O LIS MiAte oip RXIEI7|S
2013 KA 7t X|XJot= S RIRF 72

#) (§) () 02 (@

A2 A g *"71|
I‘lkl'q Ex—"):" o:|2.|'

2025. 10. 29. o= X}=Hsts| &
SIRURIATLY SA4

SrR X

. .
-/ KAERI Korea Atomic Energy Research Institute



o 1 Ty R Er =, .
1=y Lo < O} 23
20/} AT} A SH= S22 012E mm S A e T

-_.‘.' = Ill

01 129IAZ IHQ
02

2235 NQJIAR LAl
03

rto

AR LM EN

04 DRIIAR Al H7
05 wey

CONTENTS



Gl
-@:
=8
=
@«

L

Az2/tAE e A HHDEAA e

A=A JHQ

o SFRAUX|EI01 G

N
~ /IKAERI  Korea Atomic Energy Research Institute



- U1K E=01 Q-.I
F/AER' Kura%I r -_rl

QIAR IHQ

2 LQIIAZ2E?
VH T R Control Rods < | <

Blower — /
c >) Intercooler \ ({‘;
— ) e

X} HA=(TRISO)
Y ISy o m::;:ecore 1’ < . g
Heat Sink i : Heat Sink
] 71 ; ; = T =2 A >
A

—— Recuperator

3 HEALA|
1(Graphite) Lok ’
wine—_[PINL—9 .

= - Pre Cooler

-
LN

r
Hu

(] ]

>
of
=]
Jh

1> o
2

J;\-II- Job
=

S(Helium)
700~950°C e & iﬁ# : : ; plant
gII-E _" 1 ‘b d é = | ;"Sb ,\\ _ — Other ._
Generator - é E;h‘iwl

-

(N
mﬂLﬂHx'LOELngLJg:-

Very-High-Temperature Reactor
(https://gen-4.org)




N27AZ THQ

01 neAze 74z HiZ

8 s = Az
W2y = ugtA
12 320°C 700~950°C

WriTiRtE | 150712 | ~707I2t
eI = s
Y2 | BAMED) | ASmEAX

OFAE | SS/US | RAYA
Z7A0IZ | THAEM
— Aol IAE]
(88~30%) | (&8~50%)
2 A AA
goig | mauy | oo
Al ZH




of
H
<l
™

.”.....H,_”.,.. ﬁ |V
(. = |ow
\V — =2 <H
o)
g 55
<
=] o
| X
an H=
— 0 0
< o0 g
OF Bl ﬂ_m
0
I
T
M X0 xR g
& W oz ANCAE
Tl ® KT od 30 10
A U
KI  m@l wr HO &3
Qol <+ W oy oH
= M g OF pig BU e R
o Wro & o ofl @
=3 = =3 =

(IRTIAZ L|SAMIH)




N2IAZ 1L ~

' C 1 MA D127IAR 7|4 =Sk o BRBMETY

O]=3: ARDP (RtM|CHXIZIHL T2 HIE)
4 X-Energy, BWXT, Nano Nuclear Energy & RIZMHIHHI0A 127IA R T, 44 A =l
o ZASRIXIZ EtR: 4 / SMR EfRL: 5
== HTR-PM (Z27tAZ AZ2, HU2H F)
2 250MWwth EXt= 25 2702} of 12| BBl H&E, 200MWe = 24t
0 =& X2 HTR-PM600 Al (6712 ZExt ot 742 Yl HA)
S8 GEMINI 4.0 (A1 19t 7| MAt TRIIAZ AT ZHE)
QU= HTTR A= (IAZ =AM A= 72)
0 IHEENHYR, ZUES) L 150~250MWthE 7IAZ AS A AH &
2{A|0}: 200MWihg 1 27IAZ(VTGR-200) A =l
BH=: MIBEHE XMCHIRIRINY D2 M E
0 MUBSHE 338 127IA 2 HECTAR(9OMWith) 7 &

—_

®

H &
-|o||

H B







225 NRTAZ LAl Ve
e LRI

lorea Atomic Energy Research In:

S5 1271AR £ 0 D HEHEY IRIAR £
0 8|S B2 TH9lo] FAIKO! bR + HAHOl HAR WA
- HSHHEY O] 52 SHUE Tk L Ee BonST T S
« =2 A0HISE X0 2 TR - SHQiE IHEMS ot 2MEX| 2EHR
S oA o e °= =" . 2ERI5HHE HYX|
- #2A £ 20[3 sz H=
- . BRAS YE Q2
- HOIZ XYM A 2RHK| WO et
R =232

Prismatic HTGR Pebble Bed HTGR
_ Outer Pyrolytic Carbon

_~_~ silicon Carbide
Inner Pyrolytic Carbor
Porous Carbon Buffer

\?\\
\\\
/ Coated Particle \
Fuel Kernel

(UCo, UO,)
TRISO Particles

Compacts

Fuel sphere

Half Section
Fuel Block



)
i RFBRE D

ERI Korea Atomic Energy Research Institute

Pyrolytic Carbon 40/1000mm

Silicon Carbide Bamier Coating 25/1000mm
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* Fuel Kernel: 350~800 um

« Carbides/Oxides of U, Pu, and Th
Dia. 0,92mm
* Porous Carbon Buffer : 60~100 um TRISO
° "~ - Dia.0,5
Inner Pyrocarbon Layer: ~40 um Coated Particle  uranium Dioxide
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Value

Parameters

Radius/Height (cm) 0.625/5
0.279 b
Matrix density (g/cc) 0.8~1.2
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24,00 CONTROL ROD
CHANNEL HOLE
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Boron Graphite Compact

Guide Ribs (42

S 227 SN S T

435.6mm €17.1in)

711mm <.28in)

T Refueling

Stand Pipe

Tm(23 fv) Control Rod
Drive Assembly

Cold leg Core
Coolant Upper
Plenum Control Rod

Guide tubes

Upper Core Restrant
Structure

Upper Plenum
Shroud

Central Reflector

8.2m(2711) Dia Graphste

Vessel Flange
Control Rods

Annular shaped
Active Core
Cross Vessel

Nipple Outer Side Reflector
Graphite

Hot Duct

Structusal

Core Exst Hot Gas
Plenum

Element

Graplute Core
Support Columns

Outlet Core Suppont Plate
Flow
Shutdown Cooling
Hot Duct System Module
Insulation

Module

Metallic Core
Support Sucture

Insulation Layer for Metallxc
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CONTROL RODS

BORATED PINS (TYP)

REFUELING
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Incident neutron data / ENDF/B-VIII.O /
Hed /| MT=1: (nhtotal) / Cross section

wn
|
T

Cross-section (b)

| | | | | |
T T T T T T
1E-8  1E-8  1E-7 1E-6 1E-5 1E-4 0001 0.01 01

Incident energy (MeV)

(He-4 #EtBIX)

(https://oecd—nea.org/janisweb)

(https://oecd—nea.org/janisweb)
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_ Incident neutron data / ENDF/B-VIII.O C / ;;. U’EQJI}‘E“H?&

|1 5 7|-_‘ E OI 3" '| = A‘I (2) / €12 | | Cross section T
— —I —l o LooL ' I I I I I I I — mféqzc;—f(eﬁg:tm

\ — MT;I E(njtotal]

10+ 1
1 \]‘N‘t:\_

@ S0 LAY/
0 =1} H|u
- SHX LAEH(E,) X T
« ENR 20| B 0| WS ol
+ JIF Y U ey
AR ECE)7 IR &S (C-12 SHTHH )
¢ 7|- Hl((zs/za) _CI)__JIK_?:II- (https://oecd-nea.org/janisweb)
- M2 =2 A Jts
(H20M 22t A 25 EG HW) @esnaz zs a9
I paemeter | Water | Graphte |
2, (1/cm) 0.022 0.00029
Thermal 25 (1/cm) 3.45 0.41
(0.0253 eV) D (cm) 0.16 0.86
L (cm) 2.75 54
2, (1/cm) 1.40 0.41
Epithermal (Zs/2, 62.0 216.0
{ 0.93 0.158

Migration length mean free path (cm) 6 57




TRIAR 22| 4 ) e
A (o) - x E A ( ) /KAERT"  \area tomicenergy Research instute
: 3 1eitAzo N EX (3

0|5 H|=ZEd
2 iz HAM H|sHHE HHO| |2 = otA| i X|
0 HHE HHo| S IjERIA0 TRISO YUXI7} HESHH £
« X}7| Xt &1t (Self-shielding effect)

O.IIE}II 3H7E:|§-77|_? TSO - Graphite matrix+TRISO
o H
2 TRISOYUX} & 2 X1 DA (Random sampling) (0= HIZEH % RPT 7HE)
° EE.”;'.%E iEO.”A.I Al-%sl'7| x_qlgu}sc!. (https://doi.org/10.1016/j.anucene.2020.107396)
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0 Hi2 St 22| HE (RPT: Reactivity—equivalent Physical Transformation)
* TRISO+=3 HEZA #&3} but #Ast Y F7|= HISEE HECIERE U&E
- X =¥ IHEHA LD A&t B 7|7t E0F (KH7| X 21 HE)
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Eneray (eV) Energy (eV)

(b) VHTR(UC 50, 5)
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0.0

(a) PWR
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- Yt A2 O] 4HH(HAR), 14HH(EEALA)
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o= = (G roup condensation)
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Et 127pAZ =M 4 (1)

- - —— Helium
H S} _| I —0— CO2
|2t 71X 10000 | —A— Nitrogen
A o XN OF XA
* E_-'I’ 2|-0|' . I- 1 -l [ Sonic Velocity (m/s)
= I: oA
27185 < |_EI. T 1000 £
o i
o
°%::EH|% 8100_.\/_ o (mivdoPace
— Q E Viscosity (mircoPa-s
= xS L O £ i N
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o
o 10f
0 F
©
@)

© NI RO L2 e S B A

.1 E Thermal Conductivity (W/m-K) \

- %2 ?:!-_)—'lﬁxﬂ SEZ"'JI\' (3-7|E E!-%) N M
a0 12 XA a4 S QIst oL X| S 22X SIS |

0.01 & : - : - -
400 600 800 1000

Temperature (K)
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Reactor Physics

T licCARD |DoCARTZD| CAPPCORONALGAMIMA | COPA | POSCA | TROPY.

Transient Fission

DeCART2D_HTR, CAPP, MUSAD .
- ’ ’ Monte _ . _ 3-D Core (TRISO) Fuel Tritium
Temperature, Power, Function Carlo 2 PDhLaittlce 3le2 C?r: Thermo-— P 3y:sr':]emn Performance Tl:rgductrt Transport
FP Inventory Steam Density Irradiation dose Depletion ysics usto Fluids Sa?et?( A:alszi's Analysis A?la?ypsci’s Analysis
Power Thermo-Fluid, Safety Analysis & Coupled Neutronics
L P S S B 0 0 0 0 A A A
CORONA, GAMMA+
GAMMA+/CAPP, CORONA/CAPP Graphite Oxidation Theoretical 0
& Hydrolysis 0] 0} 0] (0] 0 x x
Manual (Rev.3)
Temperature ﬂ Mass & Energy
Fuel & Graphit Disch
S el scharge Corroded Input Manual O 0 (H:", - 0 0 0 Y x
COPA Fission Product & Containment Mass Graphite Corrosion .
< 0 (0] Rev. 0 (0]
& POSCA, TROPY, MENTAS GAMMA+, COPA V&V Report | o o Rev.d)  (Kor) (Rev.1) o = x
FP Source
@ CMVB WP WP3 WP3 WP3 WP2 WP5 FFC WP4 WP4
Atmospheric Dispersion & Public Dose O: completed Rev. O: First Version issued, but need Revision Kor: Korean
RCAP
Al 0=IO'| OFX =|-|k| (] SHE G AHA| S =|-|k| C EL =|./'=' -|=|.
2 4, 88A, 2t o =, "—-EE, HEHMES ollM I E —qitsl/FEA=
A‘II'II-IIEE’C(AO-I_T'_IOd_T'_:LR I- A'II )
- I'_%7I'ﬁ§ E7:I J—I'IO'I El'o =) |_|'=| och oHdHo 187 AT E7:I 5 2024~2027




TEIAR Al HA e
UPEQJIr34°1-_rlQJ

Library Library
l A 4 Library | r------ -|2 DTransporTCode|-----------,I
Generation i
McCARD, CART2D_HTR - i ' @ :
DECARTZD_HTR —’l De ) 2-D Lattice PhYSICS m__,@_s‘ 'Multi-group Library @@88@ i
Monte Carlo DH Treatment ~ 7| Editing Program |- i l
Depletion Reference PSS Ot — i Few-group. | | ' i
: Library Transport Cal. :
. 4 =i ¥
PXS GEN CX tablesets
T -Burnup, Temperature, ... |
A 4 ﬁlfj%Erap’—" (X, 1,2, Kess | i
CX Tableset e i
v
h 4
Verification 4 —] CAPP 3-D Core Diffusion

J DeCART2D_HTR: 2Xx1 AXlo|MAE
3 CAPP: 3xHH LeafolfM I E
2 McCARD: ZH|7IE= At 3 C
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McCARD 7H2

McCARD?
2 Monte Carlo Code for Advanced Reactor Design and Analysis
2 M3 i

McCARD EAl

Composition H2| HSH AES Soll S& et 7ol ¢
SEet 7lol2X0IM e SEAL HOF 2H|IF7IEZ Al=2[0]M
ALOLX| 2t0|E2{2|, Ct=t 2f0|E2{2| ME AlZ Tl
KEr| AAA A 2HAIO] LHE, el Ao =2l

OIX} 2xiQ| Hif HHO 2 0|= H|ZEM FAL

3xe 2t AEE Qst A ot P Mt

HS71HS 0|88 DIZE U ST BN
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()4 McCARD T27IAZ sH4A ZA7}

@ McCARD= I27IAR FEHE SH|0f| Cigt &Zxsh S (ZE Hlw AE0 E2)

3 Ex 1) V&V of DeCART2D/CAPP using VHTRC

Temp. [K] | Experiment (A) | MCNP 6.1 (B) | McCARD (C)

SHE-8

SHE-12
SHE-13
SHE-14

Movable half

298.05
280.55
287.10
283.65

© B-4 type fuel rod
© B-2 type fusl rod
© Graphile red

(Loading pattern of HP core in VHTRC)

2 Ex 2) SHE (Semi—Homogeneous Experimental Assembly) Benchmark

1.00064
1.00170
0.99952
0.99721

Fixed half

0.99641
1.00697
1.00943
1.00341

1.

1014 X

1.00

0.99

0.98 1

0.97

Benchmark

—=— Benchmark

—4— DeCART2D/CAPP

--o--McCARD

T T
0 50 100

T T
150 200

Temperature (°C)

0.99597
1.00717
1.00985
1.00334

-423
527
991
620

1
250

{Multiplication factors for HP core in VHTRC)

B)-(A) (©)-(A) (©)-(B)
-467  -44
547 20
1033 42
613 -7
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DeCART2D_HTR?

2 Deterministic Core Analysis based on Ray Tracing for
2-Dimensional High Temperature Reactor
* DeCART: 3XI& MM S0l A
* DeCART2D: # &3t #84 MAt=Z flol Bt= DeCARTL| 2D HH™
* DeCART2D_HTR: 1 27tAZ oljAM0f| E3t=l DeCART H™

=
-
-
=0
=
= A

DeCART2D HTR &%
3 Sub-Pin £&2| MOC +53alM
HX2| (Subgroup, RIT, PSM-DH)
AASHM (Krylov Subspace Method)
Sanchez WS S¢t 0|= H[H &Y A<
i kel o b S Rl

CCO0CC
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I 4 DeCART2D_HTR 0| H|2&E Y x| &H

Sanchez-Pomraning Method)
J Effective source and the effective total XS of matrix

S +7ZZ plkElkSIk R
S=% po ! zZZo"'%ZZ pikEik(Zik_z)
Zo"'pizz Pi EiZic ot
b Tk

0 @ matrix,

ik : layer k of grain i,

p : the volume fraction,

E : the escape probability,

E : the escape probability evaluated with reduced cross section,

S: the total source.

2 Matrix average flux and grain layer average flux

1/70 Yin ;LS/Z ( e—XL) 2

Vi ‘//oEuk"'l//as( = E.k)"‘

z Pit Pt S
]

|k
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A DeCART2D HTR T27IAZ s4A ZA1} (1)

DeCART2D HTR ZE A&
2 Ex 1) OECD MHTGR-350 Phase Il Super—cell

Problem

o

TIRAXH T

Korea Atomic Energy Research Institute

Keff of Super Cell without BP Keff of Super Cell with BP
q - 500 500
9 - 400 400
‘300 .- 300
——McCARD - 200 —&—MCcCARD 200
—4—DeCART —A—D.eCART
—<Diff [wo < Diff w
3 3
S S
1 Fo 2 o £
£ £
a a
L -100 -100
- -200 -200
7 ]
L 300 -300
L 400 -400
T T T T T -500 1.00 + T T T T -500
[ 200 400 600 800 1000 1200 [ 400 600 800 1000 1200
Burnup (Days) Burnup (Days)
94239 Number Density at 215 Pin of BP Core 54135 Number Density at 215 Pin of BP Core
2.5E+04 1.2E+00
Dimension Units
Kemel Radius 2.125E-02 cm
Porous Carbon Buffer OR 3.125E-02 cm —4—94239-McCARD 10E+00
PyC OR 3475E-02 cm 2.0E404 -0E+00 7
TRISO Fuel | SiC OR 3.825E-02 cm ~#8-94239-DeCART
Particle OpyC OR 4.225E-02 cm
TRISO Packing Fraction 0.35
- 8.0E-01 —4—54135-McCARD
Compact Radius 0.6225 cm <
Gap Radius 0.635 cm £ 156404 g —B-54135-DeCART
Kemel Radius 1.00E-02 cm § 5
Kemel Density 2.4696 g/cm3 g 2 6.0e-01 |
Porous Carbon Buffer OR 1.18E-02 cm 2 2
Burnable Poison 5 E €
Particle PyC OR 1.41E-02 cm 3 1.0e+08 s
BP Particle Packing Fraction 0.109 =
BP Compact Radius 0.5715 cm 4.0E-01 -
Gap Radius 0.635 cm
Large Coolant Channel Radius 0.794 cm
Small Coolant Channel Radius 0.635 cm 5.0E+03
Pin pitch 1.88 cm 2.0E-01 |
Block Flat-to-Flat Width 36.0 cm
Super-cell Flat-to-Flat Width 108.0 cm
0.0E+00 0.0E+00 T T T T T |
200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Burnup (Days) Burnup (Days)
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()4 DeCART2D HTR T27IAZ s 21t (2)

2 Ex 2) HTTR Numerical Benchmark

Core 2D McCARD
ARI k=inf std

{(2-D 1/3 Core DeCART Model)

Layer 3
Layer 4
Layer 5
Layer 6

Layer 7

Core 2D
ARO
Layer 3
Layer 4
Layer 5
Layer 6
Layer 7

DeCART

k=inf
0.77206 0.00012 0.76830
0.71030 0.00013 0.70668
0.66459 0.00012 0.66114
0.60415 0.00011 0.60137
0.60023 0.00011 0.59719

k=inf std k=inf
1.24286 0.00013 1.24046
1.16616 0.00014 1.16350
1.11289 0.00014 1.11032
1.04452 0.00012 1.04203
1.04294 0.00012 1.03983

/
L UIRQUXIEOITQ)
%AER' Eeiur‘;hwty:e‘se‘;h?ﬂit‘;

Difference
(pcm)

-376
-362
-345
-278

-304

Difference
(pcm)

-240
—-266
—-257
—-249
311
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o

PSM-DH (Pin-based point-wise Slowing—down Method for DH)
2 PSM HHE AtEsl HTGRE| 0|F HIE HAMIA 2] X7 | Xt &1t 112 (SHX )

J 1|:|_|'7:" Equi-volume
. . . . Compact Matrix
 Pointwise energy slowing down equation for a TRISO model Layer
with equi-volume compact matrix layer | th Coating Layer
Z RMQ Fuel Regi
gion
A ZPk.Vchw% =2.Q
k
 P: CO||ISIOI'-1 probability
* Q -_scatterlng sourf:e | | |
* Spatially homogenized pointwise—cross section for a compact
ollision Probabili omogenized
© forT’;ISO v Xg for gompact /
a 20 Down Equaton Down Equation
for TRISO for Pin CeII with PSM

- o EotE HHME KA CHoll PSM &E XE

Dggg:/t:gtsae e Pointwise Flux
9 for Fuel Kernel
Factor

Group Condensation
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04 DeCART2D_HTR 7Hit 3igt w

@ Effective Homogenized Cross Section Method A
0 0|5 HIFE oAl Xt7|XtH 2 1 2{(HISH of|LX] I
3 BISO Z&tE 71y SR 1afg

0.0422!
0.03825 —
10.03125 |0:03475
0.02125

TRISO Homogeneous BP Radius = 0.3 cm

Packin )
Fractio% Multiplication Factor DH effect in

Thermal
McCARD (M) DeCART with DeCART with Ap(H-M) Ap(E-M) Energy Region

(std.~14pcm) Hom. (H) Ehom. (E) (pcm) (pcm) (b) TRISO fuel particle

1.16237 1.17002 1.16087 563 111 674

1.25841 1.26243 1.25650 253 121 374
1.28098 1.28404 1.27994 186 63 —249
1.28186 1.28503 1.28156 192 18 211

Fuel Compact

Coolant Hole

BP Compact




2 Core Analyzer for Pebble and Prism type HTGRs
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DeCART2D _HTR/PXS_GEN/CAPP XA ;
- - - f
2 1A 2x13 4 P20 CHof DeCART2D_HTR ol Ad i
* 190 SHEHA 2H0[E 2| AFE f
© HY FHR 24 FHA(MOC) Y |
3 Step 2: 28 X 2| by PXS_GEN Tk TH T
« O MEQ| 27|AHA Xtg =) 2kt &42 ZAME SHEHHK H|0|S tr
0 Step 3: 3XI LA DO CHSH CAPP s
© BRI ZAIRF S AL + GAGHA + BRI R BE HAl
DeCART2D_HTR [» HecFile » PXS_GEN | FowSroun CAPP glﬁgft
| 1 | |
DeCART2D 190-G PXS GEN CAPP
Input XS Library Input Input
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@ CAPP ILC 4=
2 Ex 1) OECD MHTGR-350 Phase | Ex. | Benchmark Problem

S e | e

| meamene | AN

0.6 v L 1o
RMS Error = 1.4% :
0.4 — o

r-2.0

Relative Power Density
(=]
=]
.
]
[l
(=]
(=]
Relative Error (%)

0.2 - =30

0.0 T T T T -40
0 0.2 0.4 0.6 0.8 1

Relative Height

0.858
-16
0.849 -15 1.041

-13 16
-13 0930

CR Worth

Participant Codes [pem]

(error in pcm)

SNU McCARD MG 1.06889 785 0.1635
RENUS 1.06696 (-193) 771 (-1.8%) 0.1730 (+5.8%)
CAPP C 1.06694 (-195) 769 (-2.0%) 0.1672 (+2.3%)
KAERI CAPP Q 1.06733 (-156) 763 (-2.8%) 0.1705 (+4.3%) e e
CAPP Q2 1.06722 (-167) 769 (-2.0%) 0.1686 (+3.1%) A
INL RSn 1.06692 (-197) 880 (+12.2%) 0.1655 (+1.2%) 144/ woos e
Instant 1.06694 (-195) 870 (+10.9%) 0.1600 (-2.1%)

UMICH PARCS 1.06695 (-194) 934 (+19.0%) 0.1890 (+15.6%)
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2 Ex2) PMR-200 Conceptual Core

uel Block wil o D Fuel Block with
Fm;lﬁ‘27_‘;.,/o)“‘ T ————— Low(23.5%) 15 500 15 500
Packing Fraction 7~ . Packing Fraction
L 400 - 400
1.4

L 300 L 300

- 200 1.3 1 - 200
- 100 E 10 F 100 E
5 o g |3 0o €
N4 5 X 11 5
2ox 100 1 ' ey -100

-200 1 4 - -200

e W - -300 - -300

0.9 McCARD (M) X DeCART2D (D) CAPP (©) | 400 0.9 1 L 400

——MCCARD (M) X DeCART2D/CAPP (C) =>—Eirr (C-M)
—>—Err (D-M) —e—Eirr (C-D) —E&—Err (C-M)
0.8 + T T T T T T -500 0.8 T T T T T T -500
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Operating Starti Reserved Shutdown
Control Rods 24)  Contrel Rods 12)  System Channels (12) Burnup (EFPD) Burnup (EFPD)

(k-eff of 2-D Core) (k—eff of 3-D Core)
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04 caPP 74t 345 (1) :
CAPP/GAMMA+ HA| aj-olAd 74t

0 SE: MDAl A U ASS Y ZASH| g
o LMGHAM FE: CAPP
« S&A|, AT E: GAMMA+
« AAIE Rt 70 =17 INTCA
2 OIM 2Xl: VHTR-350 (=M E==2: 350MWith, HZixl| &+ 2% 490/9505)

Fast Fluence Fast Fluence »
Power Power g > PN i 5
roo , ®

INTCA M GAMMA+

(server program) (thermo-fluid system code)
Temperature

H, O, N # density H, O, N # density
Shutdown Signal Shutdown signal
Control Parameter Control parameter

Transient Time

{(CAPP/GAMMA+ Coupled Code System)
(a) CAPP (b) GAMMA+

{Computational Models for VHTR-350 Reactor Core)
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100
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TRIIAZ L AIGHA H|7 —
= C EE‘?._II'E“’*-T‘
I:II' _ ( ) /KAERI Korea Atomic Energy Reséarch ns
CAPP 71&} sd=t (2
CAPP/GAMMA+ ¢ A 1t=6HA1 Za}
2 Control Rod Ejection
« D= HOS0] 0.1 = 20| LKA O|=E o= AL L
o HAAPHMO| PKAMELD M7 [7E SOt H2 iz 2k HssS EY
2 Water-ingress Accident, ATWS
- S Eulety| R8I} OEE 0] F0| RYEICH 7HY.
o AAlofA PKAIAM =5 2f|E O|30f CfA X071 USS 240!
%1‘500 % 1.20 ig? 0.03 ’;'
Eﬁmoo g 1.10 ;Z 0.02 'f! - sum(Pk)
% 00 // g EUR N S ’f! -Sum coupl)
g 120 50_90 _________________________________ R
: : ] 5 e e p o Tir:(sac} » pe P o 50 100 ! n::?sec) 200 250 300 o e
(b) Corr. Vol.

Time (sec)

(a) Power level (b) Maximum temperature

{Control Ejection Transient)

(a) Power level
(Water-ingress accident)
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MUSAD I:I|7|-E al %iI'AIE 3"*1 ENDF/B Library

2 diXlz S0 2l REEE AL H =24k Bt s iy >

4 Yttt 4 0|2(Generalized Perturbation Theory, GPT) NJoY 1 e
718re] =24k oA

-4 CAPP ﬁlﬂ% '?"Ig' 'I?'&H)’I EE "F‘% __""%)I II'E Yoo I' DeCART ——% 2D Adioint Transport

TANUA: 2sIAE M X1=5} 31 =

0 =o| ZEA M= (covariance matrix) X2
J PXSGENE A ot HEHHX M E T 2|

XS Uncertainty,
Random Sampled
HGC

Preprocessing Random
N s M
J CAPP oﬂleﬂ-:lol XI-E AIIIAO-I nxl CAPP 7:|J_-'-I'o| I‘l E—I Automatic Core Simulation
U HIZ ZXIS 1243 DeCART2D Y3 29 HE 2

3D Core Simulation
CAPP with Sampled XS sets

Core Parameter
Uncertaint
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Definition of general response for few—group XS

(Hw)
(Ha)

Sensitivity of general response by a cross section

(1) (2
« _R _y <5x‘” A
" X <H1l//> <H2l//>

X

2 Generalized adjoint equation for sensitivity

H1 _ Hz
(Hy) (Hwy)

(A =B =s"=

Uncertainty from Sandwich rule

u2 =S,CSh
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4 MM I= - CORONA

COre Reliable Optimization and thermo—fluid Network Analysis
L E7A s3I

0 SEY IR2RIAR LM TSt =N HRH| oA

O A oo cfet 1Y SHA + CFD CHH| WHE A4t
20205 CORONA 2.0 S5

m Efficient Numerical Method

Solid [ Multi-dimensional heat conduction }
_________________________________ &=
Fluid One-dimensional fluid network

@ @ @ B Efficient Grid Generation
Local Detailed Core T-F Design System T-F & Transient

Analysis & Analysis Analysis
|:> Basic Unit Cell Concept
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=HIs Q@ H wm H}z4d
sHieF 2 Z4 oo
3 LHZIxY =710 == LHZt
a 2 YU 2= S0 F= 4 S5
1200 T T T T T T 1200
fuel o
Position C (Fuel)
Position D (Coolant)
1000 o i 1100 A
2 s
5 g
T 800 ‘; 1000
5 3
5 3
@
= S -
600 4 -
900+ Line AC WATHAAS
T e Line AB
Temperature A 1 .
400 \ —— Line BC
0.0 0.2 0.4 0.6 0.8 1.0 800 OIO T 0|2 T Ol4 v OIG T OIB T 1IO
Relative Height [- 106 : : : ) ) :
ghtt] Relative Distance [-]
- - Line AC
[Z 129 Tak et al., Ann. Nucl. Energy, 2008] "

<l
Line AB

Line BC
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CORONA 74t 3i3k(1) ”
CORONA/CAPP %A 3 E A 7K

O SH: LM W [ s 25 HESHA ALt
- MM FE: CAPP
- SFAlofM T=: CORONA
- FAE flot 71 =13 COtoCA
- 0"1‘" —E—I‘" MHTGR-350 iéI _E_I-" {(CORONA/CAPP Coupled Code System)
- 4ol E59: 360MWth ;
2 A+ 2 250k
. A 2R Q2 157.1 kg/s

COtoCA

(Server)

Pin Power
Distribution

Temperature  Temperature
Distribution Distribution

CAPP
(Client,
Neutronics)

CORONA
(Client,
TF analysis)

1120 cm

|
I
I
I
I
! |
I Cit I
: vilv
(a) Plane geometry (b) Axial geometry
{MHTGR0-350 Core Problem Cut View)
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a2 wedSHiAT H Z[HHz 2T

T 0

1.00132 S 1163.3 ==
CAPP
Flow-reduced 0.99881 -251 1228.6 65.3 8.0
Channel 0.99774 -358 1050.5 -112.8 8.0
CORONA/CAPP
Network 0.99561 =571 1284.9 121.6 8.0
> HIsE O HISE = (=]
o s Es 2 E 8
10 900
. 800
s ] Pt 8654 .
& 7 ~ 700
: J
26 £ 600
?‘; i gsoo
§ 3 CAPP ﬁmo | ———caArP
7 = — = CAPP-Flow-reduced _ = = = CAPP-Flow-reduced
O CORONA/CAPP-Channel 300 4 O CORONA/CAPP-Channel
' X CORONA/CAPP-Network X  CORONA/CAPP-Network
0 200

160 240 320 400 480 560 640 720 800 880 960 160 240 320 400 480 560 0640 720 800 8RO 960
Axial Position (cm) Axial Position (cm)

(a) Power Density (b) Fuel Temperature (a) CORONA/CAPP-Channel (b) CORONA/CAPP-Network
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