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Priority Issues tackled by using t

Category

Achievement of Innovative drug discovery infrastructure through functional RIKEN Quantitative Biology
control of bio-molecular systems Center and 6 other institutions

a society that

provides health  |ntegrated computational life science to support Uil DRI @ LR SIS,

the University of Tokyo and 4

and longevity  personalized and preventive medicine other institutions
. i ; - Earthquake Research Institute, the
Disaster Develppment pf integrated simulation systems for h'azards University of Tokvo and 4 other
prevention and and disasters induced by earthquakes and Tsunamis P .

global climate Japan Agency for Marine-Earth

oblems Adva.m(.:ement. .of. meteorologl'cal argd_global ?nwronmental Science and Technology(JAMSTEC)
P predictions utilizing observational “Big Data and other 5 Institutions

Development of new fundamental technologies for high Institute for Molecular Science,
National Institute of Natural

efficiency energy creation, conversion/storage and use Sciences and 8 other institutions

Energy problems

Accelerated development of innovative clean energy LS,f:\?ng;iyE Q?I;fglggér:g_il other

Systems institutions

Creation of new functional devices and high performance " Institute for Solid State
Physics, the University of Tokyo

Enhancement of Mmaterials to support next-generation industries (CDMSI) cire) @ G irsiiiare

'ndl:_?t”al Development of innovative design and production Institute of Industrial Science, the
COMPEUUVENESS — hrocesses that lead the way for the manufacturing University of Tokyo and 7 other
industry in the near future ol

o
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- HE Sldde S0 |5l S| 47| =+E2 Ef £0F CfH| X2 =&
» DO]=3 CASL ItN| & Sae=z QHEolf4 7|z Dol A7l 2 A A
WUS NRC History of Simulation

Protecting People a e the Envivomment

Regulation
Today Next 5 Years Next 10 years
Early Deployment Expansion Integration
. Inte%ratet B + Broaden + Full integration of
. . existing toolki applications and advanced tools in
Appendlx K Best Estimate + Selected user basis as industry workflow
applications and experience and * Licensing with
1974 1988 users computer power Nuclear
LIS + Most of the increase Regulator
" applications on + Most applications
current LCF on Industry HPC
+ Exa-scale
computing facility
for most demanding
_applications
@ Westinghouse

CASL 1} L7l = =

1900 1940 1980 2000 2020
2™ tHsl o )= v oiE
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d CASL (US DOE)
e CASL (Consortium for the Advanced Simulation of Light Water Reactors)
= H|H: {x2 ds 3 AHEe| Mz = TS 5H0] Al Lkatsto
Z|gtot BREI/A = 0|M 7| 7HE U AHA HE
D H: 7MS AR VY, 'XE 28 72 74,
Hi2 E8H SE, d¥ =B EE
= US DOEQ| Energy Innovation Hub A}
= ORNL(Oak Ridge Nat. Lab.) T & 2F200{7}| 4+HstA 7|2k F O
= X|22] Manhattan Project2 S2| = CHA Al
v 1 EFA|: 2010-2015 (0| AF: 2F 1400 21 2)
v' 2 EFA|: 2016-2020 (0| AF: 2F 1400 21 )
= 1TH| i S8 43 o4 Yot IY 5

“Multi-disciplinary, highly collaborative
teams ideally working under one roof
to solve priority technology challenges”

— Steven Chu (Secretary of Energy)

-
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O CASL 714 X2 (VERA)

Interoperability with
External Components

Geometry / Mesh / Solution

DAKOTA
MOGSE

Industry Codes

e S

PETSc
\

Solvers / Coupling / SA/

Reactor System |

DTK

——

Commercial CFD

Common Input /

HHE AEEo]d
LI ES|of

7t XIE(VERA) Hlol 8

(Virtual Environment for Reactor Application)

—t e —

130 Hj 7jM

— Korea Atomic Energy
Research Institute

ORNL Titan #FI{ZAFE S

ORNL’s “Titan” Hybrid System:
Cray XK7 with AMD Opteron + NVIDIA Tesla processors

SYSTEM SPECIFICATIONS:
« 27.1 PF/s peak performance
*+ 245GPU + 2.6 CPU
* 17.59 PF/s sustained perf. (LINPACK)
™, 18,688 compute nodes, each with
< - ﬁ >4 + 16-Core AMD Opteron CPU
oS 4 * NVIDIA Tesla “K20x" GPU

* 32 + 6 GB memory

200 cabinets
4,352 ft’ (404 m?)

8.9 MW peak power « 710 TB total system memory

« 32 PB parallel filesystem (Lustre)
* Cray Gemini 3D Torus Interconnect

LG EENR A EVETEL M« 512 Service and 1/0 nodes
P performance if not using GPUs BOASL

VERA-CS performance improvement over
last 15 months.

* Dec 2013 | 328,457 CPU-hr |
— Insilico/CTF — 56/8 energy groups
— 18,769 cores, 17.5 hours wall time ¥

« Apr 2014 | 34,104 CPU-hr |

—MPACT/CTF - 56 energy groups, P2 scattering
— 2,784 cores, 12.25 hours wall time

- Aug 2014 | 10,440 CPU-hr
—MPACT/CTF - 56 energy groups, transport correction
— 2,784 cores, 3.75 hours wall time v

March 2015 | 2540CPU-hr |

—MPACT/CTF - 47 energy groups, transport correction
— Direct Coupling
—4,234 cores, 36 minutes wall time Further imp




0 NEAMS (US DOE)
¢ Nuclear Energy Advanced Modeling and Simulation
o H|H: XM sl 7|HS E&¢ct |XH A+ /T HA dEl=t
o« 23 MEAXIE L NI A/BIIE QB DU E SW HH
o MOOSE(Multi—physics Object-Oriented Simulation Environment)
o 7114 e AL (INL, ANL, ORNL)

MNational Technical Director

Chris Stanek (LANL)
—-Eroduct Lines _
. i | f'— S
Product Lines T { \ — — — Investments
1 ] prmmEmmm=————— ~
! ! [ re—
S - = = rations Support | 1
il N e ' ) | i
(FU6| Product Line, FPL) i Tanju Sofu (ANL) 1 = SAM Focus Problems | University Programs | !
: : 1
i i I | Small Businessmh i
e II'E -"t’-l'lk| SHE I I | | | T Innovation Research | 1
= - EAT i S L NEAMS Cross-Cutting i !
(Reactors Product Line, RPL) ~ ANL | (o Rearden ORNDf 7 || workbench | | DePlVment || Capabiltes HIE | |
—————————————— - | | | i : :
- Uncern International
E3FsIM O] JHIA] =a= HighimpactProblems | agiuince | | quantficatign | LouS Problems H Colaborations | |
SEOHA HIAUA S ORNL {7 P
i ' Accident Tolerant Fusls | ! !
(Integration Product Line, IPL) : His — . (I |
| | : TMES | N
: ! 1| Mark DeHart (INL) [}
I Steam Generator FIV I Ve ————————— !
i Elia Merzari (ANL) ! NE Mission Support
\ s

.,

________________
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0 NURESIM (EU)

NUclear Reactor European SIMulation

2l

H| ™. &
SZH: A24™ QtF s A

=2
=

M otHsl M= et x| Lol (State Of Art, SOA) SW 7|= 7|

flet CtS 27 Cr=2| S8 SHE T
FELiel F 20047 7]& & o

NURESIM ORGANIZATION CHART

Governing Board

Chairman

Project Coordinator

5P sP3

Core Physics

Multiphysics

Integration

Coord. | Coordinator

Coordinator |

18 partners

+ SP1 (Core Physics)

Coord. UPM (JM Aragonés)

+ SP2 (Thermalhydraulics)

Coord. CEA (D. Bestion)

+ SP3 (Multi-Physics)

Coord. PSI (P. Coddington)

+ SP4 (Sensitivity & Uncertainty)

Coord. UniKa (D. Cacuci)

+ SP5 (Integration)

Coord. CEA (L. Dada)

The NURESIM Project and Platform

(CZ' ~— Korea Atomic Energy
KAERI Research Institute

40% of manpower
10 Partners

40%

14 Partners

5%

3 Partne

9%

3 Partne

The NURESIM roadmap

6% I

NURESIM: a single platform

1 Partne

2005-2008 2009-2011

2013-2015
‘___—_____————-—0

-

Phase 3: NURESAFE
Further extension

Phase 2: NURISP
Consolidation
Phase 1: NURESIM
Basic platform
=> Advanced core
management
Neutronics & T/H
First coupling
capabilities

tools
Validation
Extension

coupling interfaces

connection to common

Fuel th-mechanics, New

Fuel th-mechanics

Safety analysis
PWR, BWR

Expanded use

HPC

Thermal Hydraulics and Severe Accident Research Di\}isi(;n

———
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2) NEAMS: The Nuclear Energy Advanced Modeling and Simulation Program
3) NURESIM: NUclear Reactor European SIMulation Platform

4) 7Gx E: F

— Korea Atomic Energy

< /KnERi

Research Institute

7l A

Thermal Hydraulics and Severe Accident Research Division 145 :



AL

A=
=2 oA

oj2fier=7 (FNC)

¥ Y EAE (KHNP-CRI)

A gthet

SAUAIE A E (KEPCO-1F)

=4s7|etistal (UNIST)

¥ Y EAE (KHNP-CRI)

Art=
JZAS

EEE R

¥ Y EAE (KHNP-CRI)

TEAFUE 7 =€ (KINS)

FZHEE7]L (KEPCO-ENC)

A=
AR of o

AMETEt

SAUAIE A E (KEPCO-1F)
15 STAR-CCM
€ Al EHsL

=

-

TEAFUE 7 =€ (KINS)

A28 | 2eREtEs|ed (KIS
PAR= FEAF ALY (KAER])
A s Zsrani|sta (POSTECH)
SUARL —
au | BT ojEfet=A (FIC)
55% syt
oz Oj2iet=7 (FNC)
1ot | gRAErIeRE A7E (KIST)
1759 HeTErleta
Adzze/ | 28 | 928 SRR AEAQT
by TR 2 E B PE (KST)

i

a
¢

2T 2R E2E (KISTI)

ofd

it

kA

DjEier=7d (FIC)

ki

¥ Y EAE (KHNP-CRI)

R I

24t a7ttt e (UNIST)

| o | 2 | o

o
A | o

el

U AT R 7| &E (KINS)

ol
=
off

SAUAIE A E (KEPCO-1F)

- Korea Atomic Energy
Research Institute

Thermal Hydraulics and Severe Accident Research Division 15;’5___

88 BOFE 7iUt =




OFT i ol olw oy <MW

RIS KI5 KI5 @lol 5

Tl TWwe T e oo

oMo gl  oUB0 o KH Mo

KER KRy K00 ROFT K

0Ho o Nl= SO0 IIrS

RIN  KHEO o &IU-M0 off 35 80

BOOH  X0F 5 TERORK L0 Lo ol

<05 5l¥l g SRS RONDOH

BOKO =Uooy oFME  XIKHE

RIOT Kool mO®@O  FBI<H <O

Klo ar<d IUK{  Tripond
OFi = oFd = O0-T X 8rin
TS TS IS o~

(Q\ (Q\| (Q\ (Q\|

T8l T8+ T8 X

olB0 Ir80  B0rE XTI Mo

Kkl KE®l TR0y, BIHOE

OHOH S OF  OHK{py ANIC

Klo B0 M0 HO0 I M0 Uk ol =) & ol B0

Mkl TR ROH0 5 MRIKO ol

S KIS RINIG NI NOarOf

NTE =W  Homos off K3l

oo k0ol FDR  ULo<H <O

o 1l o < K0 o K0 {0j0 NO

A._D ohT g bW ok ™ okl

._.o.uA___ xS mzs pns wmy

K Torc Faic T8 S8
oB0  WowRIMO oEirE  off kH

o KFio) OOl R MO0 ) WOTT o

R OHOH  <UNDS XWK{ == RO —

o | e = - _= ~ K

A;Hﬂm

16

Thermal Hydraulics and Severe Accident Research Division

— Korea Atomic Energy
Research Institute

e /KAERI



(=)
=1

7|8 o2 o

ODBA, DEC, S LAt

Q
Q

=LL
o

1 et DB |

ot

-
o

g HLEXHALEXE) tH

e
o

=LL
o

DB |

A SHOM CHAIZH EHEE

H}
o

O

jo0

H
KIO

AIr

™
o

Bl

=
10

QBISON (3D FEM) S2| 11

HE o

d3= flet U2l 43 HIojH =

il
=

sicig o

O

(=15
=

jod
——

O

I

QL A->RCS->ALHE7|->HI|E one-through £ S| 7156l

&
e /KAERI

&

Korea Atomic Energy
Research Institute

17

Thermal Hydraulics and Severe Accident Research Division



0

I1. 7}

0
[40

AR 7=

Al

P -
- Korea Atomic Energy Thermal Hydraulics and Severe Ac0|dent Research D|V|S|on
KAERI Research Institute



71 X2 (VNR)

ER SEm LER
LEHAHY SMR A o EAA Y HAAE SMRF 24 D El
ANE 28 WA 1S BAA Y e ME SH 25 DY 2EZE SR o 2
X AFAF SH =N =] nl Al SH =N =]
3“%& -6H*.| 7|% oooEH :gE_EoEE J-|'EOEH _lgEEOEE
- - ADZH HHZ ofe
HH 2 ol ASAAY A48 2 HES PR EE
AlEG0|M 7|12 |EX2 SLAAS 6N 7= CFD 8jN =& DNS #j4f 2 &
CIEAAY o7 2 CAD 27| TXf2| 2
A== A = HEH 23 MH M5 oY CAD @17 MAa| =g
AL 3l 7|& U SOAD 34 o Lo AL 34 o
o|x{ cacil Ol " A BAE fE o 2 AR A2 X oM 2
SIS xRS IHES Bt 2 MY
Al=g|o|M HA AE D LHZETH L SHE Y 2E HE oo
noE A Ail_-é-l_ .6.HA.| 7IA S [=) = o T E =22 = =
S&7|= T2 oS /= S32{C(CRUD) AE 9 AN oo
E'é'l-'é'“kl Z o= _—I_|_.=l= 71& S¢ ZHE SW Bl M3 X2| T2 AN Ct=2| oA 22
VNR cefln=r=TA 748 ALE 0|4 SW Al &b S M I|S
A S AH = 9 249 7= N Al E280|M SW X M3} 7=
= al A I A 7:”|_ = | X T O = = = (L = =
AIEE‘"OIﬂ VNR 7'."+_|- EE-I—E-I ?‘? 7IE %E’J %%ﬁ% SW }_lx_-!él_ 7|%
ZgH = =1 =) = ~ SL |
SRAENT [ sin st Alae 2% s |V B0 wE =xal s YO INETES
°E= —o TR R |anis stass 1 7|2 O N R e
= 2N otd olgE M 7| CHARR B4 BH3T oPHI3ior Mg 7|2
2 JHAALD S8t AEH0|M 7|&
. DBA OFHIsHA HE= DEC QHMsf A =
QUTs Ao LHE 744 T O T e o
VNR EEHAI'—I—(SA) OH—| o Hi
28 7|4 ol% ESAE HAS 7|2 W AIEo|M SW ESHME FJl 7ls 53 AIEYo|M SEAE B} J|E
=S Eamw aE AZ A gy 7|a | S8 SNE B0 Tl S48 A A2 0[N 7|=
SToTEE Ee 28 Ax L= NS OIM 7|
JEUM AX A i 7S NOHAIE AZ A ofH oY 7= AN N5 AZ M O oA 7|2
ST =5 =28 = Ci2e| 2ot Alsl oy sjA 7|2 QSIS A A2 M ChK) SfA] 7]&

/1

Korea Atomic E . . == -
T T Thermal Hydraulics and Severe Accident Research Division = 19



=

< /KAERI

A AX(O AL

= amz 7l1ExE(%) | VNR H27|=

2 | sl | ZHE7IZHH)
SAXE eh4h SH A oM B 95 95 3
S EYH X gd ndl 90 95 3
e AAY g A o 90 95 3
M 7|= S5d oUXt dd nd 90 95 3
S5 oM nd 90 95 3
L AZ7| ofjAMd el 90 95 3
8% =SSP of M 85 90 5
2 ALY M 7| |=H A== 6 2F 85 90 5
(G & El) Hojz sfM 80 80 5
Z0rd sjj M = 85 95 5
A F HA meEl 90 95 5
o Aol AAL A S54 Xt Md 80 90 5

o —;"E oH_I 7IE EEM AIM il

(.TI_I'EAI-EH) o™/ o OH_I EE 80 90 5
°© W AA B 80 90 5
SR SEHZE KM pel 60 70 20
S8 M 7lE  [HLA ARG AHA 2H 60 70 20

Korea Atomic Energy
Research Institute

Thermal Hydraulics and Severe Accident Research Division

20



21

Thermal Hydraulics and Severe Accident Research Division

Korea Atomic Energy
Research Institute

Mwm3355555m55m
o il
Wu7u
@ﬂSSOOOOOOOOO
nlu|\._HO"9990099900988
KH
{F
EHI.“OOOOOOOOOOO
7_-_._|99007oooooo70077
T firll! Tl
H gl | 0| 5y | O
51 | o o | wo | of | 4
I S R b
o] |H|Ww|E|l@ D2 FNE
T | || SN H|H | o) ot
A [ T|@ =208 F |y KT
e |[O |5 (W oy | T 2K| 5| g | md
G..-Mﬂ_“_ =
2|z S| % Bl|x|q % 83
u_._.._Hn_____=PmA._an_u__-_._.ﬂ._nm
2o o | ™ ||| A
. 08| K|o|K|H |8 BT ol
o RO || M| T|<|&|H|H|H
IH
{i {i
.._Auﬂ ~ ~
e " Ir or o <
10 - 73 i 0N
W | T |E|E R
<0 <0 <®©
5] o |
—_ RO =
10

vea
< /KAERI

-



e # of mesh

HXAIE Y

AL 2AY  Haos
. o o

= oM 7|= —15am=+ 0

[= Y R - — ]
H|I’d &4
7|7] 241 ST &

@42 o4 7|E

— 12
crape 510
CIX 2

DNS Application to LWRs

Single Channel

(2028)

Fuel Assembly
(2055)

Full Core

=L |
CFD A#| % -
E+8 ol 71s ;;;g
DNS A7 oY fE
B M 718 |28 RE 108
LS 27| A E-717
Er8 oM 7l |AIS-CFL ]
HK 2| CAD 217 O
s 71% e P2 g

O
WV
Y

—

A
Cenent

Korea Atomic Energy
Research Institute

Thermal Hydraulics and Severe Accident Research Division

27—



23

Thermal Hydraulics and Severe Accident Research Division

o
Mw?ﬂ; w(wm|[S|m|m|n|g
¢ il
W ~
Mu/OI ﬂ OO |OC|O0C|OC|O0C(OC|OC|OC| O
E ._uO" A [NV || ANA| DA |O|([OW|]O|O| O
<k
ﬂ _-_._I A [0 [(IN] O | O NI NI N[O | O
ol | =
0 AETE
<r | zr
) o | =| X A_______ =
=) T |5 = ol
n N ) 0| — ”./ H
WE x| E0 | S| EE | 0| mi| | 20| iy
H__.._ S HHH|H | ofl |20 o
= _l OF: _Il_ - -l
A | Rz | x| 2| || 5| K| D
o WE| <[ Kl | KF | 20| 20| | || Ki
SF{ 34| B oo 00| gu| gu| my| S| T+
A Z || BB H K DI
GFIN| | F| | F|F| H S| F
ot <H
w | Wl || BN
1 TN | KR 20zr ._.__.M_l_/
= I | K| BT | X7
T | 00T H 1o ©
ol

Korea Atomic Energy
Research Institute

vea
< /KAERI

-



R -] 712+E(%)|VNR H87|&
2Ly | sel | ZHEZIZHE)
AtD ZZE /AXIE A S S8 55 2 90 95 3
2 M- A 2 (full scale fluid- structure in
. 85 90 5
X2 teraction model)
2o 7|= |F2 ASE iz 1| 2 90 90 3
HXI2 87| oi8tqt up& oM 7|= 90 90 5
DA Al RCS ZAA| mh& off M 7= 85 85 5
7|7]| AN | EALFE 85 7t oE 90 | 95 5
Y7L 71E |@st W Y AN TN S B 85 | 90 5
AXFE U YKIE HE S AR 2 9 | 95 3
LHZISHAM 7| |EQ-ZE 3%t S8 2 90 | 95 5
2717 WS % 45 84 ot 718 85 | 90 5
2437 S M2 I fXIR HE U HX2 A nd 85 90 5
HX2HS P =
N ~ | XISl s S fItt HXIR HE U X2 AHE 2 85 90 5
TxolM 7=
HAI2HE & ol 7= 85 90 5

e

Korea Atomic E . . —
< /kaERi RS;ZEm.,".T;fitJ‘t?gy Thermal Hydraulics and Severe Accident Research Division 24



[fsa e JlEx+&E(%) | VNR HE87|&
= S = ZH2E71ZH(E)
=L | SHe| b
2a HE CHAtRl 24 42 o 90 95 3
oM 7|= SAS|M AT B|A B 80 90 5
sieg 2x1 e | BARSLIU H=E 8= sS04 22 80 85 5
oM 7|= e N

O}0| QEIO| 3}5tX HE sjM B 80 85 5
oM 7|= 33E AN = o= 2w 80 90 5

) | _
/" Korea Atomic E . : = =
L e T Thermal Hydraulics and Severe Accident Research Division =~ 25



26

10
10
10
10
10
10
10

90
85
80
80
80
80
90

85
85
70
70
75
920
80

A
=
A
=

7|
7|

.l

A
a1

ol
M
At
Thermal Hydraulics and Severe Accident Research Division

7|15

S
A2ES W 20{7A of

AE2Z7| LY
A2E7| 9

2|

==

0|

==

]|

o

o
—_
o
—_
o
e

ra
Q_o|_./|L OO | O | O | O
H_.ﬂ || | -
e il
T
%ﬁﬂ O | OO (O] O
==l O | O | O | IN| IS
_A_.h {10
<+
MIT| o|wv|w|wm|o
ﬂ_._._l DA NIN|[O] N
e u
o | ™
nd ~| Xl
zo| | qu| | Lo
R
AREMLE
H G [ 2% 7o
. 2| 0| K| 0| -
< o) =| 3| & 40| &
B | %o| mi | on| —
— IH = | 4| Bl oo| go
O—L 7 | oo
| ny mH
e <l Bl Bl oo 0K
.AO mal ™| B olo| H|
10 r
r -AH
i0
™N = nE 5
D% ze
— — - =
o :

— Korea Atomic Energy
Research Institute

(‘ .
L, /KAERI



= anz 7I%-’.‘—-.’_-i %) | VNR M27|&
S | sHel | ZHEZ|ZHE)
M oA FOf s SH X X3} 8 X[ M3} 7= 70 90 10
ESts|A ZaHE |ChE2| A 1M J1E 85 95
7= E3lM ZE ATEY O] 7|E 80 95 5
SOl M2XNE| Z2MNM 7= 85 95 3
ol ZOfE A A 7|5 971 BE 90 95 10
7t X2 W AZEQ 0 XX} 7| 80 90 5
AMZRAE IS g3t ol AmEgo M JBEE N 27| o0 | o :
Eglof 2| M3} 7|2
s HopH M X2 7| 90 95 3
' 3k 7HAE} 71E 90 95 3
ZIArS Al 7HA|g |’ AlE U Al EEo]d Huf JHde A 3 7= 80 95 5
7|l= HE SN2 HE AM 2AH 5 7= 90 95 3
7Ha A A AR UEEX] 19 T|= 90 95 3
7He A A|AR S3HEX| A 7= 90 95 3

o)

Korea Atomic E . : —
< /kaERi RS;Z;C.,".T;&J‘;ZQV Thermal Hydraulics and Severe Accident Research Division 27



28

Thermal Hydraulics and Severe Accident Research Division

il ~
o
°I-I
Mﬂ_/ﬂ._mmm555555555555
o il
v
Sl=
SNH| n|n|o|o|o|o|lo|lo|o(n|o|lo|o|olo
<k
Eul_nooooooooooooooo
_/_._._loooo7—/77777oooo7oooo7
{f
™N
=i| < W
= N S )
o0 fu|mt|mp| |D 3
o 7| = (mp || @ ilns
B | &d| my | W0| 5O _u_o.__zu,a__:____wuu:.@@é__
we |3 B || |WININ|N| DI >
I U el ot e M e e il e
™ g |FE mEz | e N E e e
81| &l < | 3| 81| gy M) 20| 50| 2o KO T || B
7| o | | o 30| &) oF ) g | RO BT
| Eommﬂom_____ﬂ___ggwk_a;nm
== 7 =|=|r| S| KIr | =| = | XN|Klo| M| M| ofo
e ._o._ﬂ._ﬂp_ L.Aﬂr_l -
< 2| 20| | 2 5| 5| | & | | i || R | | 2
Wﬂﬁum_A_.._ﬂoﬂ._MM%A._ﬂ._ﬂm..L.._om.._Eﬁxa
ofl 1 e e B B B B B B o o e
Ofd <l 7l | | || 2| m| | <4 | = | S| o o | | 0
s =t od| To| ofl | XM| XMW (Klo| | wo | Klo| 3T | <d|o”l| H|T|oF
<0 ™
<0 r M| =
- ™ — | = < %0
A S
Kl %0 K S| o=
ol | R | S || RE| Mo
= | - | =20 | = &I 0 Rd &
Z| 7| TR | KT FMH oy mE
ARREE R
N o <0 N ol | o = ==
J N N THI

Korea Atomic Energy
Research Institute

e

e /KAERI



MIL7FAMSIXI 2 M2 Hot

e

P -
- Korea Atomic Energy Thermal Hydraulics and Severe Ac0|dent Research D|V|S|on
KAERI Research Institute



=)
(/x

AERI

o
2H otH o H eI AHAI AP 1(SBO) o1 4
MA|EHEHZ H(DEC) AL OFF Sl M ARFZH K| 2 SO AALD (ATWS) 84
CHE MIDH DIERALT 8
UO{ZZE +2 9 52 o4
SHEG2X HE FYM CH7|&tAt I AT Ljs S5t 3f A
CH7|StAt 17] IT Q= St &M (EAB M2¥ Th)
_,_ OO E AT B
477) EAtD(DBA) W MAZEZH (DEQAtD ERT Ao s
o o S 1Lo A= =
24X A Sg otHsl A LY 2R AFALALTL (LOCA) B A
£ Mol X2 AZ 23|AF1 (SGTR, ISLOCA) 3 Al
L Atz 87| sp2 HUHA HI}
N _l *-' [=] T o o
SHAL(SA) 814 UR{2 72 AHA (cavity, dome) B} (44 T U 64 5
RCS 9t2f 77| AN WI}
= DBA, DEC Afn2tg| AMat
In X2k q aj o 4 = (M|
AI'-TI_ J|:I'EI Ii_l u.7|- *xl?il ZCHALD 22| MEF
. - Qi = LHH3}, AJEX| U 2AF (FFRD) 8f A
FH=EQ| X M8 T hHE MY AR ALk X Mgl ol S 23} B -
T L
oox-'l—k;— Pellet Cladding Interaction (PCI) s§Ad
gl &£ 7t gl BEEZE 2H Zurs; 2223 0| AHAOA) B4
CRUD ASHIIE 9[3t 28t 34
CFVS £ otd A5 44 25
- N 182 882 M iy
2 AlH =] =H SRS if'oog —E—Ezﬁd
DH|E A CiH 2 M A= 2ots B HE HE
S+54 #H =g2] o 4
2K MY o8 2715 94 ol ChE2| =2 4
= 93 27 AR MY
n =28 AF A5 9 orHelA
S+ fH A4 =X 4 i ZAZ Mo Bl olFE|A
— [ ] oo X L |
o S Al HF
7I_A|.o_|x.| oo Ol QX M 7S A AR TS
OEL- o X &= o|x OlX XE olad 712
TES ST [ammu izt z2aH 29

Korea Atomic Energy
Research Institute

Thermal Hydraulics and Severe Accident Research Division




7|2 S0t 15
= 8 =22 [dolz | 4zAE | JiE
7|1 |Tx0 SAM E2ESE BTl | BER [AISAAYAD)| A
‘oM 2 5E oS (3D &) | (2D) |7]7|AAIL(3D)
GICHALDL |-kAl XA B ofm ——
| BT SR 5e=S | TV I ASAAYAD) | NA
HESHH |- 371UMT| 2K E MM AS oS (D) | @b
-3%t2l MIS £ Y3 Fa} U U ———
.EE}OI =253 8l DNB 0:“5 o LT o LT =/l =
i =TI &2 37T x — NA
o3 .SHolm 5 PCMI 0] = (3D %) | (3D) |CFDAF Y (3D)
O|EAlD |-1YAE SHHZ Ttk FGR HE Y
N A F X2 ot B 9l Criteria NEEAM LPM
LHHY |.sz opaAl Aaol o3t A MAR A | op) | ap) |AESMELAD)| NA
Hot 2y
« M H 2HO| ME A SHAE, A 1S
=7t 2ohe| | 29l |AISAHYAD) | 313
WZET  |. siolz o3t 2 (FFRD) (3D %) | (2D) |[7|7|2AIY(3D)| (3D)
« CRUD &/ 1124 sjjAd
| T |
SEMI |, sz stz ey oA oA
olXiBA |* CIE HHEE HY nd HESY [HERH| . o, o
Akl - g N2 nE B Gl Criteria (OD) (1D) AS2#HE(AD) | NA
- SiglE m2x DMt o3 £4 HI W

Z

Korea Atomic E . : S—
L e T Thermal Hydraulics and Severe Accident Research Division = 31



50} 7%
W2 5

X2 AFAl

(ESBO)

At QFFEo M

-2 HH HOlS ot Azt IHE SG
Dry-out A|Z} H7}

*SG-dryout 0| F A XX Hxiglof 9|
$t RCS W2zt &= W}

A S L (1D)
7171 27| € (3D)
CFDA#| 2 (3D)

LPM
(1D)

AS27|Z(1D)

HXIE BX| =
(ATWS) At

QrF o) A

(o)
B

(2D)

717|272 (3D)

LPM
(1D)

AS2#H|Z(1D)

i

HEhAL D OF

OF

2t

(2D)

7|1712#| ¥ (3D)

EEEL

(1D)

AS27A|L@1D)

— Korea Atomic Energy
Research Institute

Thermal Hydraulics and Severe Accident Research Division

CFDAH| Y




7|& sot

ol 4 =E0F 7|=

& 0o 2EE 3tet
Mg jAHALS

AlE EHE oo{EE d
A HAH MM HAHLIE

Iodine Chemistry0j| 2|t
71 22 Y /7|22
E dd HAHLZ

AN HXI2HE +4

S EELCEE

A
OR¥
e

r A4
ok!
N

dAAS | AX2HE | 7= | 7|Ef
ASAAY | CFDAAY
(1D) (3D) FEM | =2}st
717124 | oloj2F | (3D) | (PH)
(3D) o
NA NA NA NA
CFDAAH Y
7712AY | (GD) | FEM |31t
(3D) oloj2F | (3D) | (PH)
a2y
NA NA NA NA

— Korea Atomic Energy
Research Institute

Thermal Hydraulics and Severe Accident Research Division

33




S A1 20 7

AL

7|= ©igt = = N =
= L= Az | WHWAASE |HXE2HSE| X | 7|Ef
SGTRINCF AR QU WEF | oo | wrpe |ABAZ(D)| CFDAAY P
xtzAHe | 27| @4X 18 3D L Et oy | Z1712AIL(3D) (3D) FEM(3D) | 7o'
$;| AE_,_E mojaray e mAy | P =S | @D eppasaiD) [oojzsmw (PH)
= AbM| ™7
e RS S e | HESY | M [
= ISLOCA £ ZE g9l & s (D) |AE2AYaD) NA NA | NA
HE 4M 738
‘Soi= 88 % MUK o She FEMID)
EAE] AH5) (D =) | 2T |ABAAUAD)| | oo At
ol Xp= g 7| |* Corium Pool HY 3D-1} | A = A4t (2D) | 7|7|A#H ¥ (3D) Pool3D) | (PH)
S oy miad| EAYEH AL 8l (B8 % °°
OI-TE1I;|.I_ C-ICI 2S5 Hol U n
o HAHLIE &M s H&88 LPM E Al
-gx=8s g U eE | (0D) D R NA- | NA
=X M siM
BT ~
‘Ot BV|EL UM S | 3D ;L sctol CFDAAY |FEM(3D)| =7
AXIRE HE| M 9l ZasE EXMIM | o EM STl 1 717|A#AH Y ((3D) (3D) Corium | =&
L e e S e | BAZAI (2D) oloj2S 23| Pool(3D) | (3D)
HHE HI}|-Cavity =2 38 B | (25 3) ==
Al ;|
sEa S 54(0D) |LPM(ID) | AIEAAYAD)|  NA NA | NA
RCS = .3 Ax FRSO|| L3 RCS STH 3l | AS2AIY(1D)
A AMAM| Hots 7o 9 Axy @D =) | @@p) |7171a72@Ep| NA  |FEMGD)| RA
ot ol 5 HIt H&5/4(0D) [LPM(1D) | A S 2 ¥ (1D) NA NA NA

c

Korea Atomic Energy

/KAERI

Research Institute

Thermal Hydraulics and Severe Accider;taesearch Diviéion

34




J12 sot A 2O 7|2
ks w28 | sz | WAAE | et
o — HCLO YTy CFDAAY
HO] T | XHH x oLT oLT =
iz mpEo|, XfHH K| (3D 22 2D) (3D) NA
XU =4t (FFRD) oM |.qnoias sz NA NA NA NA
H7|E XME 7ls ST ST CFDAA Y 25}8H3D)
Mg 8 =4 FH o) off A (3D +3) (2D) (3D) i
NA NA NA NA
. ox S| CRE CFDAA|Y
Pellet Cladding ‘F:'_Lff'gj‘: E;‘ji‘-'—' 1IIIM (3D 2%) “2D) 3D) NA
. - ) ?,_ °© MNEE M Cjol = HAEAA Y
Inter ion (PCI Ad .Aan SEAF ODo = 'O =20° S =
teraction (PCI) sjj M =0 kAl (0D) (2D) (1D) NA
. _ gcie ERE CFDAAY | oy
SSTERIE | Ly (3D +35) (2D) (3D) TEEED)
" - MEEM LPM HEAAY
O| AHAOA) i A oe='S S =
| < (AOA) sl A (D) (1D) 1D) NA
- . EEHg] SEe] | CPDAAY | s
CRUD H3E7I= #I¢|.cruD M4 mm HXH (3D 22) (2D) (3D) T2}sH(3D)
P -CRUD 8 M Hio[E| Bx | MNESEM LPM AS2AY
2 olok M ODo= o = =
T2t} off A4 (D) (1D) (1D) NA

Korea Atomic Energy
Research Institute

Thermal Hydraulics and Severe Accident Research Division 35




IV.7]% 2OpE 2 o171 7y 3

~ - Korea Atomic Ener ; T L e e © e
KAERI Research Institute 9y Thermal Hydraulics and Severe Accident Research Division =~




0 e 2AAY AE T
oSHMA A l:x1|71| ) L 5't KINS ©13{7} &l =(CASMO-3/MASTER, 2000L)
e KAERI 1.9 SHM A FEX| A 7l U SMART X 2 (DeCART2D/MASTER4)
®KEPCO-NF 8t A2 % ol & 71I IENA 77 S KINS 215{ 7} &l =
(KARMA/ASTRA, 2000 CYf =l
®* KAERI VHTR € 118 s M| _=.l_5x1| 7| 7} & (DeCART2D/CAPP)
oC}=2| AHA|I5)A (MARS-MASTER, RETRAN-MASTER-TORC)

RETRAN.J MASTER. TORC.
1D Module:. S Bt
Pressure. :
Fluid System.. 5 >
Module. ‘Local Power. 3D Kinetics.: LocalPowerGD Kinetics..
| Core Heat..  |Module. Module.J
: ;pl.r Tl! If*—JE
|Structure Module.,| Core Inlet. «
: Conditions. y o
2 Wy Ti: Cbmvon«7
e _ : —
(’AAE,;," Korea Atomic Energy Thermal Hydraulics and Severe Accident Research Division = 37



=c| ol

A 3A2A|Y 3 E IS

Al 2= M A SMX} £538) 43 E DeCART 7L (KAERI)
= US-ROK I-NERI Project, 2001-2004 i
= 521 = KAERI/SNU, O|=*Z= ANL/PURDUE %t0§
 ZAXS|MAE-CcrD AE-HR/MRHMIAE QA Bo| HS
= CASL 1} H| MPACT 2 EQ| 7|2 m &l

e M| Z2Cestw Hutad LAl Zh"TRACER 7} (2009H)

e UNIST gttty LAl STREAM 7% (2015)

45 Group Cross Continuous
Section Library Xsec Library

ERI

IN E RI E'X'" -g_ % g ?' » Fuel Rod Config. Direct 3D h
» Loading Patt Whole Core
J-.I.I-x-" ; *o-l . Ci?elgio:qefrr; Transport w/Temp. Feedback

Pin-wise Power
Purdue_ Distribution Fuel

Dimension

e Channel Geometry i FEM

Pin-wise * Assembly Structure

» Inlet Flow Cond. w/Conjugate Fuel Temp. & Structural « Core Structure
» Water/Fuel Property Heat Transfer Fluid Force Ana|ySIS

e ANL

" Korea Atomic E i ' ivisi '
< /KnERi RZ;ZSK.,°.T,‘;§“J‘;ZQV Thermal Hydraulics and Severe Accident Research Division 38 38



|
ds AL 7lie: ROPER(KNFC),

o SHOIE MAH AMEL
INFRA/COSMOS(KAERI)
e i g JE S| 7|= 7}&: OPERA3D(KNFC), NUFORM3D(KAERI)
e AJT X=H SHOIZ S|A 7|2 JW k4 (KAERI 2017~)
- g4 ol sjAMS mEs AR BE
-95te A 7|t QIR Chite S1A B E

NUFORM3D module with FRAPCON (KAERI)

Symmetry

Pellet 2

i E Von Mises(MPa) :
= 305 : ™305 v
=63 63 (Pellet 1 § /
Von Mises(MPa) "o bx
FE results of PCMI simulation FE model for PCMI

7 ! . S
= Korea Atomic E . : = :
L e T Thermal Hydraulics and Severe Accident Research Division =~ 39 39



rx sl ZXo| sioig muES I-I.9.'5|.I_

AL
@43

H
% it SH7| ¢/eF MARS-KS/SFRAPTRAN A | off A

MA =/

sloig Ms3E
(FRAPCON)

HA Al
Ao 2o}
g2

((_/ — Korea Atomic Energy
/KAERI Research Institute

AlAE| b A
(MARS-KS)

(SFRAPTRAN)

RIP(MPa)

2T A2 e
ZA0 A Az O Chor

HSO

o

rd

ol
Hu

Ir
OE
0

F

St

I:O

AA ol HA =

E6FI:H“JH}
——RIP_BOC (MPa) —— T_surf(K)_BOC
— RIP_MOC(MPa) 1200 4 — T_surf(K)_MOC,
—— RIP_EOC(MPa) —— T_surf(K)_EOC

1000

@node11(K)

o
=3
=3

T_surf
[o2]
8

B~
o
S

Time(s)

HAE0f Ot AT HE Ha
£% 3C A3 U Bt Ee

Thermal Hydraulics and Severe Accident Research Division 4Q_f:



42 8lA A MARS 712 (KAERI)
#2 8llA] AE SPACE 7i'# (KHNP. KAERI, KEPCO-ENC)

Q AlE 5B A
o
e |
o AY 9 cr2a| HAH IS

CrS2A|E/Ch=E] HA 71

CONTAIN & - MASTER _______________________________________________________ |
MARS CONTEMPT ; i
i

--------
O.-.
.

1D (RELAPS)
Coolant System

Local powers at t;

Refined core
T/H nodalization
Reactor
Vesss| ﬁ ------------ >
A7 (=] 1y Single Coupling Double Coupling _.i‘., Subchannel module
ol = MARS/MASTER MARS/MAS TER/COBRA v
L] (2= (st jof ] | Iﬂgi
l |
Loop &

e

(—\ - . E — - v =
" Korea Atomic E : ; == =
(Amu P S Y Thermal Hydraulics and Severe Accident Research Division — 44 41 —



= L
o UM 24 9E 1WYU A+ JE CUPID 7)Y (KAERI, 2007 ~)

o CFD & 7|7| AA|Y 8jN 7t
o 2N QLSO MARE WA SN M8
e HPC (High Performance Computing) 7|= H&
- DAL B4 (~12470 AL ZX}
= HE A4 S HE T2 A
Boron Dilution Benchmark
Overall ranking of contributions
Number of best
predictions
=] Using a scoring
< 1. 5 > system (3, 2, 1)
—— S — Accumulated
2. VNIAES 3 < 1. 23 > RMS of errors
T —— e
=2. BARC 3 2. VNIIAES 20 < L 1.12 >
4. HZDR 2 3. BARC 18 2. HZDR 113
4. HZDR 17 3. BARC 114
o.oLa.ua 0.496 o.;i’;‘:’oos IAEA CRP CFD BenChmark 4. VNIIAES 1.53
A CUPID Ranking

" Korea Atomic E : : ————
(Amu Rggzgrcholr:;fm?teergy Thermal Hydraulics and Severe Accident Research Division ——



Caal

O SCHAD sAM 3 E i (2011-2017, A E TtHA))

o AXtE YHE7| SHHAIL AH&HEFE COMPASS 712 (KAERI)

o AXtZ A E SCHALD AHAtAE CSPACE(SPACE+COMPASS) 7|t
KAERI)
AZE dd=E dd A HS =5 2= SIRIUS 712 (KAERI)

ofm J
1Ry
>
Mk
b
Ojtl
@)
2
m
<
>
ol
[
e
T
2
<
>
P
"™
2
o

SIRIUS
(FP module)

CSPACE

Structures around
reactor core e

RCS

Heat structures

T Boundary FP
behavior T ‘ Failure

i1 Thermal hydraulics, Phenomena
1 Core nodalization,
T s . o+ T Core degradation C
allure = In-vessel M
Core COMPASS 2 core
- figurati . P
— degradation A
uel Relocation M
Configurat Candling motio; phenomena S
- Channels - Molten pool formation
- Solid structu & heat transfer CS PACE E % s
(Component - Corium delivery to LP
Materials, amaged core ge ry)\ (S PACE)
(SPACE)
Fuel Heatup Medel
* Onidation 1 Core, In-Vessel & RCs ision product

- H2 generationy/term
(Intact core st re)

CINEMA /X

The additional models:
- Natural circulation

Corium Behavior in LP
- Pool behavior
- RPV integrity

|

=
‘I"
M

Thermal Hydraulics and Severe Accident Research Division 4




°.II|-E-9-7| ofdt
0 CSPACE =tol gl

» APR1400: £

Clad temperature

Flow area (m?)

T
2000

Time (s)

Aflow[0][0]
Aflow[0][1]
Aflow[0][2]
Aflow[0][3]
Aflow[0][4]

T
3000

2 & ¥ 5 (APR1400)

T 1
5000 10000
Time (s)

2t A (APR1400)

CSPACE Nodalization (APR1400)

)
/ ~— Korea Atomic Energy
KAERI Research Institute

Thermal Hydraulics ai

Primary system pressure (psia)

120 180 240
Time (min)

(MPa)




V.74 AXE 72 HEF

P -
- Korea Atomic Energy Thermal Hydraulics and Severe Ac0|dent Research D|V|S|on
KAERI Research Institute



(\ /- Korea Atomic Energy
/KAERI Research Institute

Thermal Hydrau

Mo
[Tk}

o oAl oM 7|&

evere Accident Research Division

(9]
Q

JHg7|Zk O3, WSY, M0, W10 04 359,
o SAl/7|8 7|E eHH7lE nEsl
T4 g0t OFEI A BHAY
HHEE | o7+E A Y 24
N 3% sxg |0 =2AAY 595 &t o
O axe w2 oh 2l [, 00 T L e e e 2ax A g | D P
R RN D—’"E oooEH Foxl' T5 2 .
N N 2%48l 2-3xr2 |l B2AY D= dEl 54X +5
D oﬁ“ﬂﬂ OH*—-E 7'% AL - 3| AT - 7 = - [=]] .
S siee: 10°) Hus: 107 |l BEZE ST oA 2w
= =2 X 2 A = o
. 152 EpVE]| [ | HE B 7= 8=
NEHOIM (O UXZ WAAS ohy 7l Wi*_ o ﬁw; oo O ASAAY B4 2 - it = o1 f;o © s
71& :ﬂq an O 717123Y g4 o . sE = e
O X2 A2 M 718 |, [ g, 10 B CFD 814 2 .
i i Il DNs s oo
O SCHALD 8jM 7| e ) 1WE o sase o o
SHIAE G5 A= A 10° [Bhats: 1047 e=7l= = = O CAD ¢ HAz|
AM oH ol (O 2z M 7| 3% e |O HXE X ofd ZE a4 HE 22
ol — sty 10°) shye: 107 | B URIE HS T S 2R ARLE Sz U 4d 7| 2d
o o A = st (M 7171739 "o 2 obE 4 gt
35 7l |0O $3= 6y 7| NA AT 1070 o o1
St 107l L s o B 322{=(CRUD) A
e oz sw | 7HE AI220]4 SW s &H HEALM 7|&
O %ch'l-ol'l*—-ll %E\H% NA ==t 0 EI_%EI gy:" oo
AFD) ESt =8i= ol M=
7"2-;|II'E . B R O S8 E3/E SW 8 d3 K| _ _ 2F A2 0|M
MNEHOIM | O 7HARE A BAH 1% 7|2 \ Seiaml o ol o N[04 23t ¥ 2Hal 7| . s
=se W 7HE AISH0|N SW A Hsl . o
b s P R DN - PV ES = T E3 mai= x| X3} 7|& =vis e ==
O 7ksdd 7Hst A3 7% 7% Bl S8 S3E swW N 7|& JbAsAl A[AE o
O QHH7|E Zst CHH| UF oHF QE 74M 7|
W CHAE A B LML M8 J|&
O 715 obE Ay B 2 7HAD S8 A0l 7|
O obEsly YHeE B 277|ZAD(OBA) OHFslA wHE |l 9T UXE AIBH0|M 7|& ixt orRH A
xR |0 o5 BEE B 7SR AN oraish Wi |l S48 &H A0/M J|& R
- . B 2| % EVNL
#8712 |0 5438 9 I oM |l SCAMDGA) siA wEE W K 352 AE oM 7|2 oze 2
oy Q|
A e N W UoHEAIE AT 4 iy N Vg .
O 7ts38 23 = Wi AB2o|d sWw ESAE BT} 7% W 2T 45 o ofH s 7l
W= ASHoM EaE Tt 7jg  |Eo2e = CHAl shA 7%
- BE

CIEA(~20219)
- TpaanE

A 7%

- QlE 29
R o]

- FpE U ok

o8 T Bt

W25H(~2023)

N ERE
QI HDH of4)

- AT TRARR
Solel

- HA HD SE

eSS s
W3TH(-2028W)
- TR EIRrE

7|4t U7

eHE sl A

flele ot

46—



HS3AXIE N

d
2 2cy

Korea Atomic Energy
Research Institute

= Of i EOF 71 HE 7I= 1THAI3'H) 3THAI(5) H| 2
craol Sl 7|
O #nE sal et
s 7I& e BT A o=
T HEf BAAY HA IIE
- Ha e A =
= ;_';IEE?I% HIR I CIES i
AL A 3N & 3CHH B
AS2AY d43 i 7|5 HUT s
O axtz 7712 A A 715
W7 CFD&Hl% %—;i‘i Gl 7I§
H 71e DNS27A'Y S+ S 715
oM moi - Cs27Y 43 84 Jis
=S HHz M I
A= oM TS HM 7S 3T AAtE
7‘—; T O axz g = s dliM 7& HE S o
1 M 71E HEW WA AE o 7S oo e
N2l o 7lE
ane 7EAN s 37 Aredhe
wn ol | 7171 AT B 2% . N
mi e WA 7|2 e FAslS
ARE AZ PN JIE
S HE SIM 7|
0 fett jéggcgi%jlui S AT 55
s 71E S{C(CRUD) AE 314 712 e 18
O SthAte LA siM & 3CHA ZCiAbD
M 71E Y HNTE oM 24 JH
O =gdd & 7I1&
7IA IR} 2 3 EEE
AEH0lM | O 7HHAXE A CEa= B

2HE 7z

7hded JHMEE e

At s
9%
O

O 7HAXZE Mg 7S Ofd g 7|8
O 7Hxtz QHEshs WyE L7 AR,
o #29%,
7|“g‘EIXI‘E +9] = =H31al 23| A SEEY QYL
e 71a O 7HRE ol ==e JEs 7|s HEEH T8
=0 = H7F g A
O S43% 98 87 43 4% oy 712 Aol EH T
O 7ISdH 25 oid 7=
Jhd R AT AFO
A 9| sk | FEERE
iz gat M= P MOM“DW
OF & Al SEAF =5t =
58 RIEI5H A

Thermal Hydraulics and Severe Accident Research Division




CASL,
NEAMS, S
shel 7hatel
X2 i
Ha

N/

2 Al EE|

==

e LT - OIH _+_.‘__"'.E
FR 7|7, F . I 2=
Aho Ty il { 4ol 2
43 2 7]
— o1 7

FHARE 7

| s e ) \EHAEHOM AzEg0

) | :
- K At E . | == 7
L e T Thermal Hydraulics and Severe Accident Research Division = 48 —



e =
O O - et
. gopg Amgo] AT Y AN SUHOZ +ueE J|EH B
O X| (CASL: 7}AM X2, NEAMS: 2T EQ O] 7j8)

- 7Y 7k B HAEE M52 1
Hopg AZEQ 0] M5 2E A7
L EopE ALEQ 0o AT Y &3 71X F

X
Q A4takst S EF A 20fete| HHAEA

(‘ /'/j- . —
7<L""Korea Atomic E . : e ,
L e T Thermal Hydraulics and Severe Accident Research Division | 49



