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In view of the experience of Fukushima Daiichi nuclear power
plant accident, the Nuclear Regulation Authority (NRA), as a newly
reorganized nuclear energy safety control authority had enforced the
“New Regulatory Requirements” on 8th July in 2013. It significantly
elevated the assumptions and criteria of nature phenomenon, and forced
the Nuclear power plant operating agency to strengthen the protection of
countermeasures.

NRA has also developed guides for the review and hazard
assessment on natural disasters including tsunami and volcano hazard,
in order to conduct a comprehensive assessment of the risks of tsunami
and volcano on site and improve the safety of nuclear power plants.

However, prior to approval of resuming the operation, nuclear
power plants in Japan must meet the requirements of the guides. It will
then be scrutinized by the new regulatory basis during the review for
reassurance of the safety of nuclear power plants to resist natural
disasters.

Geographically, Taiwan is similar to Japan. They are both located

in the Pacific Rim earthquake with considerable amount of volcanoes.



As a result, it is crucial to take tsunami and volcano hazards into
account.

The aim of this project is to collect the latest regulatory
requirements of tsunami and volcanic safety assessment review guides,
and also to conduct the research on the comparison and analysis of the
guides published by NRA and The International Atomic Energy Agency
(IAEA).

With the study on the international regulations and methods
adopted, this research will summarize the new regulatory requirements
published by NRA and [AEA, as well as the practices for tsunami and
volcanic safety reviews. In addition, it points out the differences from
the comparison of the countermeasures, which provide references and

examples for the future establishment of domestic regulations.
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Abstract

The core damage frequency of a western type reactor is normally
dominated by the station blackout (SBO) event; the Fukushima event is
actually a long term station blackout leading to core damage. Recently,
Taipower submitted the Probabilistic Risk Assessment (PRA) models of
three nuclear power plants to Atomic Energy Council for future
application. The model of SBO sequences is combined in LOOP
sequences and need more complex process to engage with level 2 PRA
analysis. This project performs level 2 PRA analysis of the Maanshan
Nuclear Power Station (MNPS) SBO sequence. Three stages of the work
will be performed: 1. Establish Containment System Event Tree (CSET)
of SBO sequences. Then, evaluate Large Early Release Frequency
(LERF) in complied with NUREG/CR-6595, Rev.l. 2. Establish
Containment Phenomenological Event Tree (CPET) of SBO sequences
and evaluate Source Term release frequency. MELCOR is used to assess
severe accident analysis of SBO sequences. 3. Reevaluate SBO
sequences considering ultimate response guideline, which is currently
practiced in MNPS. The study will reassess the SBO event sequences
and the associated large early release frequencies. By these results, AEC
has the basis to conclude that whether Taipower’s MNPS PRA is
adequate for future application.

According to NRC SPAR Model, based on Current PRA Model, this
study adds the SBO-related headings, and the Seal LOCA Model, to
build the LOOP event trees of WOG Seal LOCA Model (WOG Model).

And based on the results of thermo-hydraulic study of this study, the



success criteria of each heading have been studied. Furthermore, based
on WOG Model, this study performs level 2 PRA analysis of the
Maanshan Nuclear Power Station (MNPS) SBO sequence, following the
three stages stated above. Among these, the source term release
frequency is evaluated by MELCOR to assess severe accident analysis of
SBO sequences. Besides, this study performs bilateral level 2 PRA
technique exchange with USNRC via the topic of “Full Scope Site Level
3 PRA Information Exchange” of First Group Cooperation Project of
Taiwan and USA.

As MNPS is still enhancing the Ultimate Response Guideline
(URG), Procedure 1451, to meet the FLEX strategies, this study uses the
current version of Procedure 1451 in level 2 PRA analysis for SBO
sequences. And a sensitivity study for MNPS URG/FLEX strategies is
proceeded to see the benefits.

The results show that: for the Plant Damage State (PDS) of SBO
sequences, it is better considered into two cases: LOOP PDS and LOCA
PDS. And the total LERF is 3.3E-08/ry. Current PRA Model considered
only LOOP PDS, therefore its LERF was under-estimted. And the
sensitivity study for MNPS URG/FLEX strategies had shown: after the
RCP #1 seal had replaced with Westinghouse’s Thermal Passive
Shutdown Seal (PSDS), the Seal LOCA would not be considered
anymore. And the operators would have more time to execute the URG
strategies. Therefore, it can reduce obviously the CDF and LERF of SBO

sequences.
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2.00E-001 ERIPIHP oo 539) T(PPJEMX(E)BP1BP2ERL 2B 6.66E-009
2.03E-001 540| T(PP)EMX(E)BP1BP2ERIER2  |CCP 2.95E-010
EMO3P AFWP3P [ &80E003 | o) ypp)EML(T) T2A 5.02E-007
1256002 M: 542| T(PP)EML{T)ERL 28 1.01E-007
8.69E-003 2.036001 LLR2PIHP | ool T(PPJEML(T)ERLER2 cAP 4.86E-009
Qs — 480E003 | 1yl 1pp)EMQ 'TNG 4.68E-009
1.17E-004 M@ 545 T(PP)EMQERL ™NG 9.296-010
2.03E-001 546 T(PP)EMQER1ER2 NG 2.86E-011
RPSO3P 4.80E003 | o475 T(pPP)EMK NG 0.00E+000
1.296-008 ERIPIHP oo | 548 T(PPJEMKERL NG 0.00E+000
2.03E-001 549| T(PP)EMKER1ER2 NG 0.00E+000

Wl 2-1.

>
7
<

2,

R

X

WOG #i5% 2 LOOP ¥

#+ T(PP)-W.EVT




% 2-1. $2= FL SBO % & & #|(ASG) A %5 (4 2 1)

TRA| BEEP eS| et Rt B s £ E B AP
% PERPVER | @il fr | RE8#| 34
* Ak % “,f

C3AP | % BSTSBO e NA NA NA |T(PP)S43

C3AS | # &STSBO 3 NA NA NA | T(PS)S43

C3AG| # &STSBO = NA NA NA |T(PG)S43

C3AW | & ESTSBO 3 NA NA NA [T(PW)S43

C3BP | #/&STSBO i NA NA NA [NA - (C3APSOI)

C3BS | /&STSBO i NA NA NA [NA - (C3ASSO01)

C3BG | ®/BRSTSBO i NA NA NA |NA - (C3AGSO01)

C3BW | ®/ESTSBO i NA NA NA [NA - (C3AWSO01)

C3CP | % &LTSBO (3 3 NA NA NA |T(PP)S19 ~ T(PP)S22 ~ T(PP)S25 ~ T(PP)S28 -

Seal LOCA) T(PP)S31 ~ T(PP)S34 ~ T(PP)S37 ~ T(PP)S40
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% 2-1. 2= i SBO % & A #|(ASG) A #f % (4 2 2)

Seal LOCA)

s T Emp oI | et | BT | By Yoo LI E B FP b
5 BERPVE | o 4r | mE#| 3
4 ok %
C3CS | & BRLTSBO (% B NA NA NA |T(PS)S19 ~ T(PS)S22 ~ T(PS)S25 ~ T(PS)S28 -
Seal LOCA) T(PS)S31 ~ T(PS)S34 ~ T(PS)S37 ~ T(PS)S40 -
C3CG | % BLTSBO (7 % NA NA NA |T(PG)S19 -~ T(PG)S22 ~ T(PG)S25 ~ T(PG)S28 -
Seal LOCA) T(PG)S31 ~ T(PG)S34 ~ T(PG)S37 ~ T(PG)S40
C3CW | % BLTSBO (3 % NA NA NA [T(PW)S19~T(PW)S22~T(PW)S25~T(PW)S28 ~
Seal LOCA) T(PW)S31 ~ T(PW)S34 ~ T(PW)S37 ~ T(PW)S40
C3DP | M/BRLTSBO (% e NA NA NA [T(PP)SO7 ~ T(PP)S13 ~ (C3CPSO01)
Seal LOCA)
C3DS | M/BRLTSBO (% i NA NA NA |T(PS)S07 ~ T(PS)S13 ~ (C3CS01)
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% 2-1. $2= Fy SBO % & & #|(ASG) 4 % % (4 2 3)

A ¥ Emp s XA | e | FIEEAE G | B4 e X E AP o
=~ FFRPVER | @b dr | L& | 3
4 PERIN % “,4rt
C3DG | “/RLTSBO (7 58 NA NA NA [T(PG)S07 ~ T(PG)S13 ~ (C3CGS01)
Seal LOCA)
C3DW | M/BRLTSBO (7} 58 NA NA NA [T(PW)S07 ~ T(PW)S13 ~ (C3CWO01)
Seal LOCA)
C3EP | 3 BLTSBO (& % NA NA NA |T(PP)S16
Seal LOCA)
C3ES | % BLTSBO (i B NA NA NA [T(PS)S16
Seal LOCA)
C3EG | % BLTSBO (i % NA NA NA |T(PG)S16
Seal LOCA)

12




% 2-1. 2= i SBO % & A 7|(ASG) 4 #f % (4 2 4)

FEs| FEa Yoo ZAF | pod | ARG | By Yoo ZAFE B S|P
) FFRPVER | &4 fr (&£ 4| 33
4 PERIN % “,f

C3EW | % BLTSBO (i % NA NA NA |[T(PW)S16
Seal LOCA)

C3FP | < /&LTSBO (i 5 NA NA NA |[T(PP)S04 - T(PP)S10 - (C3EPSO1 (¥ {&4EER3
Seal LOCA) =72 wORE & A7)

C3FS | M /&RLTSBO (i 6 NA NA NA |T(PS)S04 - T(PS)S10 ~ (C3ESS01 (¥ {&42ER3
Seal LOCA) FH2WIBFE S )

C3FG | M /BRLTSBO (i 58 NA NA NA [T(PG)S04 ~ T(PG)S10 ~ (C3EGSO01 (¥ %42ER3
Seal LOCA) FH2THIBE A F))

C3FW | M /BLTSBO (i 58 NA NA NA |[T(PW)S04~T(PW)S10~(C3EWS01 (% {%48ER3
Seal LOCA) FH2ZBIOBE EF )

13




= ~SBO ¥ t B 7| ¥ Jis CSET 21 =

e R Btz LOOP ¥ 2 A4 B 2-1(A# 17 WOG #5352
LOOP ¥ 4 )2 3 & £ %] % : (1) WOG #55% 5 7 SBO Ap B 2 &
3 0 4o EM (B ﬂf% AC T iR= 5 #3)~ ER1 (h 3 f4p & #)
2 ER2 (T Lo T ELE X)) 5 (2) WOG #5457 Seal
LOCA #p Bf 2_ 1247 > 4= BP1 (RCP #1 -k 4+ % £ 14(BP £ »2H5%)) ~
O1 (RCP #1 -k 3% £ 14(0 % »2H75%)) ~ BP2 (RCP#2 -k 4t % fr 4
(BP % »z4i5%)) ~ 2 O2 (RCP#2 -k 3t % (O 4 »efit;l)) o

fo 325t i R B35 2. LOOP CSET (i C3A £ C3B #)& A 52
% WOG #5822 SBOCSET 2z i & £ 8|7 5 (1) WOG #-5 % 7
SBO #p B 2_ 4% > 4~ ER3 (RPV % »x# » ¢b 3 }24f & #4)% ER4
(RPV % »zw » ﬂf% Leh 3 T M EH A at); 12 % BRS (Flregd 4
s o ob 4R £ )2 ERG (FIFE 48 4 »aw Rf s T EC
B2 74) 5 (2) %%t Seal LOCA 4p B 2 1242 » R & F & & LTSBO
3 # Seal LOCA 2 4 % ©

714t »SBO CSET 222 = R Al:(1)A. B &% 4 2 SBO CSET
(C3AP ~ C3AS ~ C3AG ~ C3AW ~ C3CP ~ C3CS ~ C3CG ~ C3CW)

g (C3EP~C3ES~C3EG-~C3EW): * B i -3¢ 2. LOOP CSET (&

14



C3A) > ¥ A tE47 X(1) (RCS /3 /B (RCS Depressurization))z {& &
o B 4o 548 ER3 (RPV & »m » #F & 4R & 76 ) 2 548 ER4 (RPV
2 A Bzr‘ L T e 2 58) s B, MRIA 2 SBO CSET
(C3BP ~ C3BS ~ C3BG ~ C3BW ~ C3DP ~ C3DS ~ C3DG ~ C3DW ~
C3FP ~ C3FS ~ C3FG ~ C3FW) : ' B #5822 LOOP CSET (&
C3B) » I 248 V(1) (Y P i1k 2 pe ok o 34005 48 (In-Vessel
Injection to Terminate Core Damage)) s+ » 3% v #£48 ER3 (RPV 4 %
o TR A )2 AL ERA (RPV & o - & 30 3 T gk
7)) 5 (2) A V(1) (Y P iRk ek g s 34003 48 (In-Vessel
Injection to Terminate Core Damage)){s > 3 v #£42 ERS (] Fe 48 4
e LA H) 2 RALERG (B AR % 023 > B 20 % T
WELH = 7)1 % (3) R4 2. LOOP CSET (& C3A £ C3B #)
A8 7 e 3k T2 HOUSE #é#g » Wa 7R % % HOUS4 » A7 3
Bl & 3725w % A & © (A) 48 ER3 ~ ER5 % # : HOUSPI -
HOUS8P2 ~ HOU8P3 ~ HOU8S1 ~ HOUSS2 ~ HOU8S3 ~ HOUSGI ~
HOU8G2 ~ HOU8G3 ~ HOU8W1 ~ HOUSW2 ~ HOU8W3 » #73 %
PR ZEE MM T F 4 55T ¢ 5 (B) 4% ER3 - ERS 4 2%~ it

%42 ER4 ~ ER6 = » : HOUSPIS ~ HOU8P2S ~ HOU8P3S -

15



HOUSSI1S ~ HOUS8S2S ~ HOUSS3S ~ HOUSGIS - HOUSG2S -
HOUSG3S ~ HOUSW1S ~ HOUSW2S ~ HOUSW3S » Bz & B #
Z2ApM T F 4w ¥ o3¢ - HOUSPI ~ HOUSP2 ~ HOUSP3 ~
HOUSS1 ~ HOU8S2 ~ HOUS8S3  HOU8G1 ~ HOUSG2 ~ HOUSG3 -
HOUSWI1 ~ HOUSW2 ~ HOUSW3 » £2 J =58 2. HOUS4 z_ v #ix »
drd 220 F o M B R X XM R F ARTF BT
2. R f&(4c HOUSPIS) » B 12 (J # i 3%k %2 HOUSE f&47 (4
HOUSP1 + A-PB) > # ¢ A-PBBED p &4 - B & A% 2
BSSA-PB-S01: ¥ 3% % Logic 1; ¥4t SBO (% 8 & >4 M 7 7
3o w * > W DC T R)Z # i K T2 o f& (40 HOUSPIN) »
Al (ro# 5e 3k €22 HOUSE ## (4= HOUSP1 + SBO) > # ¥
SBO.BED p 4 = i s # ¥ i BSSA-PB-S01 2 BSSB-PB-S01 >

v

2 32% 5 Logicl °

16



4 2-2. SBO CSET % #64F House % £ 2 3% %.(2 2 1)

78 = House¥ *? House¥ # fa 47
8P1 | 8S1 | 8G1 | 8W1 | 8P2 | 8S2 | 8G2 | 8W2 | 8P3 | 8S3 | 8G3 | 8W3 | 84°
1 XHOS-ATWS= 0 0 0 0 0 0 0 0 0 0 0 0 0
2 XHOS-CISA 1 1 1 1 1 1 1 1 1 1 1 1 1
3 XHOS-CISB 1 1 1 1 1 1 1 1 0 0 0 0 1
4 XHOS-CISB= 0 0 0 0 0 0 0 0 1 1 1 1 0
5 XHOS-LOCA 1 1 | | 1 1 1 1 0 0 0 0 0
6 XHOS-LOCA= 0 0 0 0 0 0 0 0 1 | | 1 1
7 XHOS-LOOP 1 1 1 1 1 1 1 1 1 1 1 1 1
8 XHOS-LOOP= 0 0 0 0 0 0 0 0 0 0 0 0 0
9 XHOS-MLLOCA 1 1 1 1 0 0 0 0 0 0 0 0 0
10 | XHOS-MLLOCA=| 0 0 0 0 1 1 1 1 1 1 1 1 1

17




4 2-2. SBO CSET % #64F House % £ 2 3% %.(2 2 2)

7 =% House¥ i**? House® ©* fé #f
8P1°| 8S1 | 8G1 | 8WI1 | 8P2 | 8S2 | 8G2 | 8W2 | 8P3 | 8S3 | 8G3 | 8W3 | 84°
11 XHOS-TPG 0 0 1 0 0 0 1 0 0 0 1 0 1
12 XHOS-TPP 1 0 0 0 1 0 0 0 1 0 0 0 0
13 XHOS-TPS 0 1 0 0 0 | 0 0 0 1 0 0 0
14 XHOS-TPW 0 0 0 1 0 0 0 1 0 0 0 1 0

“% 722 SBO CSET#p B 2 House ¥ i+
®PHOUS8P1S = HOUSPI + A-PB; HOUSPIN = HOU8P1 + SBO; # # A-PB 3 BSSA-PB-S01 = 1;SBO
%= BSSA-PB-S01 = BSSB-PB-S01 =1

“J #-5% 2. House ¥ # A #FHOUB4

18




(- ) WOG #5874 2
WOG 15 2 SBO CSET * HAL(X(1)F 5 i ¥ 227
H 4ot d 4p b HRAE(V(1) ~ Z(1) ~ CFVB ~ F(1) ~ G(1))2 & # %
Rl - oMk % o 544 RS LERF 2 4 MR - At 7
K

M4 R FE e B ATH 2 WOG #23% SBO CSET 2 147

\

2 i3 ez 4L X(1) (RCS = 8 "% &) o
v B 573 2. WOG #5538 SBO CSET 2. %42 : #4% ER3 (&
F R AL w0 o AR S )% 54T ERS (B F M vp AL 2
w0 %’f b 3 T M ETE A 2 s 1 3 {EEE ERS (AR R 4 ok
oo th T RAR = 74 ) 2 AR ERG (R A R e o ?ﬁ.%*—f#:@%
el =9 ARCEAD IR S A L
1.4 ER3 @ & F lpfatsl s » T+ #
% SBO i i 7 > w4k B vh T R(F SBO kb 2 § i thiid
(Gas Turbine)) » 2 3 # w44 AC TR o # R3fBFRFE ¥ A 4
34 P AT
(1) STSBO : H izl i | B B aX T AHER:

ER3P1HP ~ ER3S1HS ~ ER3GIHG ~ ER3WIHW -

19



(2) LTSBO (7 Seal LOCA) : # w2¥pF @ 5 1/ P> # it &K
T_4 W ¥ & 2 ER3PIHP - ER3SIHS -~ ER3GIHG -~
ER3WIHW -

(3) LTSBO (& Seal LOCA) : # oz pFfF 5 8 ] P » # it %
T_4A W ¥ & 5 ER3PSHP - ER3S8HS -~ ER3G8HG -
ER3W8HW -

23 ER4 © A F Blpthat A m > B E L T Pk S

—‘@

f SBO @™ o LFdAeH T LR &R T (Sth
Diesel Generator, 5th D/G) ~ &« w42 2 5 i EDG (EDG-A %
EDG-B)¥ z iz ST &7 1% >4p B E’f'@ o (A-PB &

B-PB)?t> 5 i w4 AC R ihoH RFPEFEL (-2 ()

S8 1Aak o 7 A L 3460 B ik wn S ER3 ¥
Beics ER4 s 3 ¥ i o
3.4 ERS @ A Fre g4 »em o> oF T IRAR &
& SBO i 2% » w4t T R(5 SBO Ecs 2 f i thi i
(Gas Turbine)) » % +# w4 AC ik o ¥ LFEE X v 4 4

38 W b

(1) STSBO: £ I )A:EE’:F'&F 82 ,JF]% y ¥4 EE;\;{E»LA\ Fdjéi_);@:%

20



ER5P82HP - ER5S82HS ~ ER5SG82HG ~ ERSW82HW -

(2) LTSBO (} Seal LOCA): # fuzrpF i 5 82 /] P > # it &
7_4 W%t & 5 ERSP82HP - ER5S82HS ~ ER5G82HG -~
ER5W82HW -

(3) LTSBO (& Seal LOCA) @ H rzr P& 5 86 /] P> # it &
T_4 b %t & 5 ERSP86HP - ER5S86HS ~ ER5G86HG ~
ERSW86HW -

4. 1%7 ER6 © B[Rl re 48 4 »xw » Bf Bk w T EH
i SBO iF2 7T » Tfeded 57 5B L& %07 #(5th

Diesel Generator, 5th D/G) ~ ¥ &7 1 % > 4p B ?fr?ﬁ T o 2t

(A-PB # B-PB)* ~ w42 2 5 EDG (EDG-A 2 EDG-B)
ZiEF- Lo henH v ACRhoH LiFprle b (’g‘ NN

(- )&% 33477 A 5 346 H # i K TR W ERS

# ki ER6 > 7 ¥ Fif o
gz R4 X(1) (RCS =2 " R) & d 20 foficst 2 $R4E

X(1)(RCS &5 " B&)> hffm®E A % LOOP 2 % B 7|7 >
FR RS g a4t 125VDC 2 v B ARk 5 £ 8 2 APKFO001

2 BPKF001 » i3k 2 DC T # e 27 * o A7 2 WOG

21



$-78 SBOCSET » F]le mA & = <47 : # ¢ STSBO %2 LTSBO

(7 Seal LOCA) > F1# ER3/ER4 2. i3FpEfFias 1) P> wdt
125VDC 2

-~

bR R AR R 5 =i 22 APKF001S %
BPKFO001S » X H DC 7 eivv ¥ » H 3 &R &
z % XI11.LGC» ® ¥ »>*{&4% ER3/ER4 2_ 7 (# % SBO = T);

m LTSBO (#& Seal LOCA) » R F]1H# ER3/ER4 2. i3 FpFf 5 8

’é"’
HEm AT H

fgt 125VDC 2 ¢ f s

~

% £ ¥ 2. APKF001 %
BPKF001 » H # 5 & Bkt & 2 5 X12LGC » & % > {38
ER3/ER4 2_1& » 113 Fe A o

(= YWOG #5* SBO CSET 4 %

WOG #5382 SBO CSET » & 1R452 T & % H # & wcfaff

B3R R W T

5. $-47 C3A~C3B~C3C~C3D~C3E~% C3F (%% P~S-

G~Wmwmw):

bowi (% 2-2)%7% > AAT T ¥ SBO CSET 4 & 24 # »
C3A~C3B~C3C~C3D~C3E~ % C3F (4% P~S~G W

) A EERAE IS BT & 21 2 Bt - W £ AT

22



F B AP )it r) 2. MCS s 2. CCT #4385 #7118 > &
] % (4.86E-09 ~ 4.40E-09 ~ 2.74E-09 ~ 2.45E-09~0-~0~0~0 ~
8.28E-08~7.51E-08+4.76E-08 ~4.25E-08 ~8.77E-10~7.74E-10
5.08E-10+3.98E-10~4.40E-11+4.39E-11+1.03E-11 ~8.31E-12 ~
5.98E-10 ~ 5.90E-10 ~ 1.98E-10 ~ 2 1.72E-10) -

6. 1&4E X(1) : RCS =& # "% &

FREN FEEX(D)2Z TR EAs: B@E A2 FF
Eretd (3 B)? R 22 PORV » 12 =2 #- RCS " B o & {548
i =Bt X11.LGC & # »+ % &2 SBO CSET (C3A %2 C3C
(4% P~S~G W) 2 F&A7HEDI 2K
Bz z. SBOCSET(C3B %2 C3D(% % P~S~G~W = #)); #
it #cHAt X12.LGC % »+ % /&2 SBOCSET (C3E(% 1 P~
S-G-Wez ) *#2 T&h7E TR LR SBO
CSET (C3F (£ 3 P~S~G W m #)) o * §# it cHht
X12LGC @ % " F3 BARH 2 PORV F 5 2 BHET AR -
- @ BB o Fp o 3 $54E BR3 £ # 7 > X12.LGC
R w0 AEARAEBEN R IHEL CIF(EF PSS

G-W = #7)#E4Z ER3 2 # 7 (/f % 7% C3F.OCL (% % P~S-
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G W e #))

7. A ER3 : &F BHEAHT > T RE £

CEPRI(FRF D (- ))EFR LAY > B FTFHE o A
AL 2 7 g s ativ s * - ¢ PRA 2 ERLLLGC » £ ™
NUAUTOED &k p # { & ¥ o
8. #AL ER4: o F iy s w > Bf U T ST ES &

CHRPRIFE (- )DEF2HY 03 T X A
HAE 2 g kv s * - ¢ PRA 2 ER2.LGC » £ M
NUAUTOED ®k p # { & ¥ o
9. #4E V(1) & Yp M -k e ok g % 3F (In-Vessel

Injection to Terminate Core Damage)
PRE CHEBEVIDZETRH A CEHARZZFN
W TR ST RSOSSNV SR |
AokF a2 EREF N PR LI RGARIBL @ 20
HLBRAMRAK AHRAR Y T- F AHCLRRNER
TRAY) o MEALZ P a sxfast VIOLGC 2 VILLGC &
SBO =™ » 42 V(1)¢ #8 4 3t o * VI0.LGC &% %+ i< &
2. SBOCSET (C3B~C3D~% C3F (%3 P~S~-G-W z ) ;

m V11.LGC & * »+ 3 &2 SBO CSET (C3A~C3C~% C3E (&
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3 P~S~G-~Wreiz)-
10.#%48 ERS : A B e f8 4 »2 » b F MR4p & #

CHRPRIFE (- )DEF3AY 3 TR e A
AL 2 # G s BM s - 18 PRA 2. ERILLGC » £ 1
NUAUTOED ®k p # { & ¥ o
11.#%4% ER6 : A Rrefd 4 »c > Bf\, ARG S Y =d b

CHRERIFE (- ))EF 4T R T X A
AL 2 # G s BMt s - 18 PRA 2. ER2.LGC > £ 1
NUAUTOED &k p # { & ¥ o
12,4548 Z(1) : F e %8 15 35(CTMT Isolation)

Rt o A Z(D)2Z B R 2k 5 0 BRI b AL
(Containment Isolation System, CTMTISO) ~ ] re 8 i< % f £
2z %k 3L (CTMT Low Volume Purge System) ~ 3 # i i
(Equipment Hatch) ~ 2 4 § if i (Personnel Access) > i€ — % 3%
B A E S R A2 SRR o AR Z A i R A

Z10.LGC % Z11.LGC % SBO =™ > BI[LREFL 4 % 522 [

7

AR F AE ks FC (Fail-Close) 2. 3% 3+ » s 5 &

# o 7 ff i© &% & @ i (Equipment Hatch) ~ 2 4 R i i

25



(Personnel Access)’ ix — % »xid = efp| 48 & /2 FR a2z ki o

1343 CFVB : F B A A FrEl X £ >cNo
Containment Failure at Vessel Breach)

PRt R4 CFVB 2 € & R E & B85 F %
AR g B MR R fia Ak 3R
F L 005 MBRPFZEF L 001 o AEAEZ oA s RK
CFVB0O1.LGC % CFVBO05.LGC - 'ﬁ Wt MR 2. SBO
CSET (C3B~C3D~ % C3F (4% P~S-~G-Wuz#)): A
CFVBO05.LGC & # »+3 B 2. SBO CSET (C3A~C3C~ 2 C3E
(#37 P~S~G~Wr))-

14438 F(1) © Fredges f % 52(CTMT Spray Available)

PR BB F()2ZER &5 (@R 822 pFy
FIFERE Pl L % SLP8 MBIFERE2 R - @ 23 052 5 FIEH g
Had g ? E- AP LREIERS SR BRI

7)o AERAE 2 it Fe i F10.LGC % SBO i ™ » %42 F(1)

IS AL G(1) - RIEHE B #4577 & 5(CTMT Heat Removal)
FRES EHEGD2Z TR T8 s FEE &% B

FIFEfE b 54 47 % $2(CTMT Fan Cooler, CFC)s¢ RHR #t % 3%
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B REFEMEYEBLAL o8 FHFEESe S
CFC ¥ - 5 &% ¢ RHR # % 4 %34 it (LHCR 2 CCW)*¥
F-g e S CFC ¥ - 28 8 RHR # 3 3# B i
(LHCR 2 CCW)*¥ iz - 8 & o AEA02 # i st
G10.LGC 2 GI11.LGC % SBO Hin™ » 1248 G(1)% 28 2 »% o
x G10.LGC & * ** Flre 48 /& 2. SBO CSET; @ G11.LGC
o - E 48 8 /&2 SBO CSET (C3A ~ C3B ~ C3C ~ C3D ~
C3E~ %2 C3F (4% P~S~G~Wr#)) -

o s - @t o ATy SBO CSET 4 5 = <47 ¢
STSBO - LTSBO (# Seal LOCA) ~ 2 LTSBO (& Seal LOCA) -
# @ LTSBO (} Seal LOCA)2 ¥ # & 7| » #] RCP $hif % »% -
RCS 4 47k € f RCP#3 b3t Aus B3 B4l » & % & B
7] PDS 2 [F#i s LOCA #7 5 ¥ b #7d 222§ fhdt 4 o
Flp ¥ # B 7) PDS 2 fF#p B AT AL 4% o & PDS 4 4 #]%7 5 LER

BT s B o p 4o 2-3 -
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# 2-3. 2= Bt SBOCSET PDS » sg %75 LER Beji 2 H 52 2 1)

PDS | e 415 [RCS™ | %< 345 | A% | 6B+ #£#| %# 4 | LER|LER
gaas R 2| po | m |Ammew| g0 | TF|PA
W9 SGTR| 2 »z 9
ol g i g NA % 5 | ]
02 F_ = 2 NA % £ 9) -
03 s [ 2 NA % % 16 -
04| % i« 7 NA 5 5 16 | -
051 & | NA z z S| -
061 & | = g | NA e E Y-
07 | o= & NA z z S| -
08| g i & NA 5 % 4 | -
09 2 " & NA 2 2 6 |0.01°
0y 2 3 - NA % % > -
R S i NA Z 2 10 -
20 = | 3 3 NA Z 7 | -
Blow | 3 - NA Z 7 10 -
14 g % & NA g g 12 ]0.05°
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4. 2-3. ¥ = B¢ SBO CSET PDS 4 #f | %7 5 LER i%./5 2 H % (2 2 2)

PDS| e affg [RCS* | 345 % | % | R4 #et| 5% 2 | LER |LER
AR 2| 22 | % Hmmew| 3o | G| B
9 SGTR| 2 3z 9
131 & i & NA 3 3 30 -
et g i & NA z 2 40 -
7t 5 i F NA 3 3 30 -
I8 i & NA z 2 40 -
19°| @ " & NA 9 9 6 |0.01°
2000 2 | & - NA Z 7 | -
o S & NA Z 7 10 -
20 B - NA % % > | -
2L # - NA % ¥ 10 -
242 g % & NA g g 12 {0.05°
25| = NA & NA % 2 18 | 1
26°| = NA & NA % 2 18 | 1
“§*LOCA%E

LERFiz- 5 p* :RCSE /R %0.05° RCSH™ /R %0.01; % /LT 32CPETA 5 0% »
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PIE- & * 1> g ié* CPETZ ®(%% %#2-11 » RCS® /& % 0.034 » RCS i<

& 5 0.019)
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= ~ WOG #:5* SBO CSET % #t/is2. LERF £ it 4 47

*F7 WOG #5 2. SBO CSET % %/ 2. LERF £ 1 & 47 > &2

Fa#icst 2 LOOP CSET 2 % fie2. LERF £ 2 4748+t g C3F (&

$ P~S~G-Wm #)2.CCT 2 .OCL #/F % if § © zx vt » # bror

FRMAATARA I 2R R o 54 Rt LERF 2 4p
EEIE AN S

WOG #:5% 2 SBO CSET % %}/ LERF 2. £ i* 2 % >3 f 4o

(-) % LERF 2. PDS » #f 2 # CCT 4§ %+ # 2-3> " LERF

2. PDS # # > £ % = # : PDS09 ~ PDS14 ~ PDS19 ~ PDS24 -

PDS25 % PDS26 » # CCT 44 4=

1. PDS09.CCT : C3BGS08 + C3BGS17 + C3BGS23 + C3BGS29

+ C3BGS32 + C3BPS08 + C3BPS17 + C3BPS23 + C3BPS29 +
C3BPS32 + C3BSS08 + C3BSS17 + C3BSS23 + C3BSS29 +
C3BSS32 + C3BWS08 + C3BWS17 + C3BWS23 + C3BWS29
+ C3BWS32 + C3FGS08 + C3FGS17 + C3FGS23 + C3FGS29
+ C3FGS32 + C3FPS08 + C3FPS17 + C3FPS23 + C3FPS29 +
C3FPS32 + C3FSS08 + C3FSS17 + C3FSS23 + C3FSS29 +
C3FSS32 + C3FWS08 + C3FWS17 + C3FWS23 + C3FWS29 +

C3FWS32 -

2. PDS14.CCT - C3AGS09 + C3AGS18 + C3AGS24 + C3AGS30
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+ C3AGS33 + C3APS09 + C3APS18 + C3APS24 + C3APS30
+ C3APS33 + C3ASS09 + C3ASS18 + C3ASS24 + C3ASS30 +
C3ASS33 + C3AWS09 + C3AWSI8 + C3AWS24 + C3AWS30
+ C3AWS33 + C3EGS09 + C3EGS18 + C3EGS24 + C3EGS30
+ C3EGS33 + C3EPS09 + C3EPS18 + C3EPS24 + C3EPS30 +
C3EPS33 + C3ESS09 + C3ESS18 + C3ESS24 + C3ESS30 +
C3ESS33 + C3EWS09 + C3EWSI18 + C3EWS24 + C3EWS30

+ C3EWS33 -

3. PDS19.CCT : C3DGS08 + C3DGS17 + C3DGS23 + C3DGS29

+ C3DGS32 + C3DPS08 + C3DPS17 + C3DPS23 + C3DPS29
+ C3DPS32 + C3DSS08 + C3DSS17 + C3DSS23 + C3DSS29 +
C3DSS32 + C3DWSO08 + C3DWS17 + C3DWS23 + C3DWS29

+ C3DWS32 -

4. PDS24.CCT : C3CGS09 + C3CGS18 + C3CGS24 + C3CGS30

+ C3CGS33 + C3CPS09 + C3CPS18 + C3CPS24 + C3CPS30 +
C3CPS33 + C3CSS09 + C3CSS18 + C3CSS24 + C3CSS30 +
C3CSS33 + C3CWS09 + C3CWS18 + C3CWS24 + C3CWS30

+ C3CWS33 -

5. PDS25.CCT : C3AGS10 + C3AGS19 + C3AGS25 + C3AGS31

+ C3AGS34 + C3APS10 + C3APS19 + C3APS25 + C3APS31
+ C3APS34 + C3ASS10 + C3ASS19 + C3ASS25 + C3ASS31 +
C3ASS34 + C3AWS10 + C3AWSI19 + C3AWS25 + C3AWS31
+ C3AWS34 + C3BGS09 + C3BGSI8 + C3BGS24 +
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C3BGS30 + C3BGS33 + C3BPS09 + C3BPS18 + C3BPS24 +
C3BPS30 + C3BPS33 + C3BSS09 + C3BSS18 + C3BSS24 +
C3BSS30 + C3BSS33 + C3BWS09 + C3BWS18 + C3BWS24
+ C3BWS30 + C3BWS33 + C3EGS10 + C3EGS19 +
C3EGS25 + C3EGS31 + C3EGS34 + C3EPS10 + C3EPS19 +
C3EPS25 + C3EPS31 + C3EPS34 + C3ESS10 + C3ESS19 +
C3ESS25 + C3ESS31 + C3ESS34 + C3EWSI10 + C3EWSI9 +
C3EWS25 + C3EWS31 + C3EWS34 + C3FGS09 + C3FGS18
+ C3FGS24 + C3FGS30 + C3FGS33 + C3FPS09 + C3FPS18 +
C3FPS24 + C3FPS30 + C3FPS33 + C3FSS09 + C3FSS18 +
C3FSS24 + C3FSS30 + C3FSS33 + C3FWS09 + C3FWSI18 +

C3FWS24 + C3FWS30 + C3FWS33 -

6. PDS26.CCT - C3CGS10 + C3CGS19 + C3CGS25 + C3CGS31

+ C3CGS34 + C3CPS10 + C3CPS19 + C3CPS25 + C3CPS31 +
C3CPS34 + C3CSS10 + C3CSS19 + C3CSS25 + C3CSS31 +
C3CSS34 + C3CWS10 + C3CWS19 + C3CWS25 + C3CWS31
+ C3CWS34 + C3DGS09 + C3DGS18 + C3DGS24 +
C3DGS30 + C3DGS33 + C3DPS09 + C3DPS18 + C3DPS24 +
C3DPS30 + C3DPS33 + C3DSS09 + C3DSS18 + C3DSS24 +
C3DSS30 + C3DSS33 + C3DWS09 + C3DWS18 + C3DWS24

+C3DWS30 + C3DWS33 -
(= )SBO CSET % #tJis LERF 2 £ i % % : SBO CSET 2 # /&

LERF z_ & it % % » 4o 2-4 751 » 2 LERF % 3.5E-08/ry ;
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(

i

)

PDS09 ~ PDS14 ~ PDS19 ~ PDS24 ~ PDS25 2 PDS26 z_ & it

B PIA P 4T

.PDS09 : # LERF % 1.0E-13/ry (~ 0%)
.PDS14 : # LERF % 5.0B-10/ry (1.4%) °
.PDS19 : # LERF % 1.0B-12/ry (~ 0%) o
.PDS24 : # LERF % 1.1B-08/ry (32.7%)
.PDS25 : # LERF % 1.1E-09/ry (3.2%) °

.PDS26 : # LERF % 2.2B-08/ry (62.7%) °

*# 5 WOG #-7 2 SBO CSET % % /& LERF 2 £ it %% »

WP o

1. SBO CSET % #} & LERF 2. & i* % % »4r% 2-4 #751 » H LERF

% 3.5E-08/ry ;

2. 2 ¢ >PDS09~PDS14~ 2 PDSI19 48 ¥+ < ** PDS24 ~ PDS25 ~

% PDS26 : ® 45 ji #52. PDS09 ~ PDS14 ~ 2 PDS25 (&,
K1k 4.6%) 0 4p % %25 >t LOCA %72 PDS19 ~ PDS24 ~ %

PDS26 (44 it 95.4%) o
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% 2-4. SBO/WOG #8415 LERF 2. & it 2 5% (4 2 1)

FRHEE = 3.505E-008/ry

#I%%TiE = 1.00E-12

% P | LERF (/ry) Bo| & scie 4

1 | 4.67B-10 |LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DG5 HR-GT-RECOV/IH  |OSP-RECOV/IHR-P
DGEA-PE-Z01 HR-CTMTISO-BKUP |XEQN-X118P2N
XCOM-BP2 XCOM-01 AAB-02
HR-ECDP AAA-TPP

2 | 4.67B-10 |LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DG5 HR-GT-RECOV/IH  |OSP-RECOV/IHR-P
DGEA-PE-Z01 HR-CTMTISO-BKUP |XEQN-X118P2N
XCOM-BP2 AAB-OI AAB-02
HR-ECDP AAA-TPP

3 | 424E-10 [LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DG5 HR-GT-RECOV/IH  |OSP-RECOV/IHR-S
DGEA-PE-Z01 HR-CTMTISO-BKUP |XEQN-X118S2N
XCOM-BP2 XCOM-01 AAB-0O2
HR-ECDP AAA-TPS

4 | 424E-10 |LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DG5 HR-GT-RECOV/IH  |OSP-RECOV/IHR-S
DGEA-PE-Z01 HR-CTMTISO-BKUP |XEQN-X118S2N
XCOM-BP2 AAB-Ol AAB-0O2
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HR-ECDP

AAA-TPS

2.71E-10

LERF Pl

HR-GT-RECOV/1H

OSP-RECOV/1HR-G

DG-RECOV/1H

DGEA-PE-Z01

DGEB-PE-Z01

DGES-DG5 HR-CTMTISO-BKUP [ XEQN-X118G2N
XCOM-BP2 AAB-O1 AAB-O2
HR-ECDP AAA-TPG
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# 2-4. SBO/WOG #5815 LERF 2. & it 2 % (4 2 2)

FH&E = 3.505E-008

#I%% UiE =  1.00E-12

% P | LERF (/ry) Bo] % i &

6 | 2.71E-10 |LERF Pl HR-GT-RECOV/IH  |OSP-RECOV/IHR-G
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP |XEQN-X118G2N
XCOM-BP2 XCOM-O1 AAB-02
HR-ECDP AAA-TPG

7 | 2.41E-10 |LERF Pl HR-GT-RECOV/IH  |OSP-RECOV/IHR-W
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP |XEQN-X118W2N
XCOM-BP2 XCOM-O1 AAB-02
HR-ECDP AAA-TPW

8 | 241E-10 [LERF PI HR-GT-RECOV/IH  |OSP-RECOV/IHR-W
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP |XEQN-X118W2N
XCOM-BP2 AAB-OI AAB-02
HR-ECDP AAA-TPW

9 | 2.33E-10 [LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DG5 HR-GT-RECOV/IH  |OSP-RECOV/IHR-P
DGEA-PE-Z01 HR-CTMTISO-BKUP |XEQN-X118P2N
XCOM-O1 HR-ECDP AAB-BP2
AAA-TPP
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10 | 2.33E-10 |LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DG5 HR-GT-RECOV/IH |OSP-RECOV/IHR-P
DGEA-PE-Z01 HR-CTMTISO-BKUP |[XEQN-X118P2N
AAB-O1 HR-ECDP AAB-BP2

AAA-TPP
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# 2-4. SBO/WOG #5815 LERF 2. & it 2 % (4 2 3)

BRI A E = 3.505E-008

Pl sLiE = 1.00E-12

% P | LERF (/ry) B & skie &

11 | 2.33E-10 |LERF PI AAB-CFVB05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DGS5 HR-GT-RECOV/1H
OSP-RECOV/IHR-P  |XEQN-X118P2N XCOM-BP2
AAB-O1 AAB-O2 HR-ECDP
DGEA-PE-Z01 AAA-TPP

12 | 2.33E-10 |LERF Pl AAB-CFVB05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DGS5 HR-GT-RECOV/1H
OSP-RECOV/IHR-P  [XEQN-X118P2N XCOM-BP2
XCOM-Ol1 AAB-02 HR-ECDP
DGEA-PE-Z01 AAA-TPP

13 | 2.12E-10 |LERF Pl AAB-CFVB05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DGS5 HR-GT-RECOV/1H
OSP-RECOV/IHR-S  [XEQN-X118S2N XCOM-BP2
AAB-O1 AAB-02 HR-ECDP
DGEA-PE-Z01 AAA-TPS

14 | 2.12E-10 |LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DG5 HR-GT-RECOV/IH  |OSP-RECOV/IHR-S
DGEA-PE-Z01 HR-CTMTISO-BKUP |XEQN-X118S2N
AAB-O1 HR-ECDP AAB-BP2
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AAA-TPS

15 | 2.12E-10 |[LERF PI AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/IH
OSP-RECOV/1HR-S XEQN-X118S2N XCOM-BP2
XCOM-0O1 AAB-0O2 HR-ECDP
DGEA-PE-Z01 AAA-TPS
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# 2-4. SBO/WOG #5815 LERF 2. & it 2 % (4 2 4)

BRI A E = 3.505E-008

FIg e = 1.00E-12

7 B | LERF (/ry) Boo| & pcie 8

16 2.12E-10 |LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGES-DGS5 HR-GT-RECOV/1H |OSP-RECOV/1HR-S
DGEA-PE-Z01 HR-CTMTISO-BKUP | XEQN-X118S2N
XCOM-01 HR-ECDP AAB-BP2
AAA-TPS

17 1.88E-10 |[LERF P1 DG-RECOV/1H DGEB-PE-Z01
DGYS-DG5 HR-GT-RECOV/1H OSP-RECOV/1HR-P
DGEA-PE-Z01 HR-CTMTISO-BKUP [ XEQN-X118P2N
XCOM-BP2 XCOM-01 AAB-O2
HR-ECDP AAA-TPP

18 1.88E-10 |[LERF P1 DG-RECOV/1H DGEB-PE-Z01
DGYS-DG5 HR-GT-RECOV/1H OSP-RECOV/1HR-P
DGEA-PE-Z01 HR-CTMTISO-BKUP | XEQN-X118P2N
XCOM-BP2 AAB-O1 AAB-O2
HR-ECDP AAA-TPP

19 1.71E-10 |[LERF P1 DG-RECOV/1H DGEB-PE-Z01
DGYS-DGS5 HR-GT-RECOV/1H OSP-RECOV/1HR-S
DGEA-PE-Z01 HR-CTMTISO-BKUP [ XEQN-X118S2N
XCOM-BP2 XCOM-01 AAB-O2
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HR-ECDP AAA-TPS

20 1.71E-10 |LERF Pl DG-RECOV/1H DGEB-PE-Z01
DGYS-DGS5 HR-GT-RECOV/IH |OSP-RECOV/1HR-S
DGEA-PE-Z01 HR-CTMTISO-BKUP [ XEQN-X118S2N
XCOM-BP2 AAB-O1 AAB-O2
HR-ECDP AAA-TPS

o s 20 58
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2 ~ G #-3" SBOCSET % /& 2. CPET 4 47

dod 2-3 2 3247 > 4 W|** LERF A 47 0 8 512 2.3 5% ehd
FEeriE > BERETE PDS £ F B LERF? 40 > AL G2 d
LER 2 & o & 2 » CPET R &8 - BB 737 6 o

PDS i CPET =g » 8> # — i PDS ?’UE@-‘:'; ¥ & 0 CPET -
CPET # - BBEH > v § 87 &R 7 D7 a BL > 2R3
(Headings) 5 % SR A % 51 chE & 0 R $30 15 5400 4 B B eh
T2 HY AREERALT LRI PRS2 R G T AL
TAEEBIGRRT O R BH IR GE FEF A o IR G 4
F oL & f2 % 2 #H(Decomposition Event Tree, DET) > j# i& {7 3=
oo & CPET ¥ 2 & 1 en® 2 B 7|7 F4p (0 ar bt i b > 5
AR A £ 7 e STC -

DET % CPET *f /e B i % ¢ 6 2 ¥ 28 2 &2 7 b
B ZEFTFRT A LR AP ERTRE T Lo & A
Rl e 2 3P (T aF LT R RRL T R8s 7)1 %

o

& DET #4145 ¢ 427 72 B|(Rule » % A2 % & G485 » ﬁ
Lo A4 H SRS o

s CPETHAMF2 BBt ARERL SRS HE
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1 STC » STC E434 &€ & et @ D2 > AP E| 0
NFE(FEFRF s E £ BHE)RAF - STC @ * PDS ehfF sz
CPET «h% s B 7 €. % » & 18 » #-#75 CPET % A 74p 2 5| 4
AP ¥ e STC » & #-3% CPET % Zhedwif F4pse = 5 STC e 4 47
& o
(—) By 2R %
FIFEA P P IR G e 2 > Rl e & »oenpd e 2 [
FELAR % pcefye o gt = H N e ¢ s kD] b R
BB EEDI R AP E AP FIEEA Ty - B
B ThEY BN FR LR i A ERB RS A E
oo £ 2-53 & 2-7 & % 5 ¥ = B~ Surry 7 B2 ~ % Seguoyah 7

R B FERE & fst 2 R A O
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F 2-5. F7 2 BB FERR A& st 2 R 4

Median
Failure Mode Pressure Bs Bm Bc
(psi)

A. Hinging at the Base of the 182 0.15 0.20 0.25
Cylindrical Wall

B. Personnel Air Lock Assembly 196 0.12 0.07 0.14

C. Hoop Failure in the Cylindrical 218 0.12 0.17 0.21
Wall

D. Equipment Hatch Shallow 236 0.08 0.40 0.41
Spherical Head

E. Shear Failure of Cylindirical 247 0.22 0.20 0.30
Wall at the Base

F. Hoop and Meridional Failure in 338 0.12 0.17 0.21
the Dome

G. Meridional Failure in the 369 0.12 0.17 0.21
Cylindrical Wall

H. Shear Failure of Base Slab 409 0.20 0.06 0.21
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# 2-6.Surry & R cARIEAE R 4§ dF

Source of Pressure

Prior Event

Pressure (psig)

Cen Pessimi
tral stic
A.Containment pressure before No large 5 5
vessel breach preexisting leakage and
sprays operable
B.Containment pressure High RCS 15 15
increment from RCS pressure
blowdown at Vessel breach
C.Containment pressure High RCS 15 26
increment from steam spike pressure (accumulator
vessel breach discharge at vessel
breach)
D.Containment pressure No large 35 70
increment from hydrogen preexisting
burn at vessel breach, given | containment leakage
containment sprays operating | and no prior burn
Total 70 116
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4. 2-7. Seguoyah & By eI FERERR 4§

Pressure
si
Source of Pressure Prior Event (psig)
Central
A. Containment pressure before High RCS pressure (no 37
increment due to blowdown | induced failure), ice
from RCS condenser function defeated
due to bypass or melting
B. Pressure increment due to Loss of ice condenser 20
steam spike at Vessel breach | function
C. Containment pressure No prior burning, dry 60
increment due to hydrogen reactor cavity
burn at vessel breach
Total 117
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1. ] re %4 ;% /% (Containment Leakage)

BRAKNE REY > EF A SIRIT LG § RS
AEERD €EF]E §F WESUE) ) 7 F Bk FIFIE A
'ﬁ % $u(Containment Heat Removal System)% »xid = e 248
R HFIEA Y IR %L € 2% o 1395 RSS (Reactor Safety
Study)PUesg £ ¢ 4 it > g o F P o FIEM S
(Containment Bypass) 2* ] FE 88 & 3 & L4 »cd7ag = e i #
R S

e Fd (1) B RE SR B LA N R 2R
(Engineering Safety Functions, ESFs)=# * M4 & H R85 5 (2) 7
LE R SRR AAE T 600-M-006 ~ 600-M-007 ~ %
600-M-008 4, 7 ILRT £ LLRT » £ 1% ] FE R 38 B o 78 & ;% S8
$2 0 (3) B3 2 FIFERIRAE 5 LA 2k > 30 A W
BIFEAEE 2 k2 BT 2 ag s Ry o Flpt o FIEAg 3 2
FIFERE IR AL s Sed 22 2 FERE R EY 2 £ 8 > AFEMR
hE LR AR

2. Alpha #3¢ 2 »c

Fp s B 0 S F R ER AR ¢ TR
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A X BOEA  MBLEEE > v HFBE PN B 0 @
B TEEF RN RS S IR A sk & RSS HT
TPApdi o B2 55 0010 @ T.G Theofanous 9% 7 4F £
Rl3% 5 #03 1/10,000 12 7 22 & NUREG-115018148 2 45 41 > »
BRA F B P RS A ROUR A PEFEE > $x 7] Alpha #5¢
4 oakis & g ) FI AR 2 ol K R 3 1% o X JREIT ) b
SOARCA 4 +74% 2. NUREG/CR-71102> Alpha #5% % 3 % 2 7]
FEREA PR F M I T A UL FIP AL 3 T gt - %k o
. 3 FIrE g8 2 #IR % (Direct Containment Heating, DCH)
FREERA HOANRG RELLFIBEF iy a8
BATRFIERSFA Aok F Ak g o FRIMP S F
& 4 (% NUREG-1150 2 % & & % * 200 psi) » Pl g3 Yg < 4 F
d gt d o IR % T B B R s 4~ +f ) (High Pressure Melt
Ejection, HPME) - § % 2 HPME P* » 3% @5 4 ¢ #24 = (3 hm ]

SRR e Bk R BE DRI D 0D AR

ey
.

P g (Zn gy o Bt FR((E 4 5 )R
PR o pt IR S F AR e MM % o f s DCHe d ** DCH

FAE RS o R ORER > BT G F]A &4 o o
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YA RERA GRS K200 psic B RGBT S F A
AR RIEBE T 0 R Rpee  TERE I F RS
X (Reactor Cavity)2. ® o &2 7% DCH e 23 % 7 3R 4 » 12 §_
HUF P g2 oPh TR &G R HRRI SiE

(Molten Core Concrete Interaction, MCCI) » %g ¥ ¢ 7 T R'F

(Ex-Vessel Steam Explosion, EVSE) » 5. ¥ F][E 88 (d >3 7

1345174 ¢ SOARCA 4 4748 £ NUREG/CR-7110 » ANL
2 SNL 3% %8 (7 53~ 17 0 A 1.5 %32 s FI DCH $3%
EHEIEAA B FEI T A L0k FR AT 2
WoFe o
4. % o FITRF(EVSE)

FREEBRA A E S F RBR RPN S GG ke
Ao R FTRIFRET RF LR B2 RN E AL A
FlrE g 2 i o 2Rm FIH 7 a0 R IR A4k Suig S48k Ao
B R Hp F e g 4 4r(Long Term Containment Cooling)F 7

Kot R YRR RIS 2 B s

g\
"

3=
y -4

ik

Bk oo £ 2 {FRRIE T g BB o
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5.% § ¥'&(Hydrogen Burn, HBURN)

TFPAL AT RRRT TSR LR () kEF A
fEo A2 T HF a5 o(b) 2HERF R BE T B
BTEREAAL T DL F o (c) o ikis » mlig nd
Frea-kir e 32 CO2 CO{rd § % o(d) RIIEfE & & St

PR A e B AR BRI A4 5 1 o 2 5K (a)

i N RIEARE R b o & F R TR R E R

FERE 4

o

ERSSev g @ s dg i i §F A2 R b A
FARAKEA T UFRL F hk R o E 2R
FooMIT A ) R Fd N ERRRT < 0 bd FIRR
BRI wo e g A §F RS G d R R
. [F e %8 18 /& 4 »(Overpressure Failure)

FIE AT g 228 REFAEFI TR F WA 2 &
FlrEggp R4 D3 akih o 4ok FIrEt 48 ‘f ERTIEN

KEAPIA o KETBRBE Eenier %A A Eend §

\

BRE k@GR oA AL RRY FF (MCCI) > RIH#F - F

P s - F R R RIIERN o
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% NUREG-1150 3F 4 ¢ » 325 BlrEfg4 4 "’TT % F(Ar R e
REvp U 5 b B4 AT E ) A anis o AR ET RS L IR 4
Beni & K2 - o & F AF BRPMPEF RO EE S F
ARG F A2 o RI A FIERER DR Fl2 - 5 - F 0
BRE 2 F CRReNF AR IR o

FIIEWE AT ERD 22 S HPWA >0 P EPRS KihE
%ﬁ%&ﬁ%;’ﬁv fe FIS B 2 BB (A& 5 MCCI 2 % %)m &
ot Hp R e 48 £ sx(Late Containment Failure) o

7. Bl FE k8 & 3R AL A %3 7 (Basemat Meltthrough, BMT)

] & MCCI g 4 > ¥ 3

w

/& B (Debris Bed) & % 5 s 44

fro EREIFEA AR G F o & NUREG-1150 47 £ 32 5 4%

EMCCI#2 > 2%t & KREBER L XLEFAARGT

IR o B y’}mg\’ffﬂtpw DERRE T AL AT RIRIVA
B F e gl PR g2 AT R BIHE n Bl

g Apd2. T > NUREG-115 s w4 2 3 mEd. )

=t

PHAHAY A BAREE  FR KT -
8. F] re 48 1 F 4 »x(Containment Overtemperature Failure)

4~ §z4)(Large, Dry) Bl rEfg cnds = i = 0 H B gl en
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EEFEI L P T A A iEE 4 sk( 5 RSS e fR) o F]
PRAGERSORFHE A RSP R R
9. ] re§8 3 i€ (Bypass)¥? #1248 f& 3 (Isolation) % »%

B BRAAGRET © 5 AHAP I FIRES B

eﬂﬂ«

RS A L T & P AR S B L ok o Bl S 2 %
Rt () BB 7 AR B (HHSI HHC Line)*> Bl fe 48 2 ¢h £k 2 ;
(b) B /BT R 2 Bt wiR 40 3= Ti@%‘&%%?l}ﬂ}‘i
f2 b (Ot fL2 & Interfacing System LOCA) » pt g 4 »¢
BASFREOSBBE SN FAAL B ARA
(Steam Generator Tube Rupture, SGTR)
BIFEAE IR A4 »xR) k p 2 (a) IRHR A2, (b) * R §
&y F® (Personnel Access)% % # i if (Equipment Hatch)ge >t & §
EE Y FFRHFE AP EEERIRT Y R H A ot
ESRE T e
(=) FIFEREI % E & &
#+ CPET 31 ¢
LB EH/ R EEF ) RERFIEPA > LT 2 2 31
foo P RRFAFRET|Z o

2.8 F B A R R 4 AP S g
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3 Y - B BRI 2o R e froking o 2

4 4 %R AP A\ﬁ,—a/? ¥ IR G 4 4% 5 7 2 $7(Expert

Judgement) o
& - B PDS #8345 - B CPET %4 jg3% PDS & RIIHp +
WAL G BT 0 d 3t 5 PDS FOH #E s Fpt 43 o0 CPET

AT VRS L EE Y

i

0

#); ] Pf'r’rl }%o é,_‘\ ~
1. PDS25 2 PDS26: A ¥ t & 427 » F]RIFE 48 A AR PR 38 -
REF G RS TR EN A F P TR D

RELPFEIREIDFRT g > TS - 58 8 4of] 2-2;
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PDS25 CERRERTAEH

L]

EVENT |

i |

] 2-2. PDS25 2 PDS26 if * 2. CPET #B4E[F]
2.PDS14: B M 5 F BRERAS A X 38 Frew
(Containment Bypass)sHai % > » 25 FIFERE IR 3L 2 s pd
Ao Flpt s e 4 g RPN > F o EREIAA ot
(Bik > A B~ L) S enfg 54 Feb < 5 ¢ gk
JZ o ¥ e CPET 7 5 1 42 (Headings) » 4= &) 2-3 > & % &_:
(a) Ypth *F & § RF(EVSE)~(b) & § ¥ %(HBURN)~(c) %
Hp Flre k8 1 B % »x(Early Overpressure Containment Failure,

EOPF) ~ (d) % 1 *F g = 7% /& /4 #r(Ex-Vessel Debris Cooled,
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EVDC)~ %2 (e) FIref8 &R A% 7 (BMT)o & B3P 4o @

EVENT>

EVSE

HBURN

EOPF

EVDC

BMT

R S Lre
POS1A = =ERER =R A8 SF = R [Probability
IR L | nEET E|T
P lo Data Fil,
F C
DET: # #
2 (Co0oL)
2 (NO HBURN)
= (NO BMT)
FF(NO COOL)
£ (BMT)
£ (NO EVSE)
2(Co0L)
£ (NO EOPF)
= (NO BMT)
FH(NO COOL)
5 (HBURN)
#BMT)
5 (EOPF) NA
2 (CoOoL)
i (EVSE)
= (NO BMT)
FF(NO COOL)
£ (BMT)

#] 2-3. PDS08~24 if * 2. CPET B4&H]
A. Bt 5T R7F (EVSE)
FRAGAZEF REALOR ARG MRS S HE
HEAMS F BRSO RING T R e b
ool E 4 (TR FEARZ P o

Aotk K OEER R HF EA AR RIGI E TR
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FRFERFEL > AR R ORY o doEF B E
Yo ? Hgpeh s RIfRY %« # (Molten Corium Pool)#-7)

$ o2 e e RS (v (MCCDREZ 3 2 0 &

=

4 X ETRE T E

R g Mo ded § > - F PR E S H
Bl e B S PR (3 f cPPHERAT 8 2 )o o pF
AT REFMEATRES LG G A d 0 R
A B D B B R 4 ok o
B. & # %'#(HBURN)

BB e B 8RRz pFRES

FroR RELRIBE F o & F REE R FIEMERS A4 Q

N

BT R P RFIEOREME S P iE B R

W
<
b

B0 i ERE 23 (ESFs)4 ko 4ok B N § &5
REF o T R F AR R 0 AR R A e
e AR APk FlE F R S R A A
RAREERERDE FREREDFAE ERER
AR E B R B .

C. % ¥ Flre %86 /& £ »z(EOPF)

Bk B TR o T PR 0 A i
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FIZRA22BA (- A5 P HEEFRA 2 223 ) ¥
5 8 FIFLRE B R A v g X R TS e~ a3
FReBRA A 2 | P2 g2 g £ »c > 3940
& % #p en& sx(Early Failure) o ¥ 5t i¢ = igf8 4 sxehpr IR
T3 L HE G F OVE S R TR o X T A
#-18 '8 (Overtemperature) % »x > 7| » 5 Hp ] FE 48 £ »xende 72
Bh?® 3w EFIFZ B s * 3g 3 (Large Dry)enle] Fe 48 it
KRR gz i o
D. % 1, * % < A &4 #r(EVDC)
bR AF L L2 H R FRPRE > 5 F
e F kDA N FT PR S MCCLA) = 3 7 &5
AOERFIEMER - &K F MCCl #x%piH AL
(Basemat)3 7 ° ipdtid S B A srenfdy o Hab 4 27
PARTE g R g WAL 0 W E P OO ARSI Y Ak A
i R LA e AR RIFIEA R N e & .
E. FIEf8 &35 2 &3 5 (BMT)
om0 A AR F ok EVDCo § ¥t AF ek )

—~

d > MCCI 4 3 FIFe 4 & 3% A4 B %% 7 (BMT) -
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Z) ~ 3% 2 FHDET)

A CPET t% BE 2548 AL T & A 7|P P an g 4 engr i
Rdo BHRETHRELTFEL Rh - s e d Y
PP FRTEEBEL LT - B(ARMBF > AP SR
o b2 BR o L R GRS TR om i RRT B
BG4 edd > AP - BARE 2ADET) R 2 #F4L i
i A7 o
1.% 1 *F 7% % R'F(EVSE)

5 # e WASH-1400 (App. V, Attachment 1)33 5 B-K ;4 F
% i1~ A 7 i (Large Free Volume) #]fe 48 » EVSE 7 ¢ # F]re 4y

% 2% ¥ #-H £o% o 4 Ringhals T 2 L% 2 BRG]

WA MG Epes LA ] B T EEDIE > SRR

45

3 N2 g B @yvEag & F)pbd EVSE i & enE|fe gl £ s g
& F ¥ g 2 o 4 1981 # Corradini ¥ Theofanous & Saito &
Fl- Ren o 4y 210 EVSE i & FlI e 4 scehis 5 i3] 10
(25,261 s NUREG-1150 % 4 % %t Zion & R #7iFens 47 » =& =X

TP A FTRF £ .9 104 - 4@ 2-4 » EVSE ¢ DET

¢ R MR BB R AR A F\M A FEAF
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BRRY G EKDE AL

>

(dry)» B1% ¢ 4 EVSE 3 4 » £ = %

PR3 2 EVSE e 5

Aot MRA P10 > B g

BRE 104 5 B

2.4

EVENT> RCSPVR CAVWET FVaE
ENTRY FORM awTan wwEan L] 8
PRIOR RS 4 o HAm
CPET HEADING AR E
F
Prab, dafined Proh. delined
& 1
0.00001
F]
[}
L# 2
0.999%9
&
LU 3
10 1
] 4
0.0001
H)
[
L] 5
0.9999
*®
Ho 6
10 1
JJk sh B E Jg\.)/ N\ ”i oL
Bl 2-4. Vg PERART A RE PR
A=

.

¥ 4(HBURN)
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BE A RPN nd § KRR E-RFE R AL E
FAFRBARCRMED K AT &Ry ol oA BT
RALAET S MCCl e e hd § E f A2 - ka4 f

E R kB F A = A5 L RF (Detonation) ~ -3 ¥t
‘&(Deflagration) ~ #47 * %3 (Diffusion Flame) o * B Bk & F %
oo P ST R ORI Z N otk B FRAR 2 B

£

EFPERGEFI A F B AS ek EF B R

0

‘;&_v

F\*ﬁ K e 1A SRR ) 1;’{«"”7\/}31 513:11‘9%13\’}3%1\,‘:’@%

Nk (Ignition) ® o FHEBIHOEL FORR 0 BT R T F Tk
B g F Ap 3 B > doB 2-5 977 o FARARAR® B
Frdl & F OEIRT

& RSSHFL ¥ dd o & F LR § @S ERDOPE

Fod R g A R RS P B AR

ETTRS

dRT A AR AR T R FRA

R 2 B IIT v
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100% Air

107 Reaction Container
Ambient Temperature 216*F

107 Reaction Container
Ambient 280°F

1007 Reaction Container
Ambient 280°F

]
N
%,
\

Assumed
IDetonation I.imits
L N

s [T
VAN

QR oW
. k"'ﬁ .

100% 20 60 40 20
It

2

100%

Percent Ilz Steam

Flanunable T.imits

7517 - 0 PSIG
O = = == == 300° " = 0 P*SIG
@— — = 300° 1" - 100 P3IG

Bl 2-5. & F WUEMRF R 4 B
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NUREG-1150 % 4 4 & &R 4 4 »2che &> d 4 § %
Hag N OF PR 4 W 4 > B S Vi 90 psio H ¢ ¥ Zion ® Rk
AT TG & F BESR e 4 £ B ¥ o eh(High
Likelihood) 5 % Vol.3 ¥4k J4 » -4t < iz A FIEtg 7 & 2L\ iR
G P E Y B A F A 2 B S FIRA g T o AiidR
4 TableJ4.1 ® %77 > F e A RCS 3 R4 > pla 5 ¢
BETET75~100% &5 WR+ > P4z §F 8 F25~50% -

4B 2-6 (HDET > % — BARAL* R uBR 4 2 52 3 b
T FES S BRAL O RN AERETNIF P FRES
Frk fS B2 BT L) R EE T R

FER > FlaEm B L s A

3
pud
XK

5

<

C

-

@

AXET A PR UEL & F PE

150 6 frak > BB RS T ARk sk (T &
F 7 (REF#2) 03¢ 4 > 4 NUREG/CR-4700, Vol.2 ¥ Sequoyah
TRODA YT 2 eniE 5 0.9 F B rf O ¢ b (74 20 i
NUREG/CR-4700, Vol.1 “7if : 3 i BIfe A #1457 i seit ™ » )
P RE AL E TR R G > 7 § % 4 HBURN (REF#3) - %

&k 4 ﬂ; % SrpFE KR },@-%/4‘ Frok & B MR *3:}7%\75?1 A1) ”ﬁ
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ot B § AT B o 2 NUREG-1150 *q45 J4 > % 4
HBURN 8 5% 5 0.5 -

FRAE AL T FREMEE LT > 1R
NUREG/CR-4700 tF s th AL A 70 5 4 & § 2&enid 5 5 0.1

(REF#S)

EVENT> RPVINT RCSPVB CTMTSPR HBURN N
ENTRY FROM HERW E L] 11 RN
PRIOR BERS wRE R
CPET HEADING RCSMH ui E
F
Prot. defined Prob. defined
—BINOHBURN) | 1
(K]
nx
5 (HBLRN) 2
LX
-1
=N z
3
A (NO HEURN) 4
0.5
5
os
o
s 6
42 (NO HBURN) 1
08
L F
L
01
] HA
1
ENE 9

] 2-6. & f s 2 g
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3.5 8 Bl re 486 & £ 22 (EOPF)

“73) BOPF » £4p ¥ 4 R4 %228 ¥ 2 | mrz p Rl
4 poehfiR 0 & ¥ A~ #) pF > EVSE ~ HBURN #/7 i 4 5%
PRS2 sr o ) DET 4 g1 3 BE 24E4T %t o 2T R
YR EF O hoB) 2-7 2T o

REF#3 27 # 2 4 § R EE RS PHER A »cchE & A
7 o & NURGE-1150 *if4k J4 ¢ 4p &1 > $33% % ~ g3 e 4g 2
A FG o ER BR o AR/MEBA TR T AP
% B %t o & NUREG/CR-4700 Vol.1Surry § Fi > f& £
FIFegE 2z B4 o d7dod 2-7 9757 5 BRIIZ & § REH 2 R
4 45 70 psig o 535 [In(70/180)/0.25](B-3% 5 Lognormal
A Bl In (XIXm)/Be ~N (Wo)i & ¥ i~ ped v @ B4~
Bl 2 >4 5 9 5 0.0001 o 4oFI e g AFRE 3 4 B4 5 116
psig > B % »c¥ % 9 5 0.039 « & NUREG/CR-4700 Vol.2 %t
Sequoyah 7 s 558 F4vk 2-7 977 5 BEAPBEZ 2 B4 2 3
B % 117 psig’ B REF#3 ez 2 3 5595 004 257 %
MELCOR 2 4455 % » FIFER/& 4 9+ 2 90 psig e d 3¢

#* 2. MELCOR %< & % 1.8.5> tx REF#3 e 4 $ % @ %= (7
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* 0.04 o
REF#4 B3k &3 4 b 273 RF > 2 1= fFIEH

o 2 FX R ETOIRLIEY 3§ & F RIS

EVENT> EVSE HBURN EOPF R’
ENTRY FROM LS L B EREEN AL
PRIGR Fobs RmanE
CPET HEADING 3] E
3
Prob, defined Prot. defined
B [NO HEURNY NA 1
1
I [NO EVSE)
S (NO COPE) 2
0.9
11 11—
TIEDPEL 3
004
FE(EVSE) HA NA "
1 1

B 2-7. 5 9 BlFet /R 4 ol f2 4
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4. %1 o A B4 £r(EVDO)
NUREG/CR-4700 Vol.2 3% 5 & & BMT % 4 > FFe48 e
# “,% 4 SE A ¥ % a(Available) 0 B & R aE 2 og 4 AP eSS R
(Coolable Debris Beds) ° #3%3F 2 2% 5 G ES LR A A
B LTI ER AR L N #2 R EBMT A 2 o
#2-8 5 EVDC chDET> 45344 -k 2RI F B4 =
o A AT o AR B F 1450 22 SAG-8 “i® FlrEggE R &

BoRRIi s ek Rgg R 23k i ok ERIF R

-—\

EYh R > e 2% 4 EVSE & HBURN % £ ptif 4 chfp R 4
Wig kiS5 B RIIEAERAL 2T S T o FRFI AP 5 ESF
?‘—K%&\’t/{’Karﬁ i% F’J\_‘i/i/él: I-,t‘—“.— ,J[t‘\‘i’z/ﬂ[%"’ *ﬂ»l‘_;ﬁ?_"/é{/é‘

#r o REFH#6 5 23 K7 MR F R B% < - REF#3 4 3 kig
Bl F EEps 0 i LRSI e e R &
TG Rl AR R RS B0 R L 05

%AF 4 4p A1 AR i FIEVSE & HBURN % % 4 )
o] NTBET B AF AT Bt A REFAL a4 Frendd

FEA 090 F hdok 25 FHL ESFs i enE 28 4 5 Ky iy

EF R Pl AE FIE A F AL g s #72 REF#4
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YA ‘}7; I\ “7\. [ ‘—%, PN ;:
e % frope s o s Es 050
EVENT> CAVHZO ENERG. FAILHZO EVDC
ENTRY FROM mAE AR LT E L
FRICOR | E bt mELE
CPET HEADING PR
Prob. defined Proh. definad
£COOLED)
0y
3
[X3
| MINOTCOOMEDY
5]
E '
.3 NOT COOLED
05 1
k[
1 Tinle] 1 —
0.5
&
£(NOT COOLED)
0.5
1

¥ ®
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5. e A 3% A B2 5 (BMT)
% RSS ¢ Bk BMT §_% ¥ @ d. ¢ o & NUREG/CR-1410
® > ¥t Zion % Indian Point 7 B ehA 45 0 305 IR % 1RV a0 B
4 < IDCOR e 3 4 1> & 30— L - Ly b epljpujpn
$CB k> B BMT en3R % #-7 148 0k o
B 2-9 % BMT :»DET #4& ] -NUREG/CR-4700 4" 7 Surry
TR A A MCCL2 1 v G KiR™ BB AR 544
2% o PIEEA /R4 22§ ¥ v % 4 BMT - @ Ringhals
TR2H5PLEAI BT EDFAIWFL 09 Aot T i

E AT E L 050
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BMT

EVENT=
ENTRY FROM it
PRIOR EeEz

CPET HEADING

Prob. defined

Bl 2-9. BIrEAE ANARG 5 A 2%
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I ~ WOG #:3% SBO CPET % #}Jiu 2 15 51k 38 A 45

(=) 45547475

& CPET £ it ey BL2 5> Fig » STC 2. A +7indz > H 848

Bl4cB) 2-10 #77 o 3t -2 PDS 5d CPET & % 8 ¥ & fd 4

SRR AN L P b BT STC o e STC B4R Y >

FIERE Y A b D g B AR K YR 4 ) (Core Damage

Terminate In-Vessel, CDTIV) ~ & & LOCA (Interfacing System

LOCA, ISLOCA) ~ Bl ref8 154t &« »o(CTMTISO) ~ Rl Fe 48 & senfic

7 82 g (FAILTIME) ~ 7 Ji B 4 1 2 »cpF RCS z g 4 (RCS

Pressure at Vessel Breach, RCSPVB) ~ % [F] 1= 88 v J & 5t

(Containment Spray System, CTMTSP) % erdF (. k % & > & i 4o

1Y s 3 30 % 3R 4 3 ) (CDTIV)

e PDS ¥ o BT AER Ao F 50%2 4T 0 4
PAkend g Epe y bR PR A RED AP
FlFEfg 2 = & o

2. % & % %t LOCA (ISLOCA)

B PDS ¢ > p4RAF ik RCS B MUR ¥ R rl 230 B e gl
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7 \/7[‘ 1) 4 _/:l» 2n Y 25 12 g
2 @ RSSH4F 4 ¢ S I T HRERE YA KL L BT - R
—_— N G]

-k N2 g5 XL P o
FET R EFITAL BE ABA(SGTR) T a7 o sg () e
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CTMTTOP CDTIV ISLOCA CTMTISO FAILTIME RCSPVB CTMTSP s
ik RAOIEE SERR BB R = EhiE Em = Freq y
HHEER bR LCOA =L £33 kM E HERE SEHE T
.y 12 3 BRI RCSKE Y No Data File
Kb ¢
No Rule defined No Rule defined No Rule defined No Rule defined No Rule defined No Rule defined No Rule defined #
YES
1
YES
NO NO SPRAY
2
BEFORE VB HIGH NO SPRAY
3
SPRAY
4
HIGH
NO SPRAY
EARLY CF 5
LOW
6
YES
SPRAY
7
LATE CF
NO SPRAY
8
NO BMT
9
NO CF
10
SPRAY
11
NO NO HIGH
NO SPRAY
12
SGTR HIGH
13
ISLOCA LOW
14

B 2-10. 45 =

)a;.,

L
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B REFE Ak 52 (CTMTISO)

7 PDS ¢ 5 gt R AR T BGK FIRI A 2 PR3 - FIFEREK A
NP ME S SRR EIRME S22 40 3k
BT e Bl GRS EE R -

PR AE & 2205 2 pF [ (FAILTIME)

Er - BELERFIEMNL 2 R REAF S BT
WAEDRA ATt o d A R ER G R T D
AEGREE > URFIEH 2 A SN R AR A o g AT
Rt FRIZE ] o
R4 4 sxpE 2. RCS B 4 + ] (RCSPVB)

B PDS ¥ > ptEAE (A BB 4 M 4 sepF2. RCS B4 < 0]
RCS & 4 2 % o] BB 5008 F R P g8 P I % > 30 34 48 ¢
#rg LB
ElreREeE R % 5y(CTMTSP)

. PDS ¢ o pARAE TR R R eE R AT F O 2t
BraeRregs FEayms B R T REFAP
?%@m@%ﬁ}&%%ﬁ@mmmgﬁ%ﬁﬁﬁii’%ﬁ

&P v~ NaOH 7 7 Fl et gk o =& e i o
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B STC B4ER]Y » T 2RMEE TG 2 BARKEF > AJips
Pl E k f 2> PDS & CPET ¥ ##Z A k2 #F 2 #3234 &
Bop <3020 RIF A AT B AL R R AR L T

b2t FEF o P2 R SRR A S R Ac £ 2-8 7T o
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% 2-8. 112 Rud SiROT A SRR AT

[ AR R

= 7 R

Yo s uE AR B E AR

4 4} (CDTIV)

bt S0%2 AT 0 E- #F 2k ik
1:,\.14/:]‘ J\’ lél quu{l"l%l" ’}E’iﬁ g-;}é‘;'—“

FrALPRIEMZ 2 F

A w % %L LOCA

(ISLOCA)

(dm

1(1) #F A2 BF 42 (SGTR)Z PDS~(2)
% & 5 % LOCA (ISLOCA)2 PDS ;

% ¢ 2L SGTR * 2L ISLOCA 2. PDS

3R y,ﬁk,%g_,, ook

(CTMTISO)

BIFE8 FE & % S 4 FR gtz PDS 5 FIFE A8 R 3
g e TR RN ~ BRI R F E
DR MBEFE S 2 FEEARENHMM PSRN

+5 R4

LR ERE S T

pF /& (FAILTIME)

(1) BIFEfE % s % >0 B4 4 222 PDS~(2) %
Hp Flre 8 4 sz2. PDS ~ (3) 9L ¥ I FE AR £ 22
PDS ~ (4) FlFe g8 BMT 4 »cHi38 2. PDS ~ % (5)

FlFE g8 A % »x2. PDS

B4 A P pF 2

RCS 4 & -]

A4 »xpF2. RCS R4 <)
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(RCSPVB)

e 8 Pf O i S - g BRI

(CTMTSP)

STC B4ER ¥ > % - BHRIE5Z CDTIV > * W F Wy~ 3 4p
L7 e 5 CDTIV 2 2 5 £(Yes) RUR 4 it 45 = 8
B2 2 BB EE 3 2 B BRI R
(CTMTISO) == 7 &2 F - $+if &1k 35 17 b J25B(STCHIL 2 #2) -

# CDTIV 24 5 2(No) > B ¥ g % = B 1%4% ISLOCA » F
ISLOCA ¥ % 5 #(Yes): P& #-%:% 22 B ¥ 4 &4 (SGTR)% #
% 4 e LOCA & 88 % oo A Blfh> & & f envh 3 | (STCHI3 2
#14) - = ISLOCA 7 4 % Z(No) » Bl X% 2 FIfed 3@ 2 3 % >
PR TEFF S = BEE CTMTISO » ¥ gl di & svenrd * o
FHA 2 F 1 F(CTMTISO 7 £ 5 F (No))F> #-H 5%+ £ dix
A RIRE Y R B eE Ik Si(CTMTSP) A% #
* oo B R BRI IRE G 2 B B(STCHIL 2 #12) - ERIIE
ROIE 4L % S 2 1 i5(CTMTISO 7 2 3 £(Yes))fF » Rliz 3 &
pob gt o> B PIFIEAEN AR EF L ABURE R

o AL s E 2 STCH3~10 -
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STCH#3 5 — #HoRRI IR & »xenfiin s TR 4 & A 4 »cd F
PEREFIE B AP AT K1 iFm RER A st BN o A% B F
PLAR A 2ot P RS A R RS § M B MRS T R
I T STCH6 » @ § B4 ehiv i % > BIIRF I 4 T8
o T d AR ORI R(RIER 7 A f R) > Fla € K
MRS Py LD s g FPF Y S T g o
STC#4 % #5 -

7 O H) PR A i ¢ o o A F R A B i SRR % B
ik FIFERE A 2 Va6 FIFEAE N 2 3Rk BLA A i

Rl RS FIIEMRS RAI RSO R A A B
Bk ko Bt IR T RSB A E PFR BB F R 0§ 3F 5
FrIL 2 B ASAIT BIF 2 o B IR e 0 g AR R St
(CTMTSP) 1 et 2c s P e ik 7% 2 258 0 & & ;
STCH#7 % #8 -

FPAET G R TR AET AP 2 0 ik P
Fisd W poREin g A BRWT RLDRFL S
(7 BMT) » 5 3 TR P g PR - 20 5 STCHI -

&w’?wﬁaﬁ&;x?rf@m%ﬁﬁ%%%’MQ@&%
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% 2 HAFSHRIE R K p AR RIE S > b 5 STCHIO o
i ¥ B 2-10 #7712 STC BAER] > "4+ s & 14 BRI HF
47 %] (Release Categories, RC) » *t % 2-9 ¢ fg i # F & A 7|2 Ffe
ROk ik o RCHI 2 #2 1 £ B 4 K £ gisf chiiw » RCH#3~#14
B4 e %ok B9 RCH3, #11 % #12(FI B8 © 4 22 [ 4 »%)
13, #14(F 1R 3 )RR T & B 5] o RCHA, #5, #6 5 %
BRI ER L 2T @ RCHT, #8, #9 H_ 5.3 Bl 148 4 »< ; RC#10

A BEARR A A sfril g FIIEAE L senfa) o
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£ 29, Pz Rt AT 2

R 2 R I S e S

RC1 B4R R BRI

RC2 B AR RIS G 4 ok

RC3 FIredg £ »ogf 2 3R 4 4 222 W

RC4 B R R A vk 0 R4 Y F R A Lok B ki
ki

RC5 ) R R A 0 B4 F R4 4ok IR ks
A 0E

RC6 5 BI04 YR 4 4 ok B ks
L 3T

RC7 U P AR R & vk o [RIFLRERR h S ¥

RC8 AP FI PR RE B R £ vk R R Rk s ok

RC9 BIFEAE & B 5 RIFLRERR Rk 3b oo

RC10 R e

RCI1 B AR A kT RIILHIE & i 4 ok B kel ¥

RC12 B A A o FIFERE IR A a0 2 ok R eE Rk A o

RC13 X€§4¥?$&%66m)

RC14 Bomo i bide &4 FroKE 22 (ILOCA)

() 15 54T e i,

Zhgs ¥ A e endn st w2 R L a0 b IR e
) ; ¥ T rFr

{5 94 R IF ik F 2 45 RC e 47 ~ & RC A 27 ehg 447 % -

il
o
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MELCOR A 45 % 2 a8 o
+ ~ STC e 4 4 #p
ATE WOG fist 2 SBO # A7) 0 P gl » 2 & ¢ TR
J*+ Large Early 2. PDS 3 PDS09~PDS14~PDS19+PDS24 +PDS25
% PDS26 4 *F 5 & 7 >+ Large Late 22 PDS 3 PDS08 ~ PDS13 -
PDS18 ~ 2 PDS23 » Fit— # & (Fi§stimE A 45 - & ¢ » PDSIS ~
PDS19 ~PDS23 -PDS24 ~ 2 PDS26 > LOCA #f » H 4 5 ¥ fi %7 o
¥%2 = K¢ SBO CSET PDS 2. 4 5 H|¥74e 2 2-3 #7757 o 1% = B *h fR 5 %
2 HP dedk 2-10 #757 o
X 45 CSET 2. £ f* % % »PDS09 2_ % # 47 & 4+ 1.0E-13/yr>
L A7 0 24 PDS A WP 4o
(- ) 5 5RIE 4 45
L PDSF & pig* £ CPET % = fy CPET % Fl 1o 48 4
IR G A F740f s &0t 0§ CPET RAL T i 2 {8 5 1 2
CPET B 7|ergf 4 #8535 & % 7 & @ 4e 4 2-10 #75F » & PDS
P 4o
1.PDS08

4o 2-3 #75% 0 & PDS08 ¥ s £ % 10 B %% 8L(REF#] ~

~

N

10) > 51 % B 2-10 77 2 STC #-4E 8] » PDS08 2 %+ 2ZH(REF#1
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~10) > #-4 B4 3 2 B STC & %5 (RCH7 ~ RCH7 ~ RCH#8 ~ NA -
NA-NA-NA-NA-NA-NA)- H &3 4 47 & & w] 4 (1.63E-10
8.13E-11 ~ 8.13E-11 ~ NA ~ NA ~ NA ~ NA ~ NA ~ NA ~ NA) -

2.PDSI13
4o 2-3 #77 > & PDSI13 ¢ 5 £ 4 10 %4 B(REF#] ~

N

10)> 51 % [ 2-10 #757 2. STC &4E 8 > PDS13 2. %% 2L(REF#1
~10) > #-4 W ¥ &3 2 B STC 825 (RCH#7 ~ RCHT ~ RCH8 ~ NA -
NA ~NA ~NA~NA ~NA ~NA) » # & % 4 #7 % 4 u] % (7.0E-9 ~
3.50E-9 ~ 3.50E-9 ~ NA ~ NA  NA  NA  NA ~ NA ~ NA) o

3.PDS14
4Bl 2-3 #75F » . PDS14 ¢ > £ 4 10 %% 2(REF#1 ~

10) > 31 * B 2-10 #7577 2. STC & 4E ] > PDS14 2. %% gL(REF#1
~10)> #-4 5%tk 3 3 B STC 47 (RCH7 ~RCHT~RCH8~RCH7 ~
RC#7 ~ RC#8 ~ RC#5 ~ NA ~ NA ~ NA) o H & 2 4 4 % o w| %
(7.67E-10~3.83E-10 ~ 3.83E-10 ~ 3.64E-09 ~ 2.22E-09 ~ 2.22E-09 ~
3.37E-10 ~ NA ~ NA ~ NA) ¢

4.PDS18
4o 2-3 #77 > & PDSI8 ¢ » £ 4 10 f# %4 B(REF#] ~

N

10) > 51 % B 2-10 #7577 2. STC #-4E 8] > PDS18 2 %+ 2ZH(REF#1
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~10) > #-4 B4 3 2 B STC & %5 (RCH7 ~ RCH7 ~ RCH#8 ~ NA -
NANA-NA-NA-NA-NA)- H &3 4 47 F & w] 4 (8.15E-10
4.08E-10 ~ 4.08E-10 ~ NA ~ NA ~ NA - NA  NA ~ NA ~ NA) o

5.PDS19
4o 2-3 #7 > 2 PDS19 ¢ 5 £ 3 10 %% Z(REF#] ~

N

10)> 51 % [ 2-10 #757 2. STC &4E 8 > PDS19 2. %+ 2L(REF#1
~10)7 #-4 w4t T 3 B STC #&%5 (RCHT ~RCH7 ~RCHE ~RCHT ~
RC#7 ~ RC#8 ~ RC#6 ~ RCH#T ~ RCH#7 ~ RC#8) o H & 3 4 47 % &
W % (2.68E-11 ~ 1.34E-11 ~ 1.34E-11 ~ 2.06E-11 ~ 1.26E-11 -
1.26E-11 ~ 1.90E-12 ~ 4.65E-15 ~ 2.79E-15 ~ 2.79E-15) o

6.PDS23
4Bl 2-3 #75%F » & PDS23 ¢ > £ 4 10 B %% B(REF#1 ~

10) > 31 * B 2-10 757 2. STC 4§ > PDS23 2. %% gL(REF#1
~10) > #-4 B4 3 2 B STC 4475 (RCH7 ~ RCHT ~ RCH#8 ~ NA ~
NA*NANA-NA-NA-NA)o H &5 4 47 % 4 &] 5 (1.19E-7 ~
5.94E-8 ~ 45.94E-8 ~ NA ~ NA ~ NA ~ NA ~ NA ~ NA - NA) ¢

7.PDS24
4@ 2-3 #7550 & PDS24 ¢ 5 £ 4 10 B %% 8L(REF#] ~

~

N

10) > 51 % B 2-10 77 2 STC #-4E 8] » PDS24 2 %+ 2H(REF#1

&3



~10)> #-A B ¥ & T 3 B STC 848 (RC#7~RC#7~RC#8~RCHT ~
RCH7 ~ RC#8 ~ RC#6 ~ RCH7 ~ RCHT ~ RCHS) o H & % 4 #7 % A
%] 5 (1.76E-8 ~ 8.82E-9 ~ 8.82E-9 ~ 8.37E-8 ~ 5.11E-8 ~ 5.11E-8 »
7.75B-09 ~ 1.03E-12 ~ 6.30E-13 ~ 6.30E-13) -

8.PDS25

4o 2-2 #7570 @ PDS25 ¢ > 5 — i STC fazg » 51 %
B 2-10 #7577 2. STC :B4EF] > ¢+ PDS25 v - 2. STC fazg > -5t
i RCHI2 - H &3 4 45 & L 1.12E-09 -

9.PDS26

4o 2-2 #7570 3 PDS26 ¢ > &5 - B STC fdzg » 51 %

B 2-10 #7577 2. STC {B4E @] » 4 PDS26 vii— 2. STC f&4f » #-4¢
feZ RC#I2 o H &4 4 45 % % 2.20E-08 o

SR EILA 2-100E RCHF 2 5 7 #8314 = f SBO ¥

B PG SR E A A A > ded 2-11 -
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% 2-10. 2= & WOG #-3% SBO % & & 72 & PDS { #7142
CPET = &% (4 2 1)
PDS | 2% | 23 PDS % | B 5|eh | B #|eh | 2% STC # | LERF i @
FH D m | awms | pre | STC | iy

PDSO8 | 01 | 3.25E-10 0.5 7 1.63E-10 NA
02 | 3.25E-10 | 025 7 8.13E-11 NA

03 | 3.25E-10 | 0.25 8 8.13E-11 NA

04 | 3.25E-10 NA NA NA NA

05 | 3.25E-10 NA NA NA NA

06 | 3.25E-10 NA NA NA NA

07 | 3.25E-10 NA NA NA NA

08 | 3.25E-10 NA NA NA NA

09 | 3.25E-10 NA NA NA NA

10 | 3.25E-10 NA NA NA NA

PDSI3| 01 | 1.40E-08 0.5 7 7.00E-09 NA
02 | 1.40E-08 | 025 7 3.50E-09 NA

03 | 1.40E-08 | 0.25 8 3.50E-09 NA

04 | 1.40E-08 NA NA NA NA

05 | 1.40E-08 NA NA NA NA

06 | 1.40E-08 NA NA NA NA

07 | 1.40E-08 NA NA NA NA

08 | 1.40E-08 NA NA NA NA

09 | 1.40E-08 NA NA NA NA
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10

1.40E-08

NA

NA

NA

NA
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% 2-10. %= By WOG #5% SBO ¥ # i 712. & PDS { #7# 2 CPET 2_

B % (42 2)

PDS | 2+ | :5PDS% | A 7|eh | B #|eh | 3% STC ¢ | LERF & @
TN m | awms | pye | STC | maay

PDS14| 01 | 9.96E-09 | 0.077 7 7.67E-10 NA
02 | 9.96E-09 | 0.039 3.83E-10 NA
03 | 9.96E-09 | 0.039 3.83E-10 NA
04 | 9.96E-09 | 0.365 7 3.64E-09 NA
05 | 9.96E-09 | 0.223 7 2.22E-09 NA
06 | 9.96E-09 | 0.223 8 2.22E-09 NA
07 | 9.96E-09 | 0.034 5 3.37E-10 | 5.00E-10
08 | 9.96E-09 NA NA NA NA
09 | 9.96E-09 NA NA NA NA
10 | 9.96E-09 NA NA NA NA

PDSI8| 01 | 1.63E-09 0.5 7 8.15E-10 NA
02 | 1.63E-09 | 025 7 4.08E-10 NA
03 | 1.63E-09 | 0.25 8 4.08E-10 NA
04 | 1.63E-09 NA NA NA NA
05 | 1.63E-09 NA NA NA NA
06 | 1.63E-09 NA NA NA NA
07 | 1.63E-09 NA NA NA NA
08 | 1.63E-09 NA NA NA NA
09 | 1.63E-09 NA NA NA NA
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10

1.63E-09

NA

NA

NA

NA
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% 2-10. %= By WOG #5% SBO ¥ # i 712. & PDS { #7# 2 CPET 2_

542 3)

PDS | 2% | 25 PDS% | B #jeh | B 7jeh | 2% STC | LERF i @
U m | s | waa | STC | g4y

PDSI19| 01 | 1.0OIE-10 | 0.265 7 2.68E-11 | NA
02 | 1.01E-10 | 0.133 134E-11 | NA
03 | 1.01E-10 | 0.133 134E-11 | NA
04 | 1.01E-10 | 0.203 7 2.06E-11 | NA
05 | 1.01E-10 | 0.124 7 126E-11 | NA
06 | 1.01E-10 | 0.124 8 126E-11 | NA
07 | 1.01E-10 | 0.019 6 1.90E-12 | 1.00E-12
08 | 1.01E-10 |4.50E-05| 7 456E-15 | NA
09 | 1.01E-10 |2.75B-05| 7 279E-15 |  NA
10 | 1OIE-10 |2.75B-05| 8 279E-15 | NA

PDS23| 01 | 238E-07 | 0.5 7 1.19E-07 | NA
02 | 2.38B-07 | 025 7 594E-08 | NA
03 | 2.38B-07 | 025 8 594E-08 | NA
04 | 238807 | NA NA NA NA
05 | 2.38E-07 | NA NA NA NA
06 | 2.38B-07 | NA NA NA NA
07 | 2.38B-07 | NA NA NA NA
08 | 2.38E-07 | NA NA NA NA
09 | 2.38B-07 | NA NA NA NA
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2.38E-07

NA

NA

NA

NA

90




% 2-10. %= By WOG #5% SBO ¥ # i 712. & PDS { #7# 2 CPET 2_

B (42 4)

PDS | 2+ | 25 PDS% | A7|eh | B 7|ch | 3% STC ¢9| LERF i °

T w | ams | pie | STC |y

PDS24 | 01 | 2.29E-07 | 0.077 7 1.76E-08 NA
02 | 2.29E-07 | 0.039 8.82E-09 NA
03 | 2.29E-07 | 0.039 8.82E-09 NA
04 | 2.29E-07 | 0.365 7 8.37E-08 NA
05 | 2.29E-07 | 0.223 7 5.11E-08 NA
06 | 2.29E-07 | 0.223 8 5.11E-08 NA
07 | 2.29E-07 | 0.034 5 7.75E-09 | 1.10E-08
08 | 2.29E-07 |4.50E-06 7 1.03E-12 NA
09 | 2.29E-07 |2.75E-06 7 6.30E-13 NA
10 | 2.29E-07 |2.75E-06 8 6.30E-13 NA

PDS25| 01 | 1.12E-09 1 12 1.12E-09 | 1.12E-09

PDS26| 01 | 2.20E-08 1 12 2.20E-08 | 2.20E-08

‘LERF & : %47 ~ =2 &2 8%
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F. 2-11. 5= i WOG #2358 SBO ¥ & & 71 2. RC % # #f &
RC i 2 BAAEF

5 LE 8.1E-09

6 LE 1.9E-12

7 LL 3.6E-07

8 LL 1.3E-07

12 LE 2.3E-08

2¢h 855w - LE © Large Early ; LL : Large Late

(=) F&tiRaE L A7
7= B WOG #i-5¢ SBO ¥ A 74k 22 RCF 5678~
212 (7 ¢ 4EB A F M B ¥rE2 RC)» # B RCHE 2- B2
A2 B EOF B 0 £ MELCOR oA 1732 B € % &b it
TR P R e et bi A R R R 6] o 2 i WOG S

SBO ¥ & A 5 4p B & RC 2 4§ 5k 78 chph % » { 37do 4 2-12 #7577 o
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% 2-12. %= B WOG #2558 SBO ¥ & 5 7|2 §5 5+R3IE (2 2. 1)
RC | #2445 | Xe 1 Cs Te Mo Ba La Ce
(1/yr)
5 8.1E-09 1 1.7E-03 | 1.2E-01 | 2.1E-01 | 2.2E-01 | 2.8E-03 | 4.9E-05 | 5.0E-05
6 1.9E-12 1 3.8E-05 | 1.9E-01 | 2.3E-01 | 3.3E-01 | 5.2E-03 | 7.9E-05 | 6.3E-05
7 3.6E-07 1 1.9E-03 | 6.6E-02 | 9.4E-02 | 1.2E-01 | 1.8E-03 | 2.1E-05 | 2.0E-05
8 1.3E-07 1 6.7E-03 | 1.6E-01 | 2.6E-01 | 1.5E-01 | 4.0E-03 | 3.2E-05 | 2.8E-05
12 2.3E-08 1 2.5E-03 | 1.4E-01 | 3.3E-01 | 4.3E-01 | 4.7E-03 | 7.5E-05 | 7.6E-05
% 2-12. %= B WOG $i558 SBO ¥ 2 & 7| 2§ 5+7R 38 (2 2. 2)
RC | #2435 Ru U Cd Sn B | H.O Csl Concrete
(1/yr)
5 8.1E-09 | 3.3E-05 | 1.7E-03 | 2.3E-01 | 2.3E-01 0 0 2.0E-01 0
6 1.9E-12 | 3.1E-05 | 1.8E-03 | 3.5E-01 | 3.4E-01 0 0 2.3E-01 0
7 3.6E-07 1.4E-06 | 4.9E-04 | 1.2E-01 | 1.1E-01 0 0 9.9E-02 0
8 1.3E-07 1.9E-06 | 7.0E-04 | 1.5E-01 | 1.5E-01 0 0 2.6E-01 0
12 2.3E-08 1.3E-05 | 1.6E-03 | 4.4E-01 | 4.3E-01 0 0 3.5E-01 0
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= N BACRE A
AT RRAEASPTERTF = B 0 (1) MSSBO-WL2 @ et
LR B M B4 s~ (2) MSSBO-UL2 : 45425 2 1451
# /7 URG £ ~ 2 (3) MSSBO-WUL2 : 5.2 RCP#1 #dtic 5 & &
Thermal Passive Shutdown Seal (PSDS) o %& AT & 4 7 % (|4 % 2-13
TIT 0 TP e T e

% 2-13. AR AT X GP

AR A TR FACR AT R IR

MSSBO-WL2 | mpe g ¢ Rag o @/ BB 4 g 5

MSSBO-UL2 Eyp Az 2 1451 # 7 URG # %

MSSBO-WUL2 | igz2r RCP #1 $h4ti< % & % Thermal Passive Shutdown

Seal (PSDS)

(- )MSSBO-WL2 : Blre 8~ B2 U/ BB 2 s
BEACR A G TP 2 R DR IER AR

BT — P2 RIS TR i C AT A 0 B

AR GEAUA RBP4 2 & F 2 CTMTPERSONALFTC)2 4 % 4

* limit swith = # 2 #icdg > 5 1.38E-03 © A > pt e 4 B2 d

RS2 S SRS R INES L St E 20
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A (1) At REL F POk L R4 o0n s el 4k
% d R k2 1.38E-03 > ¥4 5 3.85E-05 (&% £ F] %]+ % 0.01);

(2) £ 4 F 42 Fail-As-Tt # i > PIER L2 F v £ - L
W 192E-05; 2 (3) Lit- H AL BELFHEPMPEL 22 7 iy
TEEE LA F 5 0o &% WINNUPRA §ATR A 475 00 0 A 4%

R dod 2-14 41 o

% 2-14. T AR & 7% 5] MSSBO-WL2 2_ 2 4752 %

i +5 | CTMTPERSONALFTC LERF i& #
& 4 2% 2 ¥
0 1.38E-03 3.51E-08 Rt AT BEEF A
P2 X T4 3
1 3.85E-05 3.49E-08 Y RET AL
T4
2 1.92E-05 3.49E-08 S ESEE RIS ¥
& F* 2 Fail-As-It # st
3 0 3.49E-08 P REE P
PR S
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d £ 2-142 A58 5 753 BIEE 7 4 5% 54 50 LERF
& d 3.51E-08 "% 1 3.49E-08(% "% % 0.6%); ~ £ "% i< H 5% » gy
B LERF &7 £ "% 14 > g2 5 F]Z ¥ LERF 2 2 45 8 % 257 < o
(= )MSSBO-UL2 : @& #4254 % 1451 4 7 URG 3 %

MRRREA G R RZAERE T 1451 TS m ET R AL 2R
331 (URG) ;> % J& . SBO T i& {7 & 6 URG 2 $t35445% > 1 & §
(1) &= TDAFWP @& ™ » (R %1 & 4 Bi4 4% B3 15 kg/cm?
MT L RV AFERAAL BF oLz (2) & TDAFWP %
T omd XA ‘éﬁ;?«f,u;@@ ) i hiz > DDAFWP i {7 15 #
Aok 5 4o DDAFWP 7+ 2 7 % g > R4 3 -kE 5 W2
B/ RO RR(F R RS2 RSRAREFETI FIAAL E

- FF PRAFGYAY 105 FR23F “PZRIMILIEESE
Sk E” 2. URG #-3 ; ASG 2. & 3 /i |22 SBO/WOG #-3" —
# o A %182 £ 242 T(PP)-U.EVT 3% &])4cB) 2-11 #5F o

% AR A 5 % 5] MSSBO-UL2 2. 4 47 %2 % 4% 2-15° % & URG

%% 75> LERF & % d 3.51E-08/ry " % 3.38B-08/ry (&% % 3.4%)
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B 2-11. +% = KL SBO/URG % i #f T(PP)-U.EVT

97

[FEERLE | N E g — 7] k2 = = kS BT [
ol AR ST LB e T T Ttes Tl S P :
G - 1 . ] 2 £ SEQUENCE DESCRIPTOR D FREQUENCY
T(PP) EM K Q [ 1m XE | Uy [ Bp1 01 [ Bp2 02 ERL ERZ Q s
1| T(PP) ™ 4.69E-003
502 | T(PP)EM TA 1.84E-005
ERapionp | S03| T(PPIEMER1 28 3.04E-008
1.66E-003 504 T(PP)EMER1ER2 CFP 5.64E-010
BP2 S05 | T(PP)EMBP2 TA 4.59E-006
2.00E-001 ERIPAHP roonois— | SO6| T(PP)EMBP2ER1 28 9.34E-009
2.06E-003 507 | T(PP)EMBP2ER1ER2 coP 1.83E-010
I:{S-DJ-EDDL 508 | T(PP)EMBP1 TA 2.30E-007
ERIP10HP 509 | T(PP)EMBP1ER1 28 3.40E-010
Bp1 Le6E003 | LRZPIOHP_ | 615 TpP)EMBPIERIER2 CFG 1.02E-012
1.256-002 BP2 S11| T(PP)EMBP1BP2 TA 4.57E-008
2.00E001 ERIPIHP [ pooninn— | S12| T(PPJEMBP1BP2ER1 28 1.16E-008
2.03E001 5§13 | T(PP)EMBP1BP2ER1ER2 copP 5.47E-010
514/ T(PP)EMX(E TA 2.65E-006
ERIPI0HP | pponionn— | S15| T(PP)EMX(E)ERL 28 4.30E-009
1.66E-003 516| T{PPJEMX(E)ERIER2 CEP 4.40E-011
02 517 | T(PP)EMX(E)O2 TA 2.11E-006
5.006-001 [ERIPIHP (peonsnn— | S18| T(PPJEMX(E)O2ER1 128 5.37E-007
2.036-001 519/ T(PP)EMX(E)O2ER1ER2 ccp 2.73E-008
BP2 520 T(PP)EMX(E)BP2 TA 1.06E-006
2.00E001 ERIPIHP  [poonios— | 521 T(PPJEMX(E)BP2ERT 128 2.69E-007
2.036-001 522 T(PP)EMX(E)BP2ER1ER2 ccp 1.36E-008
523 | T(PP)EMX(E)O1 TA 2.65E-006
ERIP4HP s24| T(PP )O1ER1 T28B 5.35E-009
2.06E.003 [ERZPAHP | oc | TipPIEMIX JO1ER1ER2 ccP 8.25E-011
o1 3.01E-003 | s26| T(PP 10102 T2A 2.11E-006
| 5.00E001 |ERIP1HP 527 | T(PP)EMX(E)O102ER1 28 5.37E-007
LLid ECDP3P 5.00E-001 2.03E.001 [ERPIHP | 5 T(PP)EMX(E)O102ER1ER2 ccP 2.73E-008
4.69E-003 3296001 BP2 4.80E-003 | s79( T({PP)EMX(E)O1BP2 A 1.06E-006
: 2.00E-001 ERIP1HP 530 | T(PP)EMX(E)O1BP2ER1 28 2.69E-007
2.03E-001 [ERZPIHP | o) T(PP)EMX(E)O1BP2ER1ER2 ccp 1.36E-008
L80E-003 | 537 | T(PP)EMX(E)BP1 A 6.62E-008
ERopaRP | 33| T(PP) BP1ER1 28 1.37E-009
2.15E-002 534 T(PP)EMX(E)BP1ER1ER2 ccp 3.42E-011
BP1 35| T(PP)EMX(E)BP102 TA 5.27E-008
5006001 |ERIPIHP rpponaus— | S36 T(PPJEMX(E)BP102ERL 28 1.34E-008
1.25E-002 2036001 © . | 537| T(PPJEMX(E)BP102ER1ER2 ccP 6.33E010
BP2 538 | T(PP)EMX(E)BP1BP2 TA 2.63E-008
2.00E001 ERIPIHP  rpoonros— | 39| T(PPJEMX(E)BP1BP2ERL 28 6.66E-009
2.03E-001 540 | T(PP)EMX(E)BP1BP2ER1ER2 ccp 2.95E-010
541 T(PP)EML(T) TA 4.56E-008
ﬁ 542 T(PP)EML(T)ERL 28 2.78E-011
1.66E-003 543 | T(PP)EML(T)ER1ER2 CFP 1.04E-013
BP2 544 | T(PP)EML(T)BP2 TA 1.13E-008
ﬁ 545 T(PP)EML(T)BP2ER1 128 2.93E-012
2.06E-003 546 | T(PP)EML(T)BP2ER1ER2 coP 1.79E-014
547 T(PP)EML(T)BP1 TA 5.25E-010
548 | T(PP)EML(T)BP1ER1 2B 8.05E-014
549 T(PP)EML(T)BP1ER1ER2 CFP 2.96E-020
1.25E-002 S50 | T(PP)EML(T)BP1BP2 A 9.10E-011
51| T(PP)EML(T)BP1BP2ER1 T28B 1.75E-011
AFWP3P 2.03E-001 52| T(PP)EML(T)BP1BP2ER1ER2 coP 7.68E-017
(AT AFWU ———— 480E003 | s53| T(PP)EML(T)L(U) A 2.13E-009
EM003P 1.25E-002 8.00E-001 ERIPIHP (fooniue S54 | T(PP)EML(T)L(U)ER1 T2B 1.51E-009
2.03E-001 55| T(PP)EML(T)L(U)ER1ER2 cBP 2.13E-009
8.69E-003 ECDU3P —————4.80E003 | 56| T(PP)EML(TIX(E) A 1.31E-007
3.29E-001 M{W §57 | T(PP)EML(T)X(E)ERL 2B 2.86E-011
2.03E-001 558 | T(PP)EML(T)X(E)ER1ER2 CAP 1.51E-009
Q3 r 4.80E003 | s59| T(PPJEMQ NG 3.736-009
1176008 ERIPIHP _ppopypp— | S60| T(PPIEMQER1 NG 0.00E+000
2.03E-001 $61| T(PP)EMQER1ER2 NG 2.86E-011
RPSO3P ————480E003 | 567 | T(PP)EMK NG 0.00E+000
1.29E.008 \w@ $63 | T(PP)EMKER1 NG 0.00E+000
2 03F-001 64| T(PP)EMKER1ER2 NG 0.00E+000




% 2-15. § &R A +5 % 5 MSSBO-UL2 2. LERF & i+ 2 % (4 2 1)
ER s = 3.38E-008
% PUE = 1.00E-12
JE P LERF A N i
1 8.97E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP |[XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
2 8.15E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-S
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118SIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPS
3 7.26E-12 |LERF P1 HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
AAA-TPP
4 6.60E-12 |LERF P1 HR-GT-RECOV/1H OSP-RECOV/1HR-S
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118SIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
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AAA-TPS

5.20E-12 |LERF Pl HR-GT-RECOV/IH |OSP-RECOV/1HR-G
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DGS5 HR-CTMTISO-BKUP [ XEQN-XI118GIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019

AAA-TPG
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% 2-15. ® &R A +5 % 5 MSSBO-UL2 2. LERF £ i 2 % (4 2_ 2)
ER s = 3.38E-008
#%UE = 1.00E-12
JE P LERF A N i
6 4.63E-12 |LERF Pl1 HR-GT-RECOV/1H OSP-RECOV/1HR-W
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118WIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPW
7 448E-12 |LERF Pl AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-P XEQN-X118PIN HR-ECDP
HR-DDAFWP-INI PTAS-AL-P0O19 DGEA-PE-Z01
AAA-TPP
8 4.21E-12 |LERF P1 HR-GT-RECOV/1H OSP-RECOV/1HR-G
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP [ XEQN-X118GIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
AAA-TPG
9 4.08E-12 |LERF Pl1 AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-S XEQN-X118SIN HR-ECDP
HR-DDAFWP-INI PTAS-AL-P0O19 DGEA-PE-Z01
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AAA-TPS

10 | 3.75E-12 |LERF Pl HR-GT-RECOV/IH |OSP-RECOV/IHR-W
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DGS5 HR-CTMTISO-BKUP [ XEQN-X118WIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019

AAA-TPW
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% 2-15. ® &R A +5 % 5 MSSBO-UL2 2. LERF £ i 2 % (4 z_ 3)
ER s = 3.38E-008
#%UE = 1.00E-12
JE P LERF A N i
11 | 3.63E-12 |LERF PI AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-P XEQN-X118PIN HR-ECDP
HR-DDAFWP-INI PTES-AL-P019 DGEA-PE-Z01
AAA-TPP
12 | 3.62E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGYS-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
13 | 3.30E-12 |LERF PlI AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-S XEQN-X118SIN HR-ECDP
HR-DDAFWP-INI PTES-AL-P019 DGEA-PE-Z01
AAA-TPS
14 | 3.29E-12 |[LERF Pl HR-GT-RECOV/1H OSP-RECOV/1HR-S
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGYS-DG5 HR-CTMTISO-BKUP | XEQN-X118SIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
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AAA-TPS

15 | 3.00E-12 |LERF P1 HR-GT-RECOV/IH |OSP-RECOV/I1HR-P
DG-RECOV/1H DGAS-DGS5 DGEA-PE-Z01
DGEB-PE-Z01 HR-CTMTISO-BKUP [ XEQN-XI118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019

AAA-TPP
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% 2-15. ® &R A +5 % 5) MSSBO-UL2 2. LERF £ i 2 % (4 z_ 4)
ER s = 3.38E-008
#%UE = 1.00E-12
JE P LERF A N i
16 | 3.00E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGAB-PE-Z01 DGEA-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP |[XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
17 | 3.00E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGAA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
18 | 2.93E-12 |[LERF Pl HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGYS-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
AAA-TPP
19 | 2.73E-12 |[LERF Pl HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-TIA-XFR HR-DDAFWP-INI PTAS-AL-P019
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AAA-TPP

20 | 2.72E-12 |LERF Pl

HR-GT-RECOV/1H

OSP-RECOV/1HR-S

DG-RECOV/1H DGAS-DGS5 DGEA-PE-Z01
DGEB-PE-Z01 HR-CTMTISO-BKUP [ XEQN-XI118SIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPS

A £ 5% 20 B MCSs
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EEmE | r RS R == v EE U I |
'1;53'52 - g%% o Biow ﬁ'@%ﬁgg = %%%ﬁggﬁ 5EAL TR PR P
PSDp/URGES L. InE : - c SEQUENCE DESCRIPTOR o FREQUENCY
PP EM X q Tis) XE) 1)) PSDS ERT FR2 Q s
01| T(PP) 2 4.69E-003
502| T(PP)EM n 2.30E-005
ER1PIOHP 503 | T(PP)EMER1 n 3.80E-008
166E-003 ER2P10HP s04| T(PP 1ER2 CFP 7.33E:010
2.38E-003
05| T(PP)EMX(E) n 1.32E-005
1
ER1PI0HP 506 | T(PP)EMX(E) n 2.18E-008
ECDP3P 1.66E-003 ER2P10HP 507 | T(PP)EMX(E)ERIER2 CEP 3.82E-010
3.29E-001 2.38-003
psDs 508 | T(PP)EMX(E)PSDS nA 9.79E-011
1.00E-005
ER1PIHP 509 | T(PP)EMX(E)PSDSER1 728 2.04E-011
2.03£-001 ER2P1HP 510 | T(PP)EMX(E)PSDSER1ER2 P 0.00E+000
4.80E-003
LLis 11| T(PP)EML(T) n 1.10E-007
4.69E-003
ERIPIOHP 12| T(PP)EML(TIERL n 1.24E-010
166E-003 ER2P10HP 513 | T(PP)EML(T)ER1ER2 CFP 3.80E-013
2.38E-003
14| T(PP)EML(TIL(U) n 5.32E-008
ER1PIOHP |: 515 | T(PP)EML{TIL(U)ERL n 4776011
L H-6EE003 ER2P10HP 516 | T(PP)EML{T)L(U)ER1ER2 cBpP 3.09E-013
3.27E-001 2.38E-003
AFWP3P
517 | T(PP)EML{TIL(U)PSDS A 0.00E+000
7.98E-003 PSDS TIPPIEMLITILL)
1.00E-005
ERIPIHP 18| T(PP)EML(T)L(U)PSDSERL 728 0.00E+000
2.03€-001 ER2P1HP 519 | T(PP)EML(T)L(U)PSDSER1ER2 cBP 0.00E+000
4.80E-003
ECDU3P 520 | T(PPYEML(TIX(E) nA 9.66E-008
3.87E-001
EMO03P ERIPIHP 521 T(PP)EML(TIX(EJERL 28 2.61E-008
8.69E-003 2.03£-001 ER2P1HP 522 | T(PP)EML{T)X(E)ER1ER2 CAP 1.25E-009
4.80E-003
@ s23| T(PPYEMQ ™6 3.73E-009
1.17E-004
ERIPIHP 524 T(PP)EMQER1 ™6 9.296-010
2.03£-001 ER2P1HP 525 | T(PP)EMQER1ER2 ™6 2.86E-011
4.80E-003
RPSO3P 526 | T(PP)EMK ™G 0.00E+000
1.29-008
ERIPIHP 527 T(PP)EMKER1 ™6 0.00E4000
Z0SE00T ER2P1HP 528 | T(PP)EMKER1ER2 ™G 0.00E4000
4,80E-003

& 2-12.

¥ = R
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% 2-16. @ &R A 45 % 5] MSSBO-WUL2 2. LERF £ i 2% (4 2 1)
R E = 2.27E-10
% PUE = 1.00E-12
JE P LERF A N i
1 8.97E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP |[XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
2 8.15E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-S
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118SIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPS
3 7.26E-12 |LERF P1 HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
AAA-TPP
4 6.60E-12 |LERF P1 HR-GT-RECOV/1H OSP-RECOV/1HR-S
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118SIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
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AAA-TPS

5.20E-12 |LERF Pl HR-GT-RECOV/IH |OSP-RECOV/1HR-G
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DGS5 HR-CTMTISO-BKUP [ XEQN-XI118GIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019

AAA-TPG
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% 2-16. @ &R A 45 % 5] MSSBO-WUL2 2. LERF € it % % (4 2. 2)
ER A E = 2.27E-10
#%UE = 1.00E-12
JE P LERF A N i
6 4.63E-12 |LERF Pl1 HR-GT-RECOV/1H OSP-RECOV/1HR-W
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118WIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPW
7 448E-12 |LERF Pl AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-P XEQN-X118PIN HR-ECDP
HR-DDAFWP-INI PTAS-AL-P0O19 DGEA-PE-Z01
AAA-TPP
8 4.21E-12 |LERF P1 HR-GT-RECOV/1H OSP-RECOV/1HR-G
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP [ XEQN-X118GIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
AAA-TPG
9 4.08E-12 |LERF Pl1 AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-S XEQN-X118SIN HR-ECDP
HR-DDAFWP-INI PTAS-AL-P0O19 DGEA-PE-Z01
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AAA-TPS

10 | 3.75E-12 |LERF Pl HR-GT-RECOV/IH |OSP-RECOV/IHR-W
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DGS5 HR-CTMTISO-BKUP [ XEQN-X118WIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019

AAA-TPW
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% 2-16. @ &R A 45 % 5] MSSBO-WUL2 2. LERF € it % % (4 2. 3)
ER A E = 2.27E-10
#%UE = 1.00E-12
JE P LERF A N i
11 | 3.63E-12 |LERF PI AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-P XEQN-X118PIN HR-ECDP
HR-DDAFWP-INI PTES-AL-P019 DGEA-PE-Z01
AAA-TPP
12 | 3.62E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGYS-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
13 | 3.30E-12 |LERF PlI AAB-CFVBO05 DG-RECOV/1H
DGEB-PE-Z01 DGES-DG5 HR-GT-RECOV/1H
OSP-RECOV/1HR-S XEQN-X118SIN HR-ECDP
HR-DDAFWP-INI PTES-AL-P019 DGEA-PE-Z01
AAA-TPS
14 | 3.29E-12 |[LERF Pl HR-GT-RECOV/1H OSP-RECOV/1HR-S
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGYS-DG5 HR-CTMTISO-BKUP | XEQN-X118SIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
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AAA-TPS

15 | 3.00E-12 |LERF P1 HR-GT-RECOV/IH |OSP-RECOV/I1HR-P
DG-RECOV/1H DGAS-DGS5 DGEA-PE-Z01
DGEB-PE-Z01 HR-CTMTISO-BKUP [ XEQN-XI118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019

AAA-TPP
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% 2-16. @ &R A 45 % 5] MSSBO-WUL2 2. LERF € it % % (4 2. 4)
ER A E = 2.27E-10
#%UE = 1.00E-12
JE P LERF A N i
16 | 3.00E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGAB-PE-Z01 DGEA-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP |[XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
17 | 3.00E-12 |LERF PI HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGAA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPP
18 | 2.93E-12 |[LERF Pl HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGYS-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-ECDP HR-DDAFWP-INI PTES-AL-P019
AAA-TPP
19 | 2.73E-12 |[LERF Pl HR-GT-RECOV/1H OSP-RECOV/1HR-P
DG-RECOV/1H DGEA-PE-Z01 DGEB-PE-Z01
DGES-DG5 HR-CTMTISO-BKUP | XEQN-X118PIN
HR-TIA-XFR HR-DDAFWP-INI PTAS-AL-P019
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AAA-TPP

20 | 2.72E-12 |LERF Pl

HR-GT-RECOV/1H

OSP-RECOV/1HR-S

DG-RECOV/1H DGAS-DGS5 DGEA-PE-Z01
DGEB-PE-Z01 HR-CTMTISO-BKUP [ XEQN-XI118SIN
HR-ECDP HR-DDAFWP-INI PTAS-AL-P019
AAA-TPS

A % #5520 B MCSs
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Abstract

In 1998, a leak occurred in the France Civaux-1 reactor residual
heat removal system (RHRS) at the extrados of an elbow which is
located at downstream of mixing tee near the RHR heat exchangers.
Subsequent evaluation showed that the cause of the cracking on elbow
was high cycle thermal fatigue due to the mixing of hot and cold water.
Owing to the piping layout of RHRS in MAANSHAN nuclear power
station is similar to that of France Civaux PWR plant, such that there
would be potentially thermal fatigue on the piping components near the
mixing tee. This report aims at analyzing the thermal fatigue
phenomenon using the combination of computational fluid dynamics
approach and solid mechanics approach. The purpose of this study is to
understand the mechanism of thermal fatigue, and assess fatigue damage
to the piping components. This can help the plant operators and Atomic

Energy Council (AEC) to grasp RHR operational safety.
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72 2 BciE 5
(-) #EF 2 H
SRR AT Y TR IRIR %o & SR I i AR
;\ 4y '/Av\’}fr o’_%"':'d-";f.‘-—.ﬂ = }ir’r]/” /,,ﬁvlﬁ_‘@\ «TJ’}V’
Navier-Stokes = #2;% Kfgif o A3t & =l g 2o E ) ke

feste Z P FREIES RS (A RSN - FETES

NS ETES AN

BFE <52 425% (Conservation of Mass)

P o v.(pU)=0
o (2-1)
B9 o p LR o UL mkag B o g o
t: time
p: density
# & * 4258 (Conservation of Momentum)
a(g)w-(pﬁ)=—VP+V-(?)+pg+F (2-2)
7= ;{(VT; + VT )—%V : w} (2-3)

B o PLnHRY ~g i E 4 A Bop b HARE o

P: static pressure
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i £ 753 258 (Conservation of Energy)

%(pE)+ V. [3(,;5: + p)} =V. [keﬁ,w + (?-3)} +S, (2-4)

ke effective conductivity

E=h-L4+ 50 (2-5)

(=) Fiondsv 2 gt

Frae 247~ 5 4% oF * CFDAZ2;% ¢ 7 ANSYS-CFX ~
FLUENT £ STAR-CD (STAR-CCM) % - iz 4t ;2 * %] (General
Purpose)CFDA%Z ;% 2 & & {1 * = |2 2 & “T:}&%m%‘rﬂ SR

ETE RN E TS MR A BRIV ad ok
oM o d YT R P % (Time Varying) s 3-8 » 1 %
+ e 473 17— 4354 * Reynolds- Averaged Navier-Stokes %
o e 38 (RANS-based Turbulence Models) Ff#/w 3-T 2 endF |4
(Mean Characteristics) » ™ > & + 3t & > # @& CFDav § %
B 31 ¥ 445+ o RANS-based® # §_& i‘%ﬁi%‘r,@@%ﬁﬁﬂ
Navier-Stokes equation > @ &_{f&pr L 39 F £ 258 > &
DA R E N ATHF A @ R
T M RERAC K o Ra o TR iE LG - el
RIF g Bl w8 7 RO R R 3 R R ATR A
57 R0 & tha ¥ o B AT F iR 05 © RANS# LES s

Hie* S N4 o
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RANS and U- or T-RANS turbulence model
Vo OBkt o

v ¥ th¥_k-¢ Model 2 k-w Model -
v k-eModel 2 HApBE BTN F G R et
I F kR A BEr o 2% @ * Reynolds Stress
Models & LES * /= (4-:Impinging Jets, Secondary Flows
FF) o
v 1 %} i#* RANS Model % @+t & endo i fefic
7] #_Second Moment Closure (SMC) Models °
vV HaER
U-RANS or T-RANS: Buoyancy Boron Dilution Transients
(BDT) and Pressurized Thermal Shock (PTS)

k-¢ or SST k-w : Turbulent Mixing inside Pressurized Water

Reactor (PWRs)
LES ~ DES 12 2 SAS i { :2Ff 7 CFD Finficst o

Large Eddy Simulations (LES)

V- m o P EFEFER S PR A ne

PR R BB F RS R PPER S R AP IR S

Vo BRF LR L MR e R aph e
A0 AT R

Voo HaEiR

>oOHWIERARERE ORI SN RERY M
B e iE {50 -

> OPFRERROBR S EFF AR ER
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> PEREFIREA G EERRER

v J&* : High cycle thermal loading in T-junctions

(2) F i Bost
T AR E A S B R el A i F > LES
pVﬁFép%&mA A R ECRTRRA AP Y
B R o B o o ERH WS 2 R
AR R AN e BRI R R Y

2. & & %A o

Standard k-¢ model

B H e TR S B AR £ 30 B
$¥c @ AL R ¢ A o A FLUENT ¢ > 1528 ke $73]
R 2
&

4% Launder and Spalding 3% 1} 2_ & ’J’I‘u
“’i-ﬁﬁ”’lﬁ?oi&q’r#ﬂ )% ST S
LAt a1 Ex iﬁ—'frz{s‘b 2 FE in:}':g,gﬂ dopt B S R
oo v A BEEHRDON s I FHRREY BENK
o R ke OV E - T ERET Y hF G 0 B
* 3% Reynolds number ¥ % % v {4 (Isotropic) =48 -
H A kEm P ayedRzhy o £51% fEg S #i(Wall Function,
WF) &k & {7 > ¥4+ 4 3% (separated flow) F* 2. 38 £ (8 17 i

< o
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Turbulence Kinetic Equation :

a a a a
= (k) +a—m(pkuf} = a—%[(ﬁ'F %)a—;] + G+ Gp—pe =Yy + S5,

(2-6)

Dissipation Rate Equation :

a d d de €
2(0e) + - (pew) = | (1 + ) 2] + €1 £(6i + Cocip) -

EZ
Czepg + 5S¢
(2-7)
Gk 7o B ind BPR A A2 NE it i -
Goid ¥4 224 hfindoa o
Yvd 50 &7 B ERY o @R ORI L ik E o
Cie’» Cae o Cye > H_% #38 »
ofro.H k™ #2fre™ 4240 % /i Prandtl#ic
SifrS.E* # g i o
Fonik Ruwod gt sb kgl

4y =pC, % (2-8)
&

TS g < I -

Ci.=144 C.=192,C,=0.09,0¢=1.0,6.=13 -

Standard k- model

T ko #7) F_A Wilcox k~o 23] v £.5 4 /4

3y

T A T OREIACT SR @A B 0o Wilcox k-o H
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TR pd T ilagE oo kiR R AR - T
Hen s LS o btk ef 51> Fla 7 oL SN EE L
it o p d P inds o

%

8 o o (. ok

—(pk)+— : ,—|+G,-Y +8S, 2-9
o (PE)* 5 Lorn) = axf( &gj4_ " (2-9)
8 5 o (. o0, -

O o)+ 2 (pau) =21 22| 6 —y 45 210

HY s p i Findi o m ol 3 4cd G 5 Fadat
BoG, s #tF R LBEYLABEEE 0 F5 Finerg &

AR S BES AN AR AN E N2 R T BT

Al 5 S0 > Pt Rz TRT AT G
T, =p+te (2-11)
k
ro=u+te (2-12)
O-w

ﬁ‘:l ’ﬂﬁ-/)l g%@%%&’ﬁkﬁgwé }:/ﬁ“aﬁ*}#&

u=a +Pk (2-13)
w
EEEE ST LN AR
o =a+ a,+Re,/R, (2-14)
l1+Re,/R,
Mmooa, s [ER
Re, =K (2-15)
e,
4:% (2-16)
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e,
R, =6
B =0.072

LES ¥ ;n#cis

Finehmd Ad 354 ]3¢ fiﬁn;ﬁmwpﬁ 4

a)iimlr‘sm - PR E‘ml%’” &g
AgiE® o LES R~ & i ot RECRE IRk AT - #
2R

. %‘r 22 & enk ¢ 0 11 % Reynolds Stress s & 4 o ;’%’

RRR I R R T RE DR o T

LES £ & 3 R E® o cpsprif 30 B M S 10 4

fEa & ' )g‘;]lg;,ﬁ«fr,y b f;;]lg;,ﬁea IR o xR

R iff i il i
N-S = 425V E & £f% > /]

© RN = R (Sub-grid)
Eiﬁ: JLj:f "h”‘ S fﬁ/fﬁ,” Fé""mf’aé % > 'fi\f',}\‘ 2-17 #1571 o

1 _ (2-17)
rff-—grm-{()”: —2u,S
< =l 0T U ; a i (2-18)
Y72 av\l a\
1 . B R (2-19)
r{-’,-—grm(){!,-: -2 !(3{’,-——5”(()51,-)

Le=min (kd ,C,A) (2-20)
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MG AT H 2 ’g FL A A5k e8] 2-5 #7970 p RHR
BAEHENRL B (FesAk) SfEEES 10 @
S F (P res #0k) 5 8ino M5 A312 TP 304L SCH40
> B #tu 4573 44 o 1995 ASME Sec. I1 Part D [28] » ¥
AL F R R %1 e 2 F (Mechanical Properties ) fr#t 4
7@ }4 & (‘Thermal Physical Properties ) 7171 3+ % 2-2 o

AokfrBo R R EZUH FrEEF g FIRET B €
¢ s BRI R AR R e F
BUATRE B BB P RARTFRRLL > ERBA

EEA

To o
Cold -l—l&-
Leg
/\"D
e%
&,
75: >
F ({s]
rom e} S
Bypass —-3 o
(Hot) N ( 203
752.5
(]
w
M~
A
%
From
RHRS Hx —=
(Cold)

Bl2-5~REZULFgRR~TRERB (Hix:mm)
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322 7 AN iR B T o B g LT

Temp. | Young's | Poisson | Density | Thermal Thermal | Specific
(‘C) |Modulus | Ratio | (kg/m?) | Expansion | | Conduc- | Heat

(GPa) (m/m/C) tivity | Capacity

(Wim/C) | (JIkg/C)
20 195 0.300 | 8030 15.3E-6 14.0 447.04
50 195 0.300 | 8030 15.6E-6 15.3 483.59
100 189 0.303 8030 16.2E-6 16.2 499.37
150 186 0.305 | 8025 16.6E-6 17.0 511.37
200 183 0.308 | 8020 17.0E-6 17.9 525.74
250 179 0.310 | 8017 17.4E-6 18.6 532.49
300 176 0.310 | 8013 17.7E-6 19.4 541.69
350 172 0.311 8010 17.9E-6 20.1 547.73
400 169 0.312 | 8007 18.1E-6 20.8 552.30

2Bk 1B FF

1945 ASME NB-3222.4(e)(5) [29] 520 %_» %3 i it % 3+

BE R FI 2

21
‘!

o id X BHWARKPB I L HL

i# J& 4 58 B (Corrected Alternating Peak Stress Intensity) (7 >
S,alt,l, S’alt,Z, S’alt,3, ,S,alt,n) ’ &Af}f@;}: ;J— ﬁ '%’L 3 2\511 %; ‘I\B’» #B éi-}:% £

B VAT (0 Not, Naa, Naj, ..., Nap) 5 -7 e 37 fi e e

W TR (T New, Nea, Nes, .. Ne) ™ BI% 102 5 37 7%
B TwE EIE e R F TS (T UL, Uy, Us, . U)o 7

* Palmgren-Miner ;2 B| & 124> 7 $ 8 2 2 A3 F BB T

PR # * T3 (CUF) > o
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CUF={IJ_+ U2+UB+"‘+E}%

= Il (2-21)

U221 4ot 4$¢§IFI§ TR AR

L=
e 2

CUFdeszgn ° r4] RHR P? ﬁf" /;, RN %pﬂj

v FE TR

HPIRZ 5 B4 IR € 4eid i g §F U Tt

A 2L
E

B RHR 43R EZH g FE S AP BB &
# ReGuide 1.207 [30]f= NUREG/CR-6909 [31]:4.%_» &

76 ki ASME R4 738 D ke

KENEN=35 2 ﬁ
’P“Lﬁ '5)?& f% * ﬂ:‘j‘ (CUFdesign)%fu - Iﬁﬁﬁ# ]/'2_]__"_ '_T]:—j- Fen
B AR
% F|3F ¥ 4

( Environmentally Assisted Correction Factor )°

ET"ﬂﬁlﬂ?mFenﬁ'?’r{% /‘F}ﬁ

CUFen Ul Fen1+U2Fen2+ U3 Fen3+ +Un Fenn (2 22)

FA YR AR GRS 2 RSl A - R

TEEEERE Fo, kiE 0 PN 2-22F Ut B

CUFen = (U1+ U2+ U3+ ces + Un)Fen = CUFdesign XFen (2'23)

79 2-22 8458 2-23 #p2t B d k 20 CUFen /- %% ASME 3%

SHFATHREL R LR 1.0 HE > o
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R ¥ R FF foi A #12F M  NUREG/CR-6909
FL P Ty e A IRBRR S e 0 T
(1)#4% (Carbon Steels ) ;
(2)™ & £4% (Low Alloy Steels) ;
(3)® 27w 4 7 4%4% (Austenitic Stainless Steels ) ; v
(4)48. 4448 & £ 4% (Ni-Cr-Fe Alloy Steels ) -

=it ¥ 2 2 7 % L NUREG/CR-6909 Appendix A £

W
FIRHR 2 £ = i ?mﬁf'“ BT M MAE 0 Bt
/‘”_r?awnﬁ,%}; Ik B & ?]ngi}ﬁ%;;o

RATDABF B2 Forde™

For = exp(-T '¢'0 ") (2-24)

He T ~O e b bl G @R R B335 2 foif

BER®S TLE AT

T'=0 (T<100°C)
T'=(7-100)/250 (100 < T<325°C)
0'=0.29 (for PWR all DO levels)
&=0 (¢ >10%/s)

&' =1In(¢/10) (0.0004% < £ <10%/s)
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&'=1In(0.0004/10) (¢ <0.0004 %l/s )

Bt E P % B 0.00039% 0 12 {8 B g T it B
F5[B1]c AR R TEBEBE 180 C > gd 38 22435 >
FERLZUHEARBERY BT FF Fo=2.60 o

¥ ¢t » 4 NUREG/CR-6909 48 £ p % ¥ &v > 713 372
Bro 48 4 4% 4k ik R ¥ o 2 (Design Fatigue Curve ) e

2-8 #7151 o

1107
3 =
=
< 3
! 1x10
L]
=
p=
£ "%%E:&‘
=
— i iy =
z 100
w
17 ]
(]
=
v

10 -
10 1x10° 1x10° 1x10’ 1=10° 110!

Number of Cycles N

Bl2-8- BEru B2 Shah s 4 P Z XA YO AR
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ARy AR E A4 PWR T RHR k3238 & = 30 ¥ h#

FHFR G o d WL ERRESIADERBRTR A - D

RANS ¥ inficV2h B i+ B rpficks » % Jf 1 LES 2 A & #rgen

BBt £ 0 LES s Eaeikp g a > A T TR
&

TP EFER LA AR

F1#* LES i K718 Fehh 45 0 4opt 7 3 P2 47:¢ & T/ % CFD

A4 R ik R

- R mER G T A 2 RE LR 4
Yo 3-1 977 538 A4 =

N

g

m
'%"i/,} ﬁ\,kii%j@;{ki ’E 'fz:yj(j;ﬁ—%’;i%’;ﬁ)\ ’
H v B R L 363K (90°C) » imiE 5 0212m/s; @ A kind £

%’:m » A TR R G 288K (15°C) iR A 1364 m/s o F B
W EE GBI RS Sk =T o ‘ﬂ/”ﬁ“ﬁ;(No-shp)xéfk (WL

Inlet p[‘ main pipe

Y

Inlet of branch pipe

5.

Pipe wall

Outlet of main pipe

B 3-1~TAFhdmira| g i
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At iEse? 2 A £ @ (Residual Values)s # 25 % Jxacl
A A B ER R AT AR TR o T2 F (Mass Flow

Rate) g - & e =t fem 1 > F)p

FRIFL ERALEERI RS LT e AL
B R L v Dz acts » k-emodel ~ Realizable k-emodel -
SST k- model s % B ¥ #iE 48 0 1 o “7JE 19 2 Behh 7 it
FAYr e g AR RFTATE Y RFH A B FOHAIR &

= ;‘(\33& /i\%ifj\l{‘f’l/ﬁhﬁ”ﬁﬁ ’ 7'; d ﬁ“:‘gwi%f“%’d%‘rii ’F,‘;.E’I

A AR TR E FISR R R 2 Sk B
BEPFERAT 25 > £45 03 B F A D R4 F R
i SN2 BT o

BFHI A5 {2 7 R P RP AP

LEZLFRREE BB T L BFRE TR o

() #6 RBLHKR L

d XY #a @7 & Fxn Rt jmRs
LEY SRR e 2R AR § A4 B 3-2)(b)c) B
3-3@)Mb)O)¥ET 5 I A R F R Aok A g e
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ﬁm@%i’%Tﬁﬁﬁ%ﬂ%§%EEQMDi?’A?&

Bl 3-3(a)? FUR R %17 513 % 5 & * Realizable k-g f4&
®3-2()° 7 5 ?Kﬂiﬁékigjﬁiiggg,@w
TRLEN RO 0 & AR RVE R 1 8 ST B S RTE o

AEE 4K R D]-04D T e 3 RRA R 3-3
OREFR SN > 7RIS T AR G2 %R RPE A
#* SSTk-o ¥ /8B 3-2(c)® Fds 5 winah g4 > e4p
FOYE 32 (@) ® i EH B RAT T F A I fs T RE] 3-3
(@) (©F kAEFFE2 > A BEFERY 91-04D =+ o
RFRBBMAFErL§ Y ARk b Lk ki
i * Standard k-g j€ ] 3-2 (a)? ¥ BLRIEHLI § T P B
05D =+ » & g ki e § P B R ITIR GF 2 o
% &4 E & 5 @ Realizable k-¢ 48] 3-2 (b)® # R 75 4p
e 3T I % DI T AT 4 R R 3-2 ()] 0 AT P AR
g * SSTk-o ¥ €8] 3-2(c)® H kAT L /) b BT R o
T R AR 32 AUXY #6 ¢ REFFRZET B
PHRE e AREE TR LGP R4 B o @ % Standard
k-g BEHLPCE - e FLEE R 5 L HcA FE; @ Realizable k-e~SST
k-o FEHPCE T RS F N R A AR Y R 2R
EFTZIEH. A e o
T REATR] 3-3 (a)(b)(e)? A Y R I AE D
O S PASEIRE S S X RLS W i o S ol R
P2 R E S R EFB TR 2REE SRR AL F

BopHIEH LI R 7 A L G wBE RPN A B0 L AT R
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d &3 & Realizable k-¢ £ 31 &% 5 SST k-o £ %k T §_

Standard k-¢ -

d. SK-¢ L_

C. SST

Bl 32 - XY #a 7 jig i
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(=

d. S K-—¢

=

R K-¢

O

SST

Bl 3-3-XY#a 7 ERVR

) LB R ER A ERE S N2 MG
d B34zt Fokmdags N2 B3SP e Bk

ENYZ o afRATH N E ML LB 34 2732
TR S ghe BET P R I R A2 - R R
9 &0 At Bl R A Standard k-g ¢ einds 5B ¢ a0 j;gg?
BEF - TFEHLOTEE o FRITF Bl B ROGR &tk A o
it %_7%] Standard k-e model #_i# * wall function *3*+35 > ¥f3%
AR Y B R RAL A ERMA R G oL F IR 347 L2
Bl LEASFITOD )2 BRA T FIRT A R g

BF LAFERRERI AP E R FIEL RE RS F P

SR iﬁé_ijiléi?i%"r‘é@?kéfﬁﬂ@w’%u TYY

34



FAGIRATL A AL FARITIAE ARG AL - AR
B By np B A T RT G = F 0 Flet 4P $3T Realizable
k-emodel -~ SST k-omodel % B 3-5 (d)® 2D =% + > = ¥

SR Sk fdFom d Bl 3-2(a)F g w U A A (e KR 3-5 (a)

BB Wi AE-05D =% 0 B 3-5()7 F N FAS RlF - =

BB SR T ST R & e 2 R - R E

2|
=
v
(w
O
34
e
(?q;-
W
o
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=

-
AR

D
-
N
¥)]
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o
=
(oW
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=
o,
a
m
=]
o
o,
o

Bl 3-4 ~ & Standardk-g ¥ 4 k3 a gund S V2 R R I
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Cold water (d = 2.1 cm)

. p .
— L !

hot water - '

.38 (D = 20.8 cm) : et
0.0 Centerlinex=0 !

A0—p2d

5d 0 10d 20d

B 3-5 -+ % Standard k-¢ * **-0.5D~0D~1D~2D =% 2_%8
B A R

dB3-6°Y e BAREEN YZEGERLAT VT HFIR
# * Realizable k- model ¥ i 8 & 7 30 @ poend b 3R
A0 23 4p$H*t Standard k-e model $*iTEEE i { 0
B L& 2% o H B F]¥ iv & Realizable k-¢ model *® 4c > 7 - B
eddy-viscosity 2 2> 3% > F]¢t 3 # Standard k-e model = =&
e SRS SRR & ST G Sl K

Bl 3-20) ¥ diE g windd nd B 3-6 (a)frh
-0.5D =% - Bl 3-6(c)¥ g EEG R o KUn A TR

o

% 3-6 (c)(d)ID~2D =% ¢ 2%+ LA )7 < Ap ot F)

3-5(c)(d)F RGE R 0 T OB R AR 2 B AR 2 R &R w
Realizable k-¢ model ## L1 A +* Standard k-emodel i - H
SRERCR A R R T A Y UEIE s
FIE P LI NPT IR 3-6 ()(d)EARZ T 7 Hr R
HERAT 2R AR PRI @A F RS FHR

EREH T EF AL A RRR £k s F - B AR

T\
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-5 ;
— '
hot water H X !
L '

oo [

(0 = 20.8 ¢m)

Centerlinex=n '

o
5d 0 10d

B] 3-6 ~ 7+ Realizable k-¢ * **-0.5D~0D-~1D~2D =% 2§
BT R

125 0 b 2 47 EEI2 > Ja %7 Realizable k- model & 5 5+
i R B Ap 4 & 0 7 & Realizable k-e model & W i g @ v
SSTk-0 model 4 5 = # & & » &R 2% B & ¥ f &
Standard k-¢ model ® 3 7] > 2 A% =% ¢ H Tiom &3k
F > F]gt 1T & * Realizable k-¢ model ® #71F #dp e B v F
Pelichp o B 3-7 ¢ e BELRIEETR G F & ATRIE B0
wB B > ¥ #7 Realizable k-c model #4t d14ple =% 2§ B
o AR 3-8 F oo
ER3-8Y mMIFHREFRIEBFEF P AF I
R 0D B F R(F % E)SEREEE) T AR
EH R 3-6(b)iFit o - kTR G TI-T4-T7 3 &



B 3-6(b)F ApIF B R ARF chee > H i By 5 Ap e 2 A8
b T4~TS & BRRIZEL L HF » C 0 BERREF %Y
FRERIFRADLE T LRSS FRR L2k 0
BE o R
HEE A A e (v IF AR it e FF TR 3-8 ¢ & 1D
¥ AR % ) R E) o R %k B2 ] 3-6(c)
Tl FRAEFTHREY 2+ AEHFENR 2 F R R LT

5

A 0D % PR EE BEEZL S IER

%*0D 3| ID ¢ v~ 5 #& i * Realizable k-e model #-#t
éi%iﬁ?—l}.ﬁof&,l‘!}fﬁ{ik-ﬁ BEE IR PR EE R
£ 3 #73 + > #711 Realizable k-¢ model § — %_&v & df {4 o

%’%‘E’ L i Realizable k-¢ model &2 Z% &% 0D %2 D i+
BoOooRRV RO 2 3NM B cnlicy 0 e AR R hA B ARE
YRR E ARR - RiE o

Bl 3-7~F & BARBEPIZEZ =8
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80 TS “Jt-':-. — ¥ _A\_d—_ - W
--n \\‘ ff 1 \ /
A N N'D/
50 \~ /
-3 \ /
E-I] 1
" a0 \* —= (D
D0 —&—CFD_0D
10 -2~ 1D
On T T j: s ™ B % o 0D

Poiat

B 3-8 - Realizable k-¢ model 229 2% &2 8 B * #&

- “LES¥# RANS & T A g3+ 8L 3
Bl 39 ARSF*%@Es~$72 T Al FF5%kE% > T 4
RBLEPN IR de 2200 & T % o B 3-10 22 3-11 & %] 5 2 B )

gt o> B9 s F b k@ ASME V&V (2009)7 & B
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U.S. NRC is developing an advanced thermal hydraulic code named
TRACE for nuclear power plant safety analysis. The development of
TRACE is based on TRAC and combines the capability of RELAPS.
U.S. NRC has declared that TRACE is the main code for thermal
hydraulic safety analysis, without any further development for other
thermal hydraulic codes like RELAP5 and TRAC. A graphic user
interface program, SNAP, which serves as input and output processors
for TRACE is also under development. One of the features of TRACE is
the capability to model the reactor vessel with 3-D geometry. It could
perform more powerful and detailed safety analysis of nuclear power
plants. The authorities of Taiwan and USA have signed an agreement on
CAMP which includes the development and maintenance of TRACE.
INER/NTHU 1is the responsible organization for Taiwan to apply
TRACE for thermal hydraulic safety analysis in order to provide user
experiences and development suggestions. Based on the above goals, this
project modified the TRACE safety analysis models of Taiwan nuclear
power plants according to the revision of TRACE and SNAP. The results
of TRACE were presented in the NUREG/IA reports. These NUREG/IA

reports will be sent to U.S. NRC as the references.

Keywords: TRACE, CAMP, Safety analysis.
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7) 0 BT AR CAMP b eof 8 82 F % o (#52:2017 # 11 % 6
P oo 5% 28 £ NUREG/IA-0472 ¢ s & 3 4)

NUREG/IA's published (2009-2017)

Total of 116
» Spain— 26
+ Slovenia = 13
* Finland = 6
« Germany — 9
« Korea - 7
__+ Czech Republic — 6
+ Republic of China - 27
» Bweden — 2
« Argentina — 1
* Canada - 4
+ltaly - 3
» People’'s Republic of China -2
* Poland - 4
+ United Kingdom — 1
« Switzerland -2

« Croatia = 1 ‘ 3.
...'ﬁh.lllll‘!l'k.

2017CAMP % % ¢ 37 » % W% § ¢ 4% TRACE #25° % & # 7

#75% & TRACE Version 5, Patch 5 #->+ 2017 # § 281 (#:1:{s X
FHEPAIPY L2017 &8 1) iR A g ¢ 7 CANDU & b icst -
WfidRY o4 B2 0 42 TRACE A2 ¢ #icimz- B a4 ~ &b {oin
ORCEE 0 MR B AR R R SR ME R ot R o @ SNAP 42
PR EART A G g~ o BRI AL 255 R T UL

TRACE patch4 14w 2. %75 3 & o
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-3 USNRC

s iimy People ml the Fanirosamao

TRACE Development — A Peek Under the Hood
*New Correlations for Research and Test Reactors (TRIGA and plate fuel)

*Spacer Grid Heat Transfer Enhancement Models (Droplets and Breakup of Droplets)

TRACE - Recently Added Features Available for Testing

* Fully Implicit Solution for Heat Transfer and Fluid Flow

* Improved Second Order Advection Solution Using Lax-Wendroff Method with flux
limiter

* Making Water Density and Viscosity a Function of Boron Concentration.

» Enthalpy-based and Fully Conservative Energy Equation for TRACE

* |Interfacial Area Transport Implementation into TRACE

USNRC

) Protecting Prople sl the Ennironamat

*+ More on TRACE Development

* TRACE Version 5, Patch 5
— Target release for Summer 2017
» Status of CANDU modeling update
— Will be in Patch 5
* Filing bug reports
— Use Bugazilla to file a trouble report at www.nrccodes.com
— Send email to trace.bugs@nrc.gov
* TRACE training
— Taking feedback on the desire for training

12



SNAP Development — Enhanced User Productivity

-

Current SNAP Version is SNAP 2.5.5

Supports all TRACE versions through patch 4

Automated PARCS CR Search.

PARCS Multi-Cycle Depletion.

Improved Uncertainty Quantification Plug-in

Droplet Field input added to TRACE Plug-in

See https://www.snaphome.com/snhap/ for more information.

Frotoctimg Peopls muf the Faoironanest

TRACE Use at NRC

TRACE is used in licensing support and
design certification activities:

APR-1400

» NuScale and other SMRs

ESBWR

- US-EPR

US-APWR

- AP1000

ABWR

- Power & research/test reactor licensing actions

Generic Safety Issue (GSI) and Rulemaking support

13



Pratecting Prople g the F -

TRACE is the Future of NRC
Safety Systems Analysis T/H

* NRC would like CAMP members to focus their
assessments on TRACE.

« Suggested Areas:
— Fuel Rod Models
— Spacer Grid Models
— Droplet Field Void Fraction Predictions
— Testing of new features (e.g., higher order numerics )
— Additional Integral Tests
— Research and Test Reactor Applications

14
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1. Activities related to CAMP in Poland in 2016/17
(02_CAMP_Spring 2017 _

Staron_Poland)

# % » TRACE ¥ RELAPS it (FH- A s fofe £ % A5 » & kv i
#4# % TRACE i& 7 frg A 47 -

PAA in CAMP (2)

+ Starting practically from zera
*  Firstworks = research reactor Maria®
Mext — acquiring knowledge in reactor design and using codes,
« lAEA frainings, workshops, on-thejob-trainings. conferences, specialised
trainings, specific topics
Further — understanding the resulis , assessment works

» waork on modelling the APS00, AP1000 and EPR (on the basis of avallable data),
ardering analyses of specific problems (e.g. MELE of the EPR using SCALE,
PARCS, TRACE)

LT 5
ey m b
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PAA in CAMP (3)

«  One project = wnlucklly not continued - example of a good practice
»  Govemmental grant inthe field of reactor safety: won by the Warsaw University of

Technaology

Teplcof grant Elsborstion of methods for safety analys:s of PWRs and BWRsin case of
disturbances in the coolant system (SBLOCA, LBLOCA)and severe accidents. Codes:
RELAPS, TRACE MELCOR also CATHARE.

Projectduration from October2012to0 August 2014

On the basls of publicly avadable data, the following models were cresied. Generlc PWR, 3-
leap, PWR 4-locp (Zian), EPR, ABWR, BWR (Peach Battom), transients: SBLOCA,
LBLOCA, M5LB, SGTR

Feople from PAA paricipated m the work to a Emited extent,
The final results and report done by the university was shared with PAA,

LT E
ey m b

Summary

- The Polish nuclear program is continued

«  PAA has to be prepared for the regulatory process including
assessment

«  The PAA staff is gaining competence in NPP assessmentusing
RELAP, TRACE and PARCS

« The number of people using the codes is increasing although
the future of the Polish NPP project is unclear

AL wieeire i)
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2. Updated Status Report of CAMP Activities in Spain(03_ CAMP_Spring 2017 _

Sanchez Perea Spain)

317 i57] % 7 g * TRACE & TRACE/PARCS it (7 - s fr ¥ K

KLY T F F RAT %1 NUREG/IA 52 3 % o
CONSEJ0 DE
SEGURIDAD NUCLEAR
WWW n.es

Case Code Author Experimental Results Objectives Status
Check capacity of
Rt UPV (group PKL-2 serie F1.2 TRACE to model: boron tracking,
Anal ith TRACE code of PKL-2 Test o
6 DEYalE Wi i :O =0 e TRACE prof. Mufioz- (Boron dilution on reflux condensation heat transfer, NUREG/IA 0423
Cobos) SBLOCA) natural circulation (stopping and
restart)
ROSA serie 1
Analysis with TRACE Code of ROSA Test UPV (group m ;Enf Check capacity of TRACE to model:
7 1.2: ECCS Water Injection under Natural TRACE prof. Mufioz- stra‘::f‘:f;r\znu;d stratification and coolant mixing; NUREG/IA 0420
Circulation Conditions Cobos) eventual connection to external code
coolant mixing)
Rosacred Check capacity of
Analysis with TRACE Code of ROSA Test UPV (group (Temperature e Strat\'yﬁcatmn and
8 1.1: ECCS Water Injection under Natural TRACE prof. Mufioz- stratification and L y NUREG/IA 0419
3 i H coolant mixing; eventual connection
Circulation Conditions. Cobos) coolant mixing in hot
to external code
leg/downcomer)
SETH serie E3.1
Simulation of PKL loss of RHRS experiment
RELAPS upm . L f RHRS id- Check ity of
9 £3.1with RELAPS and TRACE codes. L || (= o o NUREG/IA 0256
= and TRACE prof. Queral) loop operation with TRACE at LPSD conditions
Application to a PWR-W plant model
closed RCS)
PKL-2 serie F2
Simulation of PKL loss of RHRS experiment
i b et e RELAPS UPM (group. (Loss of RHRS on njld— Check capacity of NUREG/1A 0257
= and TRACE prof. Queral) loop operation with TRACE at LPSD conditions
Application to a PWR-W plant model
closed RCS)
Vessel Upper Head SBLOCA. Assessment of UPM (grou ROSA serie 6.1 Check capacity of
11 TACE 5.0 against ROSA serie 6.1. TRACE i (fuer;:i (Vessel Upper Plenum TRACE to model vessel SB vessel NUREG/IA 0426
Application to a PWR-W plant model P SBLOCA) LOCA phenomenology

Soring 2017 CAMP meeting: Mav 22-24. 2017
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3.

Status of CAMP Activities in Czech Republic (07_CAMP_Spring 2017
Markova Czech Republic)

Ho * TRACEH 7T enZ R G HPEL 47 22 CFD &

SUG3

Siaind Gfad pro jadernou bazpesnos]

Activities with TRACE:

Verslon TRACE V5.0 Palch 03

Mew model TRETESEAL-1.0: detail mode!l of main circulation pump GCN-125M on
Temelin (VWER10040) used for simulation of thermal loading of pump seal during SBO.
The detail simulation of spatial heat conduction was prepared using 2D thermal
structure in TRACE. Model was validated comparing with CFD codes results

Mew model TRETERY-1.0: detaill model of auxiliary systems of steam generator in
Temelin (VWER10040) used for analysis of consequences of blinding the plpe after
steam generator draining after FRISE.

Other aclivities with TRACE: Computation of CL-4.1-03 (4.1 % cold leg break test) on
PSB-YWER In Elekirogorsku using TRACE V5.0 Pateh3 a Pateh(4 - see more in Mr.
Heralecky (TES s.r.0.) presentation.

SUG3

Siaind Gfad pro jadernou bazpesnos]

Institute for Applied Mechanics Brno (UAM)

Codes:
«  TRACE

SHAR

Activities with TRACE-SNAP:

Ll

Humerical analyses of steam generators blowdown effectiveness improvemant
possibilities (Temelin NPP VWER1000): The object was to study how to improve
hydraulic resistances on the steam generator (SG) blowdown plpelines DMN25 between
SG's hot and cold collector, Uniforming” of fiow from both SG's collectors can be
achieved by adding, for example, sharp bends on DN2Z5 pipelines. Their effectiveness
was analyzed. For overall outfliow rates were taken real measured flow rates.

Mo testing activities

18
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Review on the tube bank drag model of TRACE Ver. 5 Patch 4 code
(14 _CAMP_Spring 2017 _Shin_Tube bank drag model TRACE)

FRE* P9k ATR A TRACE VSP4 2 = SFR eV » i (737 3 & e
= SR SRS E R S STIRIRE LR =L T RS S T

{r':::“\

Eiangulur tube array fiction factor assessment | F=1 |

* TRACE patch4 modeling & simulation

— Test section ; 11-cell-pipe(12) with type 11{tube bank crossflow)
v 3 tube rows for first and end cells, 6 rows for other cells,
= Friction factor estimation during reduced flow fram 500ka/s to Tka's

P
Lyoqa pVE Ly

D, : Volumetric hydrualic diometer = 4.

Fluid volume

wetted area
Ly_iq:lemgth between the tap 4 to 11(cell 2 —9)

123

| Test Section{ Tube Bunk)

( ' :"qﬁ 2lals |3:”Eé |2 Allh' 11:'

B A e

ST,
et . =
! Findings and correction :

= Sub. TubeBankFric correction
— Re. momentum cell length
— Euler and correction factor table
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sl ) e [ EACES PA- bl Corrected
ag -y
\m i
LB —A -
I Ty . o CovesDas
i
=gy -—
i [
! ¥ e G
. e e —
A R
L ——
L] 4 i
o o - [Frins

19



5. Full-core Assessments of TRACE’s New Dynamic Gap Conductance
Model

(15_CAMP_Spring 2017 Clifford TRACE dynamic gap conductance)

54 2 ¢ Paul Scherrer Institut & * TRACE & = T FudesS #7343 &K
7% T Ky 7 LB-LOCA scenario 3% & enbbpd e jm > & J2 vl ik ~ g Al e
3V R AN AHL AT K

PAUL SCHERRER INSTITUT

TRACE Core Modelling

<-—=  Connection
& POWER Component
VESSEL Junclion
Qutlet plenum
dome
Gt
Upper Plenum i
(VESSEL) .-g » & &
=
Hot Fuel Rod Core Outlet
(VESSEL Junciion)

1 per assemb;
PrsTa

I! Care Channel: g
3 FHT oo crannue <&,
(VESSEL) 5 §
s '3
. g 5
Reactor Core - § 8
Point Kinatics
(POWER) 4 Core Inlet
Average Fuel Rod (VESSEL Junction)
1 por _i._mrsmuy
{ SR Lower Plenum
(VESSEL)
Lower plenum
Core Modelling in TRACE TRACE RPV Nodalisation

rw— - https//www.psi.ch/stars

2017/05/22/STARS/CI41-( 6.of 23)

PAUL SCHERRER INSTITUT

TRACE Results: Maximum PCT

Core maximum PCT Maximum PCT for transient (sc2 BOC)

[
o e
o 2
- > ] [
sc1BOC 5
= sc1 MOC 5 A% E-
& s¢1 EOC °

== sc2 MOC

= sc2 EOC

0 50 100 150 200 250
Time (s)
f‘t‘w; T’ hittp:/ fwww.psl.chstars 2017/05/22/STARS/CI1 - { 10 of 23)
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AP1000 Large Break LOCA studies with TRACES patch 4 with

thermo-mechanical models.
(16_CAMP_Spring 2017 Rivas_Lewicky AP1000 UPM)

B 462 5tis ~ Bt TRACES patch 4 2= = AP1000 Large Break LOCA #-
FEE AT RRAT ARG B ORBREERE o 22 I
DAKOTA it {7 LBLOCA BEPU 4 47 -

AP1000 Core-model evolution a

If too many fuel rods fail, the Heat Structures who fail
would be splitted in order to obtain more detail.

Best-estimate
[ SECTOR1 SECTORZ|
R ; . SECTOR1 SECTOR2
Conservative Ring 2 Ring 2 Ring 2 Ring 2
' T ! Ring 1 ]
SECTOR 1 SECTOR 2 _ il .|
7 Ring1 | Ring 1./ Ring 1 -

Ring 2 Ring 1 Ring 1 Ring 2
I - e Tt © .-_- i
| I

1 % E E l:. all | - -
ana - mman EESVC DI iy R
A | T I ri
L n ™ ey

A best-estimate model
was introduced.

B
AP1000 best-estimate core-model i

SECTOR1 | SECTOR 2
Ring 2 Ring 2
=
Ring 1| Ring 1| [

. o L
} 3
} g
T4 —I=1 L
s, :W
VRN o
S |
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7.  New Applications of Almaraz NPP model: LBLOCA and ATWS sequences
(17_CAMP_Spring 2017 Zugazagoitia Almaraz LBLOCA ATWS)
B2 5T+ B TRACES & = BR-K5VF g endiin st > * 20 ig ek
ATWS-PIRT £ AMSAC fc# PFF chg a7 & & 17 ©

Thermomechanics-PWR.

Almaraz NPP TRACE BE core model Cycle 16.

[ 4 | ¥ 1 & | O | 31 | W rH N [ 3 | 0% ]
Figures: Best estimate care madel far cyele 18, Configuration, chusters nomenclature and averages values 7

Analysis of SEPD component
SEPD BWR model. Cofrentes NPP (TRACE-PARCS)

The 624 fuel elements are clustered in 12 chans. ARC-BOC conditions.

T | SEPD components

| ON PROGRESS |

ar
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RELAPS and TRACE Simulation of Hot Leg Break LOCA
Experiment on LSTF. (18 CAMP_Spring 2017 Prosek LSTF LBLOCA)

2772 s & I R-4 Reactor Engineering Division & * RELAPS ¥ TRACE #-
#% 0 LSTF 1 1 10%# ¢ %74 » P RERFAL SR E2 & FHH5 -

ﬁ Jodef Stelan Inatitute

. p4 Reactor Englneering Dvision

4.1 RELAPS nodalization
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=§ Jodef Stelan Inatitute 1-\-)4 Reactor Englneering Dvision

5.2 Results — animations (cont‘d)

4Ab-R

Collapsed liquid level distribution at 400 s
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5.2 Results — animations (cont‘d)
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9. ANALYSES OF THE OSU-MASLWR 003A AND 003B BY USING TRACE
CODE. (19 CAMP_Spring 2017 Mascari MASLWR)

TUENEA 5 * kst K g il 447 0 L R B HRARE R

45+
X 2GR A A RATRIE R F RV o RAMA DEAReE 2 B i
- BT RRER A P BTRERE T FET o

S

3D VISUALIZATION BY USING SNAP OF THE
BLOWDOWN PHENOMENA IN THE HPC
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10. TRACE Pre-test Evaluation of RD-14M. (20_ CAMP_Spring 2017 _
Delja RD_14M)

bv £ 5 CSNC # E#n R4 2 ik » 3 2E TR 22 (SBO) ¥ 28 /&
e7CANDU 7 5 > 112 £j 5 SBO 79 RD-14M R~ 451 1% o

Canadian Nuclear  Commission canadienne Y e
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CANDU Station Blackout

Canadian Nuclear ~ Commission canadienne it
Bl Soannt, e Canadi

0¢ Benchmark Calculation, Fluid Condition Map

504 Y

Benchmark without mitigating equipment activation
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RD-14M Nodalization - Model 3

MODEL 3 (Full nodalization)
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11.  Final Post-Test Analysis of Cold Leg Small Break 4.1 % at PSB-VVER
Facility Using TRACE VS5.0.
(21 _CAMP_Spring 2017 Heralecky PSB_ VVER SBLOCA)
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IT1T SPAING CARY Westng Wersew, Poland Kay 33-34, 2007 [T T

(i_\/.E‘f-,? Input Deck Description — Secondary Circuit
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12.  Modelling of Helium Cooled Facilities using TRACE code.
(22 CAMP_Spring 2017 Mazzini_Helium cooled TRACE)
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13.  Coupling Of TRACE and Subchanflow(SCF) Based on ECI.
(23_CAMP_Spring 2017 Zhang SCF_TRACE coupling)
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# Spatia Coupling

i
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SCF inpulixl: Four new input parameters. —

—

* raeel_n_t numberofthe radial ings ofFLL InTRACE E
® ram_n_b: numbst ofhe sstalinge ol EREAK In TRACE sy
o angular_i numeral TRACE arcimuthalsecians EI:H\‘"'I::QE
el |

radhal_n_{ 2] x| r I o |r§|++ﬁ
radisl_n_b ] Fl 7 Hai -
anguiae_n a5 M peencomes [

o COMPOUINT COM PNt fmaer of VESSEL in TRACE.

TRACE1 TRACED * TRACE1 HI TRACER
Can'Viss Ceairal
taskList: The taskname of SCF mustbe “SCF" t t 1' i l i 5{' 1
TRACES 3CF TRACES SCF
* The fle ontare a3l the | Tasknam P A AT WESSEL
tazks marmaion Hiek e Wilorking difes 100y

= | - Zar] tha YEFSEL camponeni number tnal TRACE tazks:
2 - Cemialtysk fu SCF tasknumbar azsdantasklist

g 3 — Canbral tazk send SCF fask numbarks tsk hrdng VESSEL

i & - Kumaricaldatabanefer,

TRACE tracin: Twonew input parameters.

* |_nkig: 0-TRAGE wilrun 3 seg i slpoousing Wi 5CF #+—= - Caloubabon conraldaka from central sk
1-TRACE i=arabledio skip several 5CF sepe.
II' From 18 tuad | Treated as
> bownd I ik valle B LG G e ounsary @ Reily e rbarfaoes
darka e Sfer | ndsiTacd s Mok an TRACE ard BCF From poure |+] 8 i g |
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Code Testing: resus 3m g(IT
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Reactor building
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3. Probabilistic method :
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R RodFillPress... @ d10 User-Defined R... |nfa Pressure (psia) Scalar wT4T @10,
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F: Rod Design
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o- [§ Files [1]
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o= = Views [1]
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[
i FRAPTRAN model 1 b
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B S A 49 % 6
() A Holmm

AFHEEHP I RFAABRB TR REFFERSATUE FH o 4
Frok e 2 F & (Loss of Coolant Accident, LOCA) ¥+ 7 B ¥ & & a3kt A
#F & (Design Basis Accidents, DBA ) » fads k8 F BB » v ¥ st
EHE U F REE S S A s KF R ES DA bR S
BF BB E P A MR RPN BAEY B R S E e
Mo Bl E A K BB R At B BB AN F Y LR E
SRR RS TR E I T A S TR L I E S R 5
& (Peak Cladding Temperature, PCT) o @ & 45 % & & chgF it > F L end] o = 12
TR LA ER(RFEREE) ER 2 S F G AR A2 kS
FAER AR RER SERAER UL RR TAFRE
B.. & o AIFF R4 A piE2 2 BR > & 77 F B RIAFr R S (Reactor
Cooling System, RCS)=ik i+ g2 ?T‘é'ﬁ)é w4 gk Bu(Emergency Core Cooling
System, ECCS)er/i 48 i 2 (AR B4 > F B A AL THE R » £ 21
KRR ERHUEA KR ERS E) kT RERFTR .

(=) FgPiEwm

AP RFELAFAIE 0 - AR ZRFL AR SRR T
(Large Break LOCA, LBLOCA):& {7 @ seenif = Bk A 47 ¥ P E & E G 8
fe b AR AT R gt A fEA 472 VT 0 530 LOCA ¥ e T R X
MR R AR % o H3 LOCA a7 kil € & W R i 2 w0

8 A& > % 10CFR50.46 %4 » % LOCA ¥ % PCT 7 ¥ AZif % #'LE
1477.6K (2200°F ) » # 10CFR50 er¥i4 K # » { #im 4>t LOCA ¥ ¢
g B et T eeF)
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A AienE R L% R 2 A 2200°F
B: #HEEZE LA ZFALEFTCEEF R £ 7 M F BEELEL2LE
1% ;

C: &R ANS PR AF RSP AT LA S0 D bRk

PSR g VSO I MY 17% 5

B v il % S8 e R E 0 G b o L B EHR
S LR LT SN

B 4.1 5 &7 &4 LBLOCA ¢h7 R 44773 254 o ffd B &
DAKOTA #235% » 28 i ¥ g4 2 enfp 5 4 v S fic (PDF) R4 2 £ =
Re? BR g~ Slice A gEFA RS 0 TR LA RE 20T
FTATE R i) BRI S B ok A e 287 R 3 Wilks?
Formula % &7 95%1% & 95% 1 <K T 2 fo] Bk B 0 #7825 e ] 3
o oo k&8 Wilks’ formula s 5 2 & 40T

1=-a" 2 Eg. 1
where 1 is probability, [} is the confidence level, and n denotes the number of code runs.
T3 PCT it 8375 LOCA ¥ & @ %4l d 2 fFitant & Hk 0 T 1345
Wilks” Formula & 5 95%#% & 95% 1 K& T 2§ | B i 59 &2 o B
PDF 22 PCT 5 ¥ i & iF > 2f7 3 @ % 59 feidskenT o L% X %3 5 a

2 95%PCT » i B h PCT &  #7rid * 383+ 2 T 7] Eq.2 :

PCT@I‘S_,I"QE - PCTI.'I]L‘HI'I + 1.6450 Eq 2

where PCT .., is the mean value of PCT, & is the standard deviation of PCT.

AFE g ¢ 473 TRACE i@ § 4848 d SNAP /i 6 e (78 ik R K5 0
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Random
variates
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input file

DAKOTA

TRACE |
mput |
v v v
C Case 1 Z Case 2 I Casen )

v

TRACE

output file

TRACE

SNAP (interface program)

Bl 4.1 7 &R 2475042 B
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95 % 5%
/ |
3 : i : IE : ; : - 1 : : : Lu] : : I : I‘| ':'-'_ : 3
S5 1.645

Bl 42 PCT A & 47 % F

(2) S HBEXK
1. + = & TRACE A 45 %5

Bl 43 A7 0 122 fush TRACE A 45505 0 o st 5 5 2830MW
(102%3p T F) > 22 fus 0 B2 B a Bk 5 B E > 17 = i TRACE »
RSN A RERe 3T RA AR CRCS it A2 8B~ 2 S Rlhd &
§ 8 HR4E BCCS th% 2ii-k s 4. % o F RER L7 = 4(3-D)
VESSEL it ikt » A58 ¢ B2 22X 2 BIHR 6B =410 E 12 Bihe
B % 1 s 0 T F(Core Barre)f 22 %38 5 % 2 TRH#F %
*%# i+ % (Reactor downcomer) ; = = & RH T H7 A2 X L > & - RHIDS
60° > 1kl 6 BRGHEMERT T, 6 B2 i R > WRF R
ﬁé&ﬁ&%’&%%@1¥3i¥6@;%ﬁﬁﬁﬂm%gﬁﬁﬂilﬁ
% 8 K o 4= E B (Cold-leg) Rl 4220 % 2 ke % 8 & > fr ik g i Al
Bhaphe2 5 731% 12K -

AR ERPIZRCTRGEEY RAFL AR A4 L kT E o F
ol v ¥ % - ik 4 s8(Cold-Leg) 3T & Rp iRl 0 BLT AR 5 YT
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(Double Ended) » €4 £r-k 3 B % 2473 5 g8 B » FIp 4 frok 2 f #5750 in

2
£(200%) > 2 o B TR - @B 2 AT AR DA Bapdd
- B o ¥ » pt TRACE A~ 47488 %7 B¢ 4 (point kinetic) ” j* %
FEReHF o oA R RAP AR 1973 ANS St E o

e RPN 0 g SR RLE R AT 7 48
SNAP k3R - 7 R GH DM &% X 45 B7 0B 440 26 R E

TR BRI T A A - ®BL 2 PDF kg o
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M3 vahea
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3 =y B0 separaior
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Faedwater flow |
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Accumiator { Loop 3 £ Leop 1 R (. S Loop 2
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P8l HEN
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BREAN Yessol
s
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R
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) Edit Uncertainty Configurstion ==

P DAKOTA Properties | (@ Variables Distributions | ¥ Report

Numbear of Samples |59 E Oreler |
Random Seed Protability 50
Sampling Method ® Monte-Carlo Latin Hypercuba Confidence a5 0
Input Errar Handling 'ignme maodel chack errors - Raplacameant Factor
Figures of Merit |O
Mame Lovwar Limit Upper Limit Description |
ASY1 ¥ =unset= |
Help vl 1 OK Cancel

B44~72 BRKTAG

2. % LBLOCA % v iBXK

% LBLOCA 4 47 ¥ o3 F 448 R 15 2 fod 4o i 2 @ % i i%= cniBk
B o AT R T 0 15 E R R € TR R R B A TR
e 3G FE T e 102% (2830MWt) o £ 4.1 Bt T AFE TP %ﬂﬁpﬁrﬂ N 3
Bk 0 ¥R RCS e & 0 /B g 4 » ¥ 7 %= B3R RCP
FRFAPFTEZRY o ARl F A1 d AR CBRNEEA 4 T A K
el B4 > @k SLIR(E SR A AT 615psia)dl B F R H RCS 4 xpigis
AEERT P EERRER o 2
AW BEK R F - BFBL DI REEBL DI RFF T BFIF Y
ﬁ*%%&w”%}ﬁ%ﬁ@ﬁﬁﬁ” RSN S RN T
FRE O R R RE B R T R LR R K o

—

Iﬂz‘“ﬂ ’,Té‘q%lu/z,\,épi‘f,u# %‘j@wﬁ—
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Input Parameters Value

Licensed Core Power 102% of 2275MWt
Thermal Design Flow ( kg/s/loop) 43318
Vessel Average Temperature (K) 584 5
Initial RCS Pressure (MPa) 15.858
Low Pressurizer Pressure Reactor Trip 12.824
Setpoint (MPa)

Low Pressurizer Pressure S| Setpoint (MPa) 11.824
Safety Injection Initiation Delay time with loss 27
of offsite power(sec)

Accumlator Water Volume (m®/tank) 27.89
Accumlator Tank Volume (maftank) 41.06
Minimum Accumlator Gas Pressure (MPa) 442
Accumlator Water Temperature (K) 3109
NMominal RWST Water Temperature (K) 302.6

% 4.1~ 4 &;rﬁ%] » BBk
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1. %= i3 8%

o

i * TRACE 425\ i& {7 & fu = @ 47 i (Transient)~» 7% » £ 7L 5
(Steady-state calculation) » ~ 5 A= 45 it 34 J o foad 2 g » 58P o 5 oS
% R~ A 4 i 2 (Initial condition) 3 5 R AL ¥ E R E 2 A7 A iF
oo ZRA CRMERE - FWER -FHHELrF NZE2IVREF WA
BEZ o RERLT P TRACE P22 R E e g pftedori ok
Ao 2l hF - B P EE(Time step) e v & & (Fractional
change) ¥ &g -7 %?%] DA s BB A SRR CHEREEE S E AN KLY
fo s Soparig * o ATER € 2 e aciF i (Convergence criterion) > B! 7},;,@?;9: B

L (7“%]"1‘3—‘\ P R T ATIE R
AR T aeiE o PR €

PREREIIR Y AR L %JC;*E ER I g § N Y

%5 2.0x10%) > 5 5 Bp Bk 2 g
E.

+ ﬁia?] 1 TPR #%(Formatteddump file) » #-2 -k 4 % ¢ #705 S ffE izt 8

%

,-L%i\ _’T_ﬁ‘rﬂqv}'g_}\:’ , lJ]FpL,;\ f"r;&?\&v.& p_,, [ERERE A fré;v}— 3@%%—“?
LA £ 42 5 £ R A AR gcder $ RIS 4 bkl & fr RCS

vs _1;47]%{ A7 s i 2 Tér'ﬂ‘*% e A }_;}ﬁﬁ; (FSAR)%{%_VLL@&’F -ﬁ

1'-‘\

| TRACE 5% erf& fi 4~ 4> 22 FSAR B 2% ## & > 4 7 4246 0.01% -

B AR A chA7 45 14 2 15 LBLOCA 45 fi A 5 cns %+ #7 FSAR slicdf kg (70
e o & 43 557 7 TRACE 4 #5712 = fi LBLOCA &pF B 4 ¥ 27 FSAR
A AR 4 P licdp ARt o0 £ 7 W 0 0 TRACE 4854 37 B 4% % 27 FSAR
pATIR S P GldRAR A <o 8 B E Sk LRI A 0.54) 2 1] TRACE
TERE 2ok A Y PR S 154 0 B2 FSAR S 27 0.1 ) #3
TRACE ¢ ] ECCS B 4oii -k pr @+ v FSAR #F & #ic$p 9% 7 0.1 §
(TRACE:28.5 #) » FSAR:28.4 #)) * @ ?%J@s AR R Y chERY L P B
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FRIREP 0 F AR A MI]424MPa pF o FRH P 0§ € Mokd TR
¢ L r 314 5 ¢ B TRACE 3+ 5 5 B4 B 4003k cpf P &2 FSAR #cdp £
* 3R 15 FERAL o o d N ERK K F AR L R > R TRACE
TRRE R T OPERT 2 FSAR 37 L R (X7 897 48)

Bl 4.5 5 TRACE #2583+ 8 74 % 2. % % ¥ ¥ FSAR #cdp it 50 7 s
A LAk &P 0 AR G PR R R R B T
(13.5MPa)# gt » JopFsd S 03 7% > B Y 7 115 3] & 0.5 )P TRACE
P E 25 52 FSAR B 38 % 5 prda T o B3 TRACE 4 g 71 % % #
(decay heat)sfog™ B » F]pt T ff i F L FSAR g % Kehlit » @ # 5T 5 FlE (S
FIT 10%:0w 5 o B 4.6 5 BT kR4 R AEEE 0 ¥ 15 4 TRACE
TRRIRA R eanlg %2 FSARBIpAPR £ - PR A0S fFFE F B ERs
WP 13.5Mpa B4 B o Bl 4.7 ARLT REF o — BA AR W S TERIEL T
Fenppit E A £ R Brind g B

;B
v
F ok maaEpl > ¥4 BEFREEL A% ER 9 > TRACE 42

}

‘mhg? .3

25
o AL Aok F Y B ARy Wi 4 o T T G isEL T B TR
BTG TR SRR RIEL T SRR 2 AR B1 4.7 ¢ ¥ 15 4 TRACE
A2 N ATIE R el v SR S A8% 22 FSAR #icdpAp ¢ o Bl 4.8 5 TRACE 425" #53t
R KAER E % o B¢ ¥ 145 7] TRACE 3 R)3 -k ohps ¥ 2E2r FSAR #kc
Aple o & 1S §) =+ B dpii ko e LRk ik FARR A 2 AR
dONERWALE F R4 5 424MPac § kMR A MONE R4 B FRHE
AAroR g FIARA LR G AR Tk e ik ? o @ TRACE #73g R 5 B
e & ik F 5 F 45 2000kg © 7 3t FSAR #icdp = # 2300kg > 7]
EBB AR T OERRES 3k o B 49 5 F BRET RS RE

FF A Lirkd o FpF piev g L f & TRACE
AR U n S B4 g FSAR Sicdhdp % 0 @ £_4 5 #5~15 #/ @ TRACE 3¢
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£

RIF 4Tk k sk s B9 & FSAR gy @ 5 7 51 » 4Rl L_TRACE 7
Bt & fsvp % i (bypass) R o 2 0 Tt Rk frok B S R4 LR
g g ind ke o B 4.10 3 TRACE B F fedp I v i 485§ > o 3¢

TRACE 425% % & 3] RCS ehp AR$HmI § » F]PL F % v i kv $ %

B4 2 th o R KT 5 i R . FSAR ﬁx:ﬁiim& » R 6 EEEE 0
kg/s> @ FSAR SRl 242+ F T f_ﬁ)j&@.féj‘_"i%;%Okg/s”l o
Parameter FSAR TRACE Error (%)
Power (MWt) 2830 2830 0
Tavg *= (K) 5845 58453 0.0001

Pressurizer pressure (MPa) 15.858 15.859 0.0001

Loop Flow (kg/sec) L3318  4L34L7 0.0035

+Tavg = (Hot-leg temperature +Cold-leg temperature) /2

042~ R B



LBLOCA FSAR (sec) TRACE (sec)

Break began 0.0 0.0

Reactor scram setpoint reached 0.50 0.50
5l signal generated 1.4 15
Accumulators Injection 15.0 142
Start of Pumped Sl 28 4L 285
Accumulators empty 521 595

# 4.3 ~ TRACE £ FSAR epF B £

1.2
—@)— rFsir
0.8

Power (nomalized)
o
o

0 5 10 15 20 25 30 35
Time (sec)

® 4.5 ~ TRACE ¥ FSAR 7 5 #icdy
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16 —4

Pressure (MPa)

—.— FSAR

=== = TRACE

| [ T | T | 1 | I | | | J
15 20 25
Time (s&c)

#] 4.6 ~ TRACE ¥ FSAR /R 4 # & + #cdy
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Flow rate (kg/sec)
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B 4.7 ~ TRACE & FSAR ¢l v § € it & ficdy

66




Flow rate (kg/sec)
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B 4.8 ~ TRACE ## FSAR 1 ACC ¥ & it & #c¥p
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2. RERHEE
[ESNEIC A N E N
%L
17 B R
B Ef R R
TERE (%3 H

SQm e E ¥ -H

,_4._

SR FEFAERREN > H Y &

% o i% 1% Wilks” Formula .
31 OS%th 3 £2 95%

B 4r b2 BT LBLOCA A 45¢ » ¥ ¥ Bdd— 1 T R
% RCS 4 ECCS ikl o A=

(R R 4

e

1, 51] ﬂ:
7 - #ic

s %

PARERERELEE
4 ) drd 44T 0 BT B Sloit LK S SNAP #17 f
4.11) F:20* B2 2811 2 42 TRACE mﬁ%] e

s& > L
\/LA

B g gidn 4 £ 4 E - i (PCT) 3=
NN 7}(_7_%—1: ’ Eljﬁ&/') %7 ‘% 59 “E"‘;’,“L 5
PCT)J— N z—L% l:/"i l.? ‘/ul-ﬁ"ﬁ IE)“_,/L:
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BT oo PRI Bk 2 0 BB § e LBLOCA T enPCT 3% &
2 12287K - 26 > B2 E h 59 FH rE S g s PCT ER 5
1158.4K » % MA30i% P o @ 134% 95/95 e F ¥ 2w KB K3t » b 59

B PCT T390 5 1022.8K @ &8 % % 65.8K - 134 2 3% BEq 2 PCTospos

E3 A 11310K > M3 B A R 2 @ A eh PCT 122 2 55

(1477K) » FIpt 22 @ Sini= Rk = 2 4pst > Bt B 5 4 b 2 BB A 740

PCT e 5 4t i1 % 24045 o

Fobo gy S icfoi® s S8 PCT 2 B ehBl B2 e (7 18 g et
B IR e S A4 2B PCT A { 2B A7 2 R4 »

DAKOTA #2;% kit {7 ﬁsa] INE S JaF iR SN %J »ia e ﬁg?l 4 18 B B st
P S BnP Ro ML GV JRd A G I (BEq 3) R

’l

El 1(}':1 XHFI F)
JZ] l'[xl_szzl l{yl F)z

r= Eq. 3

@

Bdor AR GG n AR AED o x By RIS NG EE
oo PCT oy » S8z B 0 8 M B2 B0 7 20 0] 4.13-4.14 0 & 8 2 7 2 4
NSFR L ARH > f EAF AN FERT (AN SERT IRBER
TR Sl R RL S

NS

Y
<

’

Input parameters Nominal Uncertainty PDFs
values range

Pressurizer pressure 15513 (MPa) [-3.45, +3.45]

Accumulator pressure 4482 (MPa) [-1.25, +1.25] _

Accumulator volume 2832 (M%)  [-0.43, +0.43] di‘;{;‘:ﬂgn

Accumulator temperature 311 (K) [0, +27.78]

Safety injection temperature  303(K) [-20, +19.45]

Note: normal distributions are sampled over +4g
F 44~ 2 B R AT g iE 1



™Y Edit Uncerts

| P DAKOTA Properties hﬁm | (& pistributions
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@] 4.12 ~ LBLOCA % 2 pF e PCT

| & Report |
B F]F]
Variable MNorninal Wariable Distribution | Distribution
Varlable |  Distribution Tyne _ Value | Units | Type | Parameters
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Acc. temperature(K) vs. PCT(K)

Sl temperature(K) vs. PCT(K)
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RN ETAE AR AEIIFFRFLZALE  ERBRFALAILEGFRS
Z g o mAgRE g icts > 4 ¢ 2% USNRC % 4 - NUREG/IA 3% 4
e BE K2R DT T
FHA L
1. %% % # &£ NUREG/IA4R 4 s 50

N

CONTENTS # # & NUREG/IASE 4 e 5% 0 b4 F 7B
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_— Accidnl .
Management Workshop 2017

AGENDA

Registration
= Severe Accldent Management - Need and Justification, History, Future

+ Development of Severe Accldent Management Guidelines (SAMG), based on |AEA

N5-G-2.15 - Principles, Strategies, Guidelines
Coffee break

|+ KIT Activities on Severe Accident Experimental Research; Experiments Related with

Severe Accidents in Germany
Lunch

+ SAMG Verificalion & Validation, Organizational Aspects, Emergency Response Crganization
+ Approach for BWR/PWR Severe Accident Management Guidelines

Coffee break

and BWR SAMG
and New Reactors

Coffee break
The Essential Bements of Severe Accident Management
Present PWR and BWR SAMG — A Critical Review
LIVE Program on In-Vessel Mell Retention

Coffee Break
Experimental Data Base of the IVR Experimental Research- Their Uncertainties And
Remoinir}g lssues
—
September 14
9:00 + SAMG for Shutdown Conditicns, Spent Fuel Pool
+ Accident Management under Exireme Events

Coffee Break

Summary of the Severe Accident Research Workshop ERMSAR 2017 in Warsaw, May [

2017; Work by the OECD
Severe Accident Research for Accident Management Applications

3 0 Cultural Tour
September 15
:00-10 [ Opening Discussions

Coffee Break
Closing Remarks

Time: Sept. 11-15, 2017, Location: R208, Green Energy Building, NTHU

George Vayssler

(NSC, Netherlands)

Xinoyang Gaus-Liu
(KIT, Germany)

George Vayssier
(NSC, Netherlands)

Xiacyang Gaus-Liu
(KIT. Germa ﬂvi

George Vayssier
(NSC. Netherlands)

George Yayssier
{NSC, Nefherlands)

Xiaoyang Gaus

(KT, Germany)

Xiacyang Gaus-Liv

- (KiT, Ciermgny{

- George Vayssier
(NSC., Netherlands)

George Vayssier
{NSC. Netherlands)

Sponsars : Nudear and New Energy Education and Rescarch Foundation Co-5p
Center for Energy and Ervironmental Reseanch, MTHU
Lew Carbon Enengy Res=anch Center, NTHU

s+ Dept. of E

H gineering and System Saenae, NTHU
Inst. of Mudear Engeering and Scence, MTHU

- W1
s

B 6.1 ~ 2017 B & F /gL
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%61 2017 Bt F A AT KA 4

Day #1
September 12
8:30-9:00 Registration
9:00-10:15 e Severe Accident Management - George Vayssier
Need and Justification, History, (NSC, Netherlands)
Future
e Development of Severe Accident
Management Guidelines (SAMG),
based on JAEA NS-G-2.15 -
Principles, Strategies, Guidelines
10:15-10:35 | Coffee break
10:35-12:00 | e KIT Activities on Severe Accident | Xiaoyang Gaus-Liu
Experimental Research; (KIT, Germany)
Experiments Related with Severe
Accidents in Germany
12:00-13:00 | Lunch
13:00-14:30 | ¢ SAMG Verification & Validation, George Vayssier
Organizational Aspects, (NSC, Netherlands)
Emergency Response Organization
e Approach for BWR/PWR Severe
Accident Management Guidelines
14:30-14:50 | Coffee break
14:50-16:10 | e Introduction of ALISA Project and | Xiaoyang Gaus-Liu
Its Progresses (KIT, Germany)
Day #2
September 13
9:00-10:20 e Post-Fukushima Developments of | George Vayssier
PWR and BWR SAMG (NSC, Netherlands)
¢ [essons from SAMG Exercises for
Existing and New Reactors
10:20-10:35 | Coffee break
10:35-12:00 | e The Essential Elements of Severe George Vayssier
Accident Management (NSC, Netherlands)
¢ Present PWR and BWR SAMG - A
Critical Review
12:00-13:00 | Lunch
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13:00-14:30 | ¢ LIVE Program on In-Vessel Melt Xiaoyang Gaus-Liu
Retention (KIT, Germany)
14:30-14:50 | Coftee Break
14:50-16:10 | e Experimental Data Base of the IVR | Xiaoyang Gaus-Liu
Experimental Research- Their (KIT, Germany)
Uncertainties And Remaining Issues
Day #3
September 14
9:00-10:15 e SAMG for Shutdown Conditions, | George Vayssier
Spent Fuel Pool (NSC Netherlands)
e Accident Management under
Extreme Events
10:15-10:30 | Coftee Break
10:30-12:00 | e Summary of the Severe Accident George Vayssier
Research Workshop ERMSAR (NSC Netherlands)
2017 in Warsaw, May 2017; Work
by the OECD
e Severe Accident Research for
Accident Management Applications
12:00-13:00 | Lunch
13:00-18:00 | e Cultural Tour
Day #4
September 15
9:00-10:30 | @ Opening Discussions
10:30-10:45 | Coftee Break
10:45-11:00 | e Closing Remarks

%@m&mﬁ%ﬁ Resibox ACHTS

Time: Sept. 11-15, 2017
nexgy Building, TTHLL

Bl 6.2~ 2017 Br & ¥ wa R ALK 1 R 5
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George Vayssier

» Country: The Netherlands / Austria
» Organization: Founder and director of Nuclear Safety

Consultancy Netherlands (NSC Netherlands)

Mr. George Vayssier, M.Sc., leads NSC Netherlands now 20 years to consult
world-wide on guidelines and safety measures, designed to manage and control
nuclear reactor accidents. He and his team work extensively with US and
European nuclear industry, and nuclear safety authorities in US, Canada and
Europe, to support development of accident management guidelines and deliver
peer review of accident management at nuclear power plants. He also supported
during many years missions and plant reviews by the IAEA.

Before, he worked at the nuclear safety authority of The Netherlands and a
consortium led by GE Hitachi to build the Leibstadt NPP in Switzerland. He
graduated from the University of Amsterdam and the Eindhoven University of
Technology (with distinction), both in the Netherlands. Mr. Vayssier lives and
works in Vienna, Austria.

Xiaoyang Gaus-Liu Ph.D

Senior scientist at the Division of severe accident analysis of
Institute of Nuclear and Energy Technology at Karlsruhe
Institute of Technology (KIT) Research emphasis is in-vessel
melt retention. She is the group leader of LIVE programme at
KIT. (2006 till now)

Till 1994: Master degree at the school of Thermal Engineering, Harbin Institute
of Technology (HIT), PR China

1997-2003: PhD student and scientific staff at University Stuttgart, working at
the area of co-combustion of biomass and coal in exiting power plants
2005-2006: Project manager at the Siemens Research Center of Power
Generation in Erlangen, Germany

Recent Research:

Experimental research on in-vessel melt behavior and cooling strategies with the
emphasis on melt stratification and its consequences, debris melting and pool
formation process as well as evaluation of the experimental conclusions of the
early and current in-vessel melt retention experimental programs

Honours, Memberships etc. :

Memberships in SARNET2, IVMR, SATEST and ALISA projects
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Mr. George Vayssier #x 3k R (-)

Ms. Dr. Xiaoyang Gaus-Liu #%k dREiR(S)
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NSC e7George Vayssier £ ¢, B KIT # 3 # # 9 Dr. Xiaoyang Gaus-Liu
B 10 ¥ B T VAL o M F d B~ SR8 Severe Accident
Management Guideline (SAMG) B ¥ ecg mER| 2 F B fr{ 13
e T e & e 5 § & AP F %A 7 > % 9 Ms. Dr. Xiaoyang Gaus-Liu
e ERPAL ARFE LT A LT & Bfa%—*?; SAMG =3
22 ;g 33 (verification and validation ) ~ 357K 5% F & B 7 B mﬂr%k Bt
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of the Mitigation Strategies for Prolonged Loss of Ultimate Heat Sink
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A3+ 4 ¢ e & US. NRC 2 TRACE 2 SNAP #7 ;% etk - i
FIP +%7 Bize TRACE #okin 22478035 D4 B P 127 R %
2 A5 e0R0 4 o 139 US. NRC £ 478 11 o TRACE #2585 & % 2017
£ 8 1§ 41:V5.0 Patch 5 > SNAP B 375 & 5 2.5.5 % o
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Sy CAMP 2 ¢ EREHFEMZ ¢ RFHF > RSB LHFL
RN E 0 2D W EATRET S BB SRR RS
CAMP ¢ 3> 7 g (1) &+ E ¢ (P i )4pt > A= CAMP
¢ B W=ri¢ * HTRACE #2585 & % & { #73 V5.0 Patch 4+ (2) %
§ B W% TRACE 4254 3 & 00 T RBEst cud = & T (753 44 %)
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1. Wan-Yun Li, Yu Chiang Jong-Rong Wang, Hao-Tzu Lin,
Shao-Wen Chen and Chunkuan Shih, The Analysis of Kuosheng
Nuclear Power Plant Spent Fuel Pool by Using FRAPTRAN-2.0,
ICAPP 2017, April 24-28, 2017 / FUKUI and KYOTO,JAPAN.

2. Chun-Fu Huang, Jung-Hua Yang, Shao-Wen Chen, Jong-Rong
Wang, Chunkuan Shih, Analysis of A Postulated ELAP Event in
Maanshan NPP Using TRACE Code, TopSafe2017, 12 - 16
February 2017 in Vienna, Austria.

3. J. R. Wang, J. H. Yang, Y. Chiang, H. C. Chen, C. Shih, S. W.
Chen, S. C. Chiang, T. Y. Yu, The Study of Ultimate Response
Guideline of Kuosheng BWR/6 Nuclear Power Plant by Using
TRACE and SNAP Code, WASET, Apr 16-17, 2017/Lisbon,
Portugal

4.  Shang-Yu LI, Jung-Hua YANG, Shao-Wen CHEN, Jong-Rong
WANG, Chunkuan SHIH, Wan-Yun LI, Fuel Rod Behavior
Analysis Using FRAPTRAN/TRACE code for Maanshan NPP
under Fukushima-like Conditions, WRFPM, Sep10-14,2017/Jeju
Island Korea

5. Y. Chiang, W. Y. Li, J. H. Yang, S. W. Chen, R. J. Sheu, J. R.
Wang, C. Shih, The Mitigation Strategy Analysis of Maanshan
Nuclear =~ Power  Plant  Spent  Fuel  Pool  Using
TRACE/FRAPTRAN/SNAP, SDEWES,Oct4-8,2017/Dubronik
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1. Using TRACE, MELCOR, CFD, and FRAPTRAN to Establish the
Analysis Methodology for Chinshan Nuclear Power Plant Spent Fuel
Pool
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