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In this paper, the burn-up characteristics of a 200 MW, molten-salt reactor are studied. This reactor has
a three-region core in order to reduce the peak in fast neutron flux distribution. The reactor is operated for
30 years with the load factor of 0.75. The fuel is fed to the reactor every 33 days. The chemical processing of
the fuel salt is performed every 7.5 years. Based on calculations using the nuclear analysis code SRAC2006
and the burn-up analysis code ORIGENZ, the following results have been obtained. (1) The graphite moder-
ators can be used throughout the reactor lifetime without replacement. (2) The reactor is self-sustainable
having an average fuel conversion ratio of 1.01. (3) The initial inventory of 233U is 1.13 t, net feed in 30
years is 0.34 t; thus, the necessary amount of 233U is 1.48 t. (4) Pu isotopes are produced at 1.5 kg and
minor actinides at 27 kg per 1 GWe output in 30 years, which are absolutely small compared with those

produced by BWR.

KEYWORDS: molten-salt reactor, self-sustainable reactor, fluoride salt, thorium, uranium—
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Fig. 1 Core configuration. The values in parentheses are the
volume fraction of fuel salt

Table 1 Design parameters of the reactor

Output power 200 MW,
450 MWy,
Thermal efficiency 44.4%
Reactor vessel
Diameter/height (inner) 5.4m/5.34m
Core 1
Radius/height (half) 1.16 m/1.23 m
Fuel volume fraction 39 vol%
Core 2
Radius/height (half) 1.96m/1.93m
Fuel volume fraction 27 vol%
Core 3
Radius/height (half) 2.36m/2.33m
Fuel volume fraction 45 vol%
Fuel path
Width/Fuel volume fraction 0.04 m/90 vol%
Reflector

Tickness/Fuel volume fraction 0.30 m/0.5 vol%

Effective multiplication factor 1.016

(BOL)
Conversion ratio (BOL) 1.052
Temperature coefficient (BOL) —-3.1x10-5dk/K
Fuel salt
Composition LiF-BeF,-ThF,-UF,

71.76 16 12 0.24 mol%

Volume in reactor/primary 33.55 m3/38.82 m3

loop

In ventory in primary loop
283U 1.132t
Th 56.38 t
Graphite 163.1t
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Fig. 2 Fuel cell model. Hexagonal graphite moderator and flow
hole for fuel salt are modeled in a cylindrical geometry
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Fig. 4 Axial distribution of fast neutron flux at the center of the
core
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Burn-up time =t

I
>
A4

(DFeed
Feed fuel into the fuel-salt in primary loop at t

'

@Makeup fue-salt
Calculate number of moles & number density
of nuclide in fuel-salt after feed

.

®SRAC
Calculate Keff, thermal output power of layers in
reactor & 1 group cross-section for ORIGEN2

'

@ORIGEN2
Burn-up calculation for At in layers of reactor

} ¢

®Fuel salt
Calculate number of moles & number density
of nuclide in fuel-salt after burn-up

'

®SRAC
Calculate Keff & CR

Next step
Burn-up time = t+ At

Fig. 5 Procedure for burn-up calculation
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Table 2 Time behavior of the core characteristics

i i _ _ ¢¢ [1/cm?s] ¢v [1/cm?s]
Operation period [EFPD] ke [ — ] CR[-] ar [dk/K] 59 keV 0.8 MeV <1.0eV
0 1.0162 1.05 —3.1x10°° 4.1x1013 1.3x101 2.5 %1012
2,200 1.0067 0.98 —2.4%x10-° 4.1x1013 1.4x101 2.3x1012
2,200 s 1.0073 1.06 —3.0x10-° 4.1x1013 1.4x101 2.4 %1012
4,300 1.0066 0.98 —2.4x10°° 4.1x1013 1.4x101 2.3x1012
4,300 s 1.0072 1.06 —-3.0x10°5 4.1x1013 1.4x101 2.4 x1012
6,300 1.0067 0.98 —2.5%x10-% 4.1x1013 1.4x101 2.3x1012
6,300 s 1.0071 1.06 —-3.0x10-° 4.1x1013 1.4x101 2.4 %1012
8,213 1.0066 0.98 —2.5x1075 4.1x1013 1.4x101 2.2x1012

D, 8,213 EFPD (3 & 3K0.75 CIEEES0FICH Y 5, &K
BHoe OMEaEE A 13 E £33 B (=25 EFPD) & & IRk #S
ITOOT, KICRY & D IC304EOEEHIICE D Keff
131.0066~1.0162D#FRICE O L N TX 5, %7/, CR
L7 D& HERFTE, 30 FEMOFE T CR=1.01 7% -
72 bbb, KRIFEMEIFIL H H I (Self sustainable
reactor) TH Y, FEEA T CTHIFNORKS MY 5
(Ug) 1EWA L7\,

Table 2 (C Keff, CR, IGEREGRE (ar) 5 LU P
TH(P) ORFEZEALE R, £ 1FNIF L IERICiRE L
7= A% (EFPD) TH 54, 0 OFTICITWIHIFE LOBE %,
2,200, 4,300, 6,300, 8,213D&ATICIEFk « DR 72 (I BhbE
L7ckEOFLEEMBAERL TW5, 2,200s, 4,300s,
6,300 s DEATIE, (LFMPLE OBEHE & 2500 L 72700
FEMEETH B0 arld—3.1~—2.4x10-5[dk/K]D#iFIC
B5bo ar FESBEEBHPIFNICERETHEE8 2% (E
FFENZ A D) BN D 505, $F %28 W S AT RE 7
FIC D 51617, T RAHBEICRIE L T, AREEMIC
B % 52 keV LA O @ AR T RO I Al () 1359 4.1
X108[1/(cm?8) 1 TH 5, £z, FHEWNEERIZHT 5
HARPEET I (oy) DS 5 0.8 MeV LU & 5d rhitk: T 301
1.3~1.4x101[1/(cm2?s) Jic, 1.0eV LI F o 15k
13 2.2~2.5x1012[1/(cm?s) ] & 75 72 WIFN & KPIZE
OBEHHIRMELL T Th D, KIFFEOERIEI 304D
FEFRBEICIHZ A2 &b b
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Table 3 ICFEEREESROMNZ %R T, H200 MW,,
£ fif 3£ 0.75 T 304F [H # iz L, ¥ 42 2,200 EFPD, 4,300
EFPD, 6,300 EFPD £IC (¥ THI7.54 & LI0) EHED
(EFAFEIT D, BT 5 v (Ugs) OF)2EA i (Initial
inventory) iZ 1.132 t, 304ER] DB IS & (Feed)1d 0.344
t, HEE304EFE OF N & (Final remaining amount) (%
1.505t DfERAE B 7z, /72 L, 2Pald Fi27.3H ¢
BUNZHEE T H DT, Up OIFNERE EIL (U +2%Pa) i
Ll TNED U DM ERIT1476t (=1.132 +

Table 3 Material balance of heavy metals in 30 years operation

Am Pa-
Th U Pu Np
TR R R S R

Initial inventory 56.3 1.132
Feed in 30 years 4.3 0.344

Final remaining
amount 56.7 1.505 0.29 0.04 1.74 3.57

MA =5.32 kg.

0.344), HMEIL 29keg(=1.505t—1.476t) TH 5B, "D
Uss OIEINEIIHT.5F T & OBEHELZAIIC 51 5 U
BRERD LE26N50T, KIEREFT SRR O
FOHEBEARFECTH S, 7, 304EMO Puf gl 0.29
kg ¥ b7\, 28Pa Bk < Pa &L 3.57 kg, Np 4
EiX1.74kg, (Am+Cm) DA EIZH T 7 0.04g TH
o INBHEAEFLTIAF =T 7F = F(MA)IZ, 304
fIC 5.32kg A EINAH Z LITix b,
RIFRLIE I A 3045 R iR L 721412 e T A5
ﬁim%imﬁme@%b,;®o%mﬁqw®m5
Bt LA ORfE1L 0.463 kg TH S, LD ALBY %
Table 4 (27”3, B ERME, BOHEAT A, WS
WA L OB RS AR Ih b, O,
B3 240 ANTIREHE SR 4 A RE ME VWO T, BRI
BB He HANT IV IVBREHE X O Bt CTE 5,

R ECIIBES BN A IS T~ CRERE X D ERE T
LELTW5

WA D 2L O 5 b 3l D £ B OB L 0.078
mol% & 75 - 72, BRVBHEIC R 9 % AR (1.0 mol % #2 ) 1T
Hle L TR, SfiER A LB 35 C & i3k
W Sili ASF DA B O R 1L A F 0.153 mol %6 & 7 -
7oo CORRE O THIT R AT A
TEEEINEEZ SN,

B A5 2L R 340 165 kg Th 5. BUAERB DK
W 1 RFORBEFICHE L7 4 VX —IC LD ERE
INb, B OERYIE 1 KRN DU ORE I W8
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Table 4 Fission & capture products in the fuel-salt after 30
years operation

1. Dissolvable components
a) Three valence salts

Nb 97.5 kg 0.0331 mol%
Ce 69.8 kg 0.0243 mol%
Pr 33.2kg 0.0116 mol%
La 16.7 kg 0.0059 mol%
Pm 3.6 kg 0.0012 mol%
Y 3.4 kg 0.0019 mol%
Gd 0.5kg 0.0002 mol%
sub total 0.078 mol%
b) Stable salts except three valence
Zr 107.0 kg 0.0563 mol%
Pa 22.2 kg 0.0047 mol%
Sm 13.6 kg 0.0045 mol%
Sr 7.9kg 0.0043 mol%
Ba 8.6 kg 0.0031 mol%
Cs 3.4kg 0.0012 mol%
Eu 1.8 kg 0.0006 mol%
sub total 0.153 mol%
2. Undissolvable components
Mo 78.8 kg
Ru 29.6 kg
Tc 18.0 kg
Te 17.4 kg
Rh 5.7kg
Pd 5.6 kg
Se 3.2kg
sub total 165 kg

BIAHN, BRHEORB ZHE 513 E% <3k,
LLEORE R K0 ABFFEOERE T3, 304ER O ix
IS R L SEAEERREE LW 2B 256N 5,

5 HA1GW H7-VDOBHBEER L UEKRIG
ERE

Table 5 |2 ARG % 30 MLE R ¢ A8HE1C 2T
HI1GW, 24720 ORI ERE S L UBRIGERY &%
K&, 1GW, H 1D BWRS & [t L CTaiz, 727201,
BWR It 5 VIREI Z W5 & L, BAMEROENEE
& L CEEMIRA25.94E - L CEHE L 72,

AFERMEIR O 233U e Eid ) 1GW, 2472012 5.7t
(=1.132x1,000/200) TH », BWR o 235U f#fij & 3.6
tDL6fEL %\, L LA E, 304EMO 238U it i
L7t TH Y, FH@OIFER O B0 LERFIL74t(=
1.476 x 1,000/200) & 7x 5, BWR D25.94:f 0 235U L, H
B2UtICHEN1/3UTTH S,

304EM D Pu b E I 1.5kg, XA F—T7T 7 F=F
(MA =Am+ Cm +Np + (Pa—23Pa) ) D4 & 3§ 27 kg
&7 5720 BWR @O Pu & 5.08t, MA AR & 543 kg
ICHANTEwD TH RN &bk,
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Table 5 Production of uranium, plutonium and minor-ac-
tinide in 1 GW,, reactors

MSR BWR
Output power 1.0GW. 1.0GW,
Reactor operation time 30y 259y
Load factor 0.75 0.87
Time interval between chemical 7.5y 11y
processing
U-fissile inventory & demand
Initial inventory 5.7t 3.6t
Feed in operation time 1.7t 204t
Demand 74t 24t
Net production in operation time
U-fissile 145 kg —-17.7t
Pu—total 1.5 kg 5.08t
Minor actinides 27 kg 543 kg
IV. #& E

ARBFFROBRBEF T 3 FIROF L TR SN, HI) 200
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