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Evaluation of Control Rod Ejection Accident

for Thorium Loaded SMART Core
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Abstract

The core safety is examined by simulating the control rod ejection accident(REA).

The initial rod positions for the REA simulations are determined by searching the

The

maximum ejected rod worth case in the various rod position combinations.
kinetics parameters are also determined by searching the minimum delayed neutron

fraction (Ber) in the various power levels and control rod positions at BOC and EOC,

respectively. The transient power behavior during the REA is very similar to that of

the uranium loaded core. However, the thorium loaded core shows that the peak



the power

power in the EOC full power case is about 4 9% higher than that of the uranium
decrease after the peak power is faster than that of the uranium loaded core. In the
zero power case, the thorium loaded core shows slower power increase behavior and
lower saturated power than the uranium loaded core. Therefore, it is concluded that
the thorium loaded core is a little bit safer than the uranium loaded core in reactivity

loaded core, but due to the larger Doppler negative feedback effect,

insertion accidents.

.*o_a%i%ﬁ%rﬂﬁﬁﬂo_mo_ai Mowﬂ@fn TR T
0 5 0 TH TO AoRY —_ —~n
ﬁr%oUﬁmﬂo_bu_.xmﬂqu@ %omon_tumw Hﬂﬂ%
TETE TR MmO SR T TN
%ﬂﬂﬁzﬁgﬁguﬂo% _wawﬂﬂ S My
o B %R =) T o — <R .
p2ECIELeSRY 2T0TL Zfsu3
) o o T 17A_| Erl X S;OLJI.-_‘_.#O
~ = NDEMaE?uEﬂﬂ] R~ B SO PN
To <P wye — el = Y =) w N
Mea e g Ted® o Top®ogiwe "
o meT _ LB 20w % oy pdw N
T Em T NE W g N o oo o 2 MY
S N 3 oy B o= g S T okl
AT s AR MO SN oF
Hi%igfﬂn% Moo = _Lwo%ﬁﬂﬂﬁlz
T T el N B O R R~ SR G
oo g dE o TwT Pmaa VAT X n
Sl G BT e Tw i LT S NG
N e P T% e of By ) O & zrwr% 7
o 3 o v J@rﬁ E )
TR o N F g ul ©E e YR
M%%ﬂ% PE_%MT%O_LO do s g e
w__;ﬁwﬂ%@ﬂ% =X mowq.w@m%@%%
\.u_l“l X0 s ! o NI 0
I R S <R ﬂ%m@imwﬁﬂﬂ
T BT T A Tt Ay FELelge %%
RO ™ RB o= gy o Ao X ﬁumﬂxAﬂmﬂﬂﬁr
B =B .5 Ao = o8 <R T uip O € B X
BATE BRD W T AT WT by ey
0 E 7] —_ U _— fi
ATd;zEMﬂxo_L7%HLtﬁ_-JQE.7M.._MRL1~WLLCQ]#H_U%1_,_AI
.zaq_onduULHi:m_ﬂ ~— LgdduzTA;o,A]]oToﬂo 5
}o_az_.emnﬂ\:.LEWL_LﬂLmﬂLﬂer&wﬁMﬁobtEﬁﬂuo
et ~ T — T
Mo do o_erT u_xwxrw_mﬁwnﬂo éaﬂ/lbt N B H mﬁ
oo Py PENE TN BT o
aex?%%_ETﬂéu%wao_awﬂﬁﬁﬂﬂi%mﬂ%
! ~X o N —_— =
mﬂﬁﬂLiﬂRulﬂ@ﬂ n_moﬁo‘_wmbtaaﬂﬂ‘_ Muoﬁ:A
%:Liobt MZ e B oW L = = e
T B T T e e i (NG
EFXEﬁS . o) o B B el o A =
mB T WP ET TG T A LT T LW ooy o W
ﬁl o- ) m o ct 1_1_ ﬂ% l B <H Bl si =3 ‘Ul O_l 5 o "y



2. SMART 7]+ =4

(U,

tel E& & SMART

A

of WA

Foch kA

AAS

o,

of Qe AelE F Abw siHel AR Sehr % EF $d SMART

KeR
T

A=l

Cutbackg YE}

2470 2] o) 3}

-
s

g Al

Az

Ay WMATEE A,

3
o vk Z1¥ 10

17x17

1
1

oW

)
A

-

1719 Al

8/ 7F mAde] F | Zbel] A =

A ==
T o

A& A

1!
oH

28707}

- ==
1T O

B A R0 5A

SEEER BRI

Ao =

of F¥ev. SMART

=2 SMART

5|

=
L

= Cutbacke] glt}.

1& 9ehy % EF 49 SMART w49 o AAAGS wlarsie] e

ol o},

A

B

B 9o B &=L 00111 g/cm, 0.01588 g/cm 2

F Gd

3
pul

2 4% A&

+ Gadolinia

SEoR

o] AbgET 127 of

o
Hr
o)

e
o

PR
al]

o
Hr

R84

gk AlO3-B4C

2 gy

o]

0.029 g/cm &

it

st 0.0111 g/ecm %l

5

47 #Ze g

ALOs-B.C 5583 Gd Bol Z+2F 1270 2 287§7F FHd =] ek C

Ql
ol

3reF 0.029 g/cm
2 0.029 g/cm <l

°] 0.029 g/cm

&

AlO3-B.C =%&°]

3
=

o=

ALO;BC 5% 1670 9o, Gd 5% 2 “B 3Fe] 001588 g/em ¢ ALOs-BiC

o]

=

po=in =l
o

o] 471, B & o] 001588 g/em <l

A"

3)

2070 7F A&

AlO3B.C H%0]

0.029 g/cm {1 AlO3 BiC =%o] ztzF 12704 A3 9tk SMART



=92 330 MWthel F7]dole Sty Fd =412 31990 EFPD)o|H &

QA et FARE A}
A8 ¥ o

E2E 495 %
Az EF

$2hg AH =4S
T 20%¢ 2

A& 53d(1680 EFPD)o| t}.
S

&

o

ajo

il
E

B!

o
e
ol
o]/

aying
~Xr

o
oW

I
i

o T B
=~ =
N
B < o
HON T
T X
qTN
Mo N
Nrﬁuo_,_
HE‘AILE
—_— N
0
Lfﬂl
HLO‘EIEO
S N
" m X
7
mﬂﬂll
<P ™o X
H T o
‘n_,_Al.._,,uv_AllJ)mO
~
o |y
1__I£o
il ey
o o
oF oF dp
o_ENr
B L
X7
TN
BN G
gaﬂrm
Moo X
—_~ —
Weoaa
T %
S ™o
Eoﬂﬂ
) =
= BT
m
» R
A B mo

)

Ho

X
oF

)

el
T
A
4
s

N

ERSCEES

(1) |A AolE oled Aparo] Akgd %7]

37 9

= 47
37}

(2 =

|2 3o}
o] Aoy $1A, &2 dEH Sl wg 2 A

=

9]
Al
=

deng =

=
=

ENEEERS

-
- -

A

|

o

3

EXx
=

1

(4)

olg Aol & 7tolm, of& Ao}l

tlomz Aol olg Al F 7}

S

=

bl E ek wheb o] <ol A

S

A EAAT g 2 AeE AA

bol MAmES} AN

5

I ol AlE7ts B

=

A A 71

e

AA Ao)E A A AoEe] AAE

T

;01_



7]
%
A4 4l 14741 sasel s
A
1

=)
(N

‘..
fr =
1 =
W o
r g
2 o

ofT
L

il
N
i
o=
o,
=2
=
o

X
(03
+
PN'
2,
2
oz
L
_4 O
i
m{o
_YE
oL
N
o ko

o 0]% Zﬂoi%ﬂ% iol—t— o—°r7P -t
R4/R3/R2/R1 7} 40/100/160/200 ©] 1A A R427} Q& =]
F71%2 48 dHdAs o A =4S AlejEol 80/140/200/200 ¢

R42 7}, EF A w=4l& Al Bt 60/120/180/200 2 $1AellA R31¢] Q&+

T2 yewen, FUE dE9 AHdAE fow A=A AlojEaol
120/180/200/200 1Al A R427}F, E& & =412 40/100/160/200 14 R42 7} 1E ]
ol& Ao AAE ety % EF AA

o 2 M oo (f o T 8 2 mx
2 WO, %

T 452 Uehgth meka o] dTdlA e
wAle Aol ol Alm F A Ak S Y Ao dAEHE 27 Ao 9%
= A48t

32 BEA A%

e Aol AHEE BEA AAE Aol A4 2 £ W

2 A3 a7 gAAE Azl hE Ao

A garelof By ey o] AolA
| e

% 91X % £ Wl ME By o WHE Ao} 1

ame] BEA AAES FE Akl 2§t

E 32 olsh g FAWo| o) Fobdl Hd Bur /b vhEhbE w4 2AGM BE
4 AAES Aestel e Aotk BEF 44 w49 B & SeHE 4H wyel )
s ok 5% AR Aovl, AFYAL(NY RS % 13 AE AL ¢ & Uk E=F E
FAA wAe U FAA AEARGE $EE AA e va oF 23 AEe
& 5otk BEA QBN et EF 44 e odd SHES EF 44 -
Aol Bar kol Aok Ao ol=A Suby FA wAlel Wd tha 2 WS YL 7
Ao, I, ol Hok FE ARA FebE FA wAle] HE ik FAW 2EYES 7
A% & e gt auv E 394 ¢ 5 AR EF AH w4 oF AojR
A7k ek A Aol el 515 % AE H7] o] He fuq HOT A WEE
FAge] FHES o= AT AT F 92 Ao nelvh



o)
T
Ny

—

N
il

o] AloyE ol

]

A
™

-
-

gelA Ei & SMART

Bl
A =9, 0.05 ~ 0.06

S

],

)

P
1o

<

N

o

A% wes) e

=

sl Hdl ==oll o]== AJRtelA 0.01

0

w7 e

}

=g

2~
A sk

FH =2 Doppler #A$E o <

uo
iy

F 9k ol

o]/

)

k)
.El

H

g el 9

°] Doppler # 3k

o
]

o

b
olo
jant

o}
ojn

[N

ﬂmo

Alolgol WA= 0.05%

{o
Nro

Gy
N o}

= M
<o B

w

T
5

——
fi%e)

_Jn—;o

‘_IYH

—

A

e
X0

| 4 prompt jump

£
of

W

0.00251/

e

W8 == 0.00219/0.007154 = 031 $ =

a8

|

0.007424 = 0.34 $ o Bl3l] °F 10% F%= 2o}, whebs] 17 4of A

Ao

-
I I

F7

Qo). 18

oF <P T
ﬂui_zg
T %W
__ Xo I
T
o T
o BB
< M
s Mo
Y
%WMMM
N
% s
ST
S
QW
N R R
(=) —_—
O.ﬂzw
4%
O‘I'A]
MUO%H
A Y
JILL.
5y
T B
BT =
IR
oT,auH_
g
)A
@ ® Y
e~ o7
~ %A
Oﬁﬂd
I 0
o . m
R
0 0 o
0.51
o 0
N 7O W
LO
N o i
S 3
Olﬂﬂ

—

oA

|

Fito 9

°] Doppler g

]
eyl



w A =4 vastdn BEF G wmAe] olE Aol g ke v-ebw A mAlol vlE)
WA= ZA det oy, $54 AT He 8 &S VA= B o S AR
RBEAZE (0p) EF 2 veby, =4 Ao Aol 9¥e mAs A 23S 2F
ZEa e AeR Ueyt EF A =49 Aloje o' Atad] wE gk FEHL F
i EelA ehw Al w=Adedl Wla 2 okt w2 dEsey EE A =49
=2 Doppler A& &3] FEFor F3EHM= WA YEEt webr AolE o
Abarel]l s Frbe AT JAuA FEFE 28 1, B FH =4 2w A =
Gk b g wAlel wls oFzh 5

B ATE et 948 AT Ade) dBoE FaRY

Za

A
rl

1. M. Lung, A Present Review of the Thorium Nuclear Fuel Cycles, Nuclear Science
and Technology, Eupropean Commission, 1997.

2. M.S.Kazimi, etal, "On the Use of Thorium in Light Water Reactors,”
MIT-NFC-TR-016, Department of Nuclear Engineering, MIT, April 1999.

3. 29 ¢, "EFE °]&3 519 F7] SMART =4 A7 KAERI/TR-1775/2001,
KAERI, March, 2001.

4. R. Stammler et. al., "User’s Manual for HELIOS,” Scanpower, 1994.

5. B. O. Cho, et. al.,, "The Features and Solution Methodologies of the KAERI Nuclear
Design Code,” International Conference on the Physics of Reactors, Mito, Japan,

Sep. 16-20 (1996).



236
28

240
12
12
20

40:60
1680
45.76

224

330

236
16

240
20
495
1020
26.16

224
12
28

0
0

RPlO|I R
g 4
m e 00
< B | * 7
- ose m_xEAS
I ﬂAl X! —
ﬂ.o oLiCZ
_ % |
s —~ | %
oL N ¢ < Ials
i <H
i y%
<H
B moTAs
=
<|m|< & -~
MM mloalm o T
N 1%.0
mlmlolo|lo|m|lm - .
o= J
mlolo|o|o|lo| M| AMn iy
mlololololo|alm % oF
mlololo|lo|o|m|< - =
TR il
mimlo|lo|o|m|lm M ik
mlm|lmlm|lm u
B
<|m| < Ak

Al 1D
A

7ol

~H

:

~H

0.01110
0.01588
0.02900

(EFPD)
=4 AA2EMWD/kgHM)

[e]

B A4 % (g/cm)d

Gd &




5
2 5
O 2
< 6]
& <
© &5
A O
@)
e
— [aN] ] <t
= /e &~ ~ ©
—
- 3
Pl x| o
—_ o~ N F N~ ~ .Mo
= <= o= S S N =i o= &=
N |~ !
SEIEIE I EIELE 2
SEEIEIFIEIEIE -
01234321 ‘JM
oo o= = e e < =
— | — | O | 3| 3| | —
e = = e = = I
- | [ | — |
oo I I e
—
o

—_— o~
~
W omHe gl | m ool st
= SN S| = Q|| o
OQD22222222
T —
aau._o NIEN I BN B B RN R RN
et i S RS ARSI DA DSBS
o = o= Mool ool Woll o=l o) ool et
R E=1E=1i=IE=E=I k=Y R=I k=
AREEEEEEEE
&)
= 9128888333
%R21211111
o
D on ool
SN EEEEEEE
™ o
) <t
MR EISIEIEEIEE
= o) ey oy o ey el el
< T SEISIESIESE
A DIDD DD DD T
N U N U
~ ~ ~ ~
NE NH NH NE
sl zn
E o e A
X R




¥ 3. Aol olgAtm HAlo] ALEE FEAA M

T =

==

7]

=13

FEA QA e
FobE A EF =4 TobE =4 EF =4
B et 0.007424 0.007154 0.005650 0.005315
B1 0.0002560 0.0002629 0.0001759 0.0002172
Ak A A B2 0.0015019 0.0014877 0.0011836 0.0011671
b B3 0.0013686 0.0013306 0.0010507 0.0010176
B4 0.0030018 0.0029125 0.0022077 0.0020658
Bs 0.0010517 0.0009555 0.0008300 0.0006902
B 0.0002442 0.0002052 0.0002024 0.0001569
A1 0.012746 0.012720 0.012792 0.012695
A2 0.031776 0.031780 0.031500 0.031875
Precursor A3 0.118424 0.116875 0.122671 0.121113
B (/sec) A4 0.316720 0.313101 0.324520 0.316554
As 1.402223 1.393747 1.404395 1.386056
A6 3.919943 3.863019 3.805249 3.697439
q FTAAAE 1/vi | 0512212E-7 | 0.289131E-07 | 0.520697E-7 | 0.304582E-07
(sec/cm) 1/vo | 0.234544E-5 | 0.190051E-05 | 0.262573E-5 | 0.225455E-05
Sk A}
Iy 13.7902 10.8965 19.2903 15.2405
R E A TH 1 sec)




Power(%)

180 [/
| EOC —QOoooooo
160 H--- "N T T T
-—-aoaadaaad
140 e N -
)
3120 ff-- - TR SSa
a < TEEEmL T
100 F- - N\
80 - N
60 :
0.0 0.5 1.0 15 2.0
Time (sec)
a9 3. AEY AEHAA Y Ao oAb EAF 9 oH]wl
1.E+02
—ooooooo
-——-ooooog
1E+01 ]
1.E+00 o0
. (Sec)o.e 0.8 1
1.E-01
0 100 200 300 400 500

Time (sec)



	분과별 논제 및 발표자

