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Study on thorium utilization and conversion in 2 MW liquid molten salt reactor
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Abstract  [Background]| Thorium-uranium fuel cycle has the advantages of making use of abundant thorium
resources, producing less nuclear waste and low toxicity, as well as nuclear non-proliferation. Molten salt reactor is
an ideal type of nuclear energy utilization of thorium resources. The amount of thorium added in the core fuel can
affect the thorium-uranium conversion performance in the molten salt reactor. [Purpoese] This study aims to
understand the effect of thorium addition on the conversion performance of thorium and uranium in molten salt
reactor. [Methods] Based on MCNP (Monte Carlo N Particle Transport Code) program, the core physical model was
established. The neutron physical characteristics and thorium-uranium conversion characteristics of 2 MW (thermal

power) liquid fuel experimental reactor under different thorium additions running at full power for 300 days were
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analyzed by using MOBAT (burnup code coupled with MCNP and ORIGEN2 using BATch language) burnup
program. Analysis objectives included the energy spectrum changes at the beginning and the end of burnup, Xe
equilibrium, as well as the consumption ratio and transfer characteristics, and the evolution of important nuclides in
thorium uranium chain. [Results] The results show that the consumption rate of thorium decreases with the increase
of added amount. CR raises with the increase of Thorium addition, but the growth rate decrease gradually. The rate at
which **Th concentration reaches the maximum value is linearly related to the thorium mass, and the **Pa has the
same evolution trend as the **Th. The higher the thorium content in the fuel, the higher the concentration of **U, and
the accumulation of **U increases with the running time. Based on the radiochemical detection limit, 80 kg thorium
can meet the minimum detection value after 4 days. [Conclusions] Based on the data of thorium-uranium conversion,
the amount of uranium fuel needed to maintain the back-up reactivity, the limit of radiochemical detection and other
factors, the experimental reactor can carry out the utilization of thorium in the order of tens to hundreds of kilograms
and the verification experiment of Thorium-Uranium cycle, with the priority of about 80 kg. In addition, the more
thorium was added, the more Uranium needed to be added. The increase of '**I concentration will increase the
equilibrium concentration of Xe. The more thorium is added, the harder the neutron spectrum and the higher the #°U

output will be, which means that it is easier to achieve transformation or proliferation under the fast neutron spectrum.

Key words

Proliferation

JE s HEVR B T 3 A% 3 ) K2 AT SR sk a3k
#"?)(Aircraft Reactor Experiment, ARE) , T 1954 4F
PRI AT FE4ERF 7 100 h, B OCUEA T s ERMER AT AT
PE. BT ARE I S50, 58 EAG pR B X S0 =
(Oak Ridge National Laboratory , ORNL) JTJ& | ## £k
SEIGHERI (Molten-Salt Reactor Experiment, MSRE) )
W . MSRE K H] FLiBe {F AR E0 44 £, 15 1964
AR S HE SIS IFIEAT T 4.5 a, i UE] T
M th HER 2 ek 5SSk . 25, ORNL #E47 1
1 GW & 5 4% & 38 5 ™ (Molten-Salt Reactor
Breeding Reactor, MSBRO [’ B} 5t , FF 58 il 1 AH S ik
SBHRA AR T MSRE, MSBR S8 T #4i R (1)
Th-U ARG TE B iF A K, ZBUR 5 & EF R &=
S, MSBR I H - 1976 fE B 261k . B 1 £ H 41,
FUAth [ 5K s SR HEREAT T AROCHIF T . VA E SR}
%~ B (Centre National de la Researche Scientifique,
CNRS) £ XT MSBR [Pt 2 it 1=, 32 T Jofr sk 18
b 1) 1% ER 4 3 B HE (Molten Salt Fast Reactor,
MSFR) # &5, f 2 #r (1) MOSART™® (Molten
Salt Actinide Recycler and Transforming System) t.45
H T H TR R 76 & (Minor Actinides) 18748 5 # 1%
WRORHIE T S5 AN R 75 5K H AR T RS SRR S et . &
ERHEAE R S VU AR S HE V8 32 7S Fof it 1 S 7Y i — 1)
TASPRRE SR HED Y, AR [ G 22 AV VT I
BEAT ¥ 82 K R e By 1B 3 50 7 1 E A MURR A
FU AN, BT VRS BRRE R E B2 AL S ARRE )
AIRE, T AT I LA o

2011 4, v [B R}2 o i 1 A% A 0t ] 5K 3 KK

Consumption rate, Thorium-uranium chain, Thorium-uranium conversion, Neutron energy spectrum,

W& 5K, B8 TR R AR R b B Eh HE
ZBE R A7 s PE S F R4 £ I, I vk —
2 MW BV A AL B 065 25 5256 ME (Thorium Molten
Salt Reactor-Liquid FueD) . 2 MW SZ 46 HE H 52 117
ZONFAFHE, IE H 1 B AR UE— P A Eh HEAZ RE
ARG T B TAT M R e M R . T
1% BN FRESLIOHE , BT IR BN, AR AR
FIUASE FH 1 % et Bl M PR 8 0 ABAE A B0 H 7 R 1
FEAh b, AT DL AT R A A 4 SR B, A G EE 18
I3 AT BB EUREAS I 3 B 7 V2 B B6EIE , 5 S s B
SRR Y TE HE )T I AR SRR R SCHE . R 4
AH SIS IE S50 Ay B AT W B S T E 2 e N, HLIF]
B 75 3 A2 U b 22 X0 20 1% 2% BORE R DU ) B 22K
(Rl , A SO AN A Thds N &A% 00 F U P2 |7 1
VTR 1 5 o VTR N i O s DO 2 A
(Conversion Ratio, CR) U ¥J#H 353 & . F T RE 1
SR E B R S S A R
1 HERE

TMSR-LF1 B HE &S5 2040/ an 1 1 Fr s, iy
A EEAFERESEEX . EEE M EE CAER
HEURKESE. R 1S EEEITSE.

A ER S IG HE R HES (B DHECS 2 H—/NEAE AN
230 cm- =14 260 em 1) 52 [ A AR #4) B, 1% 5 A A
W5 3 A A 256 AR R LTE , B B A2 N 4 cm,
HCEE N 10 em, KFE A 180 cm.  [AIR , 76 BN R
T AR TS AN RS 70 ) B A ELATR N 184 e =N
10ecm ) BV FIEE . BAMES AR R A X

100602-2



% AR

2020, 43: 100602

Upper Plenum

Graphite ’
Fuel Channel f i

Lower Plenum |

1 ST

Fig.1 Calculation model of reactor core
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Table 1 Design parameters of reactor core

FEZH il
Main parameters Values
FLNTIpES 2 MW
Thermal power
BORHER IR EEA 1/ 1 630 °C/650 °C
Fuel salt temperature inlet/outlet
LiFEE 99.95 at%
"Li abundance
PUEEK 19.75 wt%
U enrichment
o 1.86 g-cm™
The density of graphite
YN @230 cm*260 cm
Core size
BORHA E @4 cmx180 cm
Fuel channel
PRkl IE e R 10 cm
Fuel channel center distance
EVPEE #5184 cmx10 cm
Upper and lower chambers
BRR R AR L12m

Total volumes of fuel salt
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ATk BN B, AN CKCAR Js B7 HE (I8 AT 22 4, BRI
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Table 2 Change in the concentration of **U

Ff [ Time 10kgTh 20kgTh 50kgTh  80kgTh
/d /107 /107 /107 /107

1 0.33 0.63 1.43 2.10

4 5.30 10.21 23.07 33.95

4.5 6.69 12.88 29.11 42.84

7 15.91 30.65 69.26 101.93

10 31.75 61.15 138.19 203.37
300 6999.92  13469.78 30452.26 44847.47
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