KAERI/BR-1712/96
HFH A

=48 AHHAXE Y

Development of Small and Medium Integral Reactor

=AY YMHAXE T MANL
Design and Development of |

Small and Medium Integral Reactor Core

gz AAPA T2



Sl 9 )




X
Ty
Ho

B RINE “F2Y AZARZ AW BAY ARHA “FLE NG

A2 =ALANL Y AFLINZ ASGIT

AF5Y7)BY - FFANG AT L

$2A79YR : F £ 9

ZAATHYA : A 4 7

A F LA+ A%
< oA R
A4 A e
2 8 &, 0 7] %
EEEEE
© 54, U7
28,0 BB
ZEAN EG

A 24 A9 A A 4

iy
I
“
®
2
o
e



S4d AAMHAXE L x| A=

SEEEL A7AYA | A7
1 343 A9 P98 B4 £33
2. 49 dAZAAZ A4 AARY A= 8.6771 9
3. 329 JARAAZ ASHANL o) % (/96.11.01~
4 22% JASLAR AATEAANE | o) 97.07.20)
5. 348 dARLAAZ MMIS AAAY 5

E HINE “F4Y JAYHARAZE MLre “24% dAZLRAE =448A
A HFRTA Q.



2
I

TAY AAFEAZ =4 A

IL A3 7 23 ‘}é%ﬂ’é

ki

JE F&Y AAY dA2e A kB
B 5 Yokfr, #ite, 0% eolide $u4 Fo2d ¥4 2dez
S At olald HlLd B U2y BEL J16F SN BE B
EE %2 A9Y 333 =93 444 48 A% @REY o7, gue
est 2 GAA Ans AAD KAR £37 BE =4 A AE = 4
E dE&F FA2qAE 037 JE 48 7k Arley 29 482 8
T8 YT} olg 2e JlEA BoWL = O AAF 4 BY, 223
A2 Ades AF 4 14 FANL AAES =4 229 d4
=2 30, 22 £99 8= 2420 vig § e JAE AYAE 3D
Ste B x4 29 2x9 A9, AAY ADE §43F 39 olge 2PEy)
£H, B3 AT A9 Best 3 mEHE datq 44 WSS Fue
BAE x40 BEE Aol Ag3tA @A FoH THE T Ao
o2 WSEE Aoise TR £3 FA9 AU FEstm ok o

32 2%

-1 =

5 T3 $3& 49 74, BEE Ao B F2 AdE 7Y ug
F EHEE IA =27 e 8o Hu 4 gdFAA EHME o
WalE 3

B d79 EAe 380 MWtE 29 AR AAZ(EMART)Y =4 A
Mg st =4 YA Qe 97 71Ee ¥l AR x4 o )
4 AAE FAsE, =4 AA/ 5040 Ba® =4 1 71%% Agahe

_..3...



Aolth. o] 9jFte] $M FE Y¥ ALZoA HEHT U= =4 A7)
NZe Bz Gu AA 7FS APy 2FEY], R £AL 7

31
3t7] Y13 SMART A =9 X4 oul Age AL, .

3t
& ZRYEE A & Ao
OL 47 e u-g 2 39

£ FAAd diE 7<= A% A2 A =4 44
[lae] dag gopdz ME3Y FYPsPod, zk Zopd A7 /T W
£ 9 Hye va3 2o

1. =4 844

WEd BOMW(RY] 27 100 MWF 48 I8 A2
(SMART)S] =4 A 71& L 8738 oy 4F3n &34 £FHE =
A9 gds 712 A AR du Hhd od 71F @ 4
27, R £hd BaF AW AP 2A% ZEE Tag 2PV
2R wAS A% ol A 24 R 2HE +380 5 wdd 0 o
4 GRS AESD BEE Aolo] Wad AdEs} ¥R RE AT
o =S B A4 94 Hokd] RaF 4 AE ANE A% AA A= A
A AAE T2

=

ol

flo

-

2. x4 A%e 27

SMARTS] =4 943 44 842 9y 948% =4 o
% 712ARE YAPTh =4 ¥ DNBREAAL 9% @ 4% 4B4S
AESH x4 959 44 2eAAE FEeT

_4...



3. =4 B3N AT )54_21] R =4 AR E4

SMARTO] 488 4 B3 741%*" MRS Yoo =
B A A528 949 B88T e w4 BN ASE Nm, BES
ThoEY =Y 2 =98 BASE URY 98 259 Ay SHL
EXgn, 242 AEST

F49 UAY ALY SMARTE 544 71& 97 gt B4t o
AR A%l BolsA D=z, w4 4By B4 w2 A% 94 g
th. wehd, SMART =49 R4 B4 FAZ F9s7] 98 = 47
gotel iy BAe QuY m APe 49 B, B A 44 A
Abzol tstele @3 B2 98 9% 56T A ABB-CEA}-A <t
A4 24 P¥e AE@T.

by

4. =4 A AA

SMARTS] =4 %9 2Ash B PAY Bz .&Zj%

AU QAT =4 AN GANNE AE PUE L AVIEAAE 75
ok SMART =419) HAREHE AL 489 28 2 AA9 A2 =
ki

5. AdE %A 714 BA

BE29 ol 29 24 3 WA ASHE BY 2 A9 A
o] Al%o] fle YAY 9A=Z SMART] dAsE o4 245 o4y 27
B BE AFCl egslo] %7e7) JH7) W) A5E £¥0) Fasy
=% 44 U3 928 d9RET 94 44 A1Ee Fes Ashel
ok Wtk & ATAME AA A% F2Y AAY A2 ddze AL
#3e AW By, =4 KOFA ddgs 27108 3= SMART%- SEEE
Mg Wge AED - . |



6. AIFE A

423 4dAY 4AEZE ddE d¥L 24¥ By, 235V
LAL EXZ 3l SMART A8 2 17x17 KOFA A H2 AAS 7|ES
2 AFgdle A4S 4988, 24A, JE5H, &4 ddEY AF T Ws
o Br}stch £33, Dysprosium TitanateE FAIA 5B Z ALgsie FS
AL BE oF3 A, WRAA, € B4 Fol ddte Agn-Cd Aloj &3} v

7. =4 8A 7l MY

23477 4 &8 g7 @} SMARTH= 7]& 7heh
2o By x4 Jd B2 AE Jad GFe A F5A 2
qBe) BYF Agol BNt B¢ 202 ALEHA BLo2H F7)
23 F AolR Aol BAoln] ARy AT AYLE wu|ge Ao
A4S sk Gtk SMARTS 4] S4A/MAN ZeAAe ALe 9
o ge =4 So] AL FBE 2A A5HES olu ALB 1F =4
He)4 ZE(MASTER-E 7HHstn 284 44 AA% 44 2= Aws
o SMARTY =4 HA/S4S 98 JBE 14 =4 A4 2= A7)
g 729t |

4

&
)

o

2

ofg

IV. 47 A 23 R &8 g3 39

L =4 344

g &9 330 MWH SRR A22¢1 SMARTY] )AA 7F

_Q‘ .

1% w4 pAstn Hrrekgrk EF, Loizzo FE AN F& 33
CASMO-3/MASTER A4t 3= A E SMART x4 A4kl A48 5 AL

_6_



< HA

3 DA SMARTS AQ=9) 7]20% HNAFS 17x17 KOFAY AQe
7IZE, & =4 ol 200 cmd| W F EA4 HIME FASAT. Ho
AR FEEE 495 wt%S ALRdgon, AEdUcis A8 BEEE
18 wi.%S ALgatde |

FEE 8 e AYsHA 2357 23S BRE HEg, k49
YA BEE AojE ART A FEAd) JEstiel vk Aole
Az AL wrige B WstE goshd, 306 2W e W
g 22 7td4 F4A7) Aolstelol ATk WebA, SMART =4ld] J3e
AdY F4AE WA87) A8Hd Gadolinia, Erbia L HAE o]§% IFBA,
WABA, Pyrex 59 d4 S4& 47313, F 7144 FFAE2 % BYg
Agake ke Adsan.

SMARTS] jste] 4 744 =4l Bd BES 4oz 522 w4 T4
AeAe e AAA FYAE BHAA FHngich 257 AR ASE
B, F71 2 42 AAN RFE JAET 104322 w YA =3A £}
Ak 29719 A}Be A8 B4, 4829 B BC 22A9 =)=
4e AAE AT $BE AR B AU, BC £22H9) 37
248 AolBd AghnCdt 2L 272 89 Fe FA A5Ee 2Y
o 33709 ANRE ABT A 4829 2 BC 23A ﬂ?li

x4e) T4 Fsdtat

m]o rir

sT7) AAr ARAE ol&ad YE 15T F7] Pol: ¢ 1,000-1,100
EFPDo|ow, 1270¢] HFAE © ALY AS, 7] _%l"]“‘& 1,310 EFPD=
Z7beke Aoz vehgeh |

220 wis 4 =40 DA 22Y MTCH DTCE 57711 @z}zﬂ
=Hely 6971] ARA =4 25 42 9SHTH 22 A 2874 37 2
— 7 —_



of B 79 e He Ae BT

=2 FF AS Rel disted a3 @ANE 3712 AL, ol wEs
2 91e¢ Bath a2y, a4 F5A9 $9F 9958 $3 YT

L.
£ X MU AT Asx ds sjdE Zolth

G5 47 FAZe F7] ZolE AU F UAEE, FH 2% HFH
ojof 3}, A& Y &H 2 “Fre #AEA

W 29 EXE NS 93 7haA FaAle s
=3 ] B A224A2 EEE 177 gem’S AE3IE o, 2 gem’ez
ZHA7e HHE JLBE, FF FAH =2V UxFE AR AT 47
7} "2

2. =4 &8 44

SMARTS] W3l 48 449 #¥E =4 &4 23,
A2 ATA 2 HA 27 UL FESHAL A2 =4 I5E ARSL
Arsta 718 SAAED 18 34579 umIRth. HAd gHAL A=
71&E BRAY v {458 71E S@AY 1730190t A A Z
W3 29 £Xo U DNBR A4S PUMAZEE ol&3t9 Y3ttt
HAE A4 Al7ldl ©E& DNBR #3 A%} 4 DNBRE i $aA 9
7 A8 23y A4 DNBR 1528 F1 waie] gk 2048t 2k
.ol frEFo] 71 ERad HE 2] qEFo|ty FAY AHA Hdxm F
A 48 &£4& DIWAN Z=E olg3sle ALdgo. s APA &
F &4 00947 bar2 7| LAAY 7 %otk ole HAE FEAY Do
7b ZolA L frEko] FAstR7] WEelth R DNBR, €3 dFE, ¢ &
4 8% 2 € &EF Aed B3 A% 71§ AR AR A8 E
g Al ABE FEINUT o] ARE 94 €5, 4 &4 2 4 EF A
g A8E s

&

£



3 x4 R/ AT A R =4 4RR Y

A& 949 @Asel HEE x4 B3/2A ASONBRY
4% YT B ALE VI3 49 WO SMARTS =4 HE/BA
AgS A AZE R A% 24 AES RTh & Y AeLdE B
2 SMARTE %4 22 AT Be AoiRol =4 o AYe A7
omE SMARTS oAl H3/7HA AFOZE ANTHOnling TAY B4
o] A3F Ao wHAL AFAA 443 BBIA AAL OAE B
49 x4 B3/ AEE ABBCE7} 7)%d COLSSS} CPCSe|th uwhe}
X COLSS/ CPCSE 7|202 & SMARTS] x4 BE7A AS %Hla_% AE
5ich o1& 951 B4 DNBR% 4&% U=E TS A A A48 4
Fota A 717 Ang AFsek Foh. EF SMARTE 7|& 229 715
RSz AF TE BIHEE A7 AWER, A, AP @R
es] 53 dASs] 2R AW $AH G Bt Ao $HUE
MY Aoz JAHEE BERY I 2Yed AL =E d42 IAE
FAG7 A3 AR A Az Gy WA BEFoIT AA sIF]
MR AE 270 AYHW SMARTY x4 B3/AA 715 HAS AX
@t} 7% A7 925W Ue AL ZEE /LD o) Dawmbased A
At AzPoz BRASS £3 4TS Prtg gl .

A3 9422 SMARTE 2 47 E44 o 7R Agel 7189 A
A%2oe Bolshl ThEth SMARTE T34 20 SEE 87 Wz
 Online2® ST A A4 3 2 A A AFCVCS) B #aA
ATl gtk B =A% 747, 37 B4A% e F2 $F A=
4 7] ol Y& YAFOE Ao AT BEe] A%, ARA0] LA
HEE B wge s ANSE AL AFNIES AW Lol ARFA Q|
ohowehd w4 RN B4 P AN FEe AG BeEse g
Btk @ SANNE SMARTY =43 AFY g YA A Folmz

...9_



=4 AA BN YA 3@ Age o 7hA 44 2 23 8§
38 AESAT £ SMARTS =4 b4 24 s dxE AL
B3 $Ystna Aol® A A2 Axs AR YFA olg Atxnd o
st} 9% 56571014 ASE ABB-CER:Y Qb4 24 PP ynpos
A 1 A% AsAe AEAND, An Hae A% AN 22199 A

44y ARE 7Iesiit

M

4 =4 A 4

ICRP 60°] ANE F¥sle FAASLS HESIS SMARTS
AR A9 AAE A AN PE A2 HAHAT. P 2R
SE 9% 3% 2 % W A% $5E 27 20 mSvh L 1 man-Svy=
AR A 5 AN 9@ A4 ZEE o]F Bxo) =AY 2
38 Aolth WA AW ANE PUE B A4 Z=E Amald WA
2o @A AN EEEE FYSFATH £, BETE BAlo] o3 SMART
o g B & FHR 2AFS B AT A2e WS AL
39T} MCNP4A ZZo] 93 B2 EAE 942 =48 oy 99
7] WRe WA F2E gt ALHEDG. B 97 @AAME SMART
wAe) 29 RIS A4 99 194 ALLS 29590 194 AN
A7 M9% HYo] SMARTS] 48 &7)dAe] & TR Frig 9
& 297 Aol ]88 Mot}

5. ¥z AEA 74 4A

AE AdXA2L G859 AAFHI MY F%F 17x17
KOFA 985 Ol 3= SMART A= /Y vk gisie =295ty
T SMARTS] Z¢ 4¥ desteE f3td $3%F F4se Wz4 33 A
T AR AgHe AT Nde]l AEFoIth ol g, WaANe WA
T 99 Fo 299 =AY Co¥ ¥ Fol7] Y3, 2ET AAF ¢

=10 -



Azo BEESG A AE = x4 AR REHY ] AZr] HASS 5
£3}7] 918l KOFA g2 4d 1A3A, sl 2AA 2 A ARe A
2 M7 WAol 9o g Aoz BT

2

6. YduT 4A

| gasre Y YAE JAME U9E 29, 335, 92
S, 995 A%A 327 L WAAY 259 L 59 A= o3 2aS
sstdor @k dA AANN £3 FolAY AL 3 242¥ AR
YQA2E BAT A3 GREY $9 dd429 dAdzt Azay gBe
HEFHSE g o] AFL IR ELE AL ST SMARTQ. L]
2o o)dsEHs 22A} Zicaloyd WEBoE FHY 4FY VAR
2R, 712 BAE 950 MWe 713 A4 24 17x17 KOFA 29 SU5ch
Gebd SMART SQE%s AN U 45& 7 A5zo4 239
229 A4 AW} Databased] A% oju] AZHUGT & 4 Uk

£ A7AE 9% 34 Zdd Qole 9= 234 3% ol
;estel AWARGOE, EF SMART JARRe] A2 2o i A%
20 Jux $¢ Aoz 45y UEd xy 94 F & BAH] B4
A4 42 Ao WA Th, Thee Ayl daAE Fdd B4
o] We Tk SMART A2 1% AT WA5Y 288L JIE 7 A4
29 23 etk A oAl AR A5l 2= IPol A B
AFo] otk 23 SMARTS AAE @A Frle 72 3§ 7MY 3
T2 1224 ALRT FFE ol 3d o]ide] @ Aog A wa}
X, QAR A F712 I8 £49 QA8 2% FaE As) &4
e Ao FE 9% B was

7. =4 2A A& AL

SMART x4 sl4dA 2 g &l%%& CASMO-S/MASTER

-1 -



= AAe RREE AZF A4 49 L A= AU EE 29 AN G
P 157, 9% 3/457] L U|Z Palo Verde 13.7] 5 % 14379 @3l =
28 A9 2 £4 3 94Q 45 tade uns T 2RUES BAY
024 AZHYT B, ISE U PN G5 =2 HAFS
A7/ HS MASTER 2= sty AT E Hrsgon, @‘]’%74])\] Ab3L
e A% T3 AEe 2AL Pag S ALE grisid 2w &9
BE 2713 71%5< Mgt

- 12 -



SUMMARY
I; Project Titlg
Design and Development of Small: and Medium _Integral. Reactor CQre
‘1.  Objectives and .Necessity of the Study

Recently, small and medium size integral reactors have achieved
remarkable attention in the heat .applications rather than. the electrical generatidns.
Heat applications include desalination, heat energy fof varioﬁs_ ‘industries,  and
power sources for large céntai_ncr ships. Such a range of pdssible applications
requires extensive; use of inherent safety features and péssive safety systems. It-
also requires ultra-longer cycle operations for better plant economy. Innovative
and evolutionary designs such as boron-free operations and related reactor control
methods that are necessary for simple reactor system design are demanded for
the small and medium reactor(SMR) design, which are ‘harder' for engineers: to

~ implement in the current large size nuclear power plants.

In order to secure passive and inhérént safety, thermal margin of the reactor
core is significantly increased. Thermal mérgm' can be increased by loading more
fuels and reducing thermal power density than the present PWR’s of the same
thenﬁal -pow;ver.- Moreover, soluble boron that produces much liquid waste is not
going to be used for reactivity control specially in the integral type reactors for
enhanced reactor safety, and for simplified and modulanzed reactor :systems.
Instead, control rods and. burnable absorber rods shall control the excess
reactivity. Therefore, there are any technically different aspects from large

commercial PWR’s that. use soluble  boron. These -aspécfs-. include core

- 13 -



configurations, reactivity control methods and reactor safety.

The goals of this study are to establish preliminary design criteria, to perform
the preliminary conceptual design and to develop core specific technology for the
core design and analysis for System-integrated Modular  Advanced
ReacTor(SMART) of 330 MWth power. Based on the design criteri:e: of the
" commercial PWR’s, preliminary design criteria will be set up. Preliminary core
design concept is going to be developed for the ultra-longer cycle and boron-free
operation and core analysis code system is cbnstructed for SMART. Such
technology developed and verified through this study will contribute to make our
current core and fuel design technology become multilateral and extend to a
higher degree, and will make us competitive with the developed countries in

nuclear technology.
III. Contents and Scope of the Study

To achieve the above objectives, the core design and analysis
study is performed by several detailed branches. The contents and scope of the

detailed branches are described hereafter.
1. Nuclear Core Design and Amnalysis

Preliminary nuclear core design criteria and requirements are
established for the 330 MWth integral reactor SMART, and preliminary sketch of
the reactor core and basic fuel design specification are chosen. Such design
criteria and requirements include various limiting conditions and targets necessary
for the ultra-longer cycle length and boron-free operation. Preliminary conceptual
design and analyses are camied out for the proposed core.. Nuclear safety is

reviewed and sufficiency of the control rod worth necessary for the reactivity

_14._



control is investigated. Design - interface data generation system is newly

constructed for the analysis input of the other design branches.
2. Core Theﬁhal and Hydraulic Design

Preliminary thermal and ‘hydraulic, core design criteria  and
requirements are established fOr SMART, and .preliminary basic thermal and
hydraulic data ai:e. produced. Critical heat flux correlations are revieWed to
establish the liniiting DNBR. Core thermal ﬁnd hydraulic design. cbde system is

set up.
3. Core Protection and Monitoring System Design and Safety Ahalysis

The current status of core protection and monitoring '.systems
used in domestic PWR’s are briefly examined to determine a suitable system for
SMART. Also, characteristics and requirements of various detectors including

incore and excore detectors are reviewed.

The systems of SMART are much different from those of the existing PWR’S
by nature. Therefore, safety analysis methods and procedures should be different
from those of commercial PWR’s. In order to establish safety_ analysis ﬁrocedures
of SMART réactor, general considerations and ABB-CE 'metliodology for safety
analysis adopted for the Korean Standard PWR’s, Yonggwang Unit 5 and 6 are |

reviewed for some design basis events.
4. Radiation Shielding and Protection Design

Preliminary requirements of radiation shielding -and protection of
SMART is reviewed. Computer code system as well as design and analysis
methodology are set up. In order to generate radiation source term of the

SMART . core, base computational model is constructed.
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5. Fuel Assembly Mechanical Design

Fuel assemblies for SMART must satisfy the stricter criteria
than those for the commercial large scale PWR’s because on-line chemical
control system is not equipped in SMART to decontaminate the every system
and component in the pressure vessel if fuel failure occurs. In this study,
worldwide development status of the nuclear fuel for small and medium integral

reactors is reviewed and development direction is addressed of the SMART fuel

based for KOFA.
6. Fuel Rod Design

The worldwide fuel rod design of the small and medium
integral reactors is surveyed. Behaviors of the fuel rods, pellets, claddings and
failed fuels are examined for the SMART fuels that is based on 17x17 KOFA.
Moreover, dysprosium titanate control rod absorber is compared with Ag-In-Cd
control rod absorber with respect to the corrosion resistance, heat generation rate

and irradiation stability.
7. Core Design Methodology Development

Requirements of SMART include ultra-longer cycle and
boron-ftee operation, which differ from those of present PWR’s. Therefore,
various burnable absorbers and control rods are used to control the excess
reactivity. Because rodded operation is necessary without soluble boron, control
rod depletion must be considered in core analysis. Development of nuclear design
and analysis code system for SMART reactor includes; (a) improvement of core
analysis code MASTER-o that is originally developed by KAERI, (b)
development of -a link systern between group cross section generation code

system and MASTER-q, resulting in consistent core design and analysis code



system for SMART.
IV. Results and Proposal of Applications

1. Nuclear Core Design and Analysis

SMART is an integral type pressurized water _reabtor ‘of which
the thermal power is 330 MW. The nuclear design bases of SMART are selected
for boron free operation. Such bases include cold shutdown, negative moderator
temperature coefficient, shutdown margm of 1%Ap with most reactive control rod )
stuck at the fully withdrawn position, Keff not greater than 0.95 when refueling. -
These bases are evaluated for the 4 different loading paitenis. Moreover,
CASMQ—S{MASTER code systém' is verified through Loizzo test and
demonstrated that this code system can be used for SMART core analysis.

The SMART core consists of 17x17 KOFA based fuel assemblies. The active
height is 200 cm. The fuel rod contains UO: -?ellets with maximum enrichment
of 495 %. U* enrichment of gadolinia bearing fuel rods is 1.8 %. |

Burnup characteristics of various burnable absorbers are studied for the
SMART core. Since boron-free operation. strategy is considered, core excess
reactivity required for the ultra-longer cycle operation should be controlied mainly
by burnable absorbers. Control rods will be responsible for the reactor shutdown
and short-term reactivity changes. Burnable absorbers studiéd fbr SMART include
gadolinia rods, erbia rods, IFBA, WABA and Pyrex. The study shows that boron
shim rods with enriched B' are -mos.t appropriate for the long-term reactivity

control of SMART.

4 different loading patterns are studied for SMART, and evaluated whether

cold shutdown is possible without soluble absorber. With 25 control element



drive mechanisms(CEDM), K. becomes 1.043 at cold shutdown condition. For
the 29-CEDM core, cold shutdown is achieved with increased B4C pellet size.

For the 33-CEDM core, cold shutdown is possible with normal B.C pellet size.

The cycle length of SMART ranges from 1,000 to 1,100 effective full power
days(EFPD) with 57 fuel assemblies in the core, and about 1,310 EFPD with 12

more fuel assemblies.

Moderator . and fuel temperature coefficient are all negative. Especially,
moderator temperature coefficient is very strongly negative from the beginning of
the cycle. It is also negative at room temperature, This is a characteristic of the

boron-free PWR core.

Limit value of power peaking factor Fq is suggested as 3.71, and shows that
all loading patterns can satisfy the peaking factor limit. However, axial zoning of
~ the burnable poison rods will result in improved axial power shapes, and

' consequently peaking factors will be reduced.

For the future works, loading pattern optimization is required to maximize
cycle length. In order to improve skewed axial power shapes due to rodded
operation and very negative moderator temperature coefficient, axial zoning of the
burnable absorber must be worked. Proper size and density of the B4C pellet in
the shutdown rods should be determined to ensure cold shutdown as well as

shutdown rod integrity.
2. Core Thermal and Hydraulic Design

The core, fuel assembly and design functional requirement

related to thermal hydraulic design are reviewed.

The basic core thermal hydraulic parameters are generated and compared with
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the  reference plant of Kori 3&4. Kori 3&4 is selected since similar 17x17
KOFA fuel is loaded. The maximum linear heat generation rate is similar with
the reference plant and the mass flux is about one third of reference plant. The
DNBR calculation is performed by using the PUMA code with the various a)ual
power shapes. The DNBR trend with the variation of core life cycle and
MDNBR are similar with those of Kore 3&4. However, the MDNBR . of 1.52 is

lower than 2.04 of the reference plant due to the lower mass flux.

The fuel assembly pressure loss is calculated with the DIWAN code. The fuel

assembly pressure loss of 0.0947 is 7% of reference plant due to the lower mass

flux and shortened assembly length.

The thermal hydraulic test database is established as a reference data for
evaluation of limit DNBR, thermal margin, pressure performance and thermal

mixing. It includes the CHF, pressure drop and mixing test data.
3. Core Protection and Monitoring System Design and Safety Anzilysis

The current status of core protection and monitoring systems for
nuclear power plant was briefly examined, and thel design bases and the system
requirements for SMART core protection and monitoring systems were reﬁewed.
Unlike the commercial PWR, SMART is expected to operate with h_eaviljr
inserted control element assemblies(CEA). Hence, the  on-line digital core
protection and monitoring systems are judged to be appropriate for SMART.
Since COLSS(Core Operating Limit Supervisory System) and CPCS(Cbre.
Protection Calculator Systems) developed by ABB-CE are currently the most
state-of-art for the on—Iiﬁe digital éore protection and rﬂonitoring systenis, they
are the references for the cbncépt of SMART core | protection '. and monitoring

systems. The limiting parameters(including DNBR and LPD) and the design basis
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events should be determined at the early design stage. Since the SMART NSSS
is significantly different from that of the commercial PWR, it is necessary to
determine the specifications of various detectors, i.e., type, location and number
of detectors. Particularly, the selection of neutron detector is required a priori. It
is also necessary to make the CEA position signals multiple for avoiding an
unnecess.ary alarm or trip due to false signals. Once the design bases and the
system requirements are established, the functional designs are performed. The
computer codes will then be developed to geperate a preliminary databases and

to evaluate the overall uncertainties and the thermal margins.

Unlikely the existing PWR’s, there are no on-line CVCS and related systems
in SMART due to boron free operation. Also the main components such as
reactor, pressurizer and steamn generator are contained in the reactor vessel which
could minimize the occurrence and propagation of initiating events which could
lead to severe cbnsequences and degradation of safety system functions.. Thus
the method and procedure of safety analysis for SMART should be different
from those for the existing PWR’s. The conceptual design of core and systems
in progress, the common items related to safety amalysis such as design criteria
and acceptable limits are discussed in this step. In this study, the ABB-CE safety
analysis methods used in Yonggwang 5/6 umits for the uncontrolled CEA
withdrawal -accident at power and CEA ejection accident are reviewed and
summarized to develope and establish the safety analysis methods and procedures

to be applied for SMART safety analysis.
4. Radiation Shielding and Protection Design

The regulation values including recommendation values of ICRP
60 were reviewed to establish the basis of radiation protection for radiation

shielding design of SMART reactor. The occupational radiation exposure dose



limit and the collective -exposure dose limit -Were established  as 20 ' mS\_r/yI- and 1:
man-Sv/yr, respectively. The design target for radiation shielding analysis will bé
Hdetemﬂned based on the limits. .Tﬁe- methodologies .and computer codes for
radiation shielding analysis were reviewed to establish- the flow diagram - of
radiation shielding design. A new approach was proi)osed to estimate the fast
neutron fluence at the 'preésmg vessel using Monte Carlo simulation. Monte Catlo
simulation by MCNP4A code is applied to the total reactor structures including
reactor core and other structures inside reactor pressure vessel. In this study, the |
first step was carried out, which is to generate the power distribution in the
SMART core. The source term file resulted from MCNP4A .cz-ilculation for
SMART. core will be used for the second calculation to estimate the fast néutron

fluence at the pressure vessel of SMART.

5. Fuel Assembly Mechanical Design .

.W0rldwide _development status of tﬁe nucleér fuels for small and
medium-sized integral reactors has been in{résti'gated. In addition, utiliz_atién_ of
17x17 KOFA technology forl SMART has been discussed. It is concluded - that
design of some parts such as upper end fitting, lower end fitting and spacer
grids should be modified in order to accommodate the unique features of
SMART andfor to reduce contents of Co®. | |

6. Fuel Rod Design

Forl the optimurﬁ fuel rod désign, operation oonditioné 01; the
reactdr and the core such as fﬁel po{;ver, enrichment, buinup, reﬁleling 'Ifrequénc-;y,.
and type and temperature of the .coolant, .etc. should be considered. ‘Surv.cy on
the fuels of the small and medium reactors in the world showed that majority of

the water cooled reactors used the UO, fuel with zirconium alloy cladding. Fuel
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rod in the SMART reactor is a cylindrical rod with UO; pellets cladded with
Zircaloy-4. Its design is based upon the 17 x 17 KOFA fuel for 950 MWe
PWR. Therefore, it can be said that general performance of the SMART fuel rod
has been already verified through the sufficient -experience and data bases of the
fuel rods of same desigh in the commercial PWR’s. Since the operation
conditions of SMART fuel rods may not be more severe than those of PWR, it
is not expecfed any significant problem in the performance of SMART fuel rods.
However, the followings need further attention. Water chemistry of SMART
reactor primary coolant is slightly different from that of PWR’s. Therefore, its
effect upon the fuel performance need to be evaluated and verified. Refueling
frequency of SMART reactor is 54 month while that of PWR is 12 to 24
months. Therefore, the effect of the long refueling interval upon the degradation

of the leaking fuel by secondary hydriding need to be evaluated.
7. Core Design Methodology Development

The uncertainty of the CASMO-3/MASTER nuclear design
system which is used for the design and analysis of the medium size reactor has
been evaluated b-)'r the systcinatic analysis based on the steady state and transient
benchmark calculations along with the 14 cycles of plant measurements and

physics test data obtained from Yonggwang Unit 1, 3, 4 and Palo Verde Unit 1.

The Analytic Function Expansion Nodal Method (AFEN) has been implemented
in the MASTER code in order to improve further its accuracy, and an axial
shape matching function has also been included for the severe accident analysis

requiring an extremely skewed axial power shape.
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o} Case 5% Case 49} Z& H$olu, 47 IAPRAE WABAZ dAF 3¢
31, Case 65 5 wt% 7tEYolE-& A& A$olth o] 1Yo & &
ARo] F71& 7+ FAAREE Aol 2 % oJUHE FAES L 4 ek 2
At F712 &Y LA ZFBLEE Case 29 ojHo}E ALgIE A
< 54 .%O]“'T 207}] 7198 F5BE AFRSe Case 39 AL 71 :%i)’ﬂ
Case 29} 3& BT} B %9} 7144 F5A9 Abgol stk

a2y 325904 7taN AL Qad mE weEd AW = Jue
-7 -



mAls A ¢ F Atk gHA, =4 BEEst 7 2 d4eT0A FAY
FE=E Fristd 2o a9 3274 JEAT. Case 32 Case 49 22
ALOyB,C 7194 F55S AHE3IRE AASA ¢skth of agdA "7
o] R3E A ]01v57} F&58 Agolth & ZtEgYohdt ofHlolE ALEH
At FF 2517‘10‘1'11‘5 gRo ofgfgo] JidEd: ALO:BC 7144 F
BE AHEE A FAAREE 48 %9 AFEHD, T2 7194 F5A 0 9]
3 433 F2 AAAFE EAHES €€ F I¥H 2, AL Sx71 w
g 5 wt.%9 71EEUolE AR o] AlEF Case 69 B ZE IH
A 9 wt% 7S] ol ALE§ Case 1HTH AR AFE BHAN TS B
% 2748 Jehin glch ol =4 97 wxR tEYYelt dE =
A H3] FiiFozs Wy &AJH AojErtrt Aoz FAAHAT A
Folt}.

i

J2HE JE Aol gl $34 x40 33 mge Aol¥rtd Ju

s 3 ARAFE é}ioﬂ ZQH L Fojo} & AL & & g} AL
Hog 30 % o4 ¥=" BYS AL&3 ALO:BC 7144 FHio] TEA

24%7) 3¢ dA4sts SMARTS F2 74 F4802 HAs ).

_.78_



X A=A i
5 @8 Ase ol 7tad T
[l aw gaz
W Heavos

o8 321 #43 7}anw ’F}:" aike %—rzﬂe AH-8-%F
1/4 QA8 JEA WG

1.20

1.15

1.10

1.05 _
e [ — CASMO
a In . HELIOS
1.00 £ d
»
095 [
090 o
0.85 " 1 B i 1 1 ) I
0 500 1000 1500 2000 2500 2000

BU(EFPD)

:1%'3.2-2 12 wt.%Q—] 7}%EM°}%—%£?E}%} AFA Y 9458 Ko W3}
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1.20

k-inf
E

0.80 1 1 L L 1 -
0 500 1000 1500 2000 2500 3000

BU(EFPD)

29 323 2 wi%s] AEPUclRH 1 g/em’s B ASHYUS 74AA
F2AE 2ot ARAY J253 K. 93

0.85

120 -
1.15 E.
110 £
1.058 ; AW
- - 5N — CASMO
z " - Ayt | a HELIOS

0.90 ¥

0.85

0.80 1 1 1 1 1
0 500 1000 1500 2000 2500 3000

BU(EFPD)

g 324 2 wit% 71EEYolE s 25 g/em’e] 4 JHEEUS 7MAA
FrAE TEde AFPA Y da=E Ko W3}



0.08

- - Case 1
2 .
g 3 Case 2
§ @ Case3

5 Case 4

-0.02 : ,

@ 10 20 30
Burnup (MWD/KgU)

29 325 7144 F4A F7Y =4 dio) gE 2RUSE

2 BIIOIRS, (%)
4

Case 1

Case 2

Case 3

Case 4

Case5

Case6

39326 37z FRAY A AAARE
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HIWRE, (%)
-2 0 2 4

Case1 |-

Case2 i-

Cased |

Case$ |-

Casab |-

a9 327 F71% AAARE
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@ A8A 74 |

- 19 328%H 32 1877}11 ol RuAd Aed AFA 9w
T8 Jehiloh 2E dAge U® s55e 429 A48E qdg A
Z 7129 5 %] AZ A 005 %E Lstel 495 %2 AFAAT: £
dolg Auststsl A%k A5 Ao FHES AHSSNCh ¥ 3224 &
Az WA AH8Y AR¥ % tad FFA TS YRS

5% B AHEE ALO:BCS AEEUolRe BNF WLE AE 9
sted ALGYTH F2 35 %2 $FHE BUS A € olfe A ¥an
o E%) 21 A28 %3 2%F7) =49 F2RH FRAR 2B
$EE s 9 Aolabl Aol FAzIN 2F AL A

A ARE AR Asd da SE7b BE AEAUEE g

WSS &g Aashizs s

o RIAe 88 /1A F5AE a9 BE BT AF HAds B3
AN FAHHAE vk 2, FFARS A8 F5A FH 92 3

B2 Qlste] Aio ME FPHA ¥EE W AL Aol7t Qg AR o

ARz, dul A7 AN Agdside 2A7 gtk AF A2A @A
Ae “]Z:}'E ATE +93d AT A9 HHHE ojFojo} Q‘ Aoltt.

—83f



¥ 322 ¥ydz AFA 74

. AAT | A9 | Gd ALO;BC | ALOsBsC
TE | gas® 2| Gar 4+ | wth | AAo® 5 | 9 B
Al 240 - - 24 32
A2 240 - - 24 35
Bl 236 4 4 24 35
BD 232 8 4 24 35
B3 228 8 4 24 32
P8 244 - - 20 S
K3 244 8 4 12 %
KG 216 24 4 24 35
K 248 3 4 12 35
K6 220 20 12 24 35
A3(") 244 20 4 . Y
K8 240 12 4 12 35
T2 228 12 4 24 32

(*) A3= F7I2 ATl 24 PyrexE FA A3




A1 : 32% enriched B.C Shim Rods (24)
A2 35% enriched B.«C Shim Rods (24)

H HE SUNEAS
| X a7

D *Normal Fuel

B.C Shim

29 328 YEA PR =¥ - AL A2

B1 : 35% enriched B:C Shim Rods (24) / 4%-Gd-1.8% Shim Rods - 4.

LT

GarT.

~-Normal Fuel

BORX

Gd F{od_ _

_ B:_;C Shlm _
29 329 A%H AW =8 - B |



B2 . 35% enriched B4C Shim Rods (24) ./ 4% Gd-1_.8% Shim Rods - 8
B3 : 32% enriched B4sC Shim Rods (24) / 4% Gd-1.8% Shim Rods - 8

o

I.T.

G.T.

Norma! Fuel

X
<
O
n

Gd Rod

B:C Shim

Y 3.2-10 A FH =¥ - B2, B3

T2: 35% enriched B4C Shim Rods (24) / 4% Gd-1.8% Shim Rods - 12

.T.

G.T.

Normal Fuel

N
N XK

Gd Rod

B«C Shim

2% 3211 AEA AR ZE -T2
— 86 -—



P8 : 30% enricied B,C Shim Rods (20)

LT
X GT.
D Normat Fuel
B.C Shirr-l._

a2y 3212 JPA AW =y - P8

KG : 35% enriched B.C Shim Rods (24) / 12% Gd-1.8% Shim Rods - 24

LT

X aT.

|:| ‘Normal Fuel

B cirod
B.«C Shim

oR 3213 FEA 4H 29 - KG
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K : 35% enriched BsC Shim Rods (12) / 4% Gd-1.8% Shim Rods - 4

l.T.

G.T.

Normal Fuel

Gd Rod

X
X
[
u

B:C Shim

9 3214 AYA A 23 - K

K3 : 35% enriched BsC Shim Rods (12) / 4% Gd-1.8% Shim Rods - 8

T

G.T.

Normal Fuel

X
]
n

Gd Rod

BsC Shim
a9 3215 FEA Fd 28 - K3



K8 : 35% enriched B«C Shim Rods (12).1 4% Gd-1.8% Shim Rods - 12 .

\T.

X
X ar
B ] Normal Fuel
B iR
B«C Shim
393216 JUA FA EY -K8
A3 : 4% Gd-1.8% Shim Rods - 20/24 Pyrex in GT
| '
SOAS
) j B G71/Pyrex
D Normal Fuel
B GdRod

O 3.2-17 AgA B8 =Y - A3

- 8 -



K6 : 35% enriched B4,C Shim Rods (24) /| 12% Gd-1.8% Shim Rods - 20 -

|,

I.T.

G.T.

Normal Fuel

Gd Rod

XX

B.C Shim

Y 3218 AYA A4Ad ¥ - Ké



A AR 229 AF AR

| A% A% 2=Q CASMOIE olgste) 2A4E 4]
918le] 17x17 KOFA®] tste] B2 A¥E 4889tk CASMO3= 234
Oz F4% 44 P4 olgse, A5zd A4TE Ad= AWA 2
v 99EPe 92 ALE FYSE T=on. o] REE UFYY YA
220 32y 722 AYD FSE AYY + Jon, 48 FFY AD
q F¢A, = AS), AolE 5 1AL & Ao BF, =4 A% T
gahc WAl 99 dE 97 84 sEe 23 A Ad 10 Mevr
A TP 70- EE 0-UATE BAD dRde ALET AELY}
9 f& 9@5e MICBURN[2-10] 2=7} ule] X8 A4& CASMO-38]
Solneizlol THAA AYA Axe) A§Wch CASMO3A BF FAP
Ame @1 B2E 279 A S

AZ Ae 9% A2E ¥ 3219 e ALY vgg Flen, 1o
AAE 718 A9 ARE E 3239 £33Q%. =4 #E Eold A
€ 2= 2¥olNE 3748 A2Z2ol4Zy4) 1= 119 J=d §F
S(ncone) 0.2 o] %olA gtk F 3240 TP Ano|As} &YH, AZY
5o ®As YEg Uitk ZE= asolNe HF USE 68314
g/cm’Z A, Zry-49} A=A 7z} 79428 wt.%S} 20.572 wt%a z]-z]a]—_,__ |
_,J,C} MICBURNY) ‘?J%]E]t age ’*EHOIHA H‘QEt Bgﬂa}ofl 0.07898
g/cm& A&

A W dAdEF 2 7HEHUc} 71 489 Ad 23L& 19
32-199] Yz gtk #49s% 2 /SRy U™ $25E 5 wt%
g Agdgon, HEaoRe 9wt HEHUE g dds
AZA 713¢ 28 24 A= Bib ofe), I A(Dish)%h A (Chanfer)
a8z A4 ddE HEd 234 B Arle 22ALY B
e S Ydne 45 ‘?J_E.(Stack Denmty)t _011‘_"_‘— el 9227 %<9

-9 -



10113 an’® AHSSiiTh AFEIUlEY $E YEE 4 (229 7L
ABB-CEfit] A7 o) oste} 984 g/em’e AN |

SDg=—2or x (T.D. ~0.033% Wap). (322)

o§714 SDc T3tz shs 7MEguolEel #E UE (g/am’) 0|31, SDs
= U 99829 43 9%, TDE YaA839 & YL 109 g/om’,
Wepee 7FEA F5A¢ 7HEEively 3% HAEoth Fng 2ZA 9 &
A dx PDE A]—-g-'é’]-% Westinghouse-jit %Y. é]. (3.23)8F 2o}

SDg=PDx(10.96 — Wgpx0.04)/10.96 (3.2.3)

AolB HEAE ¥ 32304 RGFF0| 30428 27F(SS304)S AME-
gt} 58304 A (Fe) 6835 %, UANI) 11.70 %, ZE(Cr) 1740 %, T+4(Si)
051 %, B¥7HMn) 199 %& ool FFeln, 79 g/em’e] WEE et}
A%z AN 22 A% FF EFLL HEE(M)T tU2Z A& (Dy) 23
Eo| EFEE TOrDy.0s0lth EFES YEE 60 g/an’e]™, Ti, Dy, O
o] AR 47.88, 16250, 159998 o|L3}od T3 2} Lxte] U= 2}
0.007979, 0.015958, 0.039895 atoms/b-cmo]t}.

E 3.2-5¢] MCNP[2-11], CASMO-3, DIT[2-12], HELIOS[2-13], MASTER =
=2 A48 27 TIFNEK-)S 3@ PInstd. DITE ABB-CEfto)A
ARshn AEE 239 54 olE ZEeA =49 27 AR AL 9P
AFAS dEsle $44 vRAD, 2 99d 04 A% AL 98 2

A% B2 WFE 25F 4% UHL Yus) FE= 0|t HELIOS
94 239 247 44 olE m=olw, AR Aash FuHE AL 5
& #9% & 9lom, 429S AURORA[-14]8 ZENITHR-15]7+ 2k} 53]
@t} MASTERS] @7h= CASMO3Z 44 WRAL o gl Asd A

oI, F2be] FoIE Holw Yok ol AR EHE neSY] A5 wE
-9 -

Al



o] 71E AEdA Rold BS o0/oT, I B A IAE Ase] 9B
ojct. AelRe] ¢ A2V YehelX HELIOSS DITS) 2.2 K. A% Az
g ulmsted Ry Ho AK7} %»?.-01]»&1 0.005540]31, 31204 0.004158 RE
=7k A WLEE T AZ%n Uee F & Aok ARl 4UE
A% WSE Aol7t FAFE RE T & Ak AclRrt AW Faw 0
$E 2olZ BH, FLolx MCNPe] 74 23772 %Ap, DITSh HELIOSS] 7
A AIe 25526 %Ap9} 26.525 %ApE Ho 275 %Ape) AolE Vel
LANE B2 AFL BT ATk oldR AR AL TEY Holx W
g ZolE dehla HEHo 2 x4 4 2= A BFRAT o
F¢ A 9o Aloj¥rte] BRI FEEN BAFHOZ 10 %Y FE
859, DITS HELIOSY @st: @ 9x)shm o -

79 32205 32211 ALolA A4 AL D=9 B BES vwew

© \Th DITSt HELIOSE Hth &3 o7k Aloj%o] A%d A% 2 %, Ao
ol AdE 35 25 %= g3 2 dAsn 3ok CASMO-3¢t MCNPE

At} 3 % olUR YXSIL Atk AolR A& CASMO3% DIT: &o

HaF e dAzgo) dsl Aok 58 %9 Holg Holw AMHez ¥ I
)8 ot | \ - |

© CASMO-3, HELIOS, DIT7} d&3te d@qA d4%d BE Ko 719
32220 deHAQE 94 F4AY S Gie 39E n1zos
B9, AEduUctiel It A% FAREH Bk} 245 % %0
AAA Ko7h o L06YE 118744 Z7184T 712 APAL) Ko 388 ob2h
FAEANA werte Ao YA PasT Y 29 322 A ==
o da A A7} B YT U8e Bol b

_93...



X323 A7 AN 2o AF ALE A% V1R ARA A=
g 5 9 A 23 ne A -
EEX MWt 330
AT+ 2% °C 270.0
& BE 2% °C 290.0
HEF g & °C 312.8
3 s _% °C 480.0
71E B e ppm 0.0
W3R ¢ MPa 15.0
A% wx) cm 21.5036 21.6074
AHA X cm 1.260 1.266
A%
- 24X A7 cm 0.805
- HEA P R cm 0.411 0.4118
- ¥ & wA cm 0.475 0.4759
- &3 AR Zry-4
-9EA 2% g/cm’ 6.55
Sk |
- 8|& W7 cm 0.570 0.5709
- & 93 cm 0.612 0.6130
- A8 Zry-4
-4x g/cm’® " 6.55
A) 0] 8-(TiOx+Dy,Os)
- B A
' . AE 55304
AR g/cm’ 7.9
A cm 0.888
.97 cm 0.968 0.97256
- FFA
L AE TiO2+Dy203
. 27 om 0.888
=1 g/cm® 6.0
. =9 cm 200.0
e §& o) cm 200.0 200.84




¥ 324 A% AVE 99 1= AfolN A=

gE

| o 2 A
= 7 P | ] A
A = | e ‘E_. Tl Kg | (g/em)
ade AW oA 3 11041
Zry-4 | €8 B | 3 0.131 6.55
P 1 | 0125
EE 1 - 0.685 |
Inconel | ¢ 2= & 3 0.083 - 8.19
' 2xg 3 :0.003
¥ 325 AR FAHA 9 27K ¥l
Code | - 3 2 '
A% JE Aolg A9 | M= Zo] (%)
CASMO-3 | 1.16570(1.16618) X -
MASTER 1.16725 X |
MCNP 1.16870 0.91460 23.772
DIT 1.16932 0.90061 25.516
HELIOS 1.16378 0.88927 26.525
RDIPE 1.16997 0.87753 28.484
a L& L
A% s AANs 44 BS-= 2ol (%)
CASMO-3 | 1.08503(1.08512) X
MASTER 1.08501 X |
DIT 1.08573 0.80564 32.021
HELIOS ~ 1.08158 0.79809 32.842
RDIPE 1.08594 0.77343 37.208

7) 2349 e UAF BEAL AR AL Aol

..95-'.




32-GD(9 wt.%)

GUIDE TUBE
INSTRUMENTATION TUBE
[[] NORMAL FUEL

: . Gd BEARING FUEL

a9 3219 AF ALE JFA F3RP 2F (17X17-24/1 KOFA)



- CASMO-3

0.000

0.000 - MCNP

0.000 - HELIOS

0.000 - DIT

1.023 | 0982

1.010 | 0.991

1.042 | 0.993

- 1054 | 1002

0248 | 0.8%4 0.249

0246 | 0917 0244

0247 | 0959 0.247

0252 | 0.949 0.252

0.000 | 1116 1.094 0.000

0.000 | 1.113 1.097 0.000

0000 | 1.102 1.105 0.000

0.000 | 1.115 1.108 0.000

1190 | 1.106 1.045 1.218 1.226

1184 | 1.103 1.052 1.217 1.211

1169 | 1.103 1.074 1193 1.221

1192 | 1112 | 1.075 1.205 1.226 .

1193 | 1.051 0.257 1.154 1.277 0.000

1.187 | 1.054 0.253 1.167 1262 | 0.000

1172 | 1.076 0.253 1160 | 1.250 0.000

1192 | 1.076 0.258 1.160 1.264 0.000 _

0.000 | 1.151 1.118 0000 | 1152 1.093 0.259

0.000 | 1145 | 1.136 0.000 1.164 1108 [ 0255

0.000 | 1.133 1.127 0.000 1.160 1.104 0.256

0000 | 1140 | 1124 0.000 1.161 1.096 0.259 _

0259 | 1.040 | 1130 1117 0.259 0.983 1.007 1.100

0253 | 1.044 1116 | 1124 0.253 0999 | 1016 1.094

0255 | 1068 | 1126 | 1122 0.255 1.007 1.023 1.081

0260 | 1.059 1.130 1.120 0.259 0.998 1015 | 1.077

1.026 | 1.007 1.136 1.108 1.020 1.086 1132 1.172 1.218
1.026 | 1.092 1.133 1.108 1.027 1.075 1115 1162 | 1.200
1.039 | 1.086 1.119 1.094 1.034 1.068 1107 1.141 1.179
1029 | 1080 | 1114 1.088 1.025 1.062 1.099 1.130 1.161

19 3220 42, ANE 9% A4 AN = 2Y BT ¥




0.000 - MCNP
0.000 - HELIOS
0.000 - DIT
1.153 1.073
1.150 1.066
1.165 1.083
0.280 0.893 0.286
0.281 0.915 0.283
0.282 0.923 0.286
0.000 0.898 0.855 0.000
0.000 0.902 0.882 0.000
- 0.000 0.919 0.891 0.000
0.953 0.997 0.936 0.921 0.956
0.954 0.978 0.937 0.916 0.952
0.971 1.001 | 0955 0.931 0.974
0.964 0.977 0.291 0.868 0.911 0.000
0.962 0.966 0.289 0.892 0.916 0.000
0.978 0.980 0.294 0.901 0.931 0.000
0.000 0.953 0.924 0.000 0.905 0.958 -0.323
0.000 0.962 0.951 0.000 0.919 0.978 0.323
0.000 0.972 0.952 0.000 0.918 0.969 0.326
0.301 1.070 1.129 1.015 0.317 1.163 1.270 1.424
0.299 1.076 1127 | 1.039 0.314 1.169 1.287 1.429
0.301 1.082 1.141 1.031 0.318 1.154 1.263 1.403
1.202 1270 1.304 1.269 1.243 1.368 1.461 1.554 1.647
1.188 1236 | 1269 | 1.250 1.244 1.346 1451 1.539 1.613
1.181 1.238 1.271 1.244 1.222 1.321 1.420 1.502 1.565

a9 3221 AL, A% AU AA AN ZE &8 B¥ Ha
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Infinite Multiplication Factor (K inf)

1.6

0.8 — - L !

o 1000 2000 3000
Time, Effective Days

—-NO-BP, NO-CR .. GD-BP, NO-CR
+ HELIOS GD-BP, NO-CR  DIT GD-8P, NO-CR

39 322 dAEd GE AEA K



2. A5 AN
() @83
¢h edd g5

A Aoz JY4E gEZL x4 QAL F A4, ¥
dE 2%, A&EA 2 2 9UE, 344 FE 5] Wsty st olH
ZA2 GHAL “Tableset” oldls ¥ Aoz 4 A9 dzge] Hr)
~ Tableset £oll& Y9 ALENH ZHFTE the JoE EH3E F.

o( B, ppm, T, _Tm, D.,)) = o( B, ppmy, Ty, Tm,q, D, o)
+—90_ oot WS%A\IT, (3.2.4)

oppm
+—PL— N Tt~ 4/ D,
N T, ” ﬂDm ”
q71M, o' ©HE, Bt g4k Bt 4R $UE, ppme 84 22

FE, T 448 L5, TS 284 &5, D& 244 Yxolth ok 3

A 07 2 AR 1FE 2AL AvEa, 45 7 AR sFE mPen®

. He welE zad

R Ao P AN 2 2HNA =4 AdE £PY g Y52 2
AR 4 itk a3y, A2dA =4 o 44 2E/A YWe 999 7
A L= W) tale A Wae MRFo| ohyng ole] Wste] A
AA A3y 1A HZ3F  FiPMethod of Lumped Higher-Order
Macroscopic Cross Section Derivative)[2-16]2 ©]-& 3} gt}

ANH 235 13 43 GRS 20e WY vage 14 gol 9
sl PastEle W, UnA 24 W8Re s AN gus Hag
o2 FAAEY Utk A, BE 939 UAF gEAL 14 62 A%
g 2E 4 (3249% Zo| ¥4, TH ANF vud ugge 4

....lw_



- (325)%k o} ¥¥AY,

AAT)=ZNLo.AT)~o(TH @25

AT, 0, AT = ol i) + B (T Tpp)olo, (THE FAUA i
o F&A LE T, A8 grdolth
| b 83
Téblesetﬂ] XgE= 9L MASTER 327} iiE]ﬂ - 91-
5% QAL #7500 B MASTER 2§ 919 458 E 5269

st vt 2ol FUZ, AHAY FHA, NBA WHED 8 x4 7B
T 74 842 7RI | -

F93e 299 942 PN, MASTER 94 Tdd] TgdE me
BFo] TP olok . 17 32237 32240] CASMOBS} MASTERS] A}
85€ FUF9 &S BeFT o MASTERY] T¥siX @e Yoz
FYFE TEE Bt BB AYD0] ANY GuHY Yo HEYEE
B EF 11 $9) $UF0] MASTERY =, 2 3 NP CASMO-3
o golnzest eude AQstA @r) WE) BEY Yo B PrvL
2.

“POIS"2 BAHE A4 EFAE BY Gd, Bt B 59 948 vehd
. ol B9 A2EL 9ZE $AA =N dar} A

Pm, Sm, 17} Xeg AYF BE tﬂ%‘é._*g"é%“?‘-"FI’J"-@'—i B 3
4ol dE 222 BRY0) Ao |

Bo) TS} g& BY, &, A27) B, 728 Fo| Ag x4 A2

.
RS B

p—

- 101 -



"RESI'Z. ®9E £ 94t $9U57} 34 12 X458, MASTER
RHA kot CASMO-30lA JA&A Aol naFE 718k 59 9428
Edsith =, RESIE AA9 AAA 92 Tableseto] 4 Helses 2E

OAH guAn 949 $UEE Fo9 JE ANA g gate] Aol
g mH.

Aol wHAe DELE (1s#<3) 8202 FASH, ARAY Aolw 4
A R AE 2HAA ANF gHFHY Aold P

(th 8383 Ay 72
EF A FFY @RFo] e Zo] FEEY-
1 & gk wiAbA] o 3 [2-17]

2. W7 e WRARA ohE H[2-18,2-19]

2 3% A @ERe BV HO09 BNF RT3 ¥g BAA
d9e FEE T ANE T

Fz7 A2 g22g yaid geds ga] Hop & Aok, = whek uka
A Qo)A ckrel WRA Aoyt TR ASe]  4PL WAA For
2 st wAAe st gEAS Agsta ok deHog AR whabA
A Y BEHg Algstn oo, 98 B FEA] 22t WAL
9qe YA uE ko] Houz 1 A2Y AN ANY G
AAS BE =4 2ANA AL Utk 29 32250 & gk WAl o
9o @uy 72E BYF3 Ak |

w7 g el gRAe Uk JEAY WEGaflesl FAW
A FRAA FARE RENe TASE FE AANFH vddes FAdIG.

W73 WY wAE G980 254 LERgE 34 ¥E6 Bl I
' - 102 -



o ke, 34 sEd U@ WRFT TAYT. FAY BF BT Wy

A wEde Sus YTA, FAHShoud), FEAE YA WAT 14

9 7z 4AeE 93 Aok W) WA BAFAS FAY B

4@ AL WA SAAE TR BAVA (o) TS R T

23] ATk -

. Ppa—d

Yop= Pra

o, Prae ATA HAoIR, de #HEE AT R WF WA 2

9 A FEE I8 32269 EASAT.

(3.2.6)

At =4 73]"1‘-8- oA :llét a9 32273 gl V-Flssmn —;—‘a
(Fission), ¥ ¥ (Capture), F-4:(Transport) @ A H(Removal) & —5-0'_] z
FE drldE 4 324F 9% ZE Fur} THF] Yok @ APA
gisted shvel BEE MEGSenrt WAHH, $ $Pes tE 24L BE
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REFL REF_AXIAL % Heading
AXIAL REFLECTOR B-10 + H20 + STRM TOP 3" o
363208 +01 8. 520508+00" 0. GO000E+00 "1, 732508-02! 6roup-1 : B

1.98100E+03 1.52250E+03 0. 00000E+00 0. 00000E+00: Group~2 '

9,01760E-03 7.98400E+00 O.00000E+00 1.67280E+00i Group-1 . @ H0

3,42090E-01 4.20930E+01 0. 00000E+00 0, 00000E+00i Group-2 _
6.81480E-04 6,79285E-02 0.00000E+00 7,27480E-04] Group-1  : Structure Material
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________ ¥ Pressure(bar)
1,55130E402""
1.39492E-03 2

1.57T314E-01 J.»

2.11940E-07 d2,;/dppm

4.86319E-05 d2./dopm

4.03374E-01 2y

1.65066E+00 e
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- 542484E+03
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5913178402 ,
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. T69938F+04 .
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i . 226161E+03 . 226174E+03 |, 226147E+03 | 226085E+03 . 225989E+03 . 225868E+03 |
.................... \225386ER03 _ :
,101827E-03 . 101069E-03 . 100886E-03 .104819E-03 . 103004E-03 . 9986GOE-04
,965128E-04 ,944080E-04 ,914316E-04 . 872459E-04 . 838766E-04

. 573904E-02~, 570355E-02-. 573315E-02—. 583832E-02~-, S83707E-02~, 590643E-02
- . 599963E-02~, 606781E-02~, 624768E-02-. 628363E-02-, 632932E-02

-, 100996E-02~, 126000E-02~ 155666E~02~, 193043E-02~. 228175E-02-. 288830E-02

4oy (Bm)/dppm '
Aoy (Bm)/dppm

dos; (Bm)/d’ﬁ

. 342752E-02-.
. 137497E+00~.
. 175211E+00-,
. 632119E-03-,
. 592637E-03~.
. 221157E+00~,
. 238915E+00~-.
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. 1657265402
. 331998E+04
. 328566E+04

. 218356E+02
. F71005E+02
. 331638E+04
. 329106E+04

401595E-02~-, 508172E-02-, 591069E-02-. 642545E-02
147073E+00~, 150747E+00~, 157625E+00~. 170534E+00~, 166289E+00
188884E+00~. 186067E+00~, 211130E+00-, 191499E+00
667500E-03-, 773859E-03—, 808930E-03-, 819659E-03-, 711918E-03
617695E-03-, 516558E~03-, 482750E-03-. 504255E-03
222962E+00—, 224843E+00-, 226501E+00~, 230412E+00-, 233720E+00
243342E+00-. 2468T4E+00—-, 25071 7E+00~, 24841 2E+00

. 234863F+02
. 132980E+02
. 327754E+04
. 332665E+04

. 235642E+02
. 1152208402
. 318070E+04
. 328216E+04

. 233282E+02
. 108292F+02
. 318312E+04
. 335180E+04

. 223T26E+02
. 323636E+04

. 394756E+01.
. 394015E+01
. 393995E401
. 400055E+01
. 407526E401
. 410535E+01
. 410725E+01
. 41203 7TE+02
. 40243TE+02
. 400464E+02
. 398006E+02
. 02150E402
. 403935E402
. 403117E+02

. 395435E+01
. 393317E+01
. 305074E+01
. 401464E+01
. 408288E+01
. 410719E+01
. 410598E+01
. 406507E+02
. 402585E+02
. 399848E+02
. 3091 75E+02
. 402644E+02
. 403940E+02
. 402824E+02

- 3960508401
. 392644E+01
. 396187E+01
.403116E+01
.408942E+01
. 410830E+01
.410445E+01
. 405003E+02
. 402743E+02
. 399403E+02
. 399654E+02
. 403092E+02
.403874E+02
. 402521 E+02

. 395591E+0%
.392235E+01
. 397251E+01
. 4045478101
. 409487E+01
. 410875E+01

. 403B4BE+02
. 402629E402
. 399106E+02
. 400202E+07
. 403413E+02
. 403761E+02

. 365114E+01
. 392260F+01
. 397944E401
. 405681E+01
. 409928E+01
. 410865E+01

. 403047E+02
. 402172E+02
. 398858E+02
. 400820E+02
. 40371CE+02
. 403585E+02

. 354505E+01
. 392893E+01
. 398774E+01
. 406658E+01
.410271E+01
.410814E+01

. 402564E+02
. 401340E+02
. 398732E+02
. 401460E+02
. 403858E+02
. 403362E+02

. 633130E-04
. 599213E-04

-, 939110E-03-.

. 988129E-03-,

.119267E-02 |

I B

. 130460E-02~,
. 184451E-01~,
. 249387E-01-,

476885E-03-.
462985E-03~,

. 331438E-01-.
. 367588E-01-.
- 164898E+02
. 132201E+02
- 549916E403
_55338TE+03

.628772E-04
. 585842E-04

. 16ZB0BE+02
. 138143E+02
. 550087E+03
. DB34T2E+03

933502E-03-,
996170E~03-,
101600E-02
186885E-02-.
196536E-01-,
279358E-01-,
49706 TE-03~-,
483012E-03-,
335012E-01-,
375547E-0L~,

. 175129E+02
L111714EH02
. 547300E+03
. B60200E+03

. 625553E-04 ,
.569010E-04

942039E-03-.
102650E-02-.
644531E-03 .
252341E-02-,
Z08552E-01-,
273488E-01-,
571346E-03-.
423121E-03~,
340191E-01-,
382238E-01-,

. 540104E-04

. 176974E+02
. 102044E+02
. B30636E+03
. D52B86E+03

650163E-04

958244E-03~,
103088E-02-,
291190E-03-.
366721E-02~-.
226002E-01-,
315061E-01~,
604701E-03-.
401354E-03-,
344063E-01-,
388773E-01~,

. 639439E-04
. 519333E-04

. 177543E+02
. 992784E+01
. S31577E+03
. DB6TB1EHO3

955124E~03-,
104271E-02
850263E-04-,
406141E-02
243610E-01-.
273603E-01
613463E-03-,
419903E-03
352016E-01-,
383883E-01

. 622196E-04

968315E-03
752001E-03
237487E-01
534892E~-03
358206E-01

. 169301 E+02
. 542308E+03

£ 283585801
i, 282799E-01
i, 280619E-01
|, 282155E-01
i . 282860E~01
i ,281628E-01

| I D I |
Vo

. 459939E-06
. 411190E-06

279463E-01

. 285552E-01
. 282000E-01
.280851E-01
. 282453E-01
. 282766E-01
. 281304E-01
, 2T9089E-01

. 285004E-01
.281201E-01
. 281081E-01
. 282662E-01
. 282624E-01
. 280954E-01
. 218T025-01

. 284508E-01
. 280600E-01
. 281288E-01
. 282806E-01
. 282434F-01
. 280597E~01

. 284070E-01
. Z80357E-01
. 281499E-01
. 282892E-01
L282197E-01
. 280226E-01

- 2B34T6E-01
. 280403E-01
. 281770E-01
. 282900E-01
. 281929E-01
. 279848E-01

175823E-04-,
174722E-04~.
152237604,

. 155075E-04-,
.450920E+00 ,
. 434348E+00 | 435896E+00 | 442714E+00

U236

. 455540E-06
. 394240E-06

191042E-04~.
175890E-04-.
154064E-04-,
156508E-04~-,
A48694E+00 |

. 451624E-06
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177812E-04-,
236394E-04
154023E-04~,
173981E~-04
A36443E400 |
465203E+00

. OOCOOOE+000-392 156 15

. 435537E-06

178993E-04
154497E-04
434417E+00

15 ¢ 15
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2E &3 1»4 A7) 3101%-7} A7 Aole ARAT}
2AEe HYHA HE ALAE, 9A A AANN AR FRAA
CxAld) 98 AYHRIA o 5T F WSEE AL 45Y FuU=z
wol PASE A RGN 7FIY Kee < 0998 BENT. ol
B 44 71Z 26904 QFE AL FAA =4 DA 47 58 2L
LN |

33 £AE BEE duz, 4P Aol gk
AnAE A Hl 75 &=
Aol AYAY A TF 2T O)O1N =AW A Ao}
T AUE 47 710 aAu |
(12)71g} &4
o} A7e BHE A2 330 MWF SMART 942 =08
TAsHe Aotk SMART dAZe dF7] ATl shted &7dd e ¢

AY FzeA, A A5E 349 FA9) F44 FEAZA g
A% BegE Asd P32 £ A¥e =Qsa
AE 4829 2o ARt A=y §F JEAY U0, 22AE AL
ana U9 53Ee A 5wk o2 BT ZHVSEE 2RI 27
& gk, A4 71F 1), G)AA F1&d shsh 2ol R A 21101%-
o2 Aoj7k FHsdtaor A,

Wz FLE AN AR B4 "7 wsE L= ASE 7
Sz g 3OS ASSE FE2NE ne 9EIA “9Y AEA
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=49l SMARTE 4 “879) 7+
A BHEE LE A4E $XFES 39 Doppler AFEFR ¥71 FAFQ
F3E etk ol AA 7IFE (13), 4E

223 oA e A 9% AR 209 AR AL FAA =
A QAR AL FAA x4 YARE A BT F AolRo] 52
A% AXo) nHE AL AP AHolN FEZML(Ke)ol 099 u]m)
o] s)olo} gok oY AHW VARE 1 %] FAAREE 23 PIAS
#A8A B. ddE BEA L% AR B dF W% FEe 1
£ el 9329 JAE BT SolFES st Frk Bt ojg, T
A AR A4 ARl Hsl A YEhdth mEa, 4L AAS T
e A4 £ Aol T2 $3 de TET + Aok

Aol oY Amst Be WEE 4Y Ame AL A =Y AL
BAPoH, 2% AolRe]l BASE ALAE ko] AYAN m@sE
AL AT 5 AT FAE A5 ARz A9, 238 3B Ame
23459 FAF W7t BB sty e WEEr} =) AYHE Am
2 7% A7 942 Ane sz FRES Yads g9 59 7
2E 279 AP T 93] = WEE Z7te) Adetm, AR ¢
= Al oo FYHE 544 BaE 970 BIES AZTY. F 9
%I ce e A R, 4429 290 A25tn AR &4
298 $= A 22}, SMARTY A% & 3N 1 %2 A
SRITL 7] WEA 2278 B st BYSHEE dH FYHE
Aol glole HRE} AYAd =E3le AL Brs3dth =3, 1279
8% AAECassett)z FAH 27] BV 49 SYRA ZABo
AAHEL, ¥ 27189 o] o8] LAt Y2 T g3 ‘P9
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%5 guPe N= 48z s 2A B0l S| Al %:@M] Z 588
FA "tk |
=49 AR 2AE VEH] A% JLA AR 2HMSTe
238 olFxu] B Ut XFWLEE F7] AR e Hae ¢
o2 Wil e4S HFAsT oldB 2AL Ao A2 SHS BE
7t FFAE AP Ao 2R BEAAk dh. 2, FEF =27
o ANRAE BrIe AL Bg @ A, ol 9std) R A
A% £ UF AR, WPk susolel B @1F X BATAN 43
Hog Ad & AR/HE JEE AL B 90 %7%A F3sq we
BColth. 22}, R34 €3¢ 3 B¢ 2AVEE AolE Ssle] =4
A ARE AYT FEE WL ok HEL, $44 §54 4§ NE
) B B.CE 23 Acl¥oz ALgste AL wgaAstA Rajuh of
& Zol A% 4G WL 3ok e 4%, AginCd FFo] F& FH
7t € ROt ¥4 B Y(EE FAAS) BE 94X ARty @A)
2 ogsom AT AR F4 9 63 9 WIE Wsolnz,

T EY [2-24]9] w}e} 4o 2ol FeHo2 yed + Ao |

i

o) = ("5(* ¢f2§;)§” | (3.27)

Aq71M, ¢= JE %&EHS’J %féz}-ﬁ“—,‘ g+E F% FAAE(Adjoint Flux),
#E 3 4 FAAEOIG. Fe F47 44 AWAHOperator)olth U
2} ZAE AT ol8O gIE 4= g2 NBY § gomzg, 4 (3-2-8)3’—} z
o] 2AH 4 sith. i

20 y=-22 ey | (3.2.8)

g AN 2 F AR, 2 F4 9UE 2 5o FAASE AAR, 2
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ANRNE @& FUT £ FAAEES FHAY FaEE 48 F 3
on, 1-7 4 ZAIS o|gdW, Self-Adjoint SHW B 4t F-

A% A% ¢% YA ok BN, AoEse 5 @BHY 27
o HAE AF) WP viATE & & ATk |

[o W)

]

AR TE A AFE FFF £2¢ A% Fd 2 AR s
Zz23t} ol FEH £ AEE HEIYok £E4 T4 &8l
AL AA7} 7Hes] WEolrh |

AZHA HdAE

JAAFEHE Y AFAA YAS 9ol Yok BE ALZNE
AFAA AAE 8A02A Kb 0958 WA L2 Agse, Wase
2R ¥ g zAstd BHEAL Ytk YAR FAA YAE 9@ AE
e gou, 9% 17257 AF AR BA RuAR25 wEd ASHY
A8 AR e AS ddE ARz YAE 217 IAFE 5 %Y
Q47 AFsga Flege] Uk Ae2e FEAY BEL glod, BEF
A72 FFIALATES e AFE AL HAL 1 %ik/ke] £
& B WA 9Pz FPNE A%E 24 5 %F I8} AcH2-26]
HQm AFzo] @3] ANSI Standard N210-19769] M K7} 0.958 234
A &S AL 273k, NUREG-0800 Draft Rev.03[2-27]| M=% F4A &
#AE nFsld Kerb o 095 oshd AAsidn 7l&stn o weA,
SMART®] Ali sl z@og 13 AoEg 3eid Fejols Kt 099
vjgholz, BE Alojio] 9 AUY AS 4L ZAAA KaZ} 095 o|5tE
AR 2P0 ARSE o] BEE Aotk

ﬁjt: ﬂ])—

SMART Xx412] H7 A3 WA E(Average Linear Heat Generation Rate
: ALHGR)2 ALO:-B.C 7194 &% 4 wet F715 A AT 17x17 KOFA
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geje] AYA STAE Aol g92d 330 MWE ue A o 330
kW/ft7h 8 Rolth Zug AR %8 2,775 MW, &4 1574, 44
8 & o] 3658 cmg €7 2&7)¢] AH8¥ KOFAY 3% ALHGRE
5579 KW/ftelth Qb el AE & W% &9 BEE 155
Chopped-Cosine& Atg3tglen), 812 @42 72 (Hot Channel Factor)
14358 mej3ld, Fo2 222439 2@k wig}A], old] of-g3h= SMART
=42 37 Fi= 371 Ax o). | |

du A7 AZ 2 2 270 g A

FgEel gut AA NF 26 LT o] ASS G2 R S| W
At Y. BEA A9 A, 98 A4 AF 2694 AFsD YE
AR B 1A BT WHE PTE A 29 WIE Ao AT B
FE Ao A%l Ba g0l A9y F5A Aojgol g, dut A
A 71E 269 $40] Yok BR, DI Y5 Hd B& 2P AS
3 2 AFol Axgolol T Aotk o] AFL AR olg AmA, nH
A ge LASE B¢ A A7 71E UL BFAAL Ak

At HA AF 27 BF VSE A o) &Y sesn AT =,
A AN BEE AN AFE MY =4 $F AFH G502 2F Ao)
e THW JFET FANWN BLE HojB T & golok BT} 28,
22 xAd AS AojBues e A s |
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U =4 2E HJF ALY

MASTER =9 #HZ& CASMO-3%} &4 43 AA AH
9 o] Ao AZ AND tBel 9% 157, 9P 3/437] 2 BF Palo
Verde %74 5 % 14 27 Dote =88 A8 2 28 £3 3 doja
A& g BLE T3 ofFFHH2-6]. FF A4tels IAEA, OECD/
NEA EAle) 323 2 A= APAste] ving Ptz Yok

o] HILA fﬂ]k]ﬂ"_c:- 712 #Alo} RDIPE(Research and Development
Institute of Power Engineering)®] A7} 84k WA AL o]43 i 34
=9l PANDA[228] ¥ PANTHER[2-29], CITATION[2-30], QUABOX/
CUBBOX[2-31] $£.2.2 Loizzo A%[2-32]9] tha+ A2+ s} MASTER A2
AFE ¥la FAFsIAY. RBMK-3D % #A|9] Loizzo A @& RBMKS]
£348 334 EAZA, 7 A9 4x4 RBMK thZ &} (Polycell)ol] 3] 33},
ARz ¥A W FHE 280 AA 2L 17 32308 2o AdE &
W 24 3F 32317 Aok ¥ 3279 RAE 2-F FXA @EHAL A
Asqch olgte] =Ale FFHY SHL E 3287 2k

2 o9 =9 Ay Zzst MASTER A4 23S g otk 71& A
A2 PANDAS] 6x6x29] G4 {3 AL 9% sio)x, HAF 449 279
9] 10009 A3tE A oln.

Y 32320 PANDAS} MASTER®] =% whiL Abgsle 73 ubA
Wak 28 B E vaslgen, 138 3.2-332 MASTER AI}E PANDA 7)
& AL Ao viwste Bolth £¥o] ¥ A A 2317} 10 %)
2ele X 3o, Aol AAe A FATL ©HF Hon], £8o] L x
A WHAME 4 227 RE 3 % Uz I IAT UYLS B &
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o

NY ALe £99 P, BE x4 A4 2=E $1 24 544 640l
A Kt Aol AEZ vl ¢ 48 20E Boln), & FPol} v 33
9 29 £EE Az 2 YAHT Yee FARR
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3 327 Loizzo AE& HAZ2 9B 24 (1/2)

Material Group Dy 2ai 2512 V2ii
Type i cm cm™ em™ cm”
1 1 1.10708 1.20429E-3 4.60701E-3 5.44478E-4
2 8.16867E-1 4.35914E-3 - 5.73871E-3
2 1 1.10703 - 1.18260E-3 4.62921E-3 5.70362E4
2 8.16649E-1 4.39618E-3 - 5.93151E-3
3 1 1.10713 1.22259E-3 4.58817E-3 5.20381E-4
2 8.16616E-1 4.31028E-3 - 5.52589E-3
4 1 1.10708 1.20429E-3 4.60701E-3 544478E-4
2 8.16867E-1 4.35914E-3 - 5.73871E-3
5 1 1.10717 1.23053E-3 4.57986E-3 5.08826E-4
2 8.16258E-1 4.28290E-3 - 5.41480E-3
6 1 1.10713 1.21381E-3 4.59719E-3 5.32218E-4
2 8.16729E-1 4.33572E-3 - 5.63402E-3
7 1 1.10721 1.23793E-3 4.57204E-3 4.97537E-4
2 8.16318E-1 4.25287E-3 - 5.30004E-3
8 1 1.10713 1.22259E-3 4.58817E-3 5.20381E-4
2 8.16616E-1 4.31028E-3 - 5.52589E-3
9 1 1.10721 1.24467E-3 4.56498E-3 4.86518E4
2 8.16041E-1 4.22320E-3 - 5.18598E-3
10 1 1.10717 1.23053E-3 4.57986E-3 5.08826E-4
2 8.16258E-1 4.28290E-3 - 5.41480E-3
11 1 110721 1.24467E-3 4.56498E-3 4.86518E4
2 8.16041E-1 4.22320E-3 - 5.18598E-3
12 1 1.10717 1.23053E-3 4.57986E-3 5.08826E-4
2 8.16258E-1 4.28290E-3 - 5.41480E-3
13 1 1.10708 1.20429E-3 4.60701E-3 5.44478E-4
2 8.16867E-1 5.28774E-3 - 5.73871E-3
14 1 1.10703 1.18260E-3 4.62921E-3 5.70362E4
2 8.16649E-1 5.32478E-3 - 5.93151E-3
15 1 1.10713 1.22259E-3 4.58817E-3 5.20381E4
2 8.16616E-1 5.23888E-3 - 5.52589E-3
16 1 1.10708 1.20429E-3 4.60701E-3 5.44478E-4
2 8.16867E-1 5.28774E-3 - 5.73871E-3
17 1 1.10717 1.23053E-3 4.57986E-3 5.08826E-4
_ 2 8.16258E-1 5.21150E-3 - 5.41480E-3
18 1 110713 1.21381E-3 4.59719E-3 5.32218E-4
2 8.16729E-1 5.26432E-3 - 5.63402E-3
19 1 1.10721 1.23793E-3 4.57204E-3 4975374
2 8.16318E-1 5.18147E-3 - - 5.30004E-3
20 1 1.10713 1.22259E-3 4.58817E-3 5.20381E-4
2 8.16616E-1 2.23888E-3 - 5.525689E-3
21 1 1.10721 1.24467E-3 4.56498E-3 4.86518E4
2 8.16041E-1 5.15180E-3 - 5.18598E-3
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¥ 32-7 Loizzo A¥L& 4R = ‘&‘H."d E/‘j (2/2)

Material Group Ds Sai 212 V3¢
Type - - i - cm em® em’ em?
22 1 1.10717 1.23053E-3 | 4.57986E-3 5,08826E-4
_ 2 816258E-1 | 52115083 | = - 5.41480E-3
23 1 1.10721 1.24467E-3 4.56498F-3 4.86518E-4
2 8.16041E-1 5.15180E-3 | - 5,18598E-3
24 1 1.10717 1.23053E-3 | 4.57986E-3 5.08826E-4
2 8.16258E-1 | 5.21150E-3 - 5.41480E-3
25 1 1.10708 1.20429E-3 | 4.60701E-3 5.44478E-4
2 8.16867E-1 | 4.57153E-3 o 5,73871E-3
26 1 110713 | 1.18260E-3 4.62921E-3 5.703625-4
2 8.16649E-1 4.60858E-3 - 5.93151E-3
27 1 1.10713 1.22259E-3 4.58817E-3 5.20381E-4
2 8.16616E-1 4.52268E-3 - 5.52589E-3
28 1 1.10708 1.20429E-3 4.60701E-3 5.44478E-4
' 2 8.16867E-1 4.57153E-3 - | 5.73871E-3
29 1 110717 | 1.23053E3 | 4.57986E-3 5.08826E-4
2 8.16258E-1 4.49530E-3 - 5.41480E-3
30 1 - 110713 1.21381E-3 4.59719E-3 5.32218E4
2 8.16729E-1 454812E3 | - 5.63402E-3
31 1 1.10721 1.23793E-3 4.57204E-3 4.97537E4
2 8.16318E-1 4.46527E-3 - .| 5.30004E-3
32 1 110713 1.22259E-3 4,58817E-3 5.20381E-4
2 - 8.16616E-1 4.52268E-3 - 5.52589E-3
33 1 1.10721 1.24467E-3 4.56498E-3 4.86518E-4
2 8.16041E-1 4.43560E-3 - 5.18598E-3
34 1 1.10717 1.23053E-3 | 4.57986E-3 5.08826E-4 |
2 8.16258E-1 4.49530E-3 - 5.41480E-3 |-
35 1. 110721 | 124467E-3 | 4.56498E-3 4.86518E-4
2 8.16041E-1 4.43560E-3 - 5.18598E-3
36 1 1.10717 1.23053E-3 4.57986E-3 5.08826E-4
2 8.16258E-1 4.49530E-3 - 5.41480E-3
37 1 118738 | 7.34292E-5 4.82144E-3 0.
2 8.16785E-1 1.97537E-3 - 0.
38 1 1.18738 7.34292E-5 | = 4.82144E-3 0.
2 8.16785E-1 1.97537E-3 - 0.
39 1 1.18738 7.34292E-3 4.82144E-3 0.
2 8.16785E-1 - | 1.04677E-3 - 0.
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¥ 328 x4 BT Iy 54

g 5 3
v 25
X1 1.0
X2 0.0
V1 1.25x10° em/sec
V2 2.5x10° cm/ sec
259 1 MW

¥ 329 ==Y K A2 43

Codes FD 1x1 FD 2x2 FD 4x4 | Nodal 1x1
PANTHER 1.05266 1.05076 1.05035 1.04990
QUABOX/CUBBOX 1.05266 1.05076 1.05034 1.05005
CITATION 1.05269 1.05080 1.05040 -
PANDA 1.05269 1.05080 1.05038 1.04987
MASTER 1.05270 - - 1.04987

1) PANDA :=9] 6x6x2 W42 43 289 44 A% Zok= 1.04989 <.

2) FD nomye nony 789 Wi 448 b §3 Aotk

- 3) Nodal 1x1-& nany M8 #4 &

e =8 2Agoldh
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E 32-10 =9 e 9% & W &9 dx v
— gz
HE 16 26 27 28 2=
14 313 1000 | 1000 903 | QUABOX/CUBBOX
1| 319 1012 | 1000 902 PANTHER
44 15 329 1014 | 1000 | 901 PANDA
15 319 011 | 1000 903 FD 6x6x3
14 319 1012|1000 902 MASTER
15 351 | 1139 | 1130 | 1021 ‘
16 358 1139 | 1128 | 1017
&5 [ 16 366 1147 | 1135 | 1024
6| 361 1153 | 1143 | 1033
16 360 1147 | 113 | 1025
18 206 1315 | 1303 | 1178
8 213 1319 | 1305 | 1178
47 19 42 1332 | 1318 | 1191
13 219 1347 | 1336 | 1208
18 417 1332 | 1319 | 1191
11 129 326 316 281
12 133 334 324 289
7.2 13 147 362 | 351 312
12 138 344 | 334 297
12 133 333 323 287
25 2% | 771 | 752 71
26 304 785 | 763 | 68l
7.5 | 2 312 501 781 698
77 317 815 795 711
26 307 798 | 773 690
58 268 186 450 388
60 275 498 460 308
86 64 284 517 479 45
66 292 524 486 20
61 279 506 468 405
19| 420 1337 | 1324 | 119
20 07 | 1342 | 138 | 1198
5.7 20 435 1355 | 1339 | 1200
20 437 1381 | 1368 | 1237
20 432 1359 1345 1214

3 FHEE xy FFE Bo
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10

11

12

13

14

D

D|{D|D

C

A2 ¥R 100 cm.

A, B, C, D&} R A 7.

2% 32-30 RBMK A4 =¥
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Reactor Top

No. A B C. D R
32 37 37 37 37 a7
31 37 37 37 37 37
30 2 1 26 25 39
29 . 2 1 26 25 39
28 4 3 28 27 39
27 4 3 28 27 39
26 6 5 30 29 39
25 6 5 6 5 39
24 8 7 8 7 39
23 8 7 8 7 39
» 10 9 10 9 39
21 10 9 10 9 39
20 10 9 10 -9 39
19 10 9 10 .9 39
18 12 11 12 11 39
17 12 11 12 11 39
16 12 11 12 11 39
15 12 11 12 11 39
14 10 9 10 9 39
13 10 9 10 9 39
12 34 33 10 9 39
11 34 33 10 9 39
10 32 31 8 7 39
9 32 31 8 7 39 .
8 30 29 6 5 39
7 18 17 30 29 39
6 16 15 28 27 39
5 16 15 28 27 39
4 14 13 26 25 39
3 14 13 126 25 39
2 38 38 38 38 38
1 38 38 38 38 38

139 244 BR% A
RE & 0¥ =E ol

Reactor Bottom

AE ¥3
25 cm<.

a9 3231 A =
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g Z
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821 120 136

771 115 130

-6.10} -4,17) -4.41

160 146 176] 192

98| 148| 178} 194

-2,00] 0.00] 1.14] 1.04

91| 167| 188 206 218

88| 170] 192| 211| 223

-3.30] 1.80; 2.13] 2.43] 2.29

58 114f 165 194 213] 223

S5 114| 168 199| 218 229
-5.17) 0.00| 1.82| 2,58/ 2.35| 2.69
73| 114 149 176 194 203
70| 115( 152] 181} 200{ 209
-4.11] 0.88] 2.01] 2,84 3.09{ 2.96
65 97t 122| 143 157} 164
62 97( 123| 145 160 168
-4.62| 0.00) 0,00/ 1.40| 1.91| 2.44
49 72 88| 103] 113] 118
46 71 88 103| 114 119
-6.12] -1.39{ 0.006| 0.00| 0,88 0.85
H 51 63 73 80 83
32 50 83 73 80 84
-5.88| -1.96| 0.00{ 0.00| 0.00| 1,20
20 35 47 53 58 60

18 M 46 53 58 60
-10.0] -2.86| -2.13} 0.00| 0.00] 0.00
22 37 39 41 43

20 36 38 41 42

-9,09] -2.70| -2,56] 0.00[ -2,33

19 25 28 30

18 24 28 30

-5,26{ -4.00{ 0.00] 0.00

12 17 19

11 16 18

-8, 33 -5.88) -5.26

- RDIPE (PANDA Nodal 1x1)
MASTER (Nodal 1x1)

Diff.

(R-M)/R&100 (%)

19 3.2-32 PANDAS} MASTER =9 Wi o3
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750 112] 127| - RDIPE (Extrapolated Solution)
77} 115} 130 - MASTER (Nodal 1x1)

2,67) 2.68| 2.36] - Diff. (R-M)}/R*100 (%)

95| 141] 173] 189 -

98| 148| 178| 194
3,16] 3.55! 2.89] 2.65

86 165 188| 207 219
881 1701 192| 211| 228
2.33[ 3.03] 2.13] 1,93 1.83

54| 111 165 196 215{ 226
S5f 114 188| 199 218 229
1.85| 2.70) 1.82] 1.53] 1.40| 1.33

68| 113}{ 150 179| 198 207
701 115 152 181 200 209
2,94] 1.77) 1.33] 1,12; 1,01| 0,97

62 961 123] 145| 160| 168
62 97] 123; 145] 160| 168
0.00] 1.04] 0.00| 0.00| 0.00[ 0.00

46 71 83| 104] 115 120
46 71 88| 103 114 119
0.00] 0.00| -1,12] -0.96) -0.87| -0.83

32 51 65 76 83 87

0.00] -1.96| -3,08| -3.95] -3.61{ -3.45

19 35 49 56 61 63
18 34 46 53 58 60
~5.26| -2.86 -6.12| -5.36) -4.92| -4.76

22 38 41 44 46

36
-9.09] -5.26| -7.32| -6.82| -8.70
' 18 26 30 3

-b, 26| -7.69] -6.67| -9.09

- 12 18 20
‘11 16f 18
-8.33| -11.1] -10.0

:g 32-33 MASTER =% W5} PANDA 44 Ato} &3 uha ““"2}



O =4 Fd 29
(1) ¥ Fd 2F 125 Aole)

3 GA A SMART =418 17x17 KOFA 3] 577 g -
2 APAE TAEE AL HASAT. B5AY AE TF A A B
A% U2 QY ASo Yt =4 TS B, 4L AN LA
T 5 AWngth 27 32340 257 AR WA S JehiAck. ol
A AFE ksl o] A £AA fA A2 X AE BA AF(RE
'S A F Al BT AE S8 Aol HeHE 2A A)FE
& "RY)e2 Utk FA AolEe BY] 90 % =¥ BCE AMEEAI,
AgInCdg 2@ Ao} Fol A+&35t¢Th |

wAld] 97} 9HY S5 Hole 200 cmolw, Ui Adze] U
FEEE 495 wt%E AEQT. sl 2¥Y HARe FEEE
KOFAs} zo] 1.8 wt%2 A3t 71Sg ol vma He 4 wtibs
AHEEEE, F71% 23 AoRrte Hassy] YA o] A 2Ho
Aed BaE ARAS 49 ¥ 32119 vehpsic

AL 7N F5AZ ALOSBC 7194 E5%L A8san. 237
71 AN HRA HEd A2 54& Ry 98t BYY $¥55E 356 %
g A9sPnh 219 32359 <v) 33 2¥< Jehiith

E 321200 9 3 230 9@ 233 Acigse I
A% FF A $FLE Astel, FI2RH FALAX "ag 2w
=8 323 A4S YL Bl Foh A& AN TE Aojgo] ¢
A& AN Yokn AR £ASHYt. FAARED Frhse B A
3 A9e AT A2 AN FHY A2 AAGHEE Yehhe Al o
B Rolzk on}, 2 Aske A9 BT 2, d=8 7] Bols
AR 49 23 Fu meh Aol EAUC 83 9% ANANA A
= 130 -

r

f‘-.“l

mlru



A%E $9% A% A4 F7] Aol F& A2 YY(Bffective Full Power
Day : EFFD)Z 92delglon}, 94 AdE 9429 JAS #As7 A5
o A% A g T A4 995 EFPDZ ° 50 EFPD} &ol vhe}
W itk olsh 2 Aok UBE ol AIRE A S 49

@ A%, =40 AN} TR 9 TR ol §F & 97 ﬂoag |
9 7198 olm FA%s APl Bk =4 FIR AR ol4E
slezH 271 Aol 27kakA Atk

C3e A2Y ¥E Ax 2A0N =4 did BE 2HNEEE 1Y
32360] UEHRASIT: #71 3 o 1 % o9l 2AMITE VT BAA
) G5l Fuse S Rel Toh B, 4L 2N 23S
SE UBELEA, A2 AN Aogel Acislcr ¢ weE Avlg ¥
A% AT

ey

o]
iy

¢

[ru

a9 32378 FR L5 BE x4 HEEE Ao¥ AR g 1o

F3 Yok 1F AojgLe e B¢ A= A2 FAE S8 < 300
ppm o] 43e] $84 27t Bage & ¢ A% 2% Aol AN =
Ael] 300 ppme] F84 B4Vt JE AP =24 22 ©E 2458 19
32-38¢) JEgL, 29 32-39¢ &5d wE A E9 oS Aojs}
71 918 Y& B4 o7 BFAEE medte e o 200 T o
sl AEE vYAR FAF A% $44 2avt 2a%E ¢ 5
it 2@ Esl Aoz S 600 EFPDojA Ha ¥4 a73e 19
3.2-40¢) Vel itk 9AE9 KeZl 099 ®dko] H7| §3t] =4 2x7}
200 C ollE Wes) el ol 84 Ta7E FAHOOR ¥ 28y,
de A 275 $4%E 300 ppm Floltt. Y 3236004 & £
Aol L AEEH 2PHLEE z%tﬂolu} )&%oﬂﬂi 4 R F7
29 Hgte 7] wj&olt.

I 32412 2L AEH WA dA Aoy AXY 011 B Foh &
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WaE &9 WYY (Axial Offset : AO)S} FF Al F & 29 3.2429 E/‘]?ﬂ-ﬁ
. Hol Foe A% Q&e] B& AO9 F4% ZF72 F7%d) 37744 &=
gEo] AEHE A F; 3710 ZHNGELY, F71 F Fe 2~3 AfojolA]
g0l AL HAZG. A9 F4A9 AFY & ¥ JYskAxal
Zoning)7} o} FNAW, F7l @7 e 283 @#EA2 Ao dadn
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¥3211 ou) FA 2¥ 19 A5 AFA

F 8 | 9% Q8% & | G2 % | AAce 4| VAT T
| - B (%)
A2 240 0 | 24 .35
Bl 236 4 24 35
T2 228 12 24 35
E 3212 ¥he% K9
2% | o AS | FNE
| T7!== | (600 EFPD) | (942 EFPD)
BF-2- % R
HFP Z34-8-%, % 15 2.2 0.0 .
A= LT, % - 21 25 2.6
HFP to HZP® 28 A&, % 1.1 1.3 12
HZP to CZP® &5 Zd&,% 8.0 50 54
A, % | 12.7 11,0 92
i o - |
ZA %7}, % 121 12.2 13.0
FEAABHIAAAE 23), % [ 96 9.3 10.1
EAETHEHAE I8), % 8.6 8.3 9.1

D AolR AY €3 F7] AolE 995 EFPDo|h
2 HZP : Hot Zero Power
% CZP : Cold Zero Power
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23 Ao (AgInCd)

A=A Aol B 90 % ¥Z BC)

a9 3234 A% ¥R = - 25 A%
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ALOs-B,C HA 8 241 & 'Ef‘é}f& AgA (A2)
ALOsBC AA1% 24719 4 wt% 7FEUoHE A&
st AFA (Bl) N |

ALOsB.C AANE 24703t 4 wt% 7HE Lol % 124
gsts AFA (T2

% 3235 AU =4 FWE 2Y 1-25 A%
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HFP Reactivity (%)

Reactivity (%)

]
-
~»

CZP Excess Reactivity (%)

200 400 600 800
Bumup (EFPD)

| — HFP, ARO, Fa. Xe ® CZP, ARO. NoXe |

1Y 3.2-36 44 g 2L s - 25 Aoli

20

10 |

a9 3.2-37

100 200 300
Temperature {C)

g ARO

>¢ N-1
2 301 ppm

F71z 2= g = U3} - 25 A%




Boron Worth (pecm/ppm)

Boron Concentration (ppm)

1"

-
o
|

o
1

7 i | 1

0 100 200
Temperature (C)
1Y 3238 FUR Lxd ©hE Bi4% - 25 A%
600 12
500 |- Ja
400 -t 4
300 0
200 - - -
100 |- 48
0 - . - -12
] © 100 200 300
Temperature (C)
| g PPM " % Reactivy

a9 3239 Frlx Lo ME HaA Bi =T
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400 ' ' 8

300 L Js
: :
]
5 " 8
g o
3 g
g [ &)

8 wo | -3

o 1 5

0 100 200 300

Temperature {C)
I & PPM — % Reactiity |

% 3240 F71F x4 wE & B4 FE - 25 A%

@

200

160 I o

— R4

100 |-
o RS

Height (cm)

) 200 400 600 800 1000
Bumup (EFPD)

99 3241 AAo) BE UA AR 9 o) - 25 Ao}
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— A o Fq

Axial Offset

o . 200 - 400 600 800 1000
Bumnup (EFPD) '

29 3242 &0l BE £ PY Y WIASFy - 25 Al
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2) <« B8 2F 2 33 Ao8)

257] Ao]EL ALgdte v A =¥ _
4eos 2ANTEE AR BYAE 4A87) A¥ FES Aojusts
SusA ZaPoh B, Ho Be Aol REy ¢ BasA o
Atk 37 AR o8B AS BEAN AL 4% Aoy FrE: )
st AE 75 FNY FY 2@L 9% B2 gl o
AR ATHE N7 g8t 7F AH ) 2¥E ARY 4 Q)
o}, A AIYE TF AARY U Fe TF FAY e g o
B¢ FPolth. WEkA, 377 7F AARD w7t SIS 33719 AelRae
AgE] AL AT A5H FH 28 2 AR NS L¥Rslz @

=

8 12 B3 &34

Bl FR E¥ 29 AHSE IR WE ALE E 32139 FF3e
o AE 2R I 32439 Jeidh A F58e F2 2F @
S5 E FHassin F7] ZolE EUMAFY YFe 93 ALOs-B.C 7HEA
489 B $558 35 %o w3 g3k FL 32 %2 ALYk nF A
o187te Hasetn FE A8 IS FUHEy) Aste] aul Fd 2y 1
Hoh @2 49 7HEYely-& 2EF Ao Jde AFAY I I F
A3 oh

¥ 32-4< 337 AolF #F AX S wiXzo|th. o] A& ojuF 47
o A= AIRFE oA EIA e Atk F, oW 7F FN=
HaF MEZ oF Be F Ho] AR (EE ode ¥ FAE AT F)
AT 7He8l=F WX g Aot

33709 AAZF, =4 @7t Y= AABRE ETFet 949 AR
< 24 Ao 22 A3 ¥ujA] 247 AojBL A AojFez AAQst
Atk 9l 2d AAFe 2 29 FHA AR AojTol AYHX
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Xe FRAAE MYAE FAY F Utk GeA, 28 £3F IR AdE
o =) 49 Bade MASIT oF 23 AZL =49 FIR 3
F Ase =4 399 £ FAAE BES AAST =4 Fao] w1
g dds JPA) 948 FANA RS g 2] Qo] Frle] £go]

HES 9o

AolE 43 A% AAD BA} ALLE & BS 7] Aoje M3 EFPDY
o8, Aol% 49 /A o 80Ye) 7] Fol F7E meASA o 1,023
EFPD7} o 48ch. 8099 Z7be ool 33 28 39 A4 298 A8F

 Relt

29 32455 & AclRg DAY AU e EY AN 23
WIS B e AN WEEE Ve o] 2L F7] AME ¥
st 2 2 %9 Fe FAAFES AR YL AR ‘
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¥ 3213 o) AR =¥ 20] A18H Y48 AY

Gd wt.%

AR o129 BY %

TE |(AAES Gd% % AA R &
Al 240 0 - 24 37
A2 240 0 - 24 35
Bl 236 4 4 24 35
B2 232 8 4 24 35
B3 232 8 4 24 37

- 4 -




3% 3243 du] k=i FH 2Y 2 - 33 21101%
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S4

S3 S3
81 | s2 | R3 | s2 | st
S3 | 82 R2 S2 | 83
s4 R3 | R | R1 | R2 | R3 S4
S3 | 82 R2 s2 | s3
S1 | 82 | R3 | S2 | ST
S3 S3
S4

R: & Moz
S : x| Hojz

¥ 32-44 ofn]

A 2¥ 29 Aol WAE - 33 A%
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Reactivity (%}
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L . * * & L 2 ¢ *
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4
.5 1 [ L 1 1 ] 1 1 1
] 100 200 300 400 500 600 700 800 o900 .
Burmnup (EFPD)

' |E ARO Dep. React. o CZPN-1React .. CZPN-1 Target 1 '

a9 3245 dAd ©E x4 WeE - 33 Aoy
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(3) dHl Fd 2F 3 (29 A%)

33709 AojBS AL o AA XY 25 F54F HA
Ae AA 24E& ¢F}Ach. 2, Aol¥ FF AA A4

713 2 €& = AEZ7E AR f3td, AoE 58 4] ¢ &9
29 A% AME- <ol WFEHUT gk, e AR 2HE WFsE FA
2ol b A AW Bkt

207) AR TF Ao MAEE 19 32460] UEAATH AAHS 3
B 29 3244004 2ol 337 A% WA=} 7t AoiE AXT A
se FYsith 19 32449 E ohE AolE 23 AR 47} vf A
Motk olfte 49 A& oW vlY ARE ¥ 3249 B$ uT}
=4 FYIA Hold JUiHoz AolBrte) Favt 2dHL, BN 23
Aol 49 F7} flole 1 AeolA A Aoz 4ol E7HHA
2o},

23 AoBole AgnCdel ALEH%aL, BAA Bl B%] 90 % ¥
@ BCrh AHESIlth AA AolE $7b BANM 2972 FaIHRL, =T
ANE7E 2 BA ANR w7t FAHeg Aot Fe 2P A%
oz QAR WEA FA AT AEIE wole WEE TdsoL
. Ae2d A8F8 AojEe BC 27As Aol 03734 cmeln
AgInCd Ao %2l &F54 FAAo] 04331 cmd] AL 1Bjdtd, 7|4 E BC
2AAY A4S 04331 cm7AA) FIMAAT ol % 35 % F4A FUHE
71A S Aol B7HE Eolew wie Fa3h BC £4A9 FARE =H= Ul
| A 177 g/em’e] BES oF 2 g/cmSQE Z7FA71= e glon),

ATAE AR e Wi HAAQ. T, BCE AHSe
FAA E5 g BAste DF AT A AR A £4F

o

e

o

4 & AAE /#AY RAolrg, LF 74 PALE AT EAE

2 49t BC £Z2A Y AZRA BEY FHL FF A% A
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7 g7 FPE Aol

el A =¥ 3e 29 32470 YL H, A4 ddne AL
B 32149 BT U $EEE 495 wikhE Asgen, ey
}89 U™ FREE 18 wikE AU /194 F4RoD B 55
30 %3} 35 %< Alzos-mc—z- Mgt A AojEo] e Ko BHeE
7 & 49 AT Aol 9t AR noh Ay Frgel Bel
A8 AGAE WAse 3A AR 2A dBUES S A%
o) 4A5A e Az AYANE Pyrex® Agste] YT YARFo] S
Y EFEOE BANE A& AagSch B AHEAUIES Agsel
2712 28 A4 A AAE R PASAT.

o] =y AAEE WIE URE E 32150 YEhiRh AHE2AAE
B4E Agd] 2AVLES AN qE] B4 STt Fage B
Aoz ARt B2 Bk 2aly, F3 Ao E dad o
& AEA 29 BEo) WEsl Aol 2 9% WAtk E 321544
E 53 2% AR/t BHATE nAF & AA¥Ib 24 dat A
B Wt Basn 98¢ FAs el Foh oD olfE F7)2Y A
AB7HE Eol7] A%t AolBel Yk AT JFAY WA BY &I¢
W A AR BRIk FAx 2Yo] we YPAEL FUHes
A2 $E7F e, Q27 AYPel w29 X7} YRNARE, old o}
g A BItE FadE AFE HA Inh 2§ 3248 ~ 32519 1/4 =
4o st W B 2Y BTE JTA Koo A vehhick 99
KG¢} K38 Ko® Qa7 299l et 22 Bobxn Rolde RAg ¢ 4
o E 324504 Mol veh ol F7] Aol 107592 455 Att B
12 AR 3 AF AN 92 AvY F$ dFHE F7] ol
owrds o 809 Fol7t siok. | |

E 32160l WSE AF F MICS Doppler i FBOIOE F7%
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A29 2 YoM BT EolM BolSo] MICE 4& ZAL
ot B4 7278 %e YT Utk olE A8} wel BiL Mg
A @v) dEolty. ¥ AHEHE 4&29 -10 pem/T P9 BlmsHe)
e 2 “879 $e ZETH DIC 94 34 “279) e Holm glox,
MTCe 3 W% AS7} 879 3¢ ZES ok Aojsol 48 B¢
MTCe Wste $44 25289 Waie 242 F4F 2710 we} no
H “87e] e 2A BT W% &% Ak Uvk A7 7129 “8re w
L5 X ASE 283 0S8 gon], 53 4L 92y 2AdME
7o) MICE Yehin gol, Abne] g Ag4ol des] & Aoz o4
Atk

29 325 1 AEY Aust ¥ 98 ) 2HVLEE B
o 1 AEY Aol 2AAe=E F 570U SAHAA Hjd =g
o AL 429 FEe) 2FVIEE 712 o 13 %N FoL ¢k 10 %
2 A% gastz .

1Y 32532 A2 AL AAA diAkd WE KaE 2tk d2% ¢
360414 F7]1 A2 BAARE F 15 %E vehhn, F& AR 24
Ky <0.998 THEAINTL Utk o] 2P 5 AY £9e8 Roled), 1 o
#e da £57b He ASUots nF AR RIo] Agsr] wEo]
o 23 AR 2HY dart me Ao} A 1 2L Ushiz,
FAFHoE A4 2t =2y JAuHeE 4o 2HANEEE AodE
ALO:B(C7h A 2 IS LhehdTh

A ARE 2IY Ky<0.95 ¢ FES 2748 29 3.2-549] eEUA
o 2% 325494 & 4 Rl BRE AoBo] 4R AYHE BS F7) F
Y K= 09452 4% o 7204904 vepdoth o] A 4 3A 99
g2l @ shte] ST Hojed, ol 1E Ad¥-& 1A g7 dE
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o]},

ol 34 23 n& YA Awol g APE 24 AojgLes
F23 VYAE HAUT 1Y 32555 o) 2AAA 1 % o4s) dfE
23 AREr} BYALE dehdth mebd, 34 23N 1e AHT 44
g9 BA AojTe e Bdesd, A Aol ALHE Ba2 9

S qAsE AF AN 44 94T 5 Aok

229 €27 dasel BE AR AA dA 98 29 325600 e}
Wion, ojwle) A0S Fo= 19 32579 Btk R5@ 28 A2 9
A 2P AT =4 9AE FAT F Jou, o] BaXGgME x4
FF4 28 Gojd 2 AFE U AL 9A QB AL
e} 2& AA gRolth Ao}E AXE F7] Do, BF A%, AO 5o I
gg nAEzZ, A4 F5A9 $ $F J9sHAxial Zoning)st B 23
ool Wiy Be AT/ WoF Hofojth o] AW mYPe 1L A2Y oA
Al Hol Fo7h 31 olsteluz ) @A) Fydl 3718 FE83] RSN Utk

o] x4 AOE Fg=ol Wlsl FAx W 2 “27e) WPolN FrY
e & “re wgoz WU FE oat A Tl T Yus 2
“279 A&A LE AFMIC) WRIT Foe & B AT ASE)N ¥
d%% BE % 3% 29 $E Eb A0Y ANEE, A% A9 §45
A & PF J93E 3o AOY Fg =7 2aAANd 4 Y. 29
32582 daxd ©E AYAY =i FF & WY &9 EIE BYFT
St
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E 3214 FA 29 39 AR AY

Al o]

FE |9E% &|Gd¥ F|Gd wt% [AANE & “Zlff?f
A2 240 = - . 24 35
P8 244 - - 20 30
K3 244 8 4 12 35
KG 216 24 4 24 35
K 248 4 4 12 35
Ké 220 20 12 24 35
A3 244 20 4 - -
K8 240 12 4 12 35

() A3l ShRwel Pyrex 7194 F44E FIsHA

¥ 3215 wtg% Q¢F

F7ZF 7% F71%
(330 EFPD) | (1,075 EFPD)
- L L .
HFP 23385, %Ap 1.86 248 0.00
A= 925, %Ap 215 2.18 2.67
HFP to HZP £33 A<£, %Ap 1.22 1.04 1.67
HZP to CZP &% A&, %Ap 7.78 6.51 5.41
SHAl, %Ap 3 13.00 12.21 9.75
AE7 (E¥4dx EF

Z AolB7t %Ap 20.34 19.45 17.36
& Ajo] &7}, %Ap 15.00 13.74 13.00
Fe AA Ker (N-1) 0.980 0.985 0.969
AAA Ko (AR - 0.932 0933 0.929
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£ 3216 F71% BgE A

+x/E&Y A o] &- Xe MTC DTC
- | 4 Qe ' -58.30 -3.61
R4,R5 4 R -66.72 3.85
a4 Uds o -60.73 -3.65
R4RS 49 | BF -69.27 3.90

. &4 A& . 54,34 465
= 9EA Ik 59 69.96 483
&@ JAE . -11.79 5.92
R 4 -15.12 6.39

- 181 -




BA AT (BY 0 % F= BC)

Z4d AT (AgInCd)

2 3246 AR WA - 29 Ao} %
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I 3247 ¥ =4 FW BY 3-29 zﬂ?ﬂ%—

.- 153 -

K6 | A3 | Ko
s | ke | K | ke | Ag
A3 | K || K8 | KG | K3 | K | A3
K6 | K8 | K3 | KG | P8 | KG | K3 | K8 | K6
a3 | K | ke | Pe | a2 | Pe ke | K | A8
K6 | K8 | K8 | Ka P8 KG | K3 K8 | K6
as | k| ks | ke | ke K 'As_
A3 _ks | K | k8 | A3
K6 | A3 | Ke




NO.,

Y/X

FIRST LINE:
SECOND LINE:
THIRD LINE:
FOURTH LINE:

DAY =
E D

S2 P8
458 . 697
.000 ,000
1.104 1.151

P8 KG
.697 .859
.000 . 000

1,151 .874

K6 K3
1,000 1,542
000 ..000
871 1.152

K K8
1.450 1.276
.000 . 000

1,189 1.125
A3 K6

603 . 439
.000  .000
1.039 .926

ASSEMBLY BATCH ID
ASSEMBLY POWER
ASSEMBLY BURNUP
ASSEMBLY K-INFINITE

.000 EFPD = .000
C B A
KG K A3

1.000 1.450 .603
.000 000 000
.871 1,189 1.039

K3 K8 K6
1.542 1,276 439
.000 ,000 000
1.152 1.125° .926

K A3
1.563 .730
.000 000
1.186 1.036
A3
.730
.00
1.036

% 3248 WA wgk 238 X (0 EFPD)
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'FIRST LINE: ASSEMBLY BATCH ID
SECOND LINE: ASSEMBLY POWER -~
THIRD LINE: ASSEMBLY BURNUP .
FOURTH LINE: ASSEMBLY, K-INFINITE

NO.= 14 DAY = 330.000 EFPD = -330.000
Y/X E D C B A

5 S2 P8 KG K A3
371 536 1,057 1,438 725
4,951 6.662 9.034 11.834 5.074
1.093 1.133 .916 1.150 1.088

6 P8 KG K3 K8 Ké
.535 .845 1.442 1.320  .433
6.662 7.655 12,416 10,700 3.989
1.133 .910 1.140 1.136 .930

7 KG K3 K A3
1,057 1,442 1,364 841
9.034 12,416 12,269 6.109 -
.916 1.140 1.150 1.096

8 K K8 A3
1.433 1.320 .841
11.834 10,700 6.109
1.150 1.136 1.096

9 A3 K6
725 .493

5 074 3,989
1.088 - .930

I3 3249 W3 W &3 £X (330 EFPD)
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NO,

Y/X

25

FIRST LINE: ASSEMBLY BATCH ID
SECOND LINE: ASSEMBLY POWER
THIRD LINE: ASSEMBLY BURNUP
FOURTH LINE: ASSEMBLY K-INFINITE

DAY = 660,000 EFPD = 660, 000
E D C B A
S2 P8 KG K A3

441 628 1.224 1.337 752
9.346 12.804 19.218 23,360 11.004
1,089 1.126 .999 1.117 1.130

P8 KG K3 K8 K6
.628 1.023 1.394 1.219 .503

12.804 15,852 24.080 21.207 8.374

1.126  .981 1.107 1,116 .951

KG K3 K A3
1.224 1,394 1.295 825

19.218 24,080 23,142 12,697
J999 1,107 1.118 1.127

K8 - A3
337 1.219 .825
360 21.207 12.697
117 1.116 1,127

A3 K6
.752 503
11,004 8.374
1,130 951

K
1.
23.
1

1Y 3250 73 W &8 BX (660 EFPD)
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FIRST LINE: ASSEMBLY BATCH ID
SECOND LINE: ASSEMBLY POWER
THIRD LINE: ASSEMBLY BURNUP .
FOURTH LINE: ASSEMBLY K-INFINITE

NO.= 39 DAY = 1078.000 EFPD = 1078, 000

Y7X E D C B A
5 - 82 P8 KG K A3
2,038 1.838 1.310 1.014 .574
21.179 26.789 33.594 35,741 17.760
1.068 1,081 1.004 1.062 1.139

6 P8 KG~ K3 K8 K6
1.838 1.537 1.265 .920 .402
26.789 30,241 38.111 32.513 13,504
1.081 1.006 1.039 1.076 .988

7 KG K3 K A3
1,310 1.265 1.036 .628
33.594 38,111 35.553 20. 084

1,004 1.039 1,063 1,130

8 K K8 A3
1.014 .920 .628
35.741 32.513 20.084
'1.062 1.076 1.130

9 A3 K6
.574 402

17.760 13. 504
1.139- .988

oY 3251 w3 W 28 BX¥ (1,078 EFPD)
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— HFP
o CZFP

Reactivity (%)

0 200 400 600 800 1000 1200
Bumup (EFPOD)

29 3252 HATO ©BE ZFVLE - 29 HolR

099

0.985

098

Criticality (Keff)

0975

097 |-

0.965 1 L 1 1 L
0 200 400 €00 800 1000 1200
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a9 3253 Aamd wE AL ARA A AR - 29 Aol

- 158 -



0.950

0.845

=}
£
- o

Criticality (Keff) '

0.935

0.830

0925

0 200 400 e 80 . 1000 1200
Bumup (EFPD)

29 3254 AaEe] BE AFD 2AY w4 AAE - 20 Ao

099

095 1 1
0 C 200 - 400 . 800 800 1000 1200
Burnup (EFPD)

I3 3255 ZF ANE SA AY, & %%@1 Z79 h:’é] ?ME
(FA=, 29 21101%—)
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Height (cm)

600

Burmup (EFFD)

19 3256 AA AoiE HAA 4 - 29 AoF

0.4 - 38

02 |- 1 a4

2
&
o 26 T
5
4 24
—_AO
o Fq
0.4 ! L i L 1 18
o 200 400 800 800 1000 1200

Burnup (EFPD)

28 3257 AAEW = 3% 23 W9 B IS A2 . 29 Fojr



Relative Power

1 [ 1 1 1 X S

50 100 © 150 ' 200
Axial Height {cm)

19 3258 = Wk %%l X - 29 A%
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@) 98l Fd 23 4 (69 JFA/45 Aole)

g9 (1), (2, @A 2AR 574 JFA=Z FHE =4E8Y
WA Loz A7 AW 0] AL olFold =4S FASHT 12749
APA 2712 42 £ e F7) Zol FFE Fristd BTk ou F
A 2F 2 (33 AR AR WXE J1zsd S5 AR FF I
£ AP 29 32-59¢] Aoj® WMALE Uit ¢ gol =3
AojEole AginCde AHE8lx, FA) Ao BY] 90 % ¥29 BCE
AL ANES FE Pole =49 AR FoI% ZE 200 cmE AHS
gk AA Aolxel ALEE BC 22A9] =Z7)E o A =¥ 1, 29

< 03734 cm=E A}18-31YQ T

A" Az olAF o] 495 wt%E ¥EH UOlm 3B%E 528
ALOsBC 7144 E532 Agstd F7)8 2908s Aojd AHSHR
o F71% TF ABAAE B3] H5te 4 wt%e) SHEPolEg
AT B 32179 o AA 2Yo] AgE YR 4] glor, 1
¥ 32600 dul A7 2PE Yehhdd of =4d Hg BHEE goke ¥
32-189) 4235k

AolE 98 A2 AXT AL AR ¥ A F7] Dole 119
EFPDZ Uehith ol 5770 QUAZ 74D =40 mal o 20009} 27}
g 1AL Roltk. A% A4Y 3L 18T FF F71 Zole 1,310 EFPD
S19teh. |

29 32618 A% A AZ AeelM A& ANE B Aol A

AR AR 9R) T F7] do| Tl L FAY, A2 AAAFE
CBHAME da oHo] 2 Aolg UehiA ROEE, FAAFEE AolB
$7 A% AN A2F oA BrRAG ne ASYM 2FuSE

€ R 3, A2 A4 2 ARE 2HANA Kb 25 099 2 095 23
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< BE 1'3’]"’ N&& vepdct

19 32625 AAEW U4 AR YNE ELO% Iq' w4 Fd Hﬂzl'
8 24 AT ReE o 12000 SAANA Q2I7 A, 23 AE
R30] Az W& TREY ZJWLE Ao FAgt A4 F5A
2708 x40 A 2A9SEs BebE 6008614 800Q AololE E
2 AGE R29 =4 Aol BasA Ik 23 A Rie A 29 &3 A

& BHisd 439 Aolzos A& Feolae FUHA e,

¥ 32199 WEE L% A4 T Fr)2 MICS DTCE Bk o] 3
2y 39 B Zo] 4“7 v E AE UEin ot 24, &
2 Ao A & DTCL} MTCE ¥ 32-164 TAES & Ao

29 32-638 AAEe WE AO% F,2 ¥ASQT). “L79) MTC-‘Z} z-'|l°1'
2o $4YoE AR Zr7E: AOE -049] t)% ol M 23 B
M, FAT H045 AEZ v 92 A$d &9 £Es Jygdt 39
3264 F7128} #7012 283 F7] ZA WEFoZ 30097 810G A
o & WY 29 £2E Yz Yok Aol AUARA 30089 F %
% 29 BEE F7)2E0 Ue olda A, Axrt AYLS5E =4 5
R wE g2 A8 2¥0] =4 ARE Fole AL ¥ F YTk e
F71% Y 348 31]943]'-1-1"‘: 715 2~3 Apole] gre 2@ glo), AF A
& 94 g4 ALANE VEY Aoz Bug |
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3217 d¥ W 29 4 (09 YA 92 FYA A1

FE | 488 4| GdR £ | Gd wt% | ZAA R 4| AR R B %
A2 240 0 - 24 35
T2 228 12 4 24 35
3218 ol FHd 2Y 4 (69 AFA) HET 2GHE
FE ds 7
( 630 EFPD) (1194
EFPD)*
|2k
HFP 23S %, %Ap 1.50 3.17 0.0
A= vhe%, %Ap 2.02 2.33 243
HFP - CZP W8 % A<, %Ap 9.32 6.22 6.47
TA, %bp 12.84 1172 8.90
A o 87}
F Ao 87} %Ap 20.47 19.24 18.33
#& Aole7} %Ap 16.24 15.12 13.27
& A BIHEELAE X3, %Ap| 1462 13.61 11.94
42 A Keff (N-1) 0.983 0.982 0.970
A2 Keff (AR]) 0.947 0.947 0.929

N A& Y +AA F7] 4ol 1,310 EFPDs.

¥ 32-19 ¥rex AS Qok

Z28(%) ¥4 L=(T)|[AllE 91%] MIC (pem/TC) |DTC (pem/ T)
A ola -60. .
100 200 ¢4 A& 60.23 -4.04
R3, R4 A< -64.43 -3.69
&d A& -54.94 556
290
0 R 44 ~70.75 -7.05
44 2% -12.40 -7.21
20
R 4}9) -15.87 - -9.59
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4 8% 9 HE

429 20 MWF JAY 94429 SMARTY o 47 7|2
0= 2Ry w4, UHE FHE 5 wtholl, “879) B&A LE A%, &
A AA GIRE 16k, AFAA K 095018 $& HRSARe0, 4 74 =
A FASE ARG EH, Loizzo A% AN & F8he] CASMO-3/
MASTER 4t 5= A|AE SMART =4 Aol 488 + 98¢ Rack

2 @AM AARE 17x17 KOFAS 71202 & =4 o] 200 cmo]
Rstel Bk Ah AAE BIEE 495 wt%E ASsEoH, 15T
Yol dd8 FEEE 18 wt%E st |

929 330 MWE 9418 9AE SMARTY Wt} 47k x4 3d 29
¢ ddez FE x4 T4 AEAE 4L AN DYAE BYIA
QWU F 32200] e vhsh 2ol 257 AR AT A, F7)
& e AN Karh 104322 WQdAo) @) Eahck e, 3390
9 AlEE AT A FRY Y FAHE AA5EE BAY. 2949 A
A%S AHgSE A, 4829} 2E BC 2349 =AZE ¥ FAZ

A% FEY AR BRI B, o] RaAANE BC 2FA9) I

& 23 A3 AgnCdsh 2e AAZ stel 4 FNE 7H5A Y
th. A4 BC 2FA YEE 177 g/em’S AE30, 2 g/em’o 2 Z
 HAE UYE glemE, 2% FHAY 37l AEE A3 ¢ 47
7}_%35}3}.

5770 QR YYAE ol83ta de F7] Lol o 1,000 ~ 1,100 EFPD
ojer, 12719 JFAE o AH&ste & F7] PolE 1,310 EFPDE 1}
Ebsi. | |

w=Ale) ¢4 F2% MICUY DICE 57 YA x4lol} 69 WgA =
A ER 32 92YREH 1e FEYAA Fr12dAN FF 1879 e 7
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28 A% AF Fqol st ¥ FAAE 3712 A, o) wx3}
3 Y9ee Bgnh 2z, stad F4AY & 3 998E Fud &
; ZE AMSHE AT AFE 0% A4E Aol |

o
e
Nii 4
e

FF AT FAZE F7] QoIS AN 4 ASE, 34 DY AF3
g olfolch 3hu, A% HY £ B “27Y BEA LE Aol BE 5
WY 29 BES A4S 99 A9 449 3 1% 998 5o 9
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% 3220 37 S¥8 4 AN K 2 F7] Aol 2%

. = [»] .
g |aey| | ENEEE L K ] R a3
= - Z71%,2%4,98 Xe *rﬂ% FNE ﬁtﬂl [EEPD]
[%Ap} AR | ALFA

25 15 1.043 . 1.043 | 99

57 33 ' 0.8 - 0.980 - 0.980 1023
29 19 0.980 0985 1075

69 45 15 | 0.983 0.983 1310
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A3A =4 49459 44
1. /A
=4 54 R el =4

330 MWt 38 Aaste UAY YAZ SMART =49 3
AEE A 28 YE626 kWDHA £A5Y A= oastealy Ydss
AHEE3 3t SMARTE AHIE 9% &3 AX(Outage of Preventive
Maintenance) Ako] F<t 18742 7H550] 34 o9 7] Zolg YAFES
FEE7 24590 =49 BenE 2AY £ 9k AR I
ds AfA TFY AAAH FA] 98 AolHh wald wen o]
g A% FEAH B2 AHEe 27HA gEy.

)-.-

SMARTS] 3% ¢t B4 29 slube RE 91 2730 0
A AF g7 WeE AVl BR
o Wa) Ae g TEA LE ALE
Fe AN &8 Aol $o)8A &7 A Aol A4Ud AEA
<A w S &8 Ry '1‘7] dqe =4 SHREAA &g &
27t AYH w}a} Aojgol A&Hy] BEo 29 AAE x4 Yz
o] 58k}

=4 A 29 U9 4L 93 dfE 27t 2e ojFo| Qon B
“27 W E AY B A wAe LA Bx Fude g 6
$¢ BPARATE AR A FFAS ALEsh w49 MEEE Aol
ol mek $84 Ba Aol 2T7HR Rt g B og 2
A7} A 2o 53 AT 27HR Q=

AT T8 23 ARE oty 2o,

o 4l BH) AET, MWt . 330



o 13} A, Mpa

SR L 150
AA &4 | . 17,0
o RF 294 YA L2 C
A &S : 310 |
24 Q15 | 2710

o AL B3 WA f-% kgls 1556
v AR AFA

4 UdE FRAE 3 SR Udm WAE 2154
mmolth o] % 257 AAE AL Aol% AWAE TP Yok =4
A ANF AABE YA F2E ATH A9 GV AR FHE
=4 WYl AT 3R AW AA Bl 93 YD Jve Y= &
x5 osl 942 49 AW F WA= APAE 17X17 WLoln
AY 794 FRAZ ALs0 glen 2409 NBH 149 ASBeE
o017 Uk 150 bar Bl D ol 922 g Aoly A%
A 3 WeEs Ao g

995 QYA KOFAS) 843 $Qsh} =ale) 27lo] o2t 9ag 7
$AY ZolE ) AHSHAT. 71E KOFASH SMARTS 91ze) solde
o3 2.

o HAE A 7,4_017} 4,058 mmol 4 2,400 mmZ %}/“6}%1!:}
o BZ 229 A5t 4NN 242 Basgh
e —6—{} Az} Az < A7t 67H°ﬂfﬂ 3Rz zﬁ“? 7—12}-4 71?4-: 522 mm
oA 564 mmZ -—7}6}%15}
o %Z}RH £% A FA7 Qo
o ST HAo| F) wtet YRS
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o AATH F& Zol7}t 3,658 mmol A 2,000 mmE 74 8ot

o E49 dA 87 =

SMART =4l& 4 A9l 71%¢l INSAG-3, IAEA SS-50-C&D
2 ASMES] A 71&& E}ﬂ'—?*}‘z_’lﬁ}- ol 71% F FT¥ dAEY E5Y AA
#¥ 71% AA & ZA(Functional Design Requirement)-2- thg-3} 73t

 BEE ANE 93 £84 BLF ALAA Geth
o HPEg AFH 87 UL USAIEE FHE dds 44 ATH
(Specified Acceptable Fuel Design Limits;SAFDL)E Z2A 3t} o] A€
olef e} FEEL 8L :
- AA AR, AW, ARE, AR Fe vE Az JGA g4
3 28, 1y &2 83 AV FaAr doh
- YoM AFH 240 Wl FEHEAAAY w2 A7 A okt
=28, Fag 2 =9 WA g gHAE AsiAok jok
- A8% 3 T2 dREFH AoE, AT A HAFoE AT 7%
2 Ay i Aol EAF FAZ 2 dov feu HA
A4S B3 o9 FFo] & TR EFEooF Tt
- 3% W F Y 3Tl 2=ZYEL dR Lolo} i Y FL
A7 RIAd ZleFH ol gt ‘
o 21 = WA A} ALA(Anticipated Operational Occurrences; AQQ’s)2- X
B A 2 F =4 R ol dud JdF4A, Ao % BRI AFS
SAFDLE dA 9o AF%s 7L UFo] FUHo o} gt AL
A ZZ(Plant Operating Condition;POC) 1, 2 2 3 A3lolA HA $4
él. g | .
OC 4

it

Ao

il

23 &40 d5e £80] wASR gojol Frh
ALTA AARE TEgo] 50 2 24 tET}h POC 4 ALT
Al WAMs Bde 13 A% e W&ok g | '

o POC 4 Al3A] YARERE S €AER 3l S7Hd 482 ¥4
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A Y BA ARG ARAS PANA Boelek ok -

A4 22 3o HolE 95 % AYEsH 95 % HEE =4 ) 2L A8

%ol A¥IF ol R(Departure from Nucleate Boiling; DNB)Z AW R
'S YA Ye(Critical Heat Flux; CHP) 4849 @77} 23s0lo} @

Q7 A4E Wil AETE BRATE =4 A AR B AL B

o 3 Holx 95 % A=z} 95 % FEZ A Holok gt

242 32t =4 23R 98 FFHE B9 =4 £F BE, @

A W% A% 3 gd T 3ol FrAsolor Atk |

g gAY EH $UF BPPHAE =L FEE d4E7 3

gol FHHok BTk |
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2. =4 49 AR Br}

FREW (100 ANE &3 2PN =49 Fe drdy
A WA A A48 AT oldg on e ¥ 3314
Ueht glth $¥ SMARTS 248 A48 Fz B4 39 y4E7isE
SEETE

o &9 : 330 MWt
e YT &% : 270 C
o A% 438 : 150 Bar

o H-T : 1.9927 m’/s

xAle) FRY YA 75 Y4 7|BHO T 17X17 KOFAY et
FTY3t & ZolE SMART =4 Eold) @7 7]E¢] 3,658 mmo)A 2,000
mmz Folx AR AR AFE 8AdA SAE FAAAT &3 2 wA
W Y FFAe FAF FHA] FRAA Fr2AX9 2 D AF{A &
¥ e FoA Ryyoz AE5gini3-2]

bR 45y Ax 42

=4 9EHE 330 MWon AdE JIRA HFE dege
578 MWiolth o] ke 19 ¥4sy] AAZ BF 289 o 130]0h =AY
AT LEE T 34z 7e) Hls] oF 20 T BE 270 Coln AS gPL 3
Y 343719} A 150 Barolth. WA &L 134 mfs2 1d 3457 3
43580 W8] o 1302 Stk =4 BF WEYL 17 4B sld He o
60 % dxoltt. A AedA dds AN =g AT AS 2 dagn
AN E AT Age 44 24 2 1672 18 3457 ol wle] Ak 1E
57 HBF AT ASE 3 26 2 3 A= YU 2T 59 2
E7F 138 dAR ol SMART AR FEXe B4 AeAle] otk
SMART =4e] 527} F4 Je9 #AvIE 38 3437 ARG &
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olfrE SMART =4& Aol¥te AMgstel &9 Aol g st 54 wet
B4 234 498 Aolgol Jated =4 APolA g& BT A7)
WEolth SMART JAEFS =4 Ad) 489 4 95 17 3UE7)d
FAbSA Vel | | | |

A4 A4 9EE o] dEONBR)

’§% Al AddiAe] -74/* DNBR #4 KOFA Hd=
FAo) AH&-¥ ERB2 F#4[3-3]0] F%4E PUMA HE[341E ol &3] F
FHAG. A AHeE 0% 23 2I= 771 & 77 F L F71 2
Al #o2 19 3313 2tk AL A}%Q ERB2 3¢2)el 3 yzs)
A% WY e ohgsh gk

o ¥ [bar] = : 990 ~ 1720
o A4 [kg/m’s] + 12210 ~ 5018.0

o IR A [%] : 20 ~ 430

ARA 2ol 4 %) BHUE 029 A= AT ARHuel spike factor)7}

TRAYYUTH AY 2% 4 el DNBRE E 332014 Bt ws} 2ol
F7) &, 77 % 2 771 BN 247 2402, 2184 F 15230}, AR
34 Ju =49 DNBRE 947} AYPSE doldn e 4 gm
ole #3 EY B AR F YAV 22} F7] &, F7] FAM
DNBRE ofzbe] #ol& Molw glout 4%z 293 el 9 PELE
Ze F71goA Ha DNBRS 152302 23 2@ [3-119 24 A7e &
Atstet. o] gre Fz wA4AQ e 345719 2039 s FA Vel
SMARTS Q=& KOFAY Hls] #dE JEA) Qolrt gdot 9 9%
& Z7H71E 290] Qout 2 HRA: #59) 130] 278 SMART =
4 f4o] 4902 {4 DNBRE 23T o

. 99z o &4 54
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wAol MY 8 &4 9A 71E KOFA S92 244 AME
HAW DIWAN FE=[3-5]18 o|&3t] ALEAL F 33304 18] 3/457]
o} Aot vlmeior. Aol ¥ #FS HA $FE Asdon ¢
3 H%e 45 %2 nANAG. AN 23} HAE 7 229 FY &2 A%
t 598 718 49 248 AP ©E 71E KOFAY g3 ARSI
oh 249 48 S2e JE 38 3457 #9 10 % =2 S Aok
17 3457 =AY F&L SMART =49 §&RT) 3] As 2 o ¢4
AL &0 AFd vl wet o 1o AT =t AR AYA &
ke £48 00047 baro|® o]E w2 3/437] KOFA QE 137594 7 %ol
=8
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331 72 943 Az

Parameter Unit | SMART | Kori3d
Core Power MWt - 330 2775
System Pressure Bar 150 r155.1
Core 'Inlet Temperature .. T 270 | 291.2
Core Exit ’I‘émperamre T 310 3272
Enthalpy Rise In Core kJ/kg 212.08 208.12
Thermal Design Flow Rate m"/s 1.9927 17.91
Core Bypass Fraction | 9% 6.1 61
Core Flow Area m’ 140 4358
Core Average Mass Flux kg/thr-m? | 3.757-10° 1.270-107
Core Average. Coolant Velocity m/s 1.34 4,358
Total Heat Transfer Area | m’ 901.03 45495
Core Average Heat Flux KW/m? 356.7 5937
Rod Average Linear Heat Generation Rate kW/m 1066 17.76
Total Number of Fuel Rods - 15048 41448
Fq | --- 35 24
Fxy --- 24 1.435
Fz - 1.67 1.55
Maximum Heat Flux kW/m® 1429.7 1425.6
Maximum Linear Heat ééneration Rate kW/m 4273 4262
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% 332 #HA4E DNBR |

Lite Cvel DNBR ADNBR
e SMART Reference[3-1] (SMART - Reference[3-1])
BOC 2.402 1.80 0.602
MOC 2.184 1.73 0.454
EQC 1.523 153 -0.007
E 333 ¥dE o¥ &4
" Parameters SMART Kori-3/4 Difference [%]
Operating Condition _
Inlet Temperature T 270 287 -59
Bypass Fraction - 0.045 0.045 0.0
Velocity [m/s] 1.4262 4.8822 -70.82
Dynamic Pressure [bar] 0.0075 0.08392 -91.1
Re. -—= 127496 447431 -71.5
Pressure Loss Coefficient
Bottom Nozzle 1.8471 1.8454 0.1
ist Grid 0.8539 0.7723 106
Inner Grid 3.4629 6.2707 -448
1 Inner Grid 1.1543 1.0451 10.45
Last Grid 0.8047 0.8213 89
Top Nozzle 0.8320 1.1061 1.3
Friction 41238 4.7672 -135
Total 12.0146 15.6829 -22.9
Pressure Drop [Bar]
Bottom Nozzle 0.0146 0.1629 -91.0
1st Grid 0.0067 0.0682 -90.1
Inner Grid 0.0273 0.5536 -95.1
Last Grid 0.0071 0.0725 -90.2
Top Nozzle 0.0066 0.0976 -93.2
Friction 0.0325 0.4209 -92.3
Total 0.0947 1.3757 -93.1
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3. €49 AE A B4

SMART =4 HAE $1& @4 DNBR 474, 97 4% 3
h SEE 4% 2 93 £ 4% WLE 98 J1E 249 AY AnE
43t Database® T2}t o] Dawbasesls A7 A& @ A7, 4g &
ANy AR P Y ER Y A2S TP Yo o] AREL HY ¥
B2 44 gk |

7 9A 9%

+29 94 ¥4 A8 KWU, Westinghouse, SPC o
ABB-CEfitell dis] Er=om Z+ jhe A8 ATA ] B 73 g 2
AlE Yol disf & 3340 YAt KWUiLE OE A8 FFAH
Hel AE AE7F B3 AY A3 995 Hoh B 33540% 9A @5
FEFE AT AE JAFA V8 AR ReRY A7), R 84, A
AR b4, EREAN B, 72 2ol JA¥A A7), AE JEA HF B3t
17 Fo2 FEIY etk 38 A8 F KWURLe BF S4ge
2 0d% &8 BEXd g3k AHolv). Westinghouse, SPC 2 ABB-CEjite] A
Hd AsSe 79 4 28 BX Y= 48 P9 nFd AT 29
2EXE x¥3 At

uosky &4

#38 48 &4 Az 718 Yy E 3369 Jeht 9

o ¥ 3369 AA AR 7 ite NFHA Fejolvt. Zt gl AA AR
EQo g KWUitE A2Z&o] XA ZAAgd Uzd 2ZPo] ez
HA® A FHAols, ABBCEitE E2¥ AW TAE A=gol
AR ZAAol: SPCRtE olF AXWOZ B =28 §F TH X7} Y&
HTP AA] ZAAleltt. NEL Ho) gols= FRe) 6X10° 71A S At

| HID-1BS} HTP-calvert A4 Z7 A9 Red Wl 34 £44 =49 @
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733t Abx, 53 A2 Alae; BiA F7) TA7] Al Fol AT 7MY Alm
28 YAA 3z F 37 A3, F7 247 FE 59 Al Fol Utk
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W 4 BE AF) oS8Tk g A4 9% WBAY B =
2329 A7 #9Y SFER) 95474 B&717} COLSse] AH452 9
H =4 BE ASY CPCSIE 9% £3474 274 FCA AH4H T

‘0 ot

_2{1)...



| At B A)ete] RBMK A= Z-d<e R ;ﬂ,ﬁ. AR7S x4 Ao
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wi 724 AFACMS) AHesa UtHas] 352 94 125719 2
e} ¥ Vanadium AZ7]E x4l ZAELZ =0l Platinum AZ7]E =
Aclst MEgoR 8T Yon AFRY sizde =2 234
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Az A% Vs 7\ 29 AST] AR BR 4% @ o4 25 A
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O AR 29 AAE & 24 5 A=S A A=l B olA
CAWE g Zo] 7129 =4 BE AT 9437 HAL B R¥EFS
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o171 Fission Chamber7} 428 A°2 VUG =4 15 AFL G349
2o Qs QAL 4)e) FYA AFoR FAHEZ 4ES =
8 WAZIPE AR Fue) WA} Bk

Aolgd $Ade] ¥ RoE o PHE SMARTS %$ Aol2 HAo
Ae ARE =4 B3/ 7% 53 BrYolth. JF 34z B$ 2
AES 534 Aoy g Az 9 AxA I =4 BE A
So] olgHH ook W2 1MEY AojR 1§ AN WA Ax(YA
57t =4 Aol B A AT ol¢Hn itk Y EY) =4 BE
AFL 442 S A AYE olFolA ot AR 42 Az A
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9 Y42 veoZ SMARTY x4 R34 AT 94 A5d B
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2} Ay (Display, Anmmciator) 0] 2780k EF TG AZ] Asel
W@ A AESolor sn) Az AAA BA 9 B0 Wed A8
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RAAF $A 1583 < Pr < 1624 kglom” | 1424 < Pr < 161.6 kgjem®
A x4 979 < G < 1021 % 95 < G < 116 %
009 < A0 < +0.03 03 < ASI < +03
0.0 +2.7 % 5
4 o%E | PEE o
0.093 < ASI < +0.19 03 < ASI < +03
AA A3 T 53

=

Fad dA=
A7 A

3% g% &9 X

A9 3Y 2E

YAZAES, 97, A4
A% X Az B35
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C e daz 84 AT} ZFHNE AL AR Yoy AAE 2
5 A% ERY T2 Y& A4 JE Ang, olF £3F B A%

Ade 442 B3 A g8 AW AL 22 A% AR 44
AE QAsked Yol Y Fun 2EAY AT 95 WsE A
ot 223 JHEs 4 AT AS AN YAHY o=

e 4% Ae Eges zAS0 34 AAs A7 AAE
X %7 Bk,

. 942 B3 AR $aeY e 84 gas 2A ARAE 2oee
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e 58 dds 44 ARNS 2RNA Foe FUY & Y= B
A2 7e AGAG g8 fA9n AYRE 2R 27 24 49 @
H g4E7t QFUG ol W Sorke £AF B4 44 AAL
w4 BEA ATY A AZAA AFE W} 2Tk

o

r

@ 27 g4z A

48 Jdfx9 Ade F4 Fd YuEH J&2g 44s &
A AY 2AL FYss] 9% LA AL FRANA 288 2dolt I
AREE 54 209 2YAMRH A% 297429 &9 AFEE oud
. HHS o|2E ASdl o), eF 2 %ol HHL gl Ao Yy
olgs ¥4 Hdg AA AP} $YF 12 FZ(Hot Channel) HH| 5 o]
5L UG, 1 W AL 2 %9 HHE JHEE 23 Yo
L3}, |

E 3430 4o} e AN A8E oeEH 429 YHEL & 74
427 TF AF 9559 F5oln o]F WS 1Y gl W, A7
27} AHE olgEo} A2y YAE ¢ ALE A7 AYA] TG
Aol €Y # Yo AFHE EFo] AE A3 BEY K= (Available
Overpower Margin: AOPM)Z R HETh #& 7% #&9 J45: 37 =

Hol g HEEZ AP

G5 HUE HE b5 HEY dFRE HuE oREN NEH NS
o 9L 7NE W27 FF AS W5S9 wsE g8 gag 4 Yok
getd, A4 e LAY 27 99 G4t 288 1) Edo] ol
A grEE AR27 AnE oAY RS FAY, T Q) S 4
B 44 ABA 2BHA G2 GNF RFOY HEY 44T W
g AFE7) 98 EY ASS ol Lot Pk

Y =7 @F AFEE 87 F5Y o] FE(Required Overpower
- 212 -



Margin: ROPM)Z A58 Zze) £33 24 44 Add we gad.
EF 87 A2 JREE ASI) 29 F99 Folth 2T H&2Y of
59 FoE Bew 2o, A AL (Limiting Even)o] o3 ARHE A
27 AEY AREE YHE JLED &Y Y4 £ AT 239 4
Aol glo] Fa 948 Ago|n. |

D1 _ Initial Steady State AOPM
ROPM(%) = "Z5BM at the time of closest approach to the SAFDE, = 100%
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F 344 x4 AR BAHA nEEHE A 7IE AL

SAZ WA Qa4 AR RPS Trips® Criteria

Aoy AgA aaY ) TM/LP, VHPT, APD | DNBR, LHR

24 QY (SMARTA= 98 A &) | TMILP, VHPT ‘Time to Criticality

FUR=R ) | TM/LP, VHPT DNBR, LHR* .
B Ao HPPT, TM/LP Peak Pressure

o W TM/LP, HPPT, |

nZEL 5% 44 LSGL Peak Pressure
B2 oAFos A% B g AA Y | TMLP, HPPT DNBR, LHR

BAZ IZA AT B TM/LP DNBR

B g T LF DNBR |

25 A AAD LE E‘I;ISB;R, Site Boundary

A% A% 3FA 3s? NONE DNBR, LHR -

shte] 27 WAz e oa <13 LSGP, TM/LP, .

;}:4’9‘:‘2} e ' i LSGL, VHI{"T u DNBR, LHR

: ZHALAL

Aol FAgA o)g HPT, VHPT Site' Boundary Dose

Z718 ug LSGP Site Boundary Dose

271 G2 Add gy TM/LP Site Boundary Dose
HAA nF LF | Site Boundary Dose -
(1) AOO's for which action of RPS trip is necessary to prevent exceeding SAFDLs.
(2) AQO's where action of RPS andfor sufficient initial steady state margin is

necessary to prevent exceeding the SAFDL's.

) TM/LP - Thermal Margin Lower Pressure
VHPT - Variable High Power Trip
HPPT - High Pressurizer Pressure Trip
LSGL - Low Steam Generator Level
HP - High Power
LF - Low Flow
APD - Axial Power Distribution
LSGP - Low Steam Generator Pressure
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AolB A A& Atmel B4 L w3 3 ou dAE 9%
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g A 9% 562719 FECIL 7HY719 47 FFFH 2L SMARTY
AF= A = AFY FRAE 7|eHo UE fdsor ol
2) €9
8% FAHA &L AoF d& Alas AE +F5 AA
A o] . Al E(Control Element Drive Mechanism Control System: CEDMCS), <A}
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4 L&) UOz 88 %EEE} wolol gtk -
5080 C - 280 C x BUMWD/MT) / 50000Q(MWD/MT) ; ABB-CEuzt 7g-r
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- A% 942 QA AE 4™ < ALY 110 % (= 2750 psia)
. w548 Ax20)s FY B4 Staino] SRP Section 42, Subsection
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W WE 238 4o ASANA B AT 2 YYSo| Uy
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7 g8t me AN Z duRg a0 HTHE L= AR ol
t =29 3% 488 Y4ERT 9A2 YN 445 228 dyx7}
Bt Fass 8ok
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Jdul MA 7% 17 - W AS
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Uik MA 71F 25 - WeE Aol ATl W Wy AR 2T A

@ A HH 2 AS A
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AT A2 He 2058H SHL0] BAe A HAR Ao gE 3
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No. OF PINS EXPERIENCING DNB

09 345 A% =Y AR AWA oY A4S 9Y ABBCE U

- 243 -



CURRENT PLANT DESIGN

* NUCLEAR AND THERMAL
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Dy Dy, Dy, Dy, 28] Dy“s] Bg d9®3 2= ENDF/BVI
228 A8 Aol

th dAE 2 A8l &8 X

MCNPIA HEE £42¢] duAe UPe Wat d2d
AMERO2RH o 2389 F4A QL A YAES Brrshe
"til, FAAY 5, 28, A3 Agd Y3ty FESFATE 4 AN
T [FEZHASF AlelY covarianceE o] 83} FHF ] FIAFUAFE AL
Bk Zzte] dds AEA 2 =4 AA0) B FESHASE B 3540
AAsEET AojEe] AEE 7 MCNP A&+ A9 CASMO-3[5-18]<]
AN AR08 A9 SAA UEstD Aolgel 418 4$ MCNPS
AR AE Dy, Dy, Dy, Dy, 12lm Dy'™o] B3t dwds Azt
ENDF/B-VIe] A58 o4 4 %oy}, CASMO-3¢] A4 A7t f1ojA
NEg 5 AAT

AAE AL HFFoN G2Y g LES FA B2 § Qe AF
Aglel 93 FAEE BrIste F4 ulyE ol&sign AFNE 48G9
CEE olgde 29 EXE WS 2 A= AFAE 29 £¥S 0
¥ 35690 AAGAT. QAR A AN E YIRS &9 EEE
CASMO-3(5-1819] 2%} frAtstgTh.

A7\ 22 AAR JRAY =49 dF 54 B4 A223E A9 9
48 HggozA =4 Jdo] WE MCNP A Ao BFHE 2@
4 itk webA), MCNP A% 239 metal 319 Feje] k49 &9 227}
o AdE A% VLY AU o]4E 4 Yo |

_2m—



¥ 353 SMART 9AI2 =49 A8 2 943 9x39s

TE ' T4 4 | ALY E[1/cm-barn]
105 1.140e-3
UO; (5 wt.%) U= o 2.142e-2
' : : 0 ' 4515e-2 -
U | 1.010e-3
u= 1.897e-2
0 4.308e-2
Gd::j ' 6.374e-6
UOZ + G‘d Gd155 ’ 6.763e"5
Gd _ 4.603e-4
Gd™ | 6.356e-4
Gd™ 4.838¢-4
Gd™® 7.625e¢-4
Gd® - 6.630e-4
Zr 427 7e-2
Fe 1.710e-4
Fuel Rod Clad
ue o a Cr 9.940e-5
) . Hf 2.230e-6 -
Guide Thimble Nb _ 2 990e-4
Sn 4.860e-4
' H : 4981e-2
Coolant(0.745
ant( g/cc) 0 2 4906-2
Ti 1.207e-2
01 % 4.550e-2
D -
Absorber Dy ‘ S
v | 2.706e-3
Dy'm 3.637e-3
Dy - 3.535e-3
Dy 3.965¢~3
' : Fe : 6.060e-2.
Control Rod Clad Ni 8._540e-3
_ : Cr - 1.570e-2
Air 0 _ - 4536e-5
' ' Ti 6.720e-4
Corrosion Resistant Steel Cr : ' . L.5%0e-2
| Fe 5.640e-2
Ni . 7.830e-3.
H : - 5215e-2
Coolant (0.78 g/cc)
e o 2607e-2
H 1.990e-2
O_ . 9.960e-3
60 9% Steel + 40 9% Water . Ti ' 4.030e-4
Cr _ 9.550e-3
Fe © 3.380e-2
Ni . 4.700e-3
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£ 354 3474 fEZNAS

== MCNP CASMO-3
AQAZATA AHdE A 0.9146(0.0007) -
HASATA AR Q2) | 1.1687(0.0007) 1.16570

SMART 4]

1.0255(0.0007)

() XF HA
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*——* 0.4750cm : YJ8 ¥

<——| 05036cm : WEA

A d9s3

1 0.4330cm 3’--’}‘-‘{2-
| 0.4370cm : 712
A1 0.4840cm : T EA
+—»| (,5700cm : WZA)
| 06120cm : AAF

B. 717 AXE ¥ §4%

29 353 -9AE YA THE P=
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1Y 354 (@) SMART gx29] 17x17 FQ2 JEA 18 24
(18 AW

2% 354 (b)) SMART 94 2¢9] 17x17 ddg A4 118 2
AHAAE 1S
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. Barrel

Steel(60%) and
Water{40%)

Fuel Assemblies

Reflector Displacer

1% 355 SMART 9x29] 1j8 Ao} tJg MCNP 2
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£.000 MCNP
0.000 " |cAsMO3
1.010 | 0,991
1.023 | 0.982
0.246 | 0917 | 0.244
0.248 | 0.894 { 0.249
0.000 | 1.113 § 1.097 | 0.000
0000 § 1.116 { 1.094 | 0.000
1.184 | 1.103 { 1.052 | 1.217 | 1.211
1.190 | 1.106 | 1.045 | 1.218 | 1.226
1.187 | 1.054 { 0.253 | 1.167 | 1.262 | 0.000
1.193 ] 1.051 | 0.257 | 1.154 } 1.277 | 0.000
0.000 | 1.145 | 1.136 | 0.000 | 1.164 | 1.103 | 0.255
0.000 ! 1.151 ] 1.118 | 0.000 | 1,152 | 1.093 | 0.259
0253 1 1.044 | 1.116 | 1.124 | 0.253 | 0999 | 1.016 | 1.094
0259 | 1.040 { 1.130 | 1.117 } 0.259 | 0.983 | 1.007 | 1,110
1.026 1 1.092 1 1,133 | 1.108 | 1.027 | 1.075 | 1.115 | L.162 | 1.209
1.026 | 1.054 | 1.136 | 1.108 | 1.020 { 1.086 | 1.132 | 1.172 | 1.218

1% 356 (a) SMART 9A2 HARE 28 £X FAA% I3

0.000 MCNP

1.153 | 1.073

0.280 | 0.893 | 0.286

©.000 | 0.898 | 0.855 | 0.000

0.953 | 0.997 | 0.936 | 0.921 | 0.956

0.964 | 0,977 | 0,291 | 0.868 | 0911 | 0.000

0.000 | 0.953 | 0.924 { 0,000 | 0.905 } 0.958 | 0.323

0.301 | 1.070 | 1.129 | 1.015 | 0.317 | 1.163 | 1.270 | 1.424

1.202 | 1.270 | 1.304 | 1.269 | 1.243 | 1.368 | 1.461 | 1.554 | 1.647

18 35-6 () SMART A2 day 28 B (Aolx 44



5. 4&

SMART 9z29 s 4AE daAs 4 HAA B
AZe 4Ase Ao FodT FF ICRP608 AT A ARFA
AR BE AT VSASE AL 4F ¥= R I HF AF dx9

AEE AR BE JFEY J[EOE e AL B9

SMART 929 =4 s A 2o Ao 4 PIEL FE3T
2 sjAd o8-8 A Z=E AAE PR H REFHoE UL A
g I@4Le A A o] §He At Z= AA AR At EF
& 7R Y& Bad Ad YAS FFE 5 UA=S BHBE £

Fed o Ad A AAS 3748 o] Aok

ofr 1

2 oA 59 B4 9Y Azd $Eog AE AA WAl g% A
Ao BAASSEE BEZE PHol o9 SMART 9x2e] =4 25 3)
A% =4 A9% B2 FYSAT 492 ARA 2 =4 A A
MCNP 293¢ 853 Zz Ug dAS 2 498% &Y 2IE A
Wt CASMO3 kst mmstd 1 dd7t #AES FUsgc dey
2aAM 5B MCNP A4 dsr} =4 %o g s Ade) 39
goz o147 ¢t
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A62 dAs JAFA 714 KA
1. s

SMARTE ¢A4E& Ay f8 Wyiez Z7] Wiy ¢
Wzt BEE Y £7] ol H5E ol8¥ AR HAFL ok 4
3 ANE FAlY o]&3tel= SMARTS 284 iy ¢AL Yz g3
JA 2ol AF 2 Ao FNFL2 7R AY, 23 AT & 33 A
TOoEREY @5 AF o 83cl FuR GHAAY HAF FEAld e =Y
< 71&ol Uth oA wEoA SMARTE g HA 7|FL A& o
Y gAZE dAF vty AT & He] gtk SMARTE I 544 &
71 27} iy AR vlEe JF3] d & we g1, 7] FAr) 2
BE SE 14 A% ¥4 Qo AFAN, ANBee EIYE e
2 AF Ajo] AE(Chemical & Volume Control System: CVCS)o] &A138}4 &
7l ME) 42 dA87t E4FHYE 4E &7 U9 BE AFo] L¥Eo B
Tol ojgFol ©2A dAnt W PAEE e &40 T42IFJHES
- AFE A 1Fe] HEH MEHoor gk A e AN Uz
2 "9 o] AEHE FFeE 7R T g AA 2o AY, OB AN A
A @A A3, &AZHe Jeieig o EFo) oA Wi $Ert gse
oo Zdg Haed ogel Ut IAY AAEE Yd8Y Ve =
Aol F2E AP 1H ZDE NEsiol ). o] AL FZ AR
ATF4} KWUAE 3502 7dsle 4808 Aeol dFE 19 3617
22 F4 Hds IFA KOrean Fuel Assembly: KOFA)E £71o.2 M3t
= Aol 714 nigA Y, o] dH 7T FHA € U7 EAS Hard
& 5 St

WA ol 9AEY A%7 §40] ohd A9l KOFA dEE =3
o2 YAE MY ALL e AR BUAY AAdos dAd AE



FolAY AL 32 WSS Yd2E 4L 9 THLAE GA2dE 2
39 362 % 36337 Zo] 974y KIS 29 3.649 7ol AF)o)Au
7 448 ARAT £27 AAHe dAY, EE 1Y 3659 2ol A
ol ¥o] ohd BAoTH6-1]. M S4E BV} BE 44 LALE d=
S 1 FE7t AR 98 RE £59 BE 498 2 JA 72 S 3
28] Yook

B 72011*1‘*6_- 2%l A GAF %JZ}E%_ YAase] A e %Iﬂii,_ 3
go]x A KOFA YARE Z7tos 3= SMARTE JHsd A% vt
g =933, 43X 2EL 2uR .
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2ZA

2R A4

HEA

heka Y A)
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Fuel assembiy (x19)

Fuel assembly with
Contro!l rod cluster
tor Power control(x6).

Fuel assembly with
Control rod cluster
for Back-up shutdown(x7)

Location of
Fuel rod(x50%8)

Location of
Poison rod(x42)

9a90%2a%2a% g0 g
GG 0.0.00.0.00.0-020

o

e 0o 0 acaseleseleSes
05050500000, 000
a¥s0a%2a%Se% Se%
BRI :

22620 % %,
220%:%e%
02026202 %
a%ale% %0
e ®

[FUEL ASSEMBLY)

Y 3.62 MRX =4 vz 2 ddg JTA @z
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zZ A
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bl

3

ds

KLT-40 &

138 3.64

" Coslent Channel

Controi Rad
Channel _

Spacer

_Se;.-.d

Subassembly

End Piate =

HE

A @

H

1% 3.6-5 Shippingport AR
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2. 4AY AREE A8 WL HR6-2)
b A AA BAY 4AE 928 gd=
(1) AP600

AP6O0 ABS] JFE HNE F& Add] UE BEAG A
F7F FRHNeH Fa dA EFEEA, 1§ A7 2l AR 91X
t 9¥E J4HAT A dgel oFd FYY 2-F= BHART 20 %
o B2 ¥4d8, F 3.65 mo 8 Yd5 Zo|F ze 145 /e 17x17 ¥4
F.(Optimized Fuel Assembhes VANTAGE 5 Fue)ZE Al&3t3 it o] A&
A" A= AE 54 7]2(VANTAGE SH)S Zto 2 &t old] &)5te]
@ &9 gx AA(788 kW/ eyt H midd Ajk R IR 8
g ALY ¢ Ao

A} GAR A& g 2E 584 B
I 7 AR FAS ol &3 R Aol E(16 TS o] 8ty &Y =4
2z $Ae ¥ 4 9o nAe B354 o WR Wgoz )
o dYow TN “27o BEE &5 A4E R AR ¥F 9
e 2~4 %olt AL 1824 AY F7E JAY 99 FE dAEE
55,000 MWD/MTU (8 + 65,000 MWD/MTUZ}L A G477t 7HsEHelth

(2) QP300

719t AS$289 QP300¢] YARANE §H A7 Zo] 2.90
me] 15x15 8189 121 /| AHEE FAEY =49 He A4 d4& 2
70.9 kW/ £ o]t}

=4 WEEE Yzad §38 334 A, A4 EF4A £ Ao%
gA ) sty 2HEHY 4 T4 7MEAE FFAe =4 AA9 48
& e Z2E4 AEET AlojE JAFAGTHhE &9 2E H 12
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AR AERT ehe wEEd et 374 99 24 %, 267 % 2ex
30 28 7430 =42 “g79 &% wsx 74]"% Z¥A W, 12~16 7H%@
& 77 30,000 MWD/MTU-—] vﬂ% ALTE et B

(3) AST-500

x4 Uelt 9ARS WEREE W Al Aol 238 mmy
22M8 P49 1214 A2 FAEN, 2 A2 A& 243 mmZ )
o k. |

2 7o) G992 PPAE 9740 136 nmd A22E Y AR 143
2 TRHEY A8E 20 % $559 439 o3deAE e ASTT =4
e 274 & 49 £ $FFol FAHA =, BrAoz of 2dnit} 4
ARE WA= FHEY. Y4 JFA T ‘Chimney’Z 7 Ao Jen
AL AF7E sbsetel 2R PAS 45 RES AT |

fr

ANE A8 84 B2 A8FA gonz 33 AF) Ve ¢
A2 A5 23 540 BB 1 g AN FHEAE AL 23
WEES ¥E £ AoH oE JAALE £AHE F4B st nRE
o oht gEle) F5AE FAEY BEE 2L AW VA FXE BeE
8%, 29 22 1931 WA BE 59 A5e 2=

" (4) KLT-40

AREE 21 A ARE YRAS LA BE D @A
AAAZ FAHD B35 2 2A AAE 7N E& 1AL 98 5 AY
g3 64 25 2§ 4 A2 FANO Aok A% 2A e 1A 2§D
4 HE a§e AZ UE ¥s9 gdd 98 Aot =4 FFe
1212 mmo] sole 950 mm, IFm W& WEE 155 kw/L otk
KLT-40 AZAA A2 4R F2% Az 71¢e 9452 Rold, A
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4 FAF AdAM Z7E E-00 o3 dFHAS,
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97 247 HEE Ao FNe) £ oy
g8 BA o] % s1 vheEsl 2 RojBo] Axd] uFY A

e tYAR RYRES Hel Yo FW A 1E AuE Ye AL A

- &3te AA FA FY FAE Z3 o

I ASde B Ao AlFo] glong wdoe g&dlEn dXEE A
T Ao Aol Y il J1AAE FFAE AHESIE Z1AF Ao %
Ao sl Ao} Fe 27 HISEE BAFEE YA TP
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i} 718 47 gAY 9AE 9AEe gdw

) PIUS

A2 Ede 32 FIF RS xd dod Aoz

5 A0 Ytk A4 £A Tl A2 29& WAE O BaY FF
& 2BYoEA AHA 3 B “27Y A& LT ASE B3
=AU ety &9 8%E WY 35 439 23 Fe 27 4B
g o] FojAn. ojnf -_rr%*—‘z] 7k dRA=2E AfSe 749 2=
FaA7E o2y F&A B9 XS B3y A AA4= 2L 2t
ARG, ol AHEH W £ A5E 20 % NelH 40 % 29 IR
2go| AFdth 28} o]8 W ALE A5 WY dold A4y 3
25 &7 2EE FAS) %] F& We 2N BT B4 T

e #9¢ 297 A%t 3R4E FANAY 29 22N 98 2
BE 3442 FYstel 2ASEY, ol A& A} A Aesh 2ol
FAEY WASE Aol B}

HE obd Adel uteh =g A A BRI d3 = ASo] A
MHT P2 A7) $YL 610 MWolA 640 MW7HA A48 4 Sl PIUS
AAZE A5E YAAZ AL WA 4 00 MPadl A 874 AF #
% 13000 kegfso} =A& T3] S M =4 97 % §F L= 2% 260
T 8 290 T o]k |

(2) HR-200

HR200 24242 96 78] AR 2 A AojRos 7

AEt. B8 A 8 53 FHN7 7] 95t ‘Long RiserS 4] A

o AX@ch dARLLe A2 B &rio) st mANE AP AR

| FE RO AW 19 m KE Pole] 12x12 WL 448 wﬂlh )

EFe Bayd 2AA e AP Aol FFAE WA B Ao
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X%}t 27) =AE 1.8 %, 24 % 283 3.0 % A FFH F=2
e Ad8E A48 A4 2E d25E 30,000 MWDMTU] o,
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n
i
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Aze F7h =4 $Fe 23 mole A4F YdrE $I} W

o
9,
A

19 mQl SE =4 99 Yo nBFES Hoj Tk

1A FFAZE Gh0:E AT HdE A4 HEEE FEHOE B
A 2oz AU §8 942 FAS PN 584 B
e olAo] et x4 A £9 A7 BY “879 BT & ASV #
A" & ATk

o 36 kW/L Y ¥e x4 29 Fx2 Astd ZF Aoy Az A
Zh4N 44 RS & F Avhe Ao A

(3) CAREM

GAgs AARE FAA BEH= AT 7 AN
a7, 9494, AL ARHY AASel HARH oo} B Fold 2HE
Zgos @ o AA4 WA 71x AAEL 27 FE=S HE Ao
colth. 9W 942 4A4 FRAN 28 AASS 93D 47, AR
A3 NA Aoldl v, FHE BE 197 ¥ Aol B 99 A
3 Soith ola® AHEL 242 FYHoIoh

HE 2AL oA JARES9 FF AT FAY AL 1FE T L&
F 9120 CAREMYAM HHE 44 EFde o 22 AE<] Utk

- d&49 : 100 MWt (2 25 MWe)
- 34 By F7) 0 HY 2922 3009
- A% “gre g E 2% Al
- Hx 98 &L
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g 29 baN §4A
e 942 97 dfs
e ddg 2AE L%
; wE &8 Js 874 F& |
- gds AN AR TS 424 FHA A% s

- AY 2B 44 ) Aoked YAz ARAY K2 Aol Ase &

to
M

=
o

olgh e AL BESY Yl CAREMAINE dQE wzau AA T
Z, 4, 35 AR FA $9 BA ©|S& wPsAT.

(4) MRX (Marine Reactor X)

MRXOIAE A% A4E Zolr]l HAstel Uxe] AARRL
a4 FFAE BASQT dQ8S AAE V) ALE PWR A& 23
o2 sgon xqdE 19 A9 $24Y gd=s} FAYG. IF 13 A
dazde A% APA7 ALHEr 2 e 6 Ae BEE Ao
2 g8, UnA 7 A 942 FAE 98 A= AA=EAY. BEd
4 UEE 2 W/ 2N xyo 95 AARE FTH BAT £ U=S ¥
23 @k dda FA F70E 4 doln AAE $9L § dojr}.

“J

MRXA AHHE GRS F4o 4 =4e ged g

- AY 2 WEE Ao} FEE 2E A% A SR A%d 4
HANNE +44 F5AE AHSstA 4x BdAE FAB
- AL 2 BEE A FEL ZE AoE ARA7L =4u) 44" 2
BaME 28 /P53 $2% 29 $3oz 4427 $3 sFssteiol
g, | ) | |
- #7) B Ae HEEE S WY FEF 23 WEEE FAYUT
(4378 WEE LE A4S FATTH |
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AR &8 BFAE AR o2 Ang WANS FdYe wHon, o
A% ZUS7) Askel AT %Y 87 el A3 ARAES AN
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(5) AVB

AVBOXE 4ZAAS 2o sl vFY =Ao] A1e8
. =42 ntFEEE ¥ Aol dolrl 1442 mmgl &7 WAE 55 B F
CAEY olge ¢y &7 W WY He 1475 mm HANE FAJTE Ho
ATt

JABE x4 N HPBI F3@] o3 WGHEH, oy A%
2 Rge Ydge 49 2w ngAY B ¥dHE eva

FHE HIHL Je Aol FHot}
(6) GAS Turbine. Modular Helium Reactor (GT-MHR)

GT-MHRY 71d % Eolg AL 1Ee HE WL I

Age) 9ARS AFEATHE RAoith o/& 989 Pyrolytic Carbons} Silicon

Cabides] B202 $¥® it J2d 229 §22 BAFE 439

5949 49 718 AL oA TE2 MR AT 2NN B

23 EdAE YRR A4 2 92Q EQ S gAY B
s8e $X8 4+ Yok |

w49 fE 99 Ringd o3 #¥Y PAT BEoz TAH g
ol xAe] Zna gHe AR Tho) glon AT S WAl
220z FAF Utk =4 IPAE 24 WYY BYsx e AxE

871 B2 Ao =S AAR Uk

GT-MHRE T 2e 242 221 g

© €% 39l : 8L @4 €F Yy 2 7MX AH L g 2
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2. gd8% Md EA
7}. SMART 942 2.7

SMART AAZ2= €€¥o] 330 MWo|xr A7] %E}al-loo'
MWl dAE 7MY AF2EWR)OITE FAREL U0, &2 AE Zircaloy4 I
58] 49T AFFeln AW APAT ULRPE a7 LT 29T
AC2H, 950 MWe PWRE-9] KOFA(KOrean Fuel Assembly) AAR[T-318) A
AE 7185 o2 Agshed, =4t & 5749 A1 I} FRL
- 7M4 B2 U0l 7FEEUSKHGL0)E AR 7tEecl d8%e
A3, FAA §548 0 2= Dysprosium Titanate7} 18l 1 AHT4). B
372¢ P8 A% AUE SMART 9429 23 2790 950 MWe PWR
3 u@Hol Ut GAR FREE 5 wBEA 3 ol¥9] F7] Lolg 7}
AR, AZAA =49 Yd2E AT FADTY. Yd=2re JF MEYe
109.6 W/cmZH, 930 MWe PWRS] BF A%d, 1783 WemRT < 40 %
Atk =4 9T % FTANS) WASY exE 47 270 °C B 310 “C2A
PWRS] 2916 °C ¥ 3268 "C Beh H#E 192 °C7L ',vb:} ARG Yzt
CfFol A7) B AN WS e 717F 2318 PWRHE G =tk
BAFEE IeEe) ol AgEHE PWRIAMN 4 BE% Adgoz
Zeol §3) FUHE B4AE A8 AEHA gon, u}u‘r 9 WA RalE
A 37] 48 ¢molE %—sﬁ FAA .

G, gasE Ad 44
®) YASR HA
| QA ddag 24 2RERE A4z A% ¢4 %
§3F A4AE AT AN BAR7h &394 @, LA A0l
Aol W AS AR AL PAT A= AHA S¥HoNE @
93 =49 Yol fASolel S R Fo| YTHT-S). SMART ARz ]
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HAFEE 950 MWe PWRE] A5l 17x17 KOFA A 8[7-3]9 ’éﬂl% 7]
Bog &3t} oy 3.7-12 #Ad8ge MFgxoln, & 3730 dds
2o A9S KOFA BAg¥ s wlmdtge. U0, 22A ¢} Zircaloy-4 I
€ AHg3te, 4889 FRde FH9el oA U0 22425
JEG 7IAE &3, Fd g &5 228 S A4Ysly qds ~F
o] 43 o5& WATY. HA8E HFL 95 mmolL LFHA Y B L
8.05 mmol™, HE &2 FALE 064 mmojth AAEE ) I £FA
HZ Aol(YEE K& Zohe 2,000 mmZA 17x17 KOFA A8 T2 Zo
3,658 mme] 55 % ATl

ol
e Jf
Mt

b

22

% 3730 ddn%e AF 4y 2ol ddz 277
4% Zolg mulste] AASYTH Case A= FARES HA LIS 2,189
mmZ TZARE W] 9 dds FE Zolojn, Case Bx I8 FE
Zolg 2000 mmz TAANRL A HA WYL= TdAY ootk
SMART 34889 5557} 5 we%oln Aol 54742 94 F9o Ho <
2% @2E7} 60000 MWDMTUC 8 Aoz 45y BEd, 42 7]
A9 W& @HA SMART HA8E9] A4 o|Fo] PWRS KOFA 4R
23 fASAL B5HY Ros Bedd uEd ddare Zdy J3
474 99E HE dolE F1Foz s AV

dAge HAEA L chfjde] A A ¢ F
BHF 7.0 x 10* njem*E > 0.8 MeV)EX[7-4] PWRS] &)

2 03;5 A A

HAE 2Z2AE 5 ws F2EQ U0, 2ZAAEZN 17x17
KOFA 348 22X Fd3l) Ade 224 += F Ao 805 mm, Zo|7}
10 mm¢l 959 2Yo =, }sdAde 7 55 mm' $9]9 Dishg £t}
U0, 22749 REx ol& TEx 95 %24 104 gicm*ojt}t, U0, AZAA &
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A2 GAE 60,000 MWD/MTU o|371x Mol H83 AFHUT
2o 94 A% BHAA ol EAH e Ao 4dd. s

(3 i HER

 gdE YEBRS Zicaloy4r7} ALLETh Zircaloy-4: ZAz}
Fogo] ¥y 2o o3 WYMol $4sa PWR Hdze HEgos
ge Abeso)] fEd), dAE 60000 MWD/MTU o472 el 4%o]
223 AZHAc) Zircaloy4 FEHe] F2o] 3FL FE AASZE Y2
29 exd YFE FE A2 297 WA5 % Fo| ATk SMART 9
Age WF 29& PWR Ko} oF 40 % zZow, Au WL Y= gy
£ PWR Sz 3yt 24 9¢ AoZ 49T 2L} SMART 4429
4z A% WA5e 3 24L& X 3748 Zo] PWRHA =F th2th PWR
T @8 SMART 9AZAAE =49 BHEES Adste 2471 A9 A
$57 @on, wed Rio Weste Wse) pHE FHAA FE
Lithum= AH$EA Seth. 22n 9 B4 238 9457 95 PWRY
e %48 A7 TYste weo] SMART AAZAE GoUGE 10
ppm ol4 &3 FYUTh EH SMART dAZE PWRIE € 942 &
A e 1% A% ey A3 AFl ABHA 7] WEol WA
RHHA Ged. Tas] ¥ 3749 o] U} AE WAS Y 2&EY
HEX7t B0k 58 22 2 929 847 242 50 pme.2H PWRS)
0.15 ppm BT} 493 . waA ol e AAE 4%, 53§ NEw B
Hol = 9 B7Ph Bash |

#7 A4z LRFAE WAL Hske 942 4R AF T4 A=Y
24 AHECRUD)] W4z BEHel Ya4 Wol EAsted, olSol
daz W2oe] FHo) Vs YAzzrEe AFLS PR NBY
o LEES 42AA ABBY 2AE ZANNANE, YA5Y 5E8E 3
siatd[7-7] AR &4 FLEE 7 Y. 53 SMART dA== PWRA
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=g g2 oA 2o 14 AR ¥PE Bs AT F5HH @,
§7}2 ssto] thzy) WEe] CRUDS 98 BA 2 A= Ao Waslg

@) &4 Y28 AF

Az A 23%F9 e Ydart AR 23 F
of EAHAEL AF &40 d ol 4394 g1 B dds By
271747 AR 2 FAHE Rolth U0, AR 2FAE 12 2 $ARA
A ZAAA Ao ko] whgAo] Wold H4Eel AAREH 7}
2 de A48T YUHT-8). 2y 4987 S48 W) gAgRe
WEE #Y99™ U0, 234 2 H2d Y2 EHS AN F45
AAT ol AHE FAE Zcaloy4 HNED WolA $2 FFEL YA
o JEB@e AR AW o 22 F£ageln Fedr9], &4 Y4
B2 9 71zl Ad Fol 23} F432 A8 AR o F o] B4
g & k. 23 437 dojuke Avle H9EY £Y £ B 9453
4989 43 &4 Fu 59 9 w5 G¥S B, oA B AL
A 1d o9 AZtelA) 23} 28k o 4 ITHT-10].

rr

282 PWRE th7] 12718 Wx 24719 7|2 dAdgel E#—/Eﬂl% 3}
=H, ojm) &48E YIRE AAS}H &8 459 I5E HA[¥Y. 2
#L} SMART dA2E 34 o]de 3 72 HABE RIyRAY %)
7l o] €48 GARA 2% Sa82 Qs £40o] WS otsd sFs Aol
At T4 SMART 928 &4 9 =4 €3 € 185 2Ho] Ao
TOE o]FojA7] Y E FA A Fol= AL PWR Bt} Hdge &
H sV SRR qHT, =3 42 & Fd 13 AT g5}
BEEA 871 Wi, 42 A8 E4HE W5 AbEe] nle S
Vg Aol glom, oz dd Be gl Adast SR Yed
WAbsol EolAA AR AL 4A FoEol 5% Yrk
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¥H E 37-19X49 Zo] YntHoz PHHAR WA F7)7F 0 KLT-H40,
ABV Z& SAKHA-92¢} Z& B4 ZH9 243 dxze dAdsIE, 3
g3 Qo Yde &4 oFdE FAE &40 A FHHA g=
& YAEY, Ay YA2E F& 7)Ao ENAA A= CERMET 3
& A832 . 24 AdEe) BHoZ YR S84 Ba @
53 F7l7 & A2 48R e, KLT40 ¥ ABV 9212 9] 73-%—
Zt%e] ex7} 449 PWRH #A1% ZANME £1E & UL 1Y
th.

B R ool R
off

ok

¥
R
o

G) 714 &5A4

784 FFAERE U0 23Hd 71E8UoHGL0)E A7)
# 7HEgUcl duBo] ALHD HEPUoty] FEE 0 BN 2
2 A HEEYel A% 489 BWR % PWRF ¥ 37-13 o] ge
4% A=A A4 ok gebd SMART 9=28 7MEEUo} @
EE9 = 4% $89 24299 Yokn B4 AP} 278
UOy/Gd:0; 4£FA Y =l AFL il U9 §AE Y], Gd0:¢] =24 w
% Thes go) U= R $470] VT |

on = 1096 - 0.04 G

Tn = 2837 - 125 (047 G - 00175 G)
o 7] A,

pa= o8 UE (gom)

G = Gd0; FE (w/o)

T™w = €83 ©.

6) A%
SMART URt2¢] AoJEOZE Stainless Steel HEghe]
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Dysprosium Titanate(TiOy/Dy;03)7} T2 &2 it} Dysprosium Titanate-[’?—l 1=
PWRS] Aol2 02 We) AMRHE AginCd Aol%7 vlmald, 19 3729
2ol Dy 949 48 &£57F In, Cd ¥ Ag 9ASEY xod, ¥igr7 1
7y BIE I Ag1103 22 davt APEHA ga, FUF A BE&A
AL ZAL AT WRA Aol 2om Ay} @] 9B AT F
2 Aol gt 8 129 #FE A oA Agn-Cdd 2 ThE AR
vl dte] vl QHF A o|t}. Dysprosium Titanate #H|o]5-9] FA42 F4EL
Dy Wx7} 25-50 glem® ¢ W YE 1.8 glem® 9 B,C Ao)B3] 76-83 % A
%]t} Dysprosium Titanate A]©]§-& 2A]o}] RMBK 929 A& 93
29| AojEog AMEEHI Jlth
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¥ 372 G99dE 4% 7d 942 £ =23
Paraméter o . SMART[7-4] | 950 MWe PWR |

Fuel enrichment (Wt.%) 50 40
Pellet stack length (mm) 2,000 3,658
Total fuel rod length (mm) , 2,189 3,847
Fuel discharge burnup (MWD/MTU) 38,800 | 45,000
Peak fuel rod burnup MWD/MTU) < 60,000 - 60,000
Cycle length (month) | : 36-54 12-18
Average linear heat rate (W/cm) 109.6 | 178.3
Core inlet temperéuue CC) 270 291.6
Core outlet temperature (°C) _ - 310 326.8
Coolant pressure (MP#) | 15 15.72
Subqha:mel coolant flow rate | | 0.0945 | - 03135
(kg/s.subchannel) : | 3

Heat transfer coefficient (W/K.m?% N/A o 34,350 |
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£ 373 Y45 A v

| 5 KOPA[-3] |[SMARTI7-4] Case A? | Case B®

dAg a2 (mm) 3,658 2,000 2,072 2,000
Zdd Zo] (mm) 166 166 94 91

A8 AAZo] (mm) 3,847 2,189 2,189 2,114
2ZA £7 (mm) 8.05 8.05 8.05 8.05
224 4= (% TD) 95 95 95 95

iﬂ-, % 57 (mm) 0.64 0.64" 0.64 0.64
AEFA 973 (mm) 9.5 9.5 9.5 9.5

&

() 8% AAZNE 2,189 mmE IHAID A$

(2) YL FEZOE 2,000 mmZ TAHAZ] AL |

3 FLED 749 7Ed HE3FR F7 057 mmeE WH AL9]
Standard S AE 2] WEF FAZMN, AAE 2Z2A 2 Ao
17x17 KOFA &\ 59} 231 WH A}¢] Standard 38 9}

e 3¢ nasd eRd Aoz 234
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¥ 374 SMARTS} 7|& PWRS) 13} AE 2358 ulzm

Parameter o  SMART[7-4] PWR

pH (25C) ' 9.5 - 10.5 45 -10. 5
Lithivm (ppm) | 0 02-22
Hydrogen(cm*(STP)/kgH,0) 25 - 50 15 - 50
Oxygen (ppm) " <5 | <0.1
Suspended Solids (ppm) -w <0.35 (max. 2)
Chloride (ppm) - <50 =0.15
Fluoride (ppm) <50 - <0.15
Boron (ppm) | -0 | <2200
Total Sulfur as Sulfate (ppm) N/A - <0.05
Ammonia (ppm) =109 | 0-2

&) (1) Iron concentration in pnmary coolant before each start-up
after scheduled ma_inténance does not exceed 50 ppm.
(2) Upper limit of ammonia concentration in primary coolant is
restricted by pH = 10.5.
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UPPER END CAP —— = 5
11.5 mm
I
SPRING
166 mm
Disk /i
FUEL PELLETS —
0.64 mm
e
2189 mm
7 2000 mm
FUEL CLADDING ACTIVE
T FUEL
" LENGTH
9.5 mm
B ¥
LOWER END CAP —g
a9 371 YEEF
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- 160 161 . 162
Dy ¢ Dy +n Dy ]+
130 barns 630 barns 240 barns
2.3 % ) 18,9% 25.5%
iz ’/ & 7 TR T
Dy ™| /Dy~ |, /By 1, D
220 barns 130 barns T o |139 bams® 82bans
25% 28,2 % '
_ y 7! 5 -ﬂl\‘
x
HO 165 1/ 166
6starns | " 27,3 barss

166

a9 372 FAR F42 A% Dy-1609) W AR[7-11]
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3. Z2E

_ SMART Rt=2e] HESE 950 MWe PWRE 17x17 KOFA
gaze] 4AE slzdos ALt dazie Y A2l 60,000
MWD/MTU o|5t2 o4 ua}, du=el ddz Asol sise 238
AN 22 92 AYS 58 A% 22EJGT B 4 g oy
449 PWRHE T2 T AFEL FH02 HriHolor @ ol 9
Aze) WALSF 718 3Q o4 A SHE2 @ A%, 7129 Zircaloy4
28I U0, 28AY HARRE AHSHE, BY AT $A Fo] AR
It #4992 A dAze S Be RARAAY Fzte] YolAA 24 4
4252 Q3 HAR &3l WS 43E Aol Atk T SMART
Az 14 A% +8% zHde AL PWRH 23 a2 94z £43
Sle AR R5 A%l A5HA etk Wmeby oSe] AR HRB
o] Rajo] 2E JT Byt A2 Aol Wasio
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A 8d x4 474 7l Ad
U one

of RNE B4 2 HE Aol BAS AY AFE =4
47 2 A4 Astel ALY AN Z= A7 CASMO-3MASTER[S-1~8410]
dsted 7 == 4 WUET SMART =4 A7 ¥ 488 f8 A4,
A Wee 71Estgo.

CASMO-3& v]5¢] STUDSVIKAZF 442 x4 ¢ B8F TAFTE
}FE7) e AR =2 A, 239 OF FAA F4 ol8e o839
Hdz AP AN $YP}. o] I=E YEY YAz AW
Mge 748 718 728 AFHH YAE ITA WY 19 F5E =
W AZ), AR F Ode 2ARA 8T & AT =4 AL TP
WAL A9 PANE £3HTL CASMO39] o3 MY YAz A
) Z43 A5 2 vFd 2PUSE 97 2=¢) XFORM[E-SI 9Jata |

MASTERS Y £75E AZ¥e x4 A 2 disd BE 4z Yez

M=

MASTER= @=dAH AT 71t 242 4o 44, =A 8 24
o) Hgskrl el ALS GEF 34 x4 4A Tolth. MASTERS| &
R4 4Y =4 A4% A FHAE ERY A= P =4 98L 8
o} @A #3 glol Aol FARA e /15T P4 = (Subchannel) 4
2 814 =39 COBRAICP[S6-8818 IAN ZE5 UF EFAA AL
A dge] datd Bo AwP A5 4% A4S FPAA e 5 oy
A7 715E0) BEHHe] Utk MASTERE A4 HUs @ 58 $4S 9
3 =g Ao TAY 244 AS 5, 4354 A4 WP AL
959 998 94 23 2 U¢ 37} olgd =AG A9A 243 =Y
T Y5t 3121, Vectorized Red-black Gauss-Seidel 2 ©-&F Az} AF3
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Wi A2 44 $9 A3 15 23E AHEstn

BA% 71t AS2ole] HES 9% CASMO-3MASTER H A9 A==
72 A A 2 Fx e ¥F 29 AXY 9B 157], 9% 3457
2 ©U]Z Palo Verde $34& T F 14F70] @8tc =88 AE H ¥4 F
Aol A& Ao WuE % BHAE Pri2 AFHATHE9~8-10].
olo] ¢13}lH CASMO-3)MASTER HAE BA Uzt glo] d2¥"d-$23,
1000 MWed 28 % 1300 MWedF A 5¢ TS /¢ 3529 =
A A7 2 4l 33 HEE F AeS BRI Sl
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2. MASTER 34 Wi &

MASTERE 27 242 3g2e A1&sd gdxzAle

4 4H 2 Aol YHE PO AT & Y =solth Fo AR

REZE A2 AN, 33 Ad 244% A, Aol A6 xS AL, 8
dz¥ 29 AN AEE AAE AN, Ax F54 ALY, FeAdoin) 24
A% AN, 958 AN Fol THF Utk o] Z=E UNIX €9 AAstel
4 EF FORTRAN oz Zzad9 ge] slon, 487 e 438
HAY A wWEE 2 £X) A4 WP Asstn ddh

7V FR8A AT AN =29

MASTER|E =€ #7}% (Nodal Expansion Method), =g &
29 (Nodal Integration Method), 2ZAZAA} $&3-8W (Coarse-mesh Finite
Difference Method), =& ?“S_H/ﬂ 34 AN (Anzﬂytic Function Expansion Nodal
Method) 59 4742 Wl &o] 4ol ek

9 a7HA =T WY BT 27 A4 FAWRAL 99 == daa
ARz AP =2 FAX FIPPAeERY frEt

=2 AARE-120E =2 $47 FRERNE O YPgoz AR
s 1 SALFNE A3, o AL 4% dPAes BAY FAAEE
ol g3te] Frk. |

= APHEE-151e FRFes ARG A 14Y FWWFAL 4
o2 P o A% A4F At 4AVr 294 2HoE FEH
o= AAET =T AREe 1349 SANPAL E7) Aste) Y
& FAAC e Fust Badd, iz 2% Yoz AQsq
149 BBgdel e de FM P o

2274 fEALYB4IE 2HH PPoz A9 Puse 2 =
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g ZAA4 FELPAL == AARNNY FAAE D FHEY d& =
AL ARFS AASE =SB =T BE E24AE B 4T 4R
ABAE TR B2 Tt

kg A% AMHB-15~8-16] =2 FAAA TIRAAS A4
2% 2302 THE FNFUFE ol &dle F& WHolth o] WL
g A 2 =2 A2 9] AN 52 SR dE AR 9.
ot
v JAEA 7R3 vd

g e Mng 2 kg FASAY Ged o A
S8 ASES A9 FRc T Bast Ao CASMOINE &
HAFA Qo) B AA AL A FHY FAASE HFREE o
o @mmo] 2P MASTER ZEME & 57} ol&[B-17-8-1918 Al
234} CASMO39] MIFd AR ARelN PolA Weg, FAAS 2 34
AR Fo] HENES B 0F, A GBS AL TA%E wAD
BAE AARAN 2 Ade x4 A% B WAsE AR Yk 4
A9 BYF S8 FRAN T B¢ PPo] REUES ool
[8-20~8-23].

o A 2u s 29

JAZR FAAS 2XY ATHL =2 242 TEPFA
& 2o de =¥ BF FAAE, == BARNNY BT FHAEEL ©]
g3t =27 3T BRA2 PR Yuke sHY s == R F
A3 F4245 £XE 4y BOYHE Bl 73r}8-24~8-26]. o] 23}
FAs FAAS B AFAY vFANS Yehil: 2395S FFo=
A xE Ry ddRgY FANS BEE FE 4 ow, 29 BEE
T8 4 A Bk | | |

- 320 -



2. =4 92 29

MASTERE CASMO-3¢] 2A% 1A A4 Rd[E27]e AL
sta Ut A4 A4 sle odE-47F 7)Y (Predictor-Corrector MethOd)% '
olg3te] MEA F A A FAL ALSLE YR A FEG. 28
W, 447k ABPel uek dERe wast e 2 sty F5AY AeE
A% ABAE P8t Az A FES A AT 455 7Ee o g
ix=y

. A4 B 2d

23747 =2 PP k= U GENe] Tur} A% 3
Sl A FREE FNAA 95 2P RUB8E ALgdcl &
o ole @ FHie =57 WA daso] Aaxd wE Yo vy
A 7] B3z APE wgstelef ¢t} MASTERYME = Bl Z4
A% BE 224 A2 2AE k2 R AN vEAe I RTE
N2 AFAA =E AHoz FFdel mE BF AN @A At
ol 958 Bl

MASTER®] 948 =de o A4 3 dds 2 YA
£E A AW 289 o] E5Y RUH AR AN B 53 YA Y
A 458 A% ANol ALHE B4 4 U TAs0 Ytk 7]
948 2de Wi 499, L5 ¥ 95T AVHE I 7Y 2EB 3
T YR L=F I8 A% B4 2= 93 vjg ANE daxe A%
3 #A F5ol s ANGE RE2 TN Ytk Baz a4 zEe
COBRA3-CPol™ @AY 2E7 Y& 58sl0] 34 2 Ho] x4 FolA
9 99E AWA 44 259 4% H4g FPU

A 718 24
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MASTERA| A2} o] 48] 824 A4 wpge A B
Agg AdSLE B AU FAAS AL PHS TS AL A
¥ & Implicit First-Order Euler W olw AlZb @A e £X3 75L&
4 EEEe ARSI ok Mol AW Ade & ¥ oud e ATE

s ARz 949 e,

na 23 £ 2 A AYHE Hol FUY Ax Ho| AFE B
A7) 918 AN 28 7 AL @A WelA Y FARE Wste A¥He
2 ZAFE o] A @A el Axsl Agtel we WstE Hermite T}
Aog EASA ¥ o] £IE WAX BB AXE $YYOEZN HE T
gt

MASTERY] #3t 2A4x& A Zge §FE AL T4, AL 8%
maEy B3 A%, 3% FA4R £9 59 =4 354 A4S 43T 5

g
MASTERS] Alcl¥ 29& Alol$sl H4% =uel 38 4YoE 9

ox4e] A(Cusping) EHE Hislely] Astd HF = FYAE BE
o AAez A2 AolRe] BAAE A2 AFLHTHE29].

&
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