT LA ool P ATFES FPsFon, T ATE AY 7]
AT7AGe] o AFR AT AWH7) Aol 1 ATBFo] Hoksal 929
Frjot 9 AFz 727149 24} B £5 $F0 72 Yow H2d A2
@ A7 ARHEA 2L dF2Z AT AA o] B FARA dFBEO)
AW gk oA WE WA Fuele) TARY J1% AL AFE GLF 2
9.

(D A= a7 8
5 EBR 44 ¥ &d& AFez CRBRY P

SAR @4 &9 ML agn
o]oj A} PRISM®] N3HA +E74A NEE APstP o,
A &3
7le

g2 JOYO ¥ MONJU
1€ AZ0e) AFZ AT
Avd o Bk Age

FBRe] 743 DFBRY NEUAE S5 oS
Neg oz AAE 2520 47540 Ak
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Fste] FAe] JF2 AL B dAaA AFsa givk. EFA = Phenix %

SuperPhenixd A4 A& T3l HZFE EokolA 7HF B2 AS A4, A4 2

525t glew 952 PFRE 74 &d3stx, 2lAloke BN Series®]
o)

o]

L
> ook
tlo
Ay
i

i EAs gz AT A4A, 1H 2 & BAEE SHEN e
NE2 A BAAJA ALY JAAE o183 AF=2 AF AL
o &= FBTRS A48ty &dstx ler v =3 PFBRY i
3 3o 0| o] g2 AFRY AF AAE 5 ¥ FH5L °)E
il
7

o

o
w dle X omu oft X

A HRsta don o ugoz AHd A
3t 9tk

ol e Hx9 9x2¢ EBRY A4 2 &4 18z g9
T3t &F Ao gz 7| dH3A JoH, ASHE ZHLE &
A 2 A A7), A € AFHE ol &3te Vled {2 5579
Zled Wt AS dg3ta, 434S sy A5ty
g A-71A QAAAY Ayt s JARHL Y. .
Zg2 EdFY N4, "= 2" 31%29 AP600, ABB-CE4Y Nuplex80+, GE¢
PRISM, 7i4tthe] CANDU, 9 ¥9] Ohi 3&4, APWR 2 ABWR, ¥ &F dF =2,
=99] Belt-D, 4 =2} Sizewell B, Halden Reactor Project 5 A A= oA 7fetFo)
AU £HdF Jk. 7|EY AZA e F2 F=golo o9& MAAHJoY, A
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A24d dAFAZY 9 d4NL d%
1. vFe] A7AG

7}. Nuclear Energy Research Initiative (NERI) X2 1%

(1) 45

ME %7 AxY Hetrlee ATAASE ATES7) Aa 9AY A v
HE 2AY & Y AYAL A ] ATALL FEAE AL FYFL d2
31}

(2) 27

- A A e A, wAAA, H718 £A & TS v T AR
g A v AHRe Ve Hatd Py 35

- 429 7le #E A0 do)A vz SAH Gude FA7) A% A
A 7le I8
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g 3242 949 R AT A0 32 2 44
- 9xY wAY 4%, '

&4, AA4, A=A, duFdg Ax

(3) wid % A
4" vm gigFEe 199749 19 WS A8 EA2 ] 43(PCAST:
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- A HVIE #eE AR AER Ve

- A& 7)1z

(5) ¥R AZAo] FH NERI =21
NERI® 9x8@d =Zzale ¥ 29 Bt

3 2. AF Aol ¥H NERI 22133

A NS A A - FR7NBFA7H) 2] A
Smart Equipment and

Syst to 1 Reliabilit *SNL, Penn. State U,
990306-99 |~ > oS 10 fmprove REUAY 1T CE, Duke Eng. &
and Safety in Future Nuclear .
Services

Plant Operations
A New Paradigm for

Automatic  Development  of
990119-99 |Highly Reliable Control
Architectures for Future

*ORNL, NCSU, Univ. of
Tennessee

Nuclear Plants
On-line Intelligent

990163-99 Self-Diagnostic Monitoring for “PNNL
Next Generation Nuclear

Power Plants
An In-Core Power Deposition

and Fuel Thermal{*Ohio S. U., U. of Akron,
Environmental Monitor for{Westinghouse

7-00

Long-Lived Reactor Cores
(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

1}. Generation IV (A|&Ajo] o)
(1) A 9 dF

15914 201 <tell bR, BAA, FuEAA, HZIE A 58 2 e A
AAR 2 gEstd 98 As A =2 %‘0 BAET S =9 FAH,
3

AL FrEta =3 AAA 9x8 A
1087 =9 & AR F%Fo| 4

o 3
2
A N2 2o ge wde) X7 ok

(2) 83 T3 24 2 44 ASA AA 7] AP
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A 7R =2 & Generation IV Reactord] 7] Eware th&3 zit}
- Modular and Standardized Reactor
- Modular and Standardized I&C
- Passive-Safety Design
- AA, §A, BF 0g 4 2

=
- FasE A4 2 AR BA7

T

—)

PN
=
- A7 9

- RAT A AAY Gn

Q) FAHRRE s

NFe FA0E 7439 g3usd e 4L e 2o
- BolAol B Fae

) 2(DOE) YA 33 W3

- NERI, Generation IV Technologies

- Ze) 2AAE 94 Frd 42w,

- 53] FopAol A1 AdHe] BERE =743

- IAEAZ 5% ZA9A A8 2143

- 1YL A" A4 2 AFrt S5 adl

- dugy 2 9r)E 19

(4) 9AE ASA] tdA B8 A& .
A7A] =9 P2 E5d A9 G H #HES dFHjoF & 1R
g AGA e dFEoke o3 2

- Highly Tolerable of Human Error

- Very Low Probability of Core Damage by 1&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 Des_ign and Licensing

- Online Monitoring of System Degradation

- Simple Design of Safey Systems

- International Standard(Module, Cubicles 7§d)
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5) dAE AFAA AL #H A47=
A2 2o o2 EE2H 4W FAQT BHs AFHojoF & HA
g ASA ] dFEoke o 2.
- Cost-Effective 1&C Design and Regulation
- Total Project LLead 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)

t}. Nuclear Energy Plant Optimization (NEPO) =21

(1 45

A7 7HEA, A4, AL ART 5 Je P JEd dE ATFALLS
sd 712919 £Ee ARAINE AL FYRL 2 Ak

o] #74W3l 7)</ (Climate Change Technology Initiative:

CCTD Z2age) Fad d¥olth o dude AN vg 5 42
A% gom "W s 20004 AAAE suHRE HAsATY JE ¥F
2 W% glo) U= WA WY Fa) 0%E A¥L Aok v

24 NEPO Z2a8e B A7|Hez Mg 2 ae4S T34 & ds
Aol FAsta it oo W NEPO Z2 132 o 2717 FAd 23S 2

w gtk
%

43 (9AZ AZA AN, B A4 71%)
(3) A TF FAHE 2000 HAAIE 3 157§ NEPOHAA|

o) FAE B3 ok |

- Material Fatigue

- Fuel Performance
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Component Inspection

- In-service Inspection and Testing
- Stress Corrosion

Digital 1&C

- Human Factors

|

&4 NEPO #Al= o3 Zoh

- 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 SAA= AF
DOE/ERPUNRCZFS] &eld] wet 7]1E d7& A% JYsta Joint DOE/EPRI
Strategic R&D Plan AMAEE FIE A F oo,

2}. EPRI
(1) EPRI AlZA] 4l¥

- 2E 97 AL PA4T + Qx AW /14889 TS AAL
- Q% 9he) AT ABYL FIT BE IAA R AZNE AT

(2) EPRICNA 3Fd 44 ASA ] AFEoF
- Advanced in-core power sensor
- Instrumentation maintenance & calibration reduction guidelines
- Development of instrument performance analysis software
- 1&C replacement/upgrade implementation guidelines
- Programmable logic controller (PLC) applications
- Plant-specific 1&C life-cycle management demonstration
- Application specific integrated circuits (ASIC) applications
- Prototype ultrasonic PWR coolant flow/temperature measurement system
- Solid-state HZ 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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v, DOE €28 dF74d AE
1= 2] A (DOE)S 4t x| nlz) &S AFsies FHoz FAA
(Economics), 3 &4H(Proliferation), ¢t 4 (Safety), #H 7] 2 (Waste) ©|8t3 #FA st
)2 FEIFT £ e AFAY T2 aWS e o] FAE

@ NEPO(Nuclear Energy Plant Optimization) Q3¢ 7}84, A=A, FAA
S AR F Jde JAd 7)o dI AFAEE T8 VELAY FHAZ S £33

7] Y& Z2a¥,

@ NERI (Nuclear Energy Research Initiative). ¢} I-NERI ©|= =7} Q218 3}
71w AFAEE AFFHe7] 93 A" A9 naE 2R 5 e JA
gt gk B3] AFNY =2,

@ Generation IV 15914 203 <tell ¢tAA, AAA, ]2t
TS A2 Nt AAANeR FEstd 44 A% AL Z2ad

@ NRC Relicensing

M, H71E EA

A B2 S EAT A D NRCO ASAo] #AIAT A3
&3 22 6719 FPAT 29 NRCY ASA A dF83FE A
- Argonne National Laboratory (ANL)
- 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 (ANL)
ANL®] Reactor Analysis Division® Advanced Monitoring, Diagnostics, and
Control d+& Fd3t3 Yo}, o] Bote L3 2E AdFFEES X3t
- Process Monitoring and Signal Validation : #d 4 724 2 Ax AT 7
S 938k Multivariate State Estimation Technique (MSET)¢]gtE SW
A
- Diagnostic and Advisory Systems : 234 2t 2 23 A Jr|A" o7
PRODIAGel &&= SWE 71¢g
- Advanced Digital Control : Q1 ¥ 2% 7|&& 8% LAL FAA 79

AT

=
[}

=2
=

Reactor Analysis (RA) Division® Reactor Engineering (RE) Division®] &%
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- 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

23, ANL9| International Nuclear Safety Centersol| A #2]3t3 1+ Russia

S 59t 9 AX FEAT FE Fol g9 1&C B ATFYFo| Sy gk

- Development of Techniques for Monitoring and Diagnostics of Sensors,
Systems and Equipment

Electronics & Computing Technologies (ECT) Division®| A<= 1&C #4d 4+
2 Detector Development, Hardware Design, System Design, Software
Development ®°Fe] d3E F3st)
~ Detector Development i °F ‘
- 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 #°F : Custom VME, VXI, CAMAC Modules,
Computer Interfaces, Motor Controls, Printed Circuit Board Design
- System Design #°¢F : Data Acquisition Systems, Control Systems,
Safety Systems, Eiectronic Communications, Telecommunications
- Software Development £¢F : EPICS Applications and Device Support,
VxWorks Real-Time Systems, LabView Based Controls, PLC
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Programming, Man-Machine/Operator Interfaces, Software systems and
custom designed programs on PC, SunOS, HP-UX, VMS

(2) Brookhaven National Laboratory (BNL)

BNL 9] Research Department % Energy Sciences and Technology Department
242 Nuclear Science and Technology Division® Nuclear Systems Group®l] A+
& C #¥ AT = Russia ¥ Ukraina 42049 dy G4E& % v AR
9] International Nuclear Safety Program (INSP)¢] ¥% 02 A simulator® o] &
3} Training program, Al4F simulator®] A x|, 71& simulator®] /14 §& 332
ATt

T3 722 Department®] Nuclear Energy and Infrastructure Systems Division
¢] Systems Engineering and Safety Analysis Group % Human Factors &
Performance Analysis ¥okollA &= 7|& AFH L AL 1&C Al upgrade 2 A
g 479 digital I&CY #AF T 2L AFE FPstn Ut

- 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 % Engineering Techniques

and Applications ¥oFllA &= A9 432 g3 2 ATFE P32
- 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

¥+, BNL2] Research Division % Instrument Division9l 4+ t&3 2& Lab
< BHeta A+ £33
® Gas Detector Lab: National Synchrotron Light Source (A Aol A 7} 8t
< ultra-violet @ x-ray photons source)9} BNL®] High Flux Beam
Reactorell 2 8.3 detector /HES 93] 93 22 A+ 3
- 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:
- © 4% silicon detectors 72
- 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

s 7]} : Optics and Metrology Laboratory, Laser Laboratory, Electron
Microscopy Laboratory, Vacuum Deposition Laboratory %

(3) Idaho National Engineering and Environmental Laboratory (INEEL)
NEEL¢ Human Factors Groupl At &3 22 477 gt

8 Nuclear Operations & Process Control #°F

- 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 & o}

- Human-System _Interactioni A Methodology for Analyzing Human
Performance

- Field Test of the Personal Electronic Aid to Maintenance

- Workload Guidelines for Advanced Technological Systems
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~ Investigation of Medical Mis-Administration
7) e} Military, Commercial Aviation ¥°F |+

223, The Center for Human-System Simulation®] A=
~ Multi-Modal Influences on Decision Making
- Micro-Robot Cooperative Systems
- Adaptive and Context Sensitive Systems
- Advance Tactical Command Center Design 59 94 HAES 335t
At

o] 9}e]l Software and Electronic Departmentoll A+ w3 B 4%} Hokol &
TE #3433 12} Sensor EoFe] ATFZE 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 5 €731 )

3k Power Systems Engineering Departmentoll A& 47 & I&C #dH A3
T Oed 22 Ad7E F¥s Utk
- Centralized Utility & Power Plant Supervisory Control Systems,
- High Voltage Monitoring & Diagnostic Systems
- Prototype System Development & Testing

(4) Lawrence Livermore National Laboratory (LLNL)
LLNL®] Fission Energy and Systems Safety Program % Computer Safety
and Reliability Centerel A2} 8 AT J&& &3 o}
- Software Safety and Reliability : 2ZE¢ o] oty AxpA 74
- Real-time Performance : A& A oo AAI7F H8& 9% 7«4 7|1 W
- Testing Commercial Safety-related Software : A& AT E o] A1 &7]&
ks
- Data Communications : X3 A5 AL&5HE SAY =g ol/2ZEH
W gk FARAY Ve JE g
- ABWR Technical Review : GE¢] ABWR R 3AF H7
~ Software Verification and Validation : SFA#HE 2T E Y o]-7]u A T2
HNAF FA7IE B}
CE System80+ Technical Review : ABB-CE9] HIZ A5 FER=1H

ﬂ—’
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(CMF), A% 1 3 (Defense-in-depth), oA (diversity), 23 Z =4 &H 7}
(FMEA)% 7}

- 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 System&0+

- Safety Hazards Analysis Criteria : X8 A%E9 @A A= 4 A
A 2 7lE A

- Vendor Program Assessment : 944 SHAAIE AR A E AZE o
TEeY HUl A8 AZENY AE AN L JE

o|¢] LLNL9 sensor 71€/W&e o3 22 Eokd dis] a5 gl

- Low-Level Radiation Sensor

- Compact Analytical Neutron Interrogation System

- Compton Backscatter Tomography

- Radiation Sensor

- Composite Radiation Detector

- Intelligent Nuclear Sensor

- 7]e}: 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$] Instrumentation and Controls Division Electronic Systems Section,
Analog and Digital Systems, Signal, Information, and Knowledge Processing
Section, Technical Support and Management Systems Section®] 4 section®. & T4
Hol lom o]F A 3 sectiono] AFNEE GBI 4HA sectione ATNES
At FAolt. AFMNEE 223 3 sectiond] HFE GEF 2.

@ Electronic Systems Section
® Analog and Digitél 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

i

®» 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 FElectron 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 Hijerarchical 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
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~ Neural Network for Motor Fuel Identification

- Optically Based, Position-Sensitive Radiation Detection

- Portable Microwave Diagnostic Probe

- Rugged Incipient Failure Monitoring Module for Use in QOilfield Drill Bits
- SIMSICK Biocybernetic Device

- Solid-State H2 Sensor for Safety Applications

- Stamp Perforation Registration Measurement System

- Transient, High-Temperature Gas Flow Measurement System

- US. 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

t

- Forensic Analysis of Audio Evidence
- Magnetic Spectral Receiver (1995 R&D 100 Award winner)
Multiresolution Analysis: Wavelet Transform Applications

1

- Neutron Signature Analysis for Nuclear Weapons Identification

t

Predicting Failure and Incipient Failure of Aircraft Integrated Drive

Generators
- SIMSICK Biocybernetic Device

m Experimental and Operational Facilities

- Cesium Removal Demonstration

- Enriched Uranium Operaﬁons

- 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

® [mage 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
Mammograms, 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)
SNL®] High Integrity Software Program©|*}= Correctness Research ¥#°}=
- Abstraction, Synthesis and Transformation
- Software testing for High Consequence Automated systems
- Visualization of Abstract Objects

System Immunology #°¢FZ
- Digital Isolation & Incompatibility
- Critical Software Event Execution Reliability (SEER)
- Security and System Fault Analysis 59 9475 3331

Z128] 11, Electronics Quality/Reliability Center (EQRC)ol A =
- Failure AnalysisMicroelectronics Reliability
- Microelectronics Reliability
- Micromachine (IMEMS) Reliability
- Packaging Reliability
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- Radiation Effects
- Electronics Materials
5ol AT E £33 929, Energy, Information and Infrastructure Technology
Division®] Risk Assessment and Risk Management <+ E Environment and
Environmental Restoration, Information Systems, Nuclear Reactors, Physical
Security, Production and Manufacturing, Transportation, Waste Management,
Weapons 59 #oF& o2 333 3lt}. ©]F Information Systems ot &
T2
- Communications Network Reliability
- Risk Management of Software and Information Systems
- 7]€} : Qualitative Methods for Assessing Risk, Risk Management Tools,
System  Prioritization Method, The Laboratory Integration and
Prioritization System (LIPS) <& $33t32 Ut}

(7) NRC
Control, Instrumentation, and Human Factors Branch¢®} Office of Nuclear
Regulatory Researcholl Xl 8% ASA o] Fofo] g A7+ &2 ol 2.
@D 1&C
- Environmental Qualification of Advanced 1&C (with ORNL)
- Acceptance Criteria for EMI/RFI in Digital System (with ORNL)
Impact of Smoke on Digital 1&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 UUniv. 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)

@ Human Factors
- Human-System Interface (with BNL)
- Personnel Performance
Review Guidance on the Staffing of Advanced Reactors
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- 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)

® 71
— 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

rﬁ.

2. 4o A7aY

@ 438 3o

]
A4 47 Td2e) AH @Fe BE 57

an:

o W= Qe FAlt wad £d9 A7 A 29 o
42T AT A1 duol FeAD A% YLAY A7 22 yge A
=

W, A AA B, AV7E A 3 5o 1, i
T AT A7 E By A7EE AHE F 3‘1]7]%9] AgANE g s F
AT o 2En F8 AF G 4" FALE AT A oA A
APE A7E FAHLR BE A7V 24H
aE)n A5E 448 A[AE Ad =g S,
ANP(Advanced Nuclear Power)g& wEolA Il 2 A 244 <
oh EF fEWe AF F7HEY 4AE AdA% Xﬂv T JAE
g2 ZsA71n ok ol FA BB Zst A cd= MR T
o, A FgelE o 19 AAY AHE A AR, 3 AN FF
2l ofAletAL AAAL AAY ALAE ] 61% 2 AA T 1o oA otdE A

3 Agoer FE 5 Uk
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- A18F W B U AR AT FA.
- 7H5EQ A4E i) 44 R ¥ 87 Bokl FA.

- nuclear phase-out d 3 A€,
- Al T d#d3 A8 COGEMAS Synatomol A <=3,
- AlE & Adg FUHAFALRY A Al JoeBE il HE

= B A7
- A eF Adz Bd g AT

2) =g~

n YxE A

- 1999 12¢€ f93olA gxtE BHe BHEFE FAAZI A <Y
A FFY A FHE E.

- thA] oA : fuel cells, solar PV, wind power, biomasss

- WA GET Y S dds de, 42E HrE g, 4948 ad g
%

- 4AE LS TEstER oA AAEE Askstr] 98 ANP(Advanced
Nuclear Power)& +%.

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

- 1999 =t g 8 ZAMlA 59% 2HAJ, 35% Rl
- 81%e FF d4AY D4 diside ¥
= Ad AT
- AHEE dds #y
- dds F7] AA.
- Fast Reactor Breeder.
3 =4
JCEEIEE
- 2F8 4RI e ASF ADR AF A A Eojr} o] FojR.
- dA AW AHET AAE FHo| o] FoAA Eh: gom HRE 2002
Ao HAE gste} o} 24 A%A ¥ Y.
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B #AH A

- A28 oA pAAT

- AHEE AdE AR BHAF
(4) #r7+g

e U2 A

- 19989 A4 E 94E 71F2 AT dds B A8l .

r

e

a4 a7
- A8F UE AR BAAT

(5) ol
s Q" AR
- A9 2EY B4 A7E A,

- Nuclear Fission Research 3-8 Fo] 2= 712 A ddg MH(=me)S

=]
m AE AT
- = 71:“-

- preliminary neutron and thermoidraulic designS ENEA$+ ABSALDO7}
483t DEMO plant A4 25 A4

6) Mg&=
Az A
- ddg F7)% 53 3
- dds AAY A4 A 9.
- 20039 o|%o ZZEF A #AF o|EFH¢
- A28 Ade FEetEE A 4
Research and Consultary Group)<

¢
N

IsAd& A 9 A.

] 993 NRG (Nuclear
Fasls 3
- &3 Eok Materials, Monitoring and Inspection, Fuels, Isotopes, Risk

Management and Decision Analysis, Radiation and Environment)

r

4 a7
gh

- High Temperature Reactor 712 (Y

£, 54, dotrlgsh
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- Mixided Oxide fuel development (¥ ¥)

(1) 292
n A A
- AxE WS 98 Moratorium PlusE A3l=E g7
- Moratorium< 7}H5% 24 9] upgradeE #Hoist A2 A4 A4 kg

st A =3k

- BFAQ BFAAY oA FH AFFHE st P+Doll dig #H V)
= 59 (Pilot + Demo plant projects).

- P+Doll 2184 X AT Al AT 715 F4.

- A2 A dE AT v Az

- AR Moratorium Plus® A A2 7 g

» 3AH AT

- At 5oz diE, A< plantE EA, WA

- 712 d+ = Solid state physics and Material Sciences, Particle Physics
S ]
"o

- Life sciences (AFA o] &)
- AHRE ddg #e

- dqds AEA

- o4 BH dF

L Zt= o] ASAe] ZoF A7E S

(1) 4=

oh 978%

B=[3218) LAY BAdL 1995358 A& dS A1zHgk 1188 MW 7 A =2
F<Q Sizewell B/l HAx=2)E T3ste g7le dxELALE B8 British
Energy$] @& #o] 9600 MWl o]2m 1999-20007t & ZH % 63 TWholt}
Sizewell B 0]9]9] 2 HAEL AGR (Advanced Gas—cooled Reactor)7} o) %-&o]m,
Torness®} Heysham 2% 359 8-S 222 539 £ddA#S HAstz Yot 1995
Ak FdeAE A M H T2 Sizewell BY I&C AlEo] &4 9 tl4to]
19963 British Energyel Millennium IssueZ AAH FE Fo|A “Safety
Approach”7} )8 I&C AlE2 Ada #A#Ho] o}

(W) Sizewell Be] tAE 1&C A%

_61.—



Sizewell BE “B] A 43 7 ¥ (unusual alarm)”’2 Q8] 9= & 7A 7] Ho
AAA EAE A7 o] o] ARE WH A9 evacuation procedure®t ZL 3
W3 FAA IR R E v A e 9ARE #Es] Q3 BFHog HAA
AZEJO7L o AP HoFZ o=t F, Sizewell B 929 "Primary
Protection System (PPS)”9] R.& 7|5l 100,000 2219 #AFE IZ=E AELE &A%
Ede] 715& ougdtt. wkek iAo} PPS7F 1YW Sizewell2 %5 90 Km A
gl X3 A 22 AF FEI} =& 2 H] nuclear meltdown] F3oz A
Zkgk Atej7E 2T Aoz &

HAE = (barrage of tests)S %3} PPSE HA g 4 oy AZEY7}
7ol duk Axe] H2E #HE u3uA 4. o8 27|2AE EUZ Nuclear
Electric #A|A= AZEoldA o 2FRTGE HAENA 9 13& wl$ AZsHA
Azhetd, Az EYold i3k E &4 A (uncertainty) 2 2334t} Nuclear Electric
o] Sizewell B A EEIAE9] 2ZEJold iz &<l 2 7
g502 olF A

ol
rlo
g
o
2
i)
N

NIl <& 3 199339 5’\_2591101 AgolAe 1ZE 52%2 ARE 9
014- PPSel tid AlE A+ B AHZE GdA(safe)dl A7 QigE 2
S gk 238y, tAAE AHRE AZEolY IR FAle 3] THAL
"5‘*‘3‘01] gL mA = 292 dol AT A=, 100,000d o 11 9] 1 & (failure
rate)-2 1,000d0] 1o Z2 WMAsIA FAFHE AlFstAd. 4, full power =4S
98 =AM A& (green light)7}F 0] 19953 AE7HA = <tA ] th3F -2 (doubts)E
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A

A

A4 Aoz A

(th) AFE-719% L3AF

a3 AGR Nuclear Electricoll €3 “civil UK reactor”oll Al A}&o] & 7}€ #Hx
o] AFFE]-7)ur B 3 A% (computer-based protection system)2! AEA Technology 2
Single Channel Trip System (SCTS)+ safety critical software®] 733 EUE &
A2~ T 7hx7F 28 5 Atk Coolant gas flowE A 381 channel coolingg &
ol 7t~ A(gas failure)o.Z <QAste] A AL FHAE JMAYT] wWE,
Dungeness B AGR Nuclear Electric®] 232 Y4x2& 4 (modification)st+ AR

= 7t2ZA 3 (gas fault)ol] 3k Bol(defense)Z A& 3tz stk o3 A

AZLLAL 408719 YA29 97 Ad(fuel channel) Z}z}bol] 7+t 312 E H(high
temperature trip)S 22 AT 7IA A o3 EYU| 5L 7EY o2
71€& ARt AFHO gtoy, B T A8 AdF 74 dg Ay tFR
3 Ado g 87 E FAO REFEF AFEH-7IN 25 AFQ SCTSE AHE-38t
= ZAo] Ao At

SCTS+ 7t % AlA o2 @A+ “high coolant gas outlet temperature””}
e 2] (detection) = YA 2E EPAI|E AEA Technology® “Inherently Safe
Automatic Trip (ISATTM) F&& Ag3tAdd. I[SATTM Fx2+ 28 wz
2-out-of-4 EoA 2AFste 4749 BREHLE FAHY, 4 Adoi: 279
thermocouple®t 917] W&o 7]& 2] 2-out-of-3 =& E7l%ssith. A28 AT E
doje 71€ [SATTM Al&"S & 7Add 109 o] X ESo] o g7t &A=
2o ol8#L 7lzx AL, high coolant temperature protectiond €8l Dounreay 9
prototype fast reactor® ©|&3lod 7|l HAESIS A8 Z2A A9 ¥ A (bus)
AN AP & s

ISATTM 21299 27 5 stz 717] ZUEHE S A 2de)d tig ¢

ol 5% & g 9o, o]g 93 ¥ PC EYEHI AH8-"HY. SCTS AFE 7}
U % 22 To FRE umuW 2UE AFHE dolHE H5ae Ao
B ARE AFsr] HAste dole] MHE Fygn) o3 HAFE E 7R 7L
=R Edg=
- AAzZto 2 BE FF(parts)o] e FZA
AXNZro 2 LENZTE A
- d]°]E (53], thermocouple?]) ¥ FHAI} A e 4:38)
- EYEAE AT
- EYEAS AT HoHE ATy st Fr1Ho2 AZTEY o|HF
EYSe 5721302 thermocouple data® ¥ X

oJAEZ Aoz HojA AZEYolE [EC 830 wat AEHon, EWICS
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TC7¢ “adaptive software maintenance model’"E£% ¥ F 53 FAFRAE oz A 8t
Bslo] &3t 2AZE S WA (software change)2 Z+ @AInit} A&d dxt
(= 770 FA)el o8] viwd AL 5ol SAFHAT. NEAA H88 AR
e e 22 502 A¥E § Qo

- Customer? A8 %

- 7022} 9] feasibility study

- e 93 F£A

- BA¢ S¥8HTY A

- AA% EEHFTY 4

_ mTo Bz 44

- ANEAEY SH8HFY 74

-AERa 9 5Y€3F

O

- 848 3 (configuration Report)
TAZIFNID 2 RE AlAES A7 s e “*EE°]°1 7} st=g o 9
dojmglz] &8 FHSoF st=d, ol Y8 nAAQA Uyoz IR
o 38X (Failure Modes Effect analysis: FMEA)® 2 J 52X (Fault
Tree Analysis: FTA)o] 3 =HAT A& 7te} BAuete AT E o] HA=(code)9}
SCTS9] AFA A zt(precedent—setting)oll ol 2171 §lth= Al Z(confidence)S Al &3}
71 98, A5 SERAES sFHAGY. e MEFAHY FHA(E3], 2ZEH Y
F2)ol g2 e st=dolst A3 g HEH

() A2ZEol-#Ad AN
A3 -718F b A (computer-based safety-critical systems) 7H2oll A A
He EZQEL FE d737] 9% “Demonstration of Advanced Reliability
Techniques (DARTS)”’= CECell 93 d7u]e] d¥7t A=A F8 o774
FAT A Y v &4 v e TR AFE dojo] A8, /REEY AH,
TT7AIY 938 AlEHHE E(eg., black box, white box, statistical&operational), Z&]
I B7tE 3 k. DARTS 2382 SCTSIA 9 7o) 2-out-of-4 =8 & 2t& 47)
Ade nEAZA 3 2AE A3, Ado] 8+ % Al(natural language requirement
specification)& AJ4tgich, 478 @l wthste] 470 WEe ZHzbo] shuba e BEAd
ol 3 eFHAE AT 283, 47 BIAEG QFHA Al wWE =7
(effort)ell i3t A A z=X M (static code analysis), 2384 (productivity
analysis)®] 237} F83 985 AAMHL ok &4, 1980d D) = UAE Fobe H
go] @2 Adelard staff—é‘oﬂ 93] A3 (formal methods)E “Sizewell B PPS
(Primary Protection System) #H7Foll &-878t= AF7F 33U o] Adelard
o] AF AFE HZEo “on-line plant monitoring system H 79} “quantified
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software safety cases A7+"E X3t dt}. 7)€}, Scottish Nuclear Electric plc$t
o] Aekol o8] “The Nuclear Safety Research Programme on C&I“ Z2Z A E 9] ¢
B2 35 Adelard® safety casedl ™3t A+ Z4 "QUAntification of Reliability
in Computer-based systems(QUARC13# QUARC2)“, The University of Virginia
Reactor (UVAR)®] 2 MW €% 29 concrete walled pool reactor® ©]&3} safety
critical systemsol €3t #loje} BEE AF F AZEH T8 LdxHA 9 AA

4 Qo] MmA BUE Holn

(2) 2 Ao}

(7h 4 +& 29,301

1986 9] A2 A o3 YxatE Aol w9 S4HT FHou, 2{Ajop
AAE AFL Ao 21.2 GWeoll A 20103 7kA] 27.56-29.2 GWeZ o443t 3t}
(19983 %= A& AF). kA &AFF 2003-4d %0 A (shutdown) A AFold A2
£ 2010471A) 4718t % 7155 9 (operational lifetime)S &3 AWM o 2 nly
I Qi Aol YxZ g+ RBMK& 3 VVERE o]1, 600MWe CANDU ¢
A2 2719 AAME At Q)

(W) dAE kAT

@D Ignalina A 49 YAZRIAF

EBRD(European Bank for Construction and Development) A& o}
Ignalina YA1E LA 2712 RBMK 9A2 R 3 A% o] upgrade 2 Aoy, 28
3h-9-2(Westinghouse)$t  AEA  Technologyl <3 <3€ HAE ZA=Z 43
Sizewell B9+ A2 Temelin ZH 4o ALEH H2Ee¢2o Z2A2 Ao 7]7)
(process control equipment)E FF31712 AAHJY. B35 AE sh}E low reactor
coolant flow(LRCF)E R %31, t& sl}e] B35 A FL2 low operational reactivity
margin(LORM)& 2 &3t} B &A1 ¥ ypgradeE F3dsAE AHHQA olfE A=
=l Atzeln], o2 A3 ZA|H Aol RBMK dARS tAAgo] #Ho] FFHw
Al “G7 nuclear safety account”Z F3] A7FH7} YA

m LRCF

LRCF 712 reactor coreE WY Z}3t+ 1661709 reactor inlet water pipelinel]
Wzt (coolant) & FF 3t 4070 group distribution headers(GDH) & o] 3}1}9]
inletol] A1 &) A 2B (check valve) ==& 2] ¥ H (isolation valve)d] 1S AA 7]
F(design base) A} (event) 2.2 3t} o] 23+ A} reactor inlet water pipeline€)
coolant flowE REUE H3tL, low flow ARAoA = AAZE A A (shutdown) T o2
R R

® JORM
Low ORM/(operational reactivity margin)® 23 = 211709 Alo] ¥, 160
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12778 ¢] radial power

axial power density distribution (APDD) detector® ¥,
st Aot

density distribution(RPDD) detector®] £3-2 R UE H3s}
» AlTTE

a9 183 7ol BRI ATl EHAQA o]F 2 backbone(protection highway)?l

Fiber Optic Transceiver (FOT)dl 93] dZAHY, EZ AE Z 2 E Z(token passing

protocol) & AH&-3Th BAAHE e E dolE YEH A(data highway)7} AH-§-5

M, 37]% 2 ZE field inputd A st 2712 o 45848 M8 L(LRCF &

LORM)® =832 7i¥]ul(logic processing cabinets: LOGC)ol &3 Hr}.

RM 366  —
t TORM TORM TOGC TRCF
o {[For J[Forz] croGC S|l Loam LORM cABINET 3a|l casiNeT 3| casiNET 3 | i} [caBiNeT 1€
[} CABINET 2B} CABINET 2A
LA Flow! 0RM [ v ot i oRM input oM Input |||| orm Flow! ORM Flow 1
E:ICg Eglc Trip | Trip p Pl npu nput Trip} Trip ow Input
i ARA A ARdA | 4 g WY ERIE y Al A \f A IR Y R
¥ ¥ Yy Frav |y Fuv \HAR R ENLAEARNL Y ¥y
[ For1 |[Forz |f|| For | Fora [ Fors J{ oz |f i [ Fort ]| otz Jiif Fors I FOTZ] IFOTI " FOTZI |FOTI ] FOT2
fenct fiaHez | AN AY on X % e s | v s — = ===
NN\ s S g
; : i v i o S N
Proces e, .., Ky k! g Pty
. ‘ 4 o |FOT1 " FOTZI
P .. - e ]
s > ONST TS N 4
nformatio bt S, e g me——— ¥,
€ » Protection Y EN Y
_.MEL ., Flow Input
GHC ¥ = N T N
; ; . . ~. LRCF
‘." 4 /] 1 ey Y “*..] CABINET 2E
o~ s H s * . Nl e,
EWKS ,/ / I / : \ 'y \ ", \ -, S
[Fori | FOT2] [Fon ] Foml lFOT'( " FOTZ] frorr |[Forz] IFOT! | FOT2 IFOT1 “ FOT2| ’FOT1 " FOT2 '
[ WY A\_\\ WY AXA AX AXA A\'\A
EWKS YUY (Y FNY Y g Y YFRY LY N Y Yy N Y Y pN Y
CABINET
Flow: ORM 1 orm nput [l omm input Fiow tnput [|I| Flow input [{l] Flow Input Flow Input
rip i Trip
LRCF LRCF LRCF
LOGC LORM LORM CABINET CABINET CABINET LRCF
CABINET 1 || CABINET 1Bj| CABINET 1A 1w 2W 3w CABINET 3E
RM 322 RM 320 RM 411/1 iHM 411/2

19 18. Ignalina YA 4 AL AAZRIAT

% 92 Fhu]ul(multiple input cabinet)2 7183t F7bol] wigl s X HH, AlA
Zh7tole] wixlE & glo] AA Aol E(sensor cabling)g HA3E F7b gtk
Sizewell B¢} Temelin®] ¥4 Al(standard nuclear design)oll ] A-&A1F 2 HAF A
£2 B =AA(proven /O board design)’7} AE =] oo coolant flowst rod
position®] 7% (measurement)S & A2—3}¢29 A8 YE¥ EF(commercial
I/O standard)ell wet 2709 A 28 B =7} AEA Technologyol 2|8} A A ®c}. o g
T H2e 9E8 YE1/0 density) & Hdistg o=z siujdl ¢33 v 8-S H43
st &37F Ao

=g MugE 7E

Aol = BIAZFCPS)S 2-out-of-3 =89 EgEH



(partial trip output)2 wAAI7]0, Z} sj8]l& ORM E gl dig xa <} flow trip
of g Hal e 2719 7FREeE YR, o= EF &3 < (trip response
times)$t 2719 EY <18 E(trip algorithm)®] A& Bz (relative complexity)
of wgt AARAFY. 2822 Jd Z 2 A A (separate functional processors)E AF-&3F
c2H, EY 3357t JagH s S0 ER W AIRb] B WA =He FA
o] Sith.

Ancillary system< data highwayE %3] B3 AE3 Zedn, 2
ZREZ S AFIh Ancillary systeme GE AZo| 9IS FX
(process) % AR 3}o]gol(information highway)E E8] &Fo] 7}&3lc)
EWKS(engineering workstation)= ©2Zd o] (customized displays), Z& 2 7
B A2 (graphics & alarm management)E B33

B BYUHEY

3l 2 A

o
a"’ 0.!.4

@ Generalized Operator Support System (GOSS) [31]

A2l dde Ata o]F, FHA o & AAANAN S A (mistakes)E
P43 A B5H 02 Leningrad 939 FHulolA FHYE A% “ARIA A
&l (Information Display System: IDS)”2] 7ol =it ojalg SA4UL 9

AR FEA A2eS “GOSS"E s en], RBMK B el ] unitel] Hig 5A4& wig
o7 PdJYr. GOSSE HHLX9 AlarHol(Accident Transitions)e] g
(propagation)< WA 38}7] 93+ “System of Dynamics Barriers (SDB)” 7id S A&
st} X &9 (priority)7F ZA R A2xd3 TMI Ao €A F shte 44
o AEHE ZAo|v, o] IDSY EEHF o] ke Ad wFolth A g
(computerized processing)ell 23 AR FEA| 71&& AA (object)ol]l W3+ “global
view”2] A oj(control) 7153 &4 3 El/EE(dangerous states/modes) 2] A 9] ¢}
7V F8% Aozl g e AE ATsEE AEEHUATH

GOSS+= IAEA9 “ASSET” w3 RF. "Regulation for Quality Assurance
of NPP Operation”oll uwtg} a9 75 4o did %7 A7 (initial events)g 7]
7] (equipment), Staff (or personnel), L83 “EX}(procedures)®] ’quality provision
components” ¥ 2 Aolstth GOSS /Mo FH olfzE & 2L 2714 o
#E B3 U

- RF. OE]H]'O}'X & (General Safety Rules)®] 4.4.43+¢] &7
Hlo]l A Aol &3 7Hworking places)ol] IDS7} §1&

A, GOSS Aol A8¥ RBMK H 9 dz2 54 953 24
- 71%— 22 g Aojado] oz ujXH(settled) B T FEAY]
(indicators), 3}W(displays), 7X(alarms), W™= 10000742 W4
(parameters)©l] ™3k Al & (lights)2] 7}-84d (availability)
- FHntojA FAJDPSS, PSSl ot 37t 44t &7 9% F(ordinary
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operator’s actions)®] A% ¥ Z(A-operation)e] Z LA
- Shift =¥ 8to]x] ALY AT AP 0SS FAHproject)Z7F H

=

=
=

~ Shift $Hulo]lx AU YA
2] 8 F(need)

A9 524 AA% FutolR Aol

Ho

S A& H8" SDBE v 2

ZZ (conditions or states)?] & El(types) &

49 F7]% (main function)® A9 A] 2% (supporting system) 3 o]
(transition) &<t &8 AL 2] FH2ZH F2A

- 2E g9 wdL 27 g AlojE 93] videogrammes(display)2] 3
2 HINA A=

- 2AA 2719 e, ol A, 283 shift supervisor &H Y FFAA
(character of tasks)ol W& HA AREH Z W& (content)d A9

- 9= A FIE G2 FHIAHI-4, Ul-5 71Eh)e] HAEIe W9
(spheres)9] AA

0S

B
]

|
oz M

[ Ao
L)

A M EY HA7A 9 FEHzAE Fojvto]A LAY TUE EA =
Safety Observation Screen (SOS)&, ¢4 3 NI w AAHGA F23 TE HAA7
wale == A7le A& o]u]A|(signal image)et A EAIE T 23 H &3 (FA]
Ard ot AA AHEA R E EYEHe v 2.

- Shift Supervisor, Senior operators, Safety supervisors, NRC
Inspectors,plant men-on-dutyZ 93+ display device
- Crisis Center specialistsZ 3 & IDS (RBMK- or WWER-type)

- Atz Ao =" e ¢ I3 (demonstration)E F % AL EA]

(3) ol&g ot

b |4+483 [27]

A2xd Al o] F o|gg ol ARE 7HE WS AAsn A - S
Aok 2y, A2E AP AluE s #¥E A9 37 VVER 2 RBMK #3d4
9] otAA AS 938 A HE European programsol A &) T 1=Z7to] i3 7)1& x4
3} o] =9 21y =2 3HF kA A A (advanced & passive safety plants) 7l 2ol
o] A2 o e M BokR st A7 el A& HAH. T, 19873 9
At AAEE AL Ao FUHY| AW dAEEALe A H &3] 9 g

g 7129 Ao o] AZFHAT

(1}) Computer-Based Systems Important to Safety
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AFE-7I0 BEAT dAHEAL FH & g o]lZgol Safety Body

(National Agency for Environmental Protection: ANPA)2] &% F2 ujgje] A4
AT FFo AL AL g 93 AT Hrlo 2HE T2 Y} F, ¢
AAFS] AFE A2l AZE o] FAH AP g Ay, dxpgg
Aol HE5 & Digital Programmable Systems® HZAAde i3t Fr7t7j&S 913l
Ak A gAY $EHUE ZHYPYYAE o 53], ATAAG Fo B
2E dAY Y &5 3 gEo], &7 F(Verification & validation: V&V) T E ]
FHEE s AAZ ALF7)(development cycle)d] Ao FAL T ).

m 23R 3 AE (Integrated Protection System: IPS)

19879 % F3 9 vle]ARXZ A A-7¥F BRI AFAPS)S PWR ¥4 A&3}
712 A3t IPSe MdAE AL8e-¢a7F g2 o F8 AFTAAE o
etz]o} Ansaldo®} Enea’} @23t ¢tdAd Hrtol digh IA X &5 22 new
engineering standards, safety evaluation methods, =22} i licensing approach®] 7l
o] Rl A¥ct. A, vJxd A =(digital instrumentation)® THI HAET} t}&L
oz FPEHAT

- ITER fusion plantd ©lX ¥ A oJA%

- GE¢} &% 93 SBWR tlxd R3IA%

- AP600 1% (certification process)ell W3 NRCete] 3

- Evolutionalry PWR®} #H H o]l 2d-& ¥ TSO A+ T2 3
- Evolutionary PWRell t$ £387¢ EUR Rev. B 249 HE

- 7]€}, Kola 2349 7|<XdE A% FEx71e 589 5

B T]X g A|Adlo H7)
ARG DA 4o HEH UAE T2 o] 7hed Alade H3Ad Fute o
g AT HAA EAC 71xE T3 Jon, b 2 FE5ES ug3o
- A A7) #(design based) T YwiA R
i) REAZE
i) FAAA (A 2UHAY AF 2 AU AYAE)
iii) Ao AE
- gAEAR =) &4
i) dolg £33, =g 2 A7 %5 (ogic & computational functions), )€
A ZHdata storage), HlI°|E H=
it) Fail-safe & self-test features
i) 224 F47 BA" 5 (features)
iv) A7]# £ (electrical separation), HolE AES Y3 FAITAE

- 2ZES0 Y57 #Y
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i) 2ZE o] NEF7(software development cycle)

i) AZEHo] 2 7E4E 93 AF L A&

iii) 22 EH o] 74 2 H2EE 43 FE7|E R A58 =7 (V&V, V&V
2ol YA A2 ZE o] diversification A&, safety critical software®] 3
¥, proprietary or commercial software®] nuclear grade®2¢] HZ,

software maintenance)

=

- 7]€}, quality, design, realization, operation considerations %

B ©

L4

B>
K

2 1o
2
e (m
e

E0)
2

g % =ZHde=
2 A FA (Software quality & reliability)
(error avoidance) ¥ A%z (fault tolerance)

e

(development cycle)
(V&V)

|
R A )
Ao U = )
=

o N
N

olN

(4) 718t S7+vE
h vEa=
ddad=e dxg g digh A9A Ane 281 Fou, 71& JFH<
AT FHI}E Aoz HAT Delft University of Technology®l Interfacultair
Reactor Instituut®] A+F4 & o3 2t}
- Natural circulation BWRs
- BWR dynamics
- Fluidized bed nuclear reactor

Local void—fraction determination

Monte Carlo variance reduction methods

- High Temperature Reactors

i

Reactor physics computer code package
- High frame-rate neutron radiography

th 239

AFQe AP LA AR YHo] Aoz AP U, 19524
S A5 e5g A4S AR LAN AL hE 222 ZRYD

% 198339 AAE ZVMAUAAZ(PEN)IAE dE8FY dEYA 1235 7]
(PWR, 939 kWx2, J&H& 97%, 57%), vtZ 9|2 123 7]1(BWR, 97aks 5,000 kWx2,
AH & 71%, 58%) 4719 7ol FaHUY. =3 A Foldd Trillo 25 71(PWR
14T KW)E 2R 2o d4 AdEd 94" ensE ok

(th) dgd=
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dgse A$ FArHozRE £33 VVER 2717} AT AZA oA 2
ic condensor® Z &7 5 AWALGS AALHE ZEF Qlo] kM o] deElE e
79 VVER type?i= 8 th& oz <z Ao
AE=o Jojay fdL 19700 d ) T 2 1980kiﬂ%z<4] TAFEATG A A
ko] oF 1/4 7]-'1*01 Loviisa 2 Olkiluoto ¥ Ao = 4719 A4 &) FFH
. $AVELS 47 B £ V1SS HAD Ao @A 47] EF ofgAHA 4|
3 AIAE S Ao o APAIE S Fate AHAANE SV AR
T3 At

e £ ¥

Loviisa 99 @izl A& 19956 A==l on §13(2000) e 432 o
Aot} o] mEAE FAMHE wA AdAGE HF(eg. INSAG-8)3t WHAY
AF %S FH(1375MWth->1500 MWth, 43 B4HE 373 ofF 50MW) A7)
Eﬁ ul—x-]/\,] .T_OE oqxl——].‘_—.ﬂ] on;}
Teollisuuden Voima Oy(TVO) &-f2] Olkiluoto 1/2&7]2] ddist A& 1994
Holl A2 Y. o] ZEAE F9 X *é %3
oty Hzxeo| HA dFE, 4 ,
-> ZSOOMWth)«l 275 2% 5 YA HEl 2 & 3l Q
He] Z712 Olkiluotodl A 250 MW A& Aalo] EHojd Zolg
AF=9 A AZAAN LY AFEL F2 7|E dA ASA AFe Ay
3l Z2AE 3L F3 Yok

() 7]

199941 64 139 7793 AAZH 5T 4G BARET FFo] §5
god FESTe APAAL Fuzth 19999 79 49 ARARs ARARE
FAAAD 6AA I F AR, BAREFAHY L AFF 4D G5t A

HAATHEAS AZsto A4 do &4
HAA gstd QA 715 S clean AN AR Q] 7h o] Z
Aoz °7<—]7HA]_T. 4013 olAyo] A =&k °J;<]-E’:]%7<~]/\,,] 2=

A

(=} ﬂl:’

A5 9 WWER 440/213 type 47], 245U €4 27]°d. HE™ 157]
= 19999 49 14(gx 2000d 842 A7IHAMT ) AAEE FAsta 257] 7}
THEEE 20019 5¥2 oAFHo ot 1999 3Ll s AE2RA7]FH STEMAL
ZAtel s HEYD A 7|5t 3 AQY v GEAI AL PIHA A
DA AR 7} 47% 2 (0] A 8] oA ExAE 69%)BAA L o] IR o)A o] W}

E
AEE 2 F Slek

2l

Rl
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A HAH ASA A 2EE F(upgrade) A 71712 AASATE olEL ofgdE 1 F
o2 74" F2 7090 T 2 30 AR AAE ASAAN2HoZ =331 H
e 2A, 1 @ FART b8 B, ARG FE T FHoE dAdFgag
Aot &% 1093 o3 F3E& @4 r717] ¥t EEZ &A= AZFA o £E
% #dd —E—&Vg‘ 2 A8 GF5E& T Ak A3t AFe Fu|AY-E o]v

A 2+t A T
o237 728 1&C Modules®] 20073@71#] 1&C Upgrade 2238 of o8] &3}

2 Aot}
- Reactor control, limitation and protection (Sugan, ARM, ROM, HO1-4),

ESFAS (SOB/SAO0Z)

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)® x=2¢]°]¢] Halden v 5% YA 2(Boiling Water Reactor)dll A
A8 #d 2397z a3 P8 98 195839 OECDAH3 NEA(Nuclear Energy
Agency)d] FE5HHAIY 2 ZF OECD3| = 3te] okd ols) A& IA A+
Aot Hxe m2ads 59 jhe] dFZ2 ool 1 HY AgsEL 34
T2 Zte A7NEEZ2 oo 2N w 3dnict 22 o] A4 9ty HRP
Z2 AL OECD 7179 U= FFo #AGle] o= I AY a7 E%%
S Ud o] ZR2 30 FAT F YEF TS E MY ¥ U d5AAE
A7) =S i E sty 19953 79 H-E o] Z2 a1 7MYl Fr 03—?754
&8t il 9% A FEAAEATF AV HER 7 E] ey o] gh=o] HRP
jolm2 27 Yyt o= 7|#Ho|ztx: HRPY B E AR AFZHE &

il 8 =< Z(natural boiling water reactor)®] &
g Aol oy, A7/ A MAHAY EdFo] &
%] A5 B3 A7 AFESE ASAAAFTY Mg FH
Fi Ut
Man-Machine Systems Researchztil &8 A A o
A2 d9std 7 L 2FolA & BEH = gHAZ7] ¢ 7H
ZEo] AFgE HAFZA LY, W EHEZA 2 F35FF

rki
2

-!N
ol

237

Igoz A
77 3

lo

L oox T

olf ol

o -
o3

m
Ho e
e
4%



HANAT o]E ZI = Haden 9A2C AFHo2 AFHADL Fol& ASAHH
AFNE Z2aRL AAFSZ o7t Ha Qe AFETH A 2dAdA F g
#e Ao B2 8o FAHID Ut o T AFA AT AHAE D SHLY
2 9% AFE3E ASA A =AY Jged TR Hojdrh dA JAHL Y&
F8 AZFA AF7TEEL v 2.

7}. Halden Man-Machine Laboratory 7§2
HAMMLABL /1 E d7A#E AFAFE3 L AU
3 AP = Folth. @4 VVER B¢ AlEdolHd 1 <t Adad 4% &4
23 Tt HY IFE HIs AT 7€ AEHCIHO 1< AEd
CASH(Computerized Alarm System For HAMMLAB), COPMA (Computerized
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) €9 A|2€S &
dste] AFEA FAH AAE A A5 48E& FPsTH
1997358 o2 A= g dA=2F S 171 91381 HAMMLAB2000
HAE F¥sto] PWR ® BWR A€ o8 E /st gtk PWR AlEdolHE =
&% 22 Fessenheim CPO PWRS
1)

e

b &
bl

O]

229l Thomson Training & Simulation A} & 5
9 ZAEZ /gt o =3 BWR AlEdolHE AF =2 VTT Energy® 3%
02 299 Forsmark-3 922 & 7|BRAZ sfdstn AUk Al EHolE o 35
2y 3= FFAT 718A Jdeta, @9 Z2AEE AU Y, O ¢
Aed A% EAAAMNLEY A8 R AREE HIE AT FAZAZANE A
Atk 1 5 HAMMLAB2000% ## el £33 d7 & 53 2o

- Western PWR E}¢j 9] A Edoly 21408 44 2 7=

- PWR B} 9] CAMS(Computerized Accident Management System) 7%

- FAEE FE FHE FF67] s AlAE A 2 ATA

- Flexible hardware/software®] A AA <} 712 2 7=

- AFE structure /N

- off-the-shelf E 72 A3 AZEYo] SHPET 2 ©F 7

- A FEobol] /YA AE ALV gk VR AEHY Ao tis g4
=

- AZEJoe V/VY i3 AFZ2HRE AFHo2 4F3] A8 V&V

activities®] 53§

1}. Experimental Control Room ## A+
3

—
A7 BHe wALe FHAF 27
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=& ddd A8 w B ALY 4F L BANG A1FE 2357 Yol
t}. o]& 93} Unified Control Room MMI 783, 19963 ol +3¥ Computerized
Alarm System®] %7} - 2] 7}x] AR A © FAPEY &7 g 28 =F,
HIZRshd A 58 FPFAY 2 % F3 FA A7 deF 2oh
- unified control room MMI FH(ZZAH2AE 93 MMI € 2E COSS9
5% 19963 ZHE] pahse 29 A& o E ISACSES 98l unified 8 MMI
7AE)
- computerized alarm system(19963 Toll 3 ¥ AR AFe A3 = of
7V AR W FZANHe g3 g 48)
~ Large Screen for Overview Information 7}
- Display of Plant Automatics Diagrams(human centred automation
program= 19973 3¢ 74

- Development of a scheme for retrofitting of control rooms

t}. Man-Machine Interaction ¥ °F
A A AT §88E =017 A& Ao FRHAA &1L P&

doll B3 AFE FHstLUT AN FHASAA FRAE L ALY A3z
&3, function and task &3 2 HAAQY AAHe] Ay 7}1:3} 52 =%s1d,
AojA #dAA & de) 5 (capabilities)® 3HA (limitation)ol] B3 A&
T A& BHo g 51gl

® Human Error Analysis Project(HEAP)

1994958 A de AAF 2AE A3z, Ao 2del AAS $A2
- de AAAA A E LS 918 HEAPE 33t A ). 1997 dol & 1 ¢ &+
P AP L NP O R QAL F REE 53] 94 $HE M

® Human centered Automation
AFEH/1£2 AEHEZ AFHEAL 9T F
N A A Q7 7149 9E8EE D AF5te A%

% A72 sa%T 9o

2 32
e r
o
D)
e
mlo utn
Jeb
4
olt
o
N
Zo

» Computerized Alarm Systems Test and Evaluation

19963 58 CASHE Al&std 7l =P8 APPct BriE alamm
presentation, alarm processing and generation®l GAH-& FAG. 16719 Al 29
68 +HZ7 FH3ts AP 1997d =9 P35

® Studies of operator performance at nights
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oA Ftel LAY IAH J)wol # AFE FHPstn Sl
® V&V handbook
291"l Nuclear Power Inspectorate®}t 3522 Aojd 7 Abz38H3 HE

ol A 7143 7)uk(technical bases)E A|F37] 43 A= /Lo

® Training
HAMMLABS &d =288 HA

, TAEAS AL F e 2o HAAZ FH H
2}. Plant Surveillance and Operations System ¢}

HAalel AFE7 712 H 83t CASH(Computerized Alarm System For
HAMMLAB), COPMA(Computerized Operational Procedures MAnual system),
CFMS(Critical Function Monitoring System), SPMS(Success - Path Monitoring
System), EFD(Early Fault Detection system), DISKET(Dlagnosis System using
Knowledge Engineering Technique), DD(Detailed Diagnosis system), DP(Dttailed
Progonosis system) 5 2+ XA YA 2= S s on S FEL H 2 5

FH1 e 7Ll

8 Plant representation Methods
Z2aPA gHFQ AATE YHL T8I aHAE o], 53] computerized
=% o

operator support system(COSSs)E 75T u v #HA o] o}, I T Z2 M
A28 AgtE JAolA Sl A|2HE Zdyded u Aeg XA Q48 793}
Qo IDS oA AHgd AAzd AYsel e AeHe AR

® Plant status Identification Methods
28] 14 2 ZAE disturbance°l] EHT?_P early detection and diagnosis, TRE
ZJHel BE AL BHao AT T EHA FAA g FaIT 2EA
19973 F-E o3 o] o 719 WS o] g3l HHAA AHE FHsE AT
& T3tz o
- Neural Networks and Fuzzy Logic Methods& ©] 8% A2 Abe)a}o}b
- On-line Tracking Simulationg ©] &3 A+
On-line QualititativeZ ©| &3 AT (R H =dd+
Multi level flow modeling'

o
L.
1o

f
i

® Operations Planning and Optimization
- At dE): 1994-19969] A3 CAMS(computerized accident management

;75..



system) & 7|23 Fon A o]l& g A|2Ho L= ATFE F3P3}
I U,

- Low power Operation: A1&2 A ¢33 AR tJAaZgo)g EAF XY
Al="ol gk 2 AAYS 2A s,

n A28 s 373 (tool boxes)

- Alarm system Tool box(computerized alarm system toolbox(COAST)E
CASHE 7&3t=d AHE)

- Integrated Diagnosis Toolbox(IDS)E= o2 JdA|2e 2 E33l=1 A&

-  Computerized Procedure(1994-96'd¢l] 712" COPMA-IIo] o]¢]
COPMA-3& W& %)

- Graphical User Interface system

- Picasso-3 and Software Bus 7%

- GEuYoet FptaATv|Ee] TF

- A" e T F

- HAMMLAB &% 3% #A

v}l. Enhancement and Assessment of System Quality £°F
» MMI Al&¥9 QualityE 2 ZF37] ] &8 2 AJ(V&V)el #dH A+

g F9stn 9

® Application of Formal Method

Halden Project= HRP ProverE Al&3] formal 2ZEAAE etz o
automatic theorem prover¥ formal software 70'ZelAl oumo]de <4 #
theorem proving techniquesS &°|3tA 3171 93] 7¢= o] ¢t} HRP Provere] A
2 WA e 199%5del AlFE 199730 SAEAY. AZEY S AR}
HRP Provere o|&A4<& =o|7] 94 instruction materiale] LA oH,
HAMMLAB 2000¢ formal methodE &3l AT E 3 Folo.

» Complementary Notations and Techniques
Formal method research @ graphical and textual notationg &% 3 7]3&
199630 33t ey, SHEF ulS algebraic specification®. 2 ¥ 3= uniformd
o] MUY, 1997344 & thFe graphical 9] & algebraic specification
o2 WA e JdoiA ol HIWHEE o] &S AFE JAFHOE FTY3HH

® Verification and Validation

- Program Analysis(Z 378 Z2I138S 331 &3 H7h



rir
"
3

- Analysis Tools (A3, H7} ¥ high level languages #4243}
- Testing Methodlogies
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