(W)

(7rcle 2 ST & AR 0 R 2

(MRS - Fg)

2 32 N ] > Ke 4
2SRl U T =

TH B R A e BT €

JRISISRE @ ST 4 o F
AT PG S ¥ = B

R Pr3E RT AR

DR 98.4.4~98.4.10
F4 p i 98.6.6



TEIREFESHBHMERREEE K

M @3& & Z % R ENTERE TENEM Bbﬁ?’iiﬁ-kﬁ{l\ tﬁ)ﬁii)ﬁ‘ﬁ“ e

KB EEMMMEE  6BEHQA

HBARL/BAA/RBEEM: 2R/ REIRG/ AR E

WM R RE R 5 B
V3. REAR 7.

B o ¢ M4 EHRAESELRAE
(5. A M 54 e
[16. i k&M B 54

/AWM (7. 2= E > BR :
O(DRBEHE E R E
£ %R O@RAXEEREATAEIXETHANE
OG)REERAMS
BIOEY T T PE Y ERE TR PTe e
OGAREREBERETHAGE S BREE T4
RIEETY L)
ORN & mAMELER
Oa# O (ABEHLERBE)
RBAN Daewe. 58 (AT EHE LA

£ & R OEeRZER:

WA

—~ HEAGEEMRMB BN TEAE TREBRMELER -

S AMMTREEAAHIERABNE > BEREEMLEALN 8 FTRHF -
Z BUAERRAREREL MANTA

# % AT EER (O
A ) EHRAES AHF =y SECEE

s Y e gk
IR 2.6 1

2K/ G E




Frefez o7/ LM DRI L R R
MBEAR L LA S PR g TS EP RIS A4 0 BT §
F# 35 e WAL]T
N R A PHBE /IR A /R
ST A 2T /8 /24902401 4 18 2018

NEA R /R M/ EH /B T
E LM/ LB P/ o Hi R R R L AREF /24902401 4 #2056

Ry Ol g2 347 VD Ee B¢
D RPF : 98.4.4~98.4.10 TRE R ER
F4p P 98.6.6

AEEEL/ P R AR

B4 ¢ R4 42 ~ NPIC & HMIT

FEREE (ZPFPLIZFF)

1 #20 R¥p 3 A48 4 o B TR i i - B AT ekt p
ABEE S EFWPAIEE R 1993 B4 B34 EEMEP L RETEAB A0 &
W% XL € 3R (] 2 NPIC&HMIT) - gt k7 (2 € k&b S RSP i &
PRI EME R T E R FRP AL EE AR A B REEET &
RIS FTL AR s R TS okt e b R ABE 0 #2006 £ 11 ¢ P E %
%37 FE NPIC&HMIT &40/ ¢ 2. 16 > 2 Piacta g 4 # L X BEy%5 = B
Pt RITTE A B 6 R AR A ERE S A R SRR RGO &
FAEN250 5 RIEEAP A0 HLmy - BE A AEARERATT R Y
LA RIFTEMT > L3 A "T%%'F’ W E R A RS g en
&AL -

2. %4 A A3t € 0 1 T Team Situation Awareness in Advanced Control Room —
Lesson Learned from Integrated Verification and Validation | = 38 % ##%~ ° #&
Mg Al E 5 M B F 8 f % (Team Situation Awareness ) 2. 3R %2 » 1Y

pu
+=
PR BRAOTIEZ S o

T

A2 T FHe I NREL T (http © //report. gsn. gov. tw)



>~ NEPFRER
-~ GARZp eh
Z N (74pET 1 (%I P
SRR E R
(=) §RFTA
(=) %4 g RiEA

=

v AR EBER R
o~ EREA

2. g

15

17

19



i

N

RPN FEEAR

(=) d EWfactn € (ANS) A #enfiin RIp T4 84 5 s 5L

(

¢ (fi45 NPIC&HMIT) R A & ehkir b4 ¢
RO MG TR R EHAAP IR 2R FRS
MEZLRRIE S kg e FERPE § (USNRC) ~
FRGRIET ERFEFHT - FRT 4~ 1% (EPRI)
B = o F ~ L R ’i’a,é'r— TR ASRHUERF L E
E (1996 4‘1‘) i BA,

§RIDIE St 0 RPRTE B ORIDEATE T 5 5% o
o &R FRPEE R ER R AP A B AT

%

BT aqRliE fif‘?;r;z,:‘s Bo g HE 2 g R F R
TERNFAEAEER > P HEELCTREPIRIFE- R
? % % 4p 5! Interim Staff Guide ( #§ # ISG) =A7F &% % B iF
FRr oo BEPARR RS EFY ~ Bemandp il @i o
Regulatory Guide ~ # % % # 3+ % Standard Review Plan ( f§
SRP) % 7% Ni&kfr ss , ~ % 18 % M A Fla #2 , » & £ IEEE
IERE e B R AERE Y 2P B 6 A MY 2 B R
ﬁ&ﬁ&mawﬁ%%gﬁ L2298 & 40 6~9 P EFD i

W 2raf » (Knoxville) B 7 » A3 p 7 & fpdciiRir 2
A G 2 BATHOAT S 5 S5m0 1R B 1 E B kAL E
eI #”1%@ TATHE AP L R S5 £ F

b ﬁ’ﬁ*m\\

PR S A EF € o

N 409596 & By e R kA Tl fe R 2
AT R R RER Al 2 MR R (Team
Situation Awareness ) RAE:E 7 F ShiF 1 > ERAEF Y B2 %

o A=k %4 #7342 T Team Situation Awareness in Advanced

eu_

Control Room — Lesson Learned from Integrated Verification and



Validation | 338 2%~ > SREF U A2 P2 25 5 B
> % o

S (TAREE O iTIE P

AXix

\

PR E R EAROISE4L Y 4p 398 F4 10p Ao

£ x5 i FARN FAeT

b

Azig p P BT Wi LT 13 10ER R
98.4.4-98.4.5 e T NV 2

98.4.6-98.4.8 FMHPRE € ER AT, %4t NPIC&HMIT

7o F 2009 731 ¢
98.4.9-98.4.10 TR > |EAR

= HEEREN R

(-) §HFH
REB~FHIZ2 A4 5 ,f‘: S (F ﬁé;ﬁi‘ IC&HMI ) #_% i 3 & Raie
TEF R T ERAOBERE o ICKHMI E_7 Feerdd (g7
ﬁ’?ﬁﬁﬁﬁ‘ﬁiﬁéﬁﬁi%&‘?&$ﬁ@ﬁﬁq’ua
FEFT M TR/REA G ~Frd ~ Bk s B M RF 2345 5w o
MEAA AT D o AR AR R RS R
Bostins (i e skl L RRTRERLT R e
IC&HMI H jtv#- > B i+ 42 (4 Reactivity, Heat transfer, Energy
conversion system 3 ) et ] ~ i s TAL S A E i L L e B
CER AR o REFAR R IR B8RRI PR T OUEE
BB fEE IR ¥ EE R R o Bt i IC&KHMI Hpis e i
WL FRFPFEANERARE 2 FehI d A4 24D




B dsd R4 % 22 Pk FY o ICKHMI B2 5 4
: o 2 L LM -
FNRITAREAB A HHPE R R @ g R e e
RGP ABE R 0 E PR € P 1993 Edz 0 B IR 34 E R yRP
ORI T A4 5 HATE AT ¢ 3k (AL NPIC&HMIT) > & 712
EREBHA LREFAR LR ORITEHMER T E K> F R
I EEHRLCE A BRI AR ALATI AR R AT
Wimk e oA 484 5 #2006 F 11 * BREPS T & NPIC &
HMIT & 387734 ¢ 2. {8 > 2 W Piac s € 5 # 1 X B7F = B &
BT 05 R AT e A Gk B AR K p L E o
EFE2H20K RETFEABA 6 HiFZH B gk ﬁ"fév\_%ﬁx—ffr
T BT k2 LIATHAE 0 2 A g e A S
Tt h kLo HanRAE -
=) St € REAR
I B
=t € R ¥ 4 & Instrumentation and Control (I&C)% Human-
Machine Interface Technology (HMIT) = #f » I&C 3R > & ik 3L |4
fg{r IVAN 7 A
o #ix k¥ LA (Digital System Reliability )
o & AR B Z £ P FHEHF (Advanced Sensors and Measurement
Techniques )
o FriE 8 w43k 3+ (Controls in New Construction Reactors )
e % >R 4G 2 ¥ E &4 % ( Safety Critical Software
Development and Qualification )
o Wik LATIA2Z AR Y 3 (Digital Upgrade Issues in an
Evolving Regulatory Environment )
. ¥ Ry k2 Bt (Acceptance of Commercial Digital

Instrumentation )



FriE g e R E 3R 4L (Regulatory Aspects of 1&C in
New Construction Reactors )

T - A8 2 ki % 5L Next Generation I&C Systems

e m Mtk & £ X B 2 % & (Education of NPP 1&C
Professionals )

FrHFE g2 &R &* (Research Reactor I&C Applications )
T R 2 %% % 3o (Plant Safeguards and Security Systems )

&I 2E f#i % Z_ (1&C Architectures and Protocols )

TREIERB 4P F 23 (Environmental Compatibility )

Wi 2 F K R T 4L (Maintenance and Condition Monitoring )
¥ ¥7¥3p 1 %% (Diagnostics and Predictive Maintenance )
&Y ﬁg?lﬁﬁtrf & * (Wireless Applications in Nuclear Power
Plants )

BRI { A7 22 5 5% w4 (Lessons Learned in Digital
Upgrades )

% > AP B B ik 32 # e ( Digital Safety System 1&C Technology )
EH A ML > e § P (Advanced Signal Processing
Methods for Reactor Monitoring )

%’%‘ d B R4y Fr3 TR OBOR A i (Plant Modernization
Through 1&C Upgrades )

Ri a2 & *  (Instrumentation for the Fissile Material
Accountability )

e A w2 Bt (Applications of Advanced Control
Algorithms in NPPs)

hF >RIERGE D EERE BT (Modeling Digital 1&C
Systems in PRA/PSA )

® i ¥ (Aging Management )

AR S R s BRI 2 B (Applications of DCS,
Networks, & Fieldbus in Nuclear Power Plants )

8



[&C for Grid Appropriate Reactors
A R R B R 371 422 S 5% w4k (Lessons Learned
from Digital I&C Modernization Projects in European NPPs )

% M2 JFR I & (Diversity and Defense in Depth )
FPGA-Based Systems
% AP B IR 2 Bk ¥ Fr il (Safety-related Software V&V)
Pl % 22 F 412 34 73R4 (Cyber Security Licensing/
Implementation )
2% 7 8L 2 % (Setpoint Methodologies )
Recent In-Pile Instrumentation Developments for Research & Test
Reactors
2 ITE fo % AR 2 g ( Best Practices and Standards
Development )

A &3 (Long Term Sustainability for NPPs )

HMIT % & 7R 3ER| A = T 5| 2 B Phe 4 ¢

% > < i+ (Safety Culture )

Ak ¥z 3 #93k 48 (Human Automation Interaction )
A ¥ m Foprz. BT 2 il (Verification & Validation of HMI
Technologies )

#4p & % (Alarm Systems )

4+ B ¥ A& (Human Reliability )

T " i 425 % (Computerized Procedures )

A4 4 @ 2. & * (Human Machine Interface Applications )
=2 AR BCER (Modeling & Simulation )

A AR P2 3K 3t % PR (Design & Licensing of HMI
Technologies )

2" 4% ( Training )

A ¥4 e § 373k 4E (Modernization )



o 153 2 4r % (Analysis Methods & Results)

W R AR S 0 b TR o - BREER L F T
56 B PFEAH Y F A RN ERYEB ARG BAE 2 O
745 B IREL S5 o

2. B % %3 F# - NPIC & HMIT 2009 Opening Plenary Session

AEERLBEN @S R TR R AT 2 R R T
F % % (Oak Ridge National Lab » ORNL > » &_& & € :&k K y+H
) Jk Tom Mason » #4% 5 “Meeting the Energy Challenge: The
Role of Nuclear Science and Technology in Strengthening Our Energy
Future”» # A 47 i g K% & ~ 105 & hedlo § (O pEe s s
FiERB2 APREY FT P TORFZTH o 4p i EPR
PAEIL L p B hid > § R B AR B F A S f R 1 T
4 2 & TVA &% 3 Ashok Bhatnagar /i 55 TVA i % % (g &
%% > TVA 5% Brown Ferry ~ Watts Bar ~ Sequoyah ¥ +%5c T B °
H ¥ WatsBar # 2 frazig v o
A BE N LAWK R Y ¢ 36 USNRC #cie hirsads £ f ¢ 4 A
John Grobe ~ #4% 5 “Digital Technologies: The Next Generation”
WM FEFERPE f s Mo iz g Ad0) (ISG) i B
o L E Rt ISG % & Oconee ~ Wolf Creek % it 7 B k4 { 371
22 5% o K p Exelon 1 AZAF R = & enF % & 5%, Amir Shahkarami
BEF A1 2R KNSR FH o 342 5 “Digital 1&C Industry
Perspective” » # ‘wi#cdl ¥ % %22 2 ISG 1 i% ] %2 (Task Working
Group) > £ NRC % e #5f ~ @~ L% iRy F d4p512
FARBE S L T F N AK2ZYA 3 HHISGTZ RS HEREKZ
o B AIREFR
LRI T RE R a0 F (TABA) #5772 i T R ikidx
*# 8 f22E Oszvald Glockler » # % “IAEA nuclear power
programs and I&C activities” % 48 » s 4 % IAEA i # - 5?* B i i

~

oS
1!
g

10



RIARM R BB R Sk o d Y R AR
%aﬁkﬁ@&,g&a@ggagﬂémwﬁz;»;n,w
SRRt ERIEAREF Y G

EELE

A =x 7 3F € 12 [ Team Situation Awareness in Advanced Control

Room — Lesson Learned from Integrated Verification and Validation |

A L W (Ff??btﬁ?\;i"krzﬁfi> 3 A iE b Al i»ﬁﬁll‘ﬂj‘ i

2% (Team Situation Awareness ) 2_ k4L > 1 % F % 1iE2 S ° %
ﬁp%iﬁ&ﬁ;%@i&ﬂi@ﬁﬁﬁ&%ﬁai @@i
RS SR A ﬁxﬁﬂééﬂ@%r fﬁv;%z.zgmz;rmg
% A # 5 Endsley eh= F¢ & 5 W PG AR wiE
ﬁ&ﬁﬁ%ﬁﬁ@iﬁ%f,ﬁgﬁﬂ,@ﬁgﬁw@o:ﬁﬁﬁ

RenG%2AFA G IRFEHR - ZRFTI -2 nivr i N 85%
LT EREFE A RE B’\@Eﬁ“ Procedure-based A= f> = §% ~ 1
% J§ >t Knowledge-based ehde 4 47K i 4 e 2 #h 2 F 2 o 7 %
BREA A A B AR LAEER B @ﬁﬁﬁ@ﬁ%a,%ﬁy
WEREfHEPEPE BRSO ER G FREE R T

FREF e oo 3t it o gt b o BFREE R e TR R F oA
FRARM G BT EIGOTR  BAel B R B dp s F TR
SE R F] L W ARRB R EE B ER AL R 4 AP
WL o kfpr 7l % o 2F A ”ﬁ pha i R = = K B
Mg % m Rl e i R Ppenie it £ 4 47 (Cognitive Task
Analysis) #78 2 OF M7 Kl REF B wINp a0 ik

e F IR o

R
BB AL B E A RN T AR G- v b BERE R D
v % o

11



Q) “FeR R rEFE LT ER- BERE?E LD G & iFeh
Sk HFHRAPELR Y

3) ~mF 3 &P,&%‘m = S

4. P RAL
AL ERBPEDER G ZFRIEI 40T
(1) Air Traffic Management, Safety Culture Improvement, And The
Nuclear Power Industry
AR Az PR RS g2 & 22 L piviE o
Humggz2 B EEFRR T REEZ ke
(2) A Framework Of An Active Alarm Processing For An Advanced

Nuclear Power Plant

S > % A = L M L= 2 = AR
E’U‘:?é\r’ /fﬁ F"“) )J"}:g‘y‘:-‘l\.»\‘l\ ’ li ﬂ'l e v‘g—@f’rm%wﬁ:gﬁﬁ%ﬂ-‘ﬁ

oM Ak LB E -

(3) Current Regulatory Status for Digital Systems in the U.S. Nuclear
Power Industry” — General Chair’s Special Session
d £EPiF € NRR hipavf o 'gthB&mpﬁ$ﬁﬁlwbﬁmé
NRC ¥ 3% & ehfici> &47F - » ¢ 4% Toshiba 4 & 9 FPGA %
> 4« % ~ HF Control % B 0 HF #4741 % st ~ AREAVA % E
£11 AV-42 Priority Logic Module ~ Mitsubishi 3 & 59 MELTAC #c
A T B RS AR LA T A EE

ﬁﬁ%&%%ﬁﬁﬂ%%ﬁ%%ﬁ?iﬁ@ﬂKmmmMm

FHERMPEF > T ES%R > RIECRIEGE T ETE
DRTOHERFFG YL E o ATl S EARS o ﬁx.g v fe
% % Diablo Canyon 7 fr#ici> ki { A7 % 5| » k3P NRC
05 % (Diversity) | K3z w e a2 4 & &4 o

12



(4) Evaluation Of The Fortum IRD Pilot

Fortum Information Rich Display (# #- IRD) £_%j < Fortum =
#4e VIT £ 5#7 7 ¢ <« £ & OECD Halden Reactor Project %
B A 34 XRF > ARKRAFERTHEPFFEOT %
(WDP) < IRD sk 3 4 H fip it € & T enlgr > 34 >
Frs P 2 £ & B env AR (visibility ) o IRD B a0 crafg ] &
24 P&ID ;Vavinfr o /J hEFRRF R TEFLFT R
577 IRD § 045088 | ¥ ARARGER T > 560 % 9 Rl 3]
PALEEBRE - AR A5 IRDEFILE ~ Sl i o
@ﬁiﬁékm#«yw%imafz@ﬁ#@wﬁA%ﬁa
(3p VDU) £ 72 45+ > 4p & & > 2 AT F ok ez v 24
ﬁ@ﬂi&wﬁﬁﬁf@’%i%ﬁwﬁwﬁ°£wﬁ% fe

NPT A Pt e B E e & o
A Tl £ X F B o

A

(5) The Effect Of Display Type On Process Control Performance—
Case EID

Ecological Interface Design (f§ # EID)&_% i§ % ~ & Vincente %
ﬁ;ﬁ%&tk\gwﬂrrﬁ_ Mend BRI A 0 B VIT #2387
TP LSRG § ~ Halden Reactor Project & i% > 3%&1F & #* pb
PEARZ A A5 2.7 @ * |4 (Usability) ; % fF Loviisa % it
AR T AT AR BID R H A48 G kst e

(6) The Application Of Human Factors Engineering For A Major
Modernization Project In Sweden - Tools, Challenges, And Lessons
Learned From Practical Experience
*E N B E Oskarshamn %40 & = S anZLi b 1 2 ¢ 1
AR R LATIRE  Fu RAREAVA 4o fe T i 4 R & 1%
i ¥ NUREG-0711 7% 2 en#p] > o * A Fl1 fgen™ 2 211
Lo BFRVFEE RHEFR L THRERFNEZTH
AT FREPe Rk 0 LR AR R TSk o

13



(7)

(8)

Guidelines For Design And Implementation Of Computerized
Procedures

rEm2A%d FRT A AT (EPRL) 2 $ehg it 25 3
w3 sl (* 2 %% EPRI TR-1015313) 2 % B @42 ~ p
FrAHE LTt LR BG%ﬂﬁHIQ%
Rz - (Y-R o ifdlzAA A 00 58 ) &irdpsl
FENERICNRC @~ L& o P> £ 78 - A7 45197
TS EPN NP EPEET A NUREG-0700 &7 % it 42
BE2 63 o ¥ehoigipdgils #25 IEEE 4] TATHR%
(P # 4 2 %3 5 [EEEPL786) the & iy » ¥ i -

Guidelines And Criteria For Identifying And Implementing The
Minimum Inventory And Other Supplemental Human-System
Interfaces

rEwm2ARd FRT A AT (EPRL) 2 i Fdlz A+
A H (Minimum Inventory » 14 ® f§ # MI) % palz
FRER P FAHELE Ml 5 NRC 5 FAHRER 0GR
L% S A I R ST S S P
B AT T AR FAMAP AR G E o ML LRy
ISG-05 ¢ = 78 1 & % PE A2 - 0 EPRI #73% 3745 51 4047 High
Level 2 Detailed Level # &% 3 3] » /& * * > High Level
m#ﬂ 9l B sH 4 5 {2 ;%—}3@" m ek Y& B 0 Detailed Level
chdp SIRIIE4FAR R o 3Tk 5 d 2T ISG-02 T 5 P EFER Y
#7431 Operator Manual Backup %48 » F]ot » EPRI 3+ 3% &
ML ek 3-4p5l3E 4 (¥ 2 %50 EPRI TR-1015312) ¢ -3 4
Manual Operator Action £4p B 35 51 » EPRI 7 T & 4 # p 1RiE
IR o

14



E I RN R - R
&“p?%ﬁﬂlﬁﬁﬁ“’\#*%aiﬁﬁgﬁ.

EiLS

P

IRy

= 3K
T
{ﬂ.‘m}
=
N -

ERITEABAGARER S THET & LEBARFE DY
%*%if>%§%54 B g K AR A R g
,Eég’uﬁg_%., d'ﬁé;iz d AL g kg o Ffrgr g 4L
2 74 # NRC{-DOE £~ & R 7F % % 7 E_L%?%a%’

’
m F ”\‘E. ﬁ‘”‘t&g Wit~ AW HEREE > Blde o BTy g B
44750 (ISG) A= 3™ 317 LA L 234% 0 1
ﬁﬁﬁﬁﬁﬁﬁ%§°§? IERT EHEEWHE 0 &)
g i o g%g}; 74l p e hAd & bl4e > AREAVA B goi
FOBRE R LATLALDOR RE% A NRC AR = g 4
#LEL » AREAVA i{ # %
1858 A g&mﬂﬁﬁ - FEAEHEWE S
AP1000 chif 2 A 8 4 6 K35

-

AN g RE S iz - B R R Rk E R
BAGL Tl > d 30 p ¥FRPPIREFTARKR S L %A
EFRFHEAPRZER S I EERE CHFFEERY 5% E
A € BUAESN LR N o F4e € 3R 0 AP B Bl
E—ﬁ»;?}%’gﬁa)%’if “g:_f;’é; ’ 4 Bs 3~ R F’i?_ B A mj}{] SALTT o .,,Hlp s
TS ERS N BN A5k B2
AP~ p %M Halden Reactor Project 22 #7 F = % o & Wi 2
—E&ii@%%ﬂﬁ%%&%%ﬁ%%ﬁ%%’?*ﬁ?‘ﬁ
FFEPeid g B ehfic i B 0 T g A iR 58 TAEA P
rEREVFOFREB VALY c AXERIF > &
X KAERI 7% 1% 2 (Dr. Jung Woon Lee ) i1 # & B iz ™

-~

S
o Y

13
g K

15



Ju

SR W AT ERANFERE S B RIpAAMZR F T E R

ERE RS SR T TN B
i

H i~ 'JF%:lJ‘

F oo gE R 4
A §4 F £ 6 RS E g e failp
e FBROE BFTREREZREZG 0 LA WEER
OFI 0 IR I OH RN ERG A KA R
EASELR AR QUi Ealagl 3 - TR
BTAE P RfREAEABENEIR AXER PR
SRR P AR RN AR S g R §HRY SFRE
AR DR Vb Ay RAEERIF A o pE P
W*%Q@éﬁiﬁﬁA%KMHmoiﬁ’jfﬁﬂﬁﬂir‘
S > HPHERLEBERFp AR~ /HEPR
et ood S GY HRPET %im;ﬁé% » R R 2%
Paflgad aikbe kg o0 Ak X AR R OF B

_k
<+ ;% /——‘1&»0

=% ¢RI F > ¥ 2 Brookhaven® % % % John O’Harat? 1 <
WORBETERASTPARGFIFFZIENEAB I %
W RIS B o John O’Hara® NRC A F] 1 240 B /£ 2 ~ ¥ 1)
SRS T"E-‘ﬁ VAT E TR 25 2 R Ay RIS EPRIG] T A% e
S R S AR RN R ST T e T S
E g 2 » ¥ 3 i2 7 & % fF o John O’Harafi
HPEOTRFEE S ARBRE B RETE DIEE
R BRI - B MY RREITRER LT Rm R H
H

RE o HEY -

B

{Q
it

16



\\\?{.r

N

ERETR

- s E R ARPCEE R R R RGP TG e

Ripho AHE B LA FAT P F AR H R
g pwe 3-8 7 F 44y 5! Interim Staff Guide (
HISG) HMFF 2 FRITER ™ » e ¥ p R 5 RHISGE - 3
»~ Regulatory Guide ~ &% % 44 SRP% 7%  &Rir s % | ~ %
18% "4 F1 48, > & FIEEE1 $#% % - A2 5P F A
g R A FHRIEEDE 2L LS e R R
M6IMISGerif ¥ 3B 3R 4 o A » €RINRCE B » &7 4
£ NN ISGHE € 3 37 & K A B o 6] doISG-04 # 57 4o
Operator Manual Backuperip B} % » FEH Roac € 45 B ot —
RALD WERA S FAMINT P RFFEHPISCE i A F
FHFISGeigz7p 73 » 287375 > L@ FSAR% & { 5 "8 11

HE A NRCH § #F e Rz ¢ % 5431 (SG) > &
ISGF At ffteng & i< #» NRC3 % &4 & B foNEL# &
1 ¥ %%ISGWI%Q PEESERB I RE
Regulatory Guide ~ # % % # 3+ % Standard Review Plan ( f§ #¢
SRP) $7% Mhir s, ~ $18% T« Fli 4, » & FIEEEL
FIEE o A RNRCE A {rNEI* | § &2 7 & f X B8
PR kAT 6 o HISG T % p| 2% b g ks H
AL RITEREAK A RPN E AP0~ 2 R
iﬁ%°?iﬁﬁﬁﬁéﬁﬁaEG&Qﬁ%iﬁﬁﬁiig
oA P ER R St 0 R I G R AT P R R
et Gok o s FUEETRLE DG E5] 0 G B E R
g R RAL L A o

g

SV RIS ERAEL A FRER PP B Rk

HaFs X d @ £ 7 » AREAVAZ P2+ @ iod 72 ¢ chiic

17



(%]

FRE ART L8 EF B o @ éhCommon Q14 2 AREAVA = 7
#TELEPERM XS+ 2.0 % 53 % 8 > 5B 4 4 chticim ki
B P RS R Foliipa Joghe > Fpt 0 AR AR
LA BEFR AT ET 0 AP e iz ik BB R R
et 5% Y REESPERRESFRETA o BLAH
3t s e e .

diﬂ#w%éiﬁﬁﬁﬁ%?WA%* BT ¢ R ARE
Prit RIE A AR 2R B R T L o A g@‘¢$
2 2508 R E B RITE A A R 2 BATHN S B Y S5
A EHE M R TR AL TR R LM R
B Flte g Rm v T AR PREL (Ru
ftp://10.144.101.3/DCIS/NPIC&HMIT 2009 ) - if 4p i e i= B~

2 # T ﬁkqﬂmwmf¢’%4?§@1§ RPN
LRI 2P B A E T2 iR > BANHB P SIS

3 E2LiE 7 4 »ﬁ&;4ﬂ5m¢2&v%iwvz§%”’izi
i 4

18



B N (O

19



Team Situation Awarenessin
Advanced Control Room -
Lesson Learned from Integrated
ﬁ Verification and Validation

Shang H. Hsu

National Chiao Tung University
Tung-Ming Wu

Taiwan Power Company

@eatraa

i | ntroduction

= Successful control room operations are
dependent on effective team
performance.

= Accurate team situation awareness
enable operation teams to achieve and
maintain effective team performance.

= Situation awareness (SA) is operators’
understanding of the current process
state, i.e. knowing what's going on.




i | ntroduction

= Endsley’s definition of three levels of SA

= Perception of critical elements of the
system

= Comprehension of current situation
= Projection of future status

= Operator’s interaction with the HSI is a
key factor in support of SA

i | ntroduction

= Team situation awareness consists of:

= The degree to which every team member
possesses the SA required for his/her
tasks

= The situation model held by all team
members, i.e. shared SA
= Team SA is a result of interplay of
individual members’ cognitive process
and team interaction behaviors.

s Effective communication contributes to
better team SA.
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= Purpose of this study

= TO investigate operators’ interaction with
the advanced HSI and their communication
process in the process of forming their
team SA

i M ethod

1. Characterize operators’ interaction
with advanced HSI and their
communication process

2. Selection of test scenarios
3. Perform task analysis

4. Conduct test scenarios and collect
data

5. Data analysis




1. Characterize major factors
affecting team performance

= Characterization of operators’
interaction in ACR is helpful to identify
the required cognitive skills.

= Four major factors identified:
= Types of operators’ tasks
= Role of crew members
= Team communication patterns
= Types of HSI

+

= Types of Operators’ Tasks

= Primary tasks
»Monitoring and detection
» Situation assessment
» Response planning
» Response implementation
= Secondary tasks
Interface management tasks
Team interaction
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= Role of crew members

= A typical crew consists of 3 licensed
operators:
»  Senior reactor operator (SRO)
» Reactor operator (RO)
- Assistant reactor operator (ARO)
= Each crew member performs tasks based

on the predefined division of
responsibility.

i

=  Team communication patterns

= Categorize based on the review of testing
scenarios

= Seven types of patterns

> Requesting

» Active reporting

~ Information supply

» Acknowledgement

~ Giving directive

» Suggestion

» Discussion

10
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= Types of HSI in ACR

= Abstract display

» presents key plant parameters and system
level information and at spatial dedicated
place for common reference

= Non-shared displays
~ presents details of low level plant information
on individual workstations
= Full display

~ similar to non-shared displays but can be

shared with the crew at operators’ discretion.
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i 2. Selection of Test Scenarios

= Test scenarios encompass plant normal
operation and emergency operation

= For plant normal operation
= Procedural-based tasks
= Turbine start-up was selected

= For emergency operation
= Knowledge-based tasks

= LOCA with Lost of Off-site Power event
was selected

12




i 3. Perform Task Analysis

= Hierarchical task analysis

= Task decomposed into subtasks, task
steps, and actions

= |dentify interrelationships between
tasks

13

i ex. LOCA
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RO/ARO SRO

Detect
Failures
Order RO/ARO to gather
relevant system & component
|nformit|on

Monitor
system level &
plant level
information

= Determine optimal task path
= represented in the form of operational
seqguence diagram
= Cognitive task analysis

= identify the information requirements
pertinent to the types of HSI for each
scenario per Vincente’s method of
Abstraction-Decomposition Space.
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Table I. Analysis of Information Requirements
during Turbine Start-up (Sample)

Whole .
Type of HSI System Subsystem Unit Component
Abstract A. Reactor A.1 Reactor Reactor * Reactor Period
Display Pressure Pressure | Status .
Vessel & Vessel getutron Count
Auxiliary and ae
System Internal * Reactor
Pressure
* Reactor Steam
Flow
* RPV Water
Level
A.2 RCIS DOI | Rod Out SRNM and APRM
Status Control Rod
Withdrawal Block
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4. Conduct Test Scenarios and
Collect Data

+

= Two teams exercised test scenarios
using Taipower’s Lungmen Nuclear
Power Plant Simulator.
= One team comprised operators with
experience in use of HSI for more
than 3 years.

= The other team includes operators
with less experience in use of HSI

18




= In each scenario, both two teams’ verbal
protocols were recorded and team members
communication behaviors and their
interaction with the plant HSI were
videotaped.

= An evaluation form was developed to collect
data including:
= Retrieved information
= Use of HSI

= Team communication including contents and
patterns

= Decision-making
Level of team SA
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Table Il. Completed Evaluation Form
during Turbine Start-up (Sample)

Time Retrieved T)(/);f)e Team Communicati | Decision- Le\é?tluc::tigenam
Information HSI Communication on Pattern Making Awareness
1 RWCU flow |N ARO reported Reporting  [NA Understanding
RWCU flow
Status of A [SRO supplied Supply of  |NA Perception
RWCU status of RWCU  |Information
pump pump
Changeof |N |SRO gave Giving NA Perception
RWCU flow directive, ARO directive,
reported flow Reporting
change

N: Non-shared displays; A: Abstract display
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5. Data Analysis

= To use log-linear model to assess the co-
relation between use of HSI, communication
patterns, and team situation awareness.

= Encoded data were analyzed to establish
best co-relation model of the three concerned
factors.

= the degree of co-relation for each code
combination was quantified and tested by log-
likelihood ratio chi-square, G2 with significant
level a =0.05.
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Results

i

1. Scenario of normal operation
B Experienced team
B Inexperienced team
B Comparison of both teams

2. Scenario of emergency operation
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1. Scenario of Normal Operation

= According to a statistic test, three-factor
co-relation is insignificant.

= |n addition to three-factor analysis, two-

factor analysis was conducted due to
significant interactive effects according
to association tests

= The best co-relation model was
established mainly based on two-factor

analysis
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Team
Interactive e

Experienced Team

Inexperienced Team

Types of HSI and
Communication
Patterns

Operators seldom
supplied the
information on the
abstract and the non-
shared displays

The abstract display
was seldom utilized in
information supply

Communication
Patters and Team
SA

= Active reporting was
helpful for the team in
acquiring L1 and L2
team SA

= information supply
and
acknowledgement
helped the team
achieve L2 team SA
significantly

= Active reporting
helped the team
achieve L1 and L2
team SA.

= Information supply
helped the team
achieve L1 team SA
significantly.
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Comparison of Co-relation

Team
Co-relation

Experienced Team

Inexperienced Team

Co-relation between
Types of HSI and
Communication
Patterns

Abstract display was
used more often in
support of active
reporting tasks while it
was less used in
information supply
tasks.

The SRO used the
abstract display more
often in giving
directives but seldom in
requesting information.

Co-relation between
Communication
Patters and Team
SA

The experienced team
maintained better L1
team SA, because
each crew member
used to acknowledge
the information he
received from others.

No difference between
two teams in making
use of information
supply and active
reporting for
maintaining L1 and L2
team SA.
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2. Scenario of emergency operation

= Three-factor co-relation is insignificant,

too.

= |n addition to three-factor analysis, two-
factor analysis was conducted due to
significant interactive effects according
to association tests.

= The best co-relation model was
established mainly based on two-factor

analysis.
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Team

Interactive

Experienced Team

Inexperienced Team

Types of HSI and
Communication
Patterns

The abstract display was
mainly used in active
reporting, information
supply, giving directive, and
suggestion

The abstract display was
less used in requesting
and acknowledgement,
but was used more often
in suggestion.

Types of HSI and
State of Team SA

Requesting, active
reporting, information
supply, and
acknowledgement
contribute to achieve L1
and L2 team SA .

Requesting, active
reporting, information
supply, and
acknowledgement did
contribute in acquiring
L1 and L2 team SA.

Communication
and State of
Team SA

The non-shared display
was not the major HSI
which operators interacted
with the plant to reach L2
team SA.

None shared display
was less used to reach
L2 team SA.
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Comparison of Co-relation

Team
Co-relation

Experienced Team

Inexperienced Team

Between Types of
HSI and
Communication
Patterns

= Utilized abstract display
in active reporting and
supplying plant-level
information

= Used non-shared
displays to retrieved
information specific to
changes of reactor water
charging mode and EDG.

Made less use of
abstract display in
support of requesting
and acknowledgement
during team
communication.
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Comparison of Co-relation

Team
) Experienced Team Inexperienced Team
Co-relation
Between Types of | practiced team discussion | Requesting, active
HSI and State of | more often than the reporting, information
Team SA inexperienced team. Thus, | supply, and
L2 team SA was more acknowledgement
quickly achieved. contributed to achieve
L1 and L2 team SA in
both teams.
Between By effectively interacting Achieved L1 team SA
Communication with plant HSI, the team mainly and seldom
and State of was usually achieved L1 reached L2 team SA.
Team SA and L2 team SA timely.
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Conclusion

= Supplying Information at higher level of
abstraction is helpful to achieve L3 team SA
which enables operators to adopt proactive
strategy rather than proactive strategy.

= The performance of control room operation
team would be better if their communication
involved more task-related communication
patterns such as giving directions,
acknowledgments, inquiries, stating their
purpose and intention, as well as discussions.

30




+

The communication strategy has to be
formalized based on the information
requirements identified from cognitive task
analysis. It is suggested that a
communication strategy may be developed,
verified and incorporated into
communication training program for plant
operators.
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Thank you for your attention!
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