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Feasibility of DRAGON&DONJON code for MSR core burnup calculation

ZHAO Wenbo XIE Jinsen XIE Qin CHEN Zhenping ZENG Wenjie LIU Zijing HE Lihua YU Tao

(School of Nuclear Science and Technology, University of South China, Hengyang 421001, China)

Abstract Background: Simplify DRAGON&DONJON lattice - core “two step” process reasonably, this method
can be applied to any reactor and any working condition. Purpose: This study aims at verifying the feasibility of
using DRAGON&DONIJON physical analysis for burning TRU and ThU fuel in molten salt reactor (MSR) by
combination of reactor Monte Carlo code (RMC) and Monte Carlo neutron particle transport code (MCNP). Methods:
Both the molten salt breeder reactor (MSBR) and molten salt advanced reactor transmuter (MOSART) reactor were
taken as examples for comparison and analysis. RMC program was employed to verify accuracy of burnup calculated
by DRAGON program whilst MCNP program was used to verify both the accuracy of lattice homogenization
embedded in DRAGON program and the few group cross - section call and diffusion in whole reactor adopted in
DONIJON program. Results: The results show that DRAGON program can be used in MSR for burning TRU and
ThU fuel. The calculation errors of fast spectrum and thermal spectrum diffusion are less than 0.001 in critical
calculation. Conclusion: DRAGON&DONJON is suitable for physical analysis of TRU and ThU fuel burning in
MSR.
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Fig.1 MSBR reactor core structure.
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Fig.2 MSBR simplified assembly model.
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Fig.3 MSBR simplified model.
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Fig.4 MOSART simplified model.
(a) MOSART core actual model, (b) Actual calculation model,
(c) Final simplified model
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Fig.5 TRU fuel comparison of calculation results between
DRAGON&DONJON and RMC.
(a) Thermal spectrum, (b) Fast spectrum
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Fig.6 ThU fuel comparison of calculation results between
DRAGON&DONIJON and RMC.
(a) Thermal spectrum, (b) Fast spectrum
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Reflector (I11), Annulus (11),
ZONE-2 Homogenized Lattice (I)

7 MSBR A 5T (a) PR, (b) HEEL R
Fig.7 MSBR assembly homogenization. (a) Assembly
homogenization, (b) Core boundary reflector homogenization
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8 DONJON &5 1/4 MSBR HEt it A 7Y
Fig.8 1/4 MSBR core calculation model.
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Table1 Thermal spectrum core DRAGON&DONJON
“two steps” calculation error.

MCNP5 DRAGON& ERROR
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0.00028
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0.00036

R 2 R4 E 0.98798+ 0.99050 0.002 52
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Y 1.27825+ 1.27878 0.00053
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Fig.9 MOSART energy spectrum distribution of TRU (a) and
ThU (b) fuel.
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Fig.10 MOSART assembly homogenization.
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Fig.11 1/4 MOSART core calculation model.

DL ThU #REMECAHZ KR, 4id BlihREd
2, BB RN 2, NEGRTLLEH, 5 MCNP
T vH 25 S LA A Im S 5 DRAGON 277
EEFRIRZE/NT 0.002, SHETFE S MSBR M
A, ZONE-1 XONfRZE, FMX NIEIRZE, &
A EHLH, DONJON F2)7 % Z AU N 0.00029+
0.00013, 7], DRAGON&DONIJON “ W 5i” 2
0] DA 3 P T bR HE S MOSART 5.

=2 Rt DRAGON&DONJION “FE3%”

HEERIZELLR

Table 2 Thermal spectrum core DRAGON&DONJON
“two steps” calculation error.

MCNP5 DRAGON&DONJON ERROR
ZONE-1 1.03722+ 1.03581 —0.00141
0.00028
k- 1.29200+ 1.29078 0.00122
St 2 0.000 32
Fuel-graphite
reflector
A HE 1.03028+ 1.02999 —0.00029
Whole core  0.000 13
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