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- RG 1.173, Sep. 1997, “ Developing Software Life Cycle Processes for Digital
Computer Software Used in Safety Systems of Nuclear Power Plants”
- |EEE Std 1074-2006, “IEEE Standard for Developing Software Life Cycle
Processes”
- RG 1.172, Sep. 1997, “ Software Requirements Specifications for Digital
Computer Software Used in Safety Systems of Nuclear Power Plants”
- |EEE STD 830-2009, “IEEE Recommended Practice for Software

Requirements Specifications”

- |EEE STD 1016-2009, “IEEE Standard for Information Technology—Systems
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Design—Software Design Descriptions”

- RG 1.171, Sep. 1997, “Software Unit Testing for Digital Computer Software
Used in Safety Systems of Nuclear Power Plants”

- NUREG/ CR-6463, “Review Guidelines for Software Languages for Use in
Nuclear Power Plant Safety Systems”

- RG 1.170, Sep. 1997, “Software Test Documentation for Digital Computer
Software Used in Safety Systems of Nuclear Power Plants”

- |EEE STD 829-2008, “IEEE Standard for Software Test Documentation”

~ 10CFR73.54 “i5% Hc T %o ~ 1 30 5 SL87 e i

- 10CFR73.55 #& 41 & 4533k %8 % »-10CFR73.55(m) & 45 #c i T " &7 e B2
(2009/03)

- 10CFR73.56 w5 B~324#

- RG 5.71, Feb, 2010 “Cyber Security Programs for Nuclear Facilities”

- RG 197 % > 4p B % 87

- RG 1.152, July, 2011 “Criteria for Use of Computers in Safety Systems of
Nuclear Power Plants. U.S. Nuclear Regulatory Commission”

- HICB 7-14, “Guidance on Software Reviews for Digital Computer-Based
Instrumentation and Control Systems”

- 1SG-04, “Highly-Integrated Control Rooms- Communications”

- I1SG-05, “Highly-Integrated Control Rooms- Human Factors”

- 1SG-06, “Digital I & C Licensing Process”

- NUREG-0711 “Human Factors Engineering Program Review Model”

- NUREG/CR-6637 “Human System Interface and Plant Modernization”

- NUREG/CR-6749 “Integrating Digital and Conventional Human System
Interfaces”

- |EEE Std 7-4.3.2-2003 “Standard Criteria for Digital Computers in Safety
Systems of Nuclear Power Generating Stations”

- IEEE Std. 1012 “Standard for Software Verification and Validation Plans”

- IEEE Std. 1028 “Standard for Software Reviews and Audits”

- IEEE Std 1042, 1987 “IEEE Guide for Software Configuration Management”

- EPRI 1007997 “Guideline for Performing Defense-in-Depth and Diversity
Assessments for Digital 1&C Upgrades”

- EPRI 1011710 “CDR-Critical Digital Reviews”
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A study of the effectiveness of defense echelon design of ABWR/LMNPP @ o
plant for mitigating LOCA accident
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ABSTRACT

Article hisory:

Recetved 26 Februxy 2013
Recetved in revised fom 10 June 2013
Accepred 12 June 2013

Nepwiard
Emergency com coaling syem
High pressare core flooding sysem
Defense echeion

This study sdopted 3 physical digital High Presswre Core Flooder (HPCF) automatic cantrol system far
Advanced Bailing Water Reactor (ABWR) design. The HRCF contral system was @mmected to the
PCTRANJABWR nuclear power plant (NPP) simulator by & communication interface. The HPCF logic con-
trol behavior was clearly identifiabie and the defense echelon of HPCF digital control system was also
analyzed in this work In arder to understand the defense achelon function of Emergency Care Cooling
System (ECCS), the dynamic behavior of BCCS was also analyzed by the test facility.

The defemse echelons of ECCS indude the folkwing - Reactor Care Isolation Cooling System (RQC)
HPCF, Low Pressure Flaoder made of Residual Heat Removal System (RHRALPFL). and Autymatic Depres-
surization System (ADS). In the study, HPCF was implemented and simulaeed by 3 commerGal grade dig
itl I&C platiirm (Natiom | Instrumnents). ROC, HPCF and the plant model were simulaeed by PCTRAN]
ABWR. An int=rface the P code p. ta digital input, digital output, analag
input. and analog output signals.

Six case studies were perfarmed, which were (1) ECCS is initiated by high drywell pressure signal, (2)
EQCS i initiated by low reactar water level signal (3) ECCS initiation follows the Final Safety Analysis
Repart (FSAR) condition of lungmen Nuciear Power Plant (LMNPP ). (4) BCCS fiks without operators man-
ual acton, {5) BCCS fails with operators manual acion on HPCF, and (6) ATWS mitigated with ARL ECCS
Initisted by High Dry Well Pressure Signal. The results obtained from the system development proasss.
has contributed additionally towards the research which is conducted at Institute of Nuclear Energy
Research (INER) and akso benefis all other Instrumentation and Control (IRC) system improvement
and development of Taiwan Nuclear Instrumentation and Cantrol Systems.

© 2013 Bsevier Ltd. All rights reserved

1. Introduction

data also raises ksues of communication through the network
Redundant system design can help resist against singe failure.

All new nuclear power plants are being designed with inte-
grated digital 1&C Digital control systems have the following
advantages. (1) no setpoint drifting; (2) automatic calibration;
(3) various improvement capabilities, such as fault tolerance,
self-testing signal validation and process system diagnostics, and
(4) much detailed information helping operators to discover the
plant status. Digital control systems introduce new failure modes
which differ from analog control systems. Analog control systems

However, the redundant system typically implements the same
software module as the original system. This indicates that
software Common Cause Failure (CCF) can defeat the redundant
system. Therefore, digital 1&C systems must address issue of soft-
ware failure. Branch Technical Position BTP 7-14 (2007), requests
Software Verification and Validation (SV&V) and Software Configu-
ration Management (SCM) to reduce the number of sofrware
errors, and thus enhance software reliability. However, emmor-free
iy

comprise of logc arcuits, reaching logical result d
In contrast, a digital system is run by a computer with all the logic
circuits transferred to software instructions All the logical compu-
tations are performed by the Central Processing Unit (CPU)L Thus,
all the software should be run by the CPUL

The software if allocated in memory, passibly producing prob-
lems of address conflict and memory overflow. The transker digital

* Corresponding author. Tel: <885 (3) 471 1400nE352; f2c: +B36(3) 4711415
E-mall address: wh wangeiner govw (H-W. Hung).

0306-4549/$ - see front mater & 2013 Elsevier 12d. All rights reserved.
hrep kv dot org 10,1016/} 3nucens 2013.06016

s le to achieve in a complicated digital system.
In particular, some software faults are not detectable, because they
occur only in particularcontexts. Therefore, Software Safety Analy-
sis (SSA) and Diversity and Defense-in-Depth (D3) can improve the
system safety wherever the software fault takes effecton the NPP.
SSA identifies the system hazards introduced by software fallure.
D3 focuses on plant level defense against safery related digital
1&C system filure. Fault-tolerance techniques can successfully
resolve software or hardware single failure.

PE-002

A Study of the Effectiveness of Defense Echelon Design of ABWR/LMNPP plant for
mitigating LOCA Accident 0306-4549, ANNALS OF NUCLEAR ENERGY. 2013-07-24,
vol. 62, pp.333-341, Dec 2013
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Development of staffing evaluation principle for advanced main
control room and the effect on situation awareness and mental
workload

@ CransMark

Chiuhsiang Joe Lin*!, Tsung-Ling Hsieh®, Shiau-Feng Lin®*

* Department of Industrial Managememi, National Tatwan Unsversity of Scence and Tecnatogy, €3, Section 4, Keekmg Road Tatpet 10607, Tetwun
* nstisute of Muckear Energy Resea ch, 1000, Wenhua Road, Chiaae Villzge Lungten 12545 Tatwan
* Depar memt of Indkasirial £ ngineveriag, Chung-Yusan Christsan Untversity, 20, Chung Pet Road, Chung-11 2021, Tatwm

HIGHLIGHTS

* A staming evaluation principie was developed for the advanced main control room.
 The principle proposed to improve situation awareness and mental workioad
» The principie has good validity that was examined by experimental design.

ABSTRACT
ARTICLE INFO

Situation both of which influence operator pesformance in the advanced
main control room of 2 nuclear power plant, can be affected by staMmng level, The key goal of stamng is
10 ensure the proper number of personned to SUPport plant operations and events. If the stamng level
is not adaptive, the operators may have low situation awareness and an excessive mensal warkload,
which lead to human error. Accordingly, this study developed a stamng evaluation principie based on
CPM-GOMS modeling for operations in the 20vanced main contral room. A within-subject experiment
was designed to examine the validity of the staffing evaluation principle. The results indicated that the
situation awareness, mental workload, and operating performance of the stamnag level determined by
the stamng evaluation principle was significantly better than that of the non-evaluated stamng leves:
thas, the validity of the staffing evaluation technigue is acceptabie. The implications of the ndings of
this study on managerial practice are discussed.

Crown Copyright © 2013 Published by Elsevier BV. All Tights reserved.

Articie history
Recesved 6 March 2013

Recerved in revised form 19 July 2013
Accepted 15 August 2013

1. Introduction

Situation awareness and mental workload are particularly influ-
ential in operator performance in the advanced main control room
(MCR) of a nuclear power plant {(NPP). High situation awareness
and acceptable mental workload levels have been addressed in
NUREG-0700(2004).The construct of situation awareness has been
defined by Endsley (1995a) as “The perception of elements in the

awareness is an important performance factor in the advanced MCR
of an NPP (Halibert, 1997; Haet al, 2007; Kim et al, 2011). Anum-
ber of studies have noted that situation awareness is positively
cnn'elated with operator performance (e.g., Kim et al, 2009; Lin

t al, 2010), and poor situation awareness is an attributed cause
of human error (e.g., Endsley, 1995b; Sasou and Reason, 1099;
Stanton et al., 2001; Salmon et al., 2006). Therefore, Il may be criti-
allyi important for operators to maintain high si

environment within a volume of time and space, the comp
sion of their meaning. and the projection of their status in the
near future”. A review of the literature indicates that situation

g cD«mpommgmum Tel: +8B6 3471 1400REI5; fax: +886 347 11415.
i@

7 Tel: +BBG 3265 4451,

durning d ially so i ies. Fur-
thermore, the concept of mental workload has been proposed as an
inferred construct that mediates between task difficult, operator
skill, and observed performance (Moray, 1979). Additionally, men-
tal workload has been a major concern within the advanced MCR
of NPPs (e.g. Sebok, 2000; Ha et al. 2007; Lin et al, 2013) because
of the effect of workload on human error and performance. Some
studies have suggested that optimizing the allecation of mental
workload to operators could reduce human errors, improve system
safety, and increase productivity and operator satisfaction (Moray,

007954935 - see Fromt matter. Crown Copyright © 2013 Published by Elsevier BV. Al rights reserved.
056

bttp-ldx dotom 10,101 murengres.

Development of a staffing evaluation principle for improving situation awareness

and mental workload of operators in Advanced Main Control Room

0029-5493, NUCLEAR ENGINEERING AND DESIGN), 2013-10-01, Vol.265, pp. 137-144,
OCT 2013.
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Sensitivity study on the counter-current flow limitation in the DEG
LBLOCA with the TRACE code

@ eres

Chun-Yu Chen**, Chunkuan Shih*', Jong-Rong Wang*#, Hao-Tzu Lin""*
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ABSTRACT
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ks,
CRXCA
e

The courter-cumect Mow Hmiration (COCFL) ool plays + key 1ok m sy Laege break boss of coolant aece
e [LLOCAT analysis since o afiects the cakulared discharge fow, reflooding time and peak chadding
temperature (PCTL Ity paper, 4 sensoviry stadly on the CORL mnde! |s performed, e modelireg LILOCA
occwrning ar the Chisnhan TWRH plant, The sormaro asymnes LIS power and 733 e S, with a dow
e emudod guiertine D40 beeak on the rectreudesion oop, wivich is the most Lty LIOCA, for & IWR)
Jovactn. Two Becal Locarkan e, on the wacton and the dacharnge side of 2 cecinoulanion pueg, e evad

wared, with high presssee Core ingecning (RO andl low poessure ooee tpraying (LIS avatabie whiibe low
prossure core npecting (LINT) Was falled. Tae YTRACE cede s imed foe the analysis The Chisahan TRAE
inodel was boachmacked Jgainss steadystate s transions daca containsd In the plant FSAR repoit. a
vl an atart-op dala and the ooanseest reults ussg the KETRAN cofe. The thermad byrbaube phiemoawna

Ut by plemiims ared and the et purmgrs are dss aalyood.

Crirmn Copyebghet @ 2003 Pudlisled by Elwrier UE AT (g reserved,

1. Jatroduction

The most Bermtimg LBLOCA for o BWRS reactor s the DEG break
on the reciroulation loog, which is 1S beeak ow an cach side. In
this paper, twa break locations, ie, on the saction amd disghage
side of & recirculation gemp are evaluated, with HPCT and LGS
available whereas LNCH faded, The TRALE code 15 used for the anal-
y3is. The COFL model plays 2 koy rade in avy LBLOCA asalysis since
ut affeces the cakculated discharge flow, reflooding e and peak
cladding somperarure (ICTL The curenst COIL researshes fooes
o 3 PWE reactor (Takeudts, 1966 Jeong, 20021 2 phesomienon e
wiew (b and Maciam, 201 1) or a code investigatson {Cheng. 2010)
In this paper, a sessitivity stody on the COFL moded ks performed.
by modetimg & LHLOCA cccurrmyg at the Chinshas BWIUG plint
The scenario assumes 1023 power and 753 core fow, with a DEG
bevak on the recircalinon boop (see Table 11 10 CFR %0 Appendis
X rogpaires thagany effecr of fued rod Now blockage caiiculated 10 oc-
car during blowdown 35 a resalt of cldding swelling or upeare. In
the events of DEG LOCAS, emergeony core cooling systemn [ECCS)
warer is Injected into the core theough the upper plenuin. kawer
plemim, o both, OF particular interess shurimg the reflood period

* Cuosespotadag sethon Telo «B85 900 09012 faa: +58e 1 2490013
Aoad ooy GSATIRRE (v rosr e (CC8 Ui R et o
Ot 1S i ampian o 1w )& Warng | Wbt e o e [T Do
! Tel 4886 858 384108
¥ el vmaG pA2 00113
¥ Telo oBAG 0IT 42T00R

of 2 LBLOCA, 15 CCRL and ool Roceition above 1he wpper coee plate
following core safety Injection, Wates that stagnases (in the upper
plesam amd that is held there by OCFL canmot deain anlo the conv
and contrdnte to core cooling. When the CCFL occurs, the mass
aned hweat Sracefer reduce between the gas and Sgeed phase, amil &
warer pood forms above the 10p of fueds. This phenameson educes
the mjecting ECCS water in core area and resadty in a rapd imcrease
of the fuel ewperanso [Damoerell, 193] Asalysis of the CCRU
occurrence s essential to the safety of mockar reacton (lssa,
20010 In thes pager. the COFL wedel 1s appliod m (he cone area
The TRACE code, the TRAC/RELAP Advanced Computational En-
pine, 1 the test component -baset and best-estimate reactor sys-
tem code being developed by the US nudear regulitory
comimission (USNRC) for anatyring the neutrunic and thermal-
hydranlic bebuiviers, of fents and other accsdent soe-
nanos in light water reactors, Through the Intemational coopera-
the poogran, the Code Applicarioes sod M. P ogran
{CAMP), many organizacions participate aod adops the THACE code
for varses applications. The Chissdan nuckar power plas, the
Hrst nuclear power plant In Tatwan, opesates ar a thermal power
of 1528 MW after the measerement sscertainty recuvery praject
I 2006, The rared stewm fow is 3.5 M kgt with the rated core
flow at 24.0 M sgib and the reactor at 6.98 MPa. In order
te valicate the sumencal moded and o iniialize e LOCA sewls-
e, the Chizshun TRACE model of Chénshan Nudeas Power Plant
(NFPL coosmting of the spacific companents like 3D VESSEL 5T~
PUMP, SPED and CHAN, wis developed usiog the plant design dara

30045408 - vy Bust maniey Oomam Coprpegde © 2000 Prhatwnd bry Ebsevnr L A sghihs seserved

Ferpi e dot e VLI stsemie 201 L0 0%

73

PE-002



FhE NI

PE-002

ez ~ 101 ERFAFERA LT BIEEHES

101 # Roc it 3 B3 d 9 %3 23 2w Ayee i)

E A [P 2 FR B

EE R B By

HiFH

T*hEFELLA

2 =
& KT

BT

PTiE g (L IE P PEIT A5

1. #3334+

B S W

Ié—a w_“'L}g"”ZJIJ‘af\:_'@“;'%

RF G @?

B LR R 2 P, T

FIMHF AL AL AP R PR ET S

BRI AT E 2 2 B I N mERE E ST AP E E

WAL 1T B A M AR R B
FLE > RAEN %f I = % > e % B Yt
TP ARARIEY > Fir A AR

Bp LA

AAEREAL 2AFEFHHELE R
LN F A AR

HHFLLRALL A2 1R FHELFEA
Peds 1 ¥ R- 5t F Rt iFsid
MRETHEF A 2 Pi- R WRARS FREX
AL 3 TITRAMES B2 8 4 P2 R
P2 10 W 2TEHREEF LD PR
FIFERESp 4 Mg R g 6 5% 2034 -

74




FhE NI

PE-002

3.

FOM BRI A E B RE M
FERFEEFTZ A5 LR ?ALERR
F]Q

75

: (QANE A T L |-

15 S F A Lt 4 %

B 2RI B AR
£ H#“AE-IN-NR-C18
Rimm T o2 3o il ki
21 0P 2 - o
A& FIE P 4oT 8
(1) #ci ke ic g B E LR
Pf@)&%%fﬁWWﬁwiﬁﬂﬁpﬂ@
Wi Ry g TR 2FBEFAT () R
adw&vdﬁ 3 (5) iR MY A
(R B B oy @)&Iaﬁ@HWﬁk
FEECRIRAE T (7) X Rk s fAe s 5 (8)
Bt R AERIE BRI T
&a@%&aﬁ%% BRIFIAMZREFFY
)P T R D SRR R
i@ﬁﬂmGLﬂ$\®ﬁ@%%?§iﬁﬁ
#p 4% A 28 (IEEE Std 1074-2006) ~ (3) & * ** %
R RE D R TR R RRKE(RG
1.172) ~ (4)#c 8 7 R 2 1232 F %5 > 4 (IEEE
Std 830-2009) ~ (5) 7 3t HL i 4 $Lk - 152 — %
#8252 (IEEE Std 1016-2009) ~ (6)#kc i it 7
P RE R P AP R RE Dk Sengi M H A p iR
(RG 1.171) ~ (7)#c %% H —~ ;p| 3 4% & (IEEE Std
1008-1987) ~ (8)1¢ * *= % i IRy
$T 2 % 4 %P (NUREG/CR 6463) ~ (9)#kc = i
T BB % 0T RE Dk St B p R
% (RG 1.170) ¢ (10) #c %8 ip) 3% ~ i 4% % (IEEE
Std 829-2008) » H & & #1418 F i KT
@ﬁ@%éf%ﬁ;ﬁi%@f
CEHETE TR EHERPA LR
éﬁuéﬁiﬁ’ﬂﬁ*ﬂ)*%ﬁ
PoRQHRIFEIEEF AR
P RER * ehALEE 2 (3) $Ha/A A SR ;fs(..s.e_
R ) TR T BE( s Sk )
?iﬁb&am%mﬁW$ﬁﬁwWQ%ﬁﬂ
PAenige - B 2 RAPM R~ B { %=
j;f‘? * o

F'FI[‘ \i/n glf

BRIGEAP M

<

],

}A{"Q‘

B

e st =

E’-Fu —E‘L»—L




FhE NI

R F LGy AL AMEL e =
Fo L FFHREAEFLNDIL 2(F

¥ 8 SCl paper = 7 % » % EI # 7
5% RSHh> 22F @i r?2
fa)

2 | 2pr2g

PE-002
BEHFALZA R L PR ReEHET L ERFY
FEFTARBIEFFLEFY AT B AN

% Mechanical degradation of cold-worked 304
stainless steel in salt spray environment, Journal of
Nuclear Materials, 422 (2012) 58-68. » B ** KPI %

%‘QF’T o

AT A R AR 2 5 AIEE E &0 SCI

s MBI EHm 22 K 0 El
A5 EH - RFERP D IE L EE
1k REERHZ 1A 2 Hfh

paper 7 %

WHFALELL TEP Y IE AR 1

o R%BERBH LE ) LAY 25FHA D
FwA L TSClpaper7 & > RI%SF 3t gk~

22K EIHA5E -

AEr S N EARFER ORI
o LR EZRET -

A PRI AT R 2 A ()EFIQBEFHFELEF L FHIAREE R Lo
GESICOE S SRR S IES & ¥ R

BEGHANE R By B EP R
WLATRPFFA NG EMApIFTS | REP A ERBRIE REA S B A N
je o PRISE $id @4 £- ST AIATH 0 |2 0 T HLiieiade | i e **z#ﬁfﬂrrﬁ AR
L Fe R R R R A A F - R R AR AR s b B

» e KA E R

She

ToRBETIER 0 NFG

LR RS A &

—

BB THAERIAT, BT A A A RS 2L
B H B o A A E A RRP TR
I 4 %\,T&‘J" %\%il% I_EL—PE.’TE)—‘J%&J S - B )|
rEERIRTZ RERE PP > HFHAR LAY A

R e

I

AP ETRAP TR Y@

HHFLELAF T

#E R P T L AR E
Prw RokEn B AR % 4 e B AL
SRR TRAPRRLYES 2

FAFPFTYE BB L >

76




FhE NI

PE-002

10. ST EERLL 34 L2 9
RS X RN ER At IR
G R E

P A ERE B 2 pl sk

Mz RAE 0 A EH ?

DR R AR B 2R
PO E R R SRS B 2 RR AP M
FRMGFT2ZAPMZRTY T
C e AT L R R B E R E LR
MZEREA bl (1) EFEREDLHE
BEPr2-RQHEPRFEEFFARINP R
* Ao 21 (B) HH /A M & PR (e R )
PSR TR (R JCS T o RS
R R ATRRR(T R ) AR D P R o P Y
FRAPME RS B {BRETY o
"R R E A A G AL Tl 4R
BAIC 2L O HERPTRAEFE AR A
AR A Bl AR m@mpz’Pz%
BF R (T2 4P B2 (40 1SG-05) & tdr F 3 B
P P3G B ke LR VHEAS
B I AP E @B RN 0 TR T IR
BT O EZRA-FAEAIR A FI TR
W2 AR o

T
-
1

i
s J-E_‘,g_f—,,};ﬁm ;ﬁci”“

i
g #%
C S

11, FrFiERR§F AP R UAMHFEALAF T
RETHET > BREnE o A H e

m.&éﬁhs%*‘*%W*@wFﬁ Hh oL R
LR ARARFFIRNGEZ RS
2. 91.7% -

13 pep FHIEERGEFE  BFRBRHLE FHFRLAF T

77




FhE NI

PE-002

14.

ARFRSERERE D CHEERY
FPEME O OHPR T R E R
LAk H ﬁf’?ﬁ"ii °

HHFLLA N T

15.

Sk SR S A R R AN NP SR

L e SoE R

HHFALRE T

16. teifiscdp2? > F AR ERFER > BT AL R L
AAARRT AL
17. 010201 =g it % k4.2 010301 e 31282 & £ B + %

TR RE 2 A, 331 (Fadh T
W EREFFEHRT DR 0GR
BHPAR e ¥ F R AARE F
RPN T RURS BIFEELA TR -

18.

TR RIE R Ny S R IR

B2 LRE AL %0

B AL T

19.

MR IR~ R RS R
Lok AR L TR R %

=~

WAFLLR T

20.

SRS SR S T
FOCHPRIRE iR o KA EEE A
EEREE A A

HHFLELA N T

78




FhE NI

PE-002

]
e °

21, jemR R Pa o WEDK (B AL R 2

2. e IsEEE 5L HHFLLAF T

23. 1A= oAt 9L pABERBEHEALE Y T
R E MR g bR Y

24. § FUREEFF R =R HHFELAF T

25. Z2REF AT RBAPEDORNEZUIHMEELLA ¥ 2

26.

B PR S % BT R PG
TR ARSA E o AIORTER P
P TR R 3 0 AR T BT B

o RHET UEL R

WE AL R F T

79




FhE NI

PE-002

tirr 12 ERMY FARATR
102 2B R E@ P )S 2 %3234 F 002 v R4

VR AR

1%%% TS B

FAHLA L L Kgpreagnitgp

. " HEFEBRGT Py ] B
LERUTE LR ab S T Sl 3% ’3"#? K RUATY =
LT RARM AT T AR B v HR R
PR EEE 5 o

2. AP RS EORREPGLTREES
iﬁgﬁlhw? ?yi’i@%
F_o

. PR Pi- RUF A 2FHIR R ERE
ﬁ?&%m\ﬁM&igﬂW%P“o

RRE 2EHIE RN G ERREL - o
P e p\)xd*ﬂ?}%*{rr7 rﬁwi*‘{ﬁﬁ'
By 2 d FIHEE | 7 AR
= FlUE% u’bfﬂ*#?%ﬁﬁxi
FHIFE Y e T AR 104
A BRI EPEARG R
TP L E D o

EH‘M—%

4. ;ﬁaf”b—ﬁ;’]"“lﬁiﬁ}»fi ﬁ;s‘lp.*![‘ f’?l—;{;\.gﬁ?
&'J‘&“é”“*Pifdrtﬁﬁ%m
F#ﬁ».%ﬁ]/z%ﬁ, I PE G2 B Rl
‘}E'J’éq‘gé\ﬁﬂiﬂr;fﬁj%%J ki
Bk g 0 T A AR RGRAT
E_o

B+

5, M F A4t RER DGV AR
B - ﬁ?ﬂ’f’?‘l’fr{’]‘ﬁzﬁ |4 i@ :,if?r?‘u?ﬁ'ﬁfx
ERESR IS

B#E Bl o R ¢ s Fpfaet R
Gk RN L RS

6. #A3rFeZiApy SR B RERE
B & oo vt 5 RAEER ST R R
m’él%wiNMLf%ZiNf k&
ﬁwm%¥LWf%%o

A R Apn o R f o A
YR ok E S B AR > T %
AR R A E R RPN A S

by 2l Y
BT 5 o

T PRERIARALT G R R
BE o TfEA- LR ETRNA BF
ek g xR - BF T R -

Eﬁiﬁ%i»A“E%%?%&g%
R 2 B F S R SR -

8. — &5t (e.g. MAAP MELCOR, ---)z
R5 AT SR E RS TR
2B

MAAP £ MELCOR &3+ % % FuF B EE F
FE' ’?ﬁ’jg“ J\m m?\fi}\‘ ’ I§ * ’?]z ’tﬁﬂ
RGBSR BT RO B F R AR
SRR R B RT AR

80




Rt s

PE-002

C-F N1 SRR E AR = T A

ZRFE Rk EFHER
bt B2z @il feierke FEG -
BRPEF/R el 4 xﬁk;ﬁdrgﬁ;ﬁlﬂ%
HAET 2 AR 0 A K P Wi SRR
*’?#%‘ff(DEBUG)*Q%@ B %
WL e Fh s BN g EATOR B
FEE r«:(ﬁr' ™I ~ 45§ 5% "*)h'rr;;gg'
2 8% 1 4 benchmark » e H i@ g

-\
}

Paipl Ny B AEREITYD
R 4o ABWR ~ AP-1000 % » ¥ 3 B3k 3t
Fofk ehfles o

2 FERRCGTREG o e R
RO E %ﬁﬁﬁ’%?iﬁﬁﬁ&
2 gag:—ﬂfr%p ’57'7"%3—%&

¥t MAAP 22 MELCOR =¥ ig * p m A= 3

a % o

5‘%‘%’1

/17

o

& 2. paper 2R} RALZ APM ML E 4o

i 2 o

HE Ao e A E T L E R B

W B R AR M

10.

@ﬁ%i%#ﬁp%%uﬁ%aﬁ»%

SRR R AL R
R~ T BB T B2
Lo A ERERT A BT 2
Bt PEEY 2 BiEY PR E e
hos kR EERREF Do

11.

B 2 - PR B
BRI 6 PR g ﬁ%@nw#'
#Erﬁgil»ﬁ?ﬁ‘LﬁﬁGEmjﬁv%;?}J?
PR

B#L A+

12.

HP Rk b 2R Ams AN
By R~ Ak &g Ly
TR B OF S P EES  RF
WAk (BT B 4528 )) R P R T G
FEx(PmAAkauEp)BiFdEA
FETEHELE A AT E TR
FTRAGERFS 4 E o

EMLRHAP Rt L PE o P o

R € 5ddgh F %KY Y E
mﬂ@#*m T2 FREBBE
%’fL LE R RPIRBAE R

o

;;é_*e—zzrwrﬁgw rlrr%?,a;]m R
%?ﬁﬁﬁ4Jirﬁ R Bk et 2
0.3g#%~ 70.4g, % -

_yw

81




