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Abstract  [Background] The point-burnup program is widely used in the design of nuclear power plants. However,
the burnup library owned by point-bunrup program is mainly used in thermal neutron reactors such as light water
reactors and heavy water reactors, not for fast neutron reactors. [Purpose] This study aims to conduct research on the
processing methodology of burnup libraries tailored to the characteristics of micro-fast neutron reactors. [Methods]
Firstly, the multi-group transport library suitable for micro fast neutron reactor was obtained by resonance self-
shielding effect correction calculation. Secondly, the multi-group neutron energy spectra in the core were obtained by
transport calculation based on the geometric model of micro fast neutron reactor, and then merging groups into single
group effective cross sections. Subsequently, the nuclide composition at the end of the current burnup step was
obtained by burnup calculation based on single group effective cross section. The above process was repeated until all
burnup steps were calculated, and finally a ORIGEN-S burnup library (BULFUR-70) suitable for micro fast neutron
reactor at different burnup depths was generated. Finally, calculation results for Megapower micro nuclear reactor
using above-generated ORIGEN-S burnup library were verified by comparing with that of Monte Carlo program
OpenMC. [Results] The comparison results show that good agreement is exhibited for burnup calculations of the

core nuclear fuel with relative errors of within £5% (except for *’Pu, which shows a relative error of 6.24%) whilst
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the relative errors are within £10% in activation calculations for structural materials such as stainless steel.
[Conclusions] Verification results demonstrate that the method of burnup library generation proposed in this study is
correct, and the generated burnup library can be used for source term analysis and shielding analysis of micro fast

neutron reactor, supporting computational analyses of core radioactive accumulation, core decay heat, spent fuel

assembly source strength, and reactor inner component activation after shutdown.
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Fig.1 Processing flowchart of burnup library for micro fast neutron reactor
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Fig.2 Schematic cross-sectional diagram of the Megapower micro nuclear reactor

FEFE 1T 5745 R 5 OpenMC F2 /7 15 45 5, 5 X F1 R 10 a EEZEM S HIXTEL
BRI A R B L £5% LU (R P AR IR 28 e R or toradiation Toa  ulear
6.24% A1) , BT W, 56 T HESAZ AR I BAFETH B, Bl % RrEE TR =
BRI g5 Ry OpenMC BIFRtEE R & Nuclides Atom density / atoms-barn™-cm™ Relative error / %
RAF. HZFR2 T, NEANENE T ORIGEN-S Al ORIGEN-S OpenMC

HRIARERE (0T 54 5 OpenMC REF I SHAE S 0 466x107  466x107 0,00
AT HEA R (E£10% DAy, AT IR T4t U L79XI07 0 L79d0m 000
IS (L 5, B R P (0 545 5 Openme U 32O v o

N . . U 5.39x107° 5.39x107° 0.00

TP ITHE S5 R ST ) 7 i
*py 1.39x107° 1.30x107° 6.24
4 E?ﬂﬂ*ﬁ&ﬁiiﬁtp E"]?‘)]'/'J%F_\.ZFH =y 9.64x10°° 9.23x10°° 4.46
BXe 2.50%x107° 2.44x107° 2.54
TR AZ J2 o HE Megapower FHE A 45 #6441 AN HE PCs 21410 2.08x10° 2.78

SRR 25 F SRR i IR ER R RL Ba 2.13x10° 208x10° 272
BT RS, 60 R R A R R (s O 21000 20407 3.04
316H71<%5'§@W\316Ti7f:%%m$ﬂ3047F@%|X|),%$%ﬁﬁﬂ La 2.03x10 1.97x10 2.75

BB TR AR RS IR R S e 1
A BIHE RIS A RARERIE e oiee oo o

DX g MY BE R, fR P TR RN 998% wy 5 0ixa00 L96x10°  2.60
10°n-cm™-s', &3 LE3AH T ARSI H ByL 1.99x10° 1.94x10° 2.46
A vE AR R . IR 3 W] DL, B4 i = 1E PTe 1.98x10° 1.90x10° 4.09
AU 5 RSB/ ME IR N 316H A 454N 316 Ti A 4540 Mo  1.96x10° 1.91x10° 2.78

1304 AN, 13 e B R B/IMK IR A 316H AN “Ce 1.95x10° 1.91x10° 2.33

W 316Ti ANENAN 304 AFM. Eikgsie T Rig/k Mo 192x10° 1.85x10° 357

IS HE HE P 45 R R RE DL K HE AN B A R 35 7Y DL e AN T < A 72 Relative error=(ORIGEN-S/OpenMC-1)x100%
SRR A TG e Y s 4R i S Note: Relative error=(ORIGEN-S/OpenMC-1)x100%

070024-5



% AR

2025, 48: 070024

R2 HNETHWEEL10 a FEZEIRIHIXILL
Table 2 Comparison of nuclide components of inner
stainless steel after irradiation 10 a

BxR  RTEE AR 2

Nuclides Atom density / atoms-barn™-cm™ Relative error / %

ORIGEN-S OpenMC
*Fe 5.04x107 5.06%107 -0.43
*Cr 1.39x107 1.34x107 3.64
*Ni 6.97x10° 7.65%107 -8.90
*Fe 3.21x107 3.22x107 -0.43
“Ni 2.68x107 2.95x107 -8.90
*Cr 1.58x107 1.53x107 3.66
“Fe 1.16x107 1.17x107 -0.52

9.30x10™* 1.84
6.97x10™ 3.66
3.80x10™ 3.60
4.08x10™ -8.90
1.56x10™ -0.58

*Si 9.47x10™
*Cr 7.23%10™*
*Cr 3.94x10™
“Ni 3.72x10™
*Fe 1.55x10™

R3 TREINFWER BAREFLIFR
Table 3 Activation source intensity per unit mass of
different stainless steel

AN P
Energy / MeV Photon intensity / y*s™"'+ g

316H 316Ti 304
1.50x107° 1.81x10° 1.02x10°  5.99x10'
2.50x10° 6.89x10° 3.54x10°  3.00x10'
4.50x107 8.58x10° 4.50x10*  3.64x10'
8.00x107 5.51x10° 2.94x10>  2.04x10'
1.50x10™" 6.13x10° 4.72x10°  8.20x10'
3.00x10™ 5.88x10° 5.42x10°  5.24x10°
5.00x10™ 1.70x10° 5.38x10°  6.34x10'
6.50x10™ 3.32x10° 1.16x10*>  5.36x10""
7.50x10™ 1.05x10° 8.16x10*  3.45x10™
9.00x10™ 5.11x10° 5.34x10°  3.55x10°
1.25 2.65x10* 6.21x10°  1.27x10°
1.75 1.35x10° 4.39%x10"  2.66x10'
2.50 3.69x10' 2.14x10"  1.29x10'
3.50 2.20x10"  2.44x10"  1.47x10"
4.50 0.00 0.00 0.00
JAJF 5 Total intensity  4.62x10° 2.05x10*  7.21x10°
FEIRERE 8.36x10"  5.71x10"  5.01x10"
Average energy / MeV
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Fig.3 Activation source intensity per unit mass of different
stainless steel
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