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Resonance Self-shielding Calculation for Complicated Fuel Assembly

HUANG Wei-bing, WU Hong-chun
(Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Resonance self-shielding calculation is a very important part of the reactor core
design calculation. The traditional self-shielding model can only simulate the simple
geometry. The subgroup self-shielding model developed by A. Hebert was utilized to de-
velop a self-shielding calculation code. It can treat complicated geometry with two reso-
nant isotopes contained in fuel region. Numerical results presented for many problems

show that this model can get high accurate results when the fuel enrichment is low.
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Fig. 1 Sketch of Mosteller benchmark
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Fig. 2 Fuel rod cell and assemblies
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Table 1  Isotopes concentration for Mosteller benchmark
KX 235 ) R 10 B PR /m™—?
R EE it B2 /K 'H NZr "B 150 25y 28y
0.711 600 461.309 1.660 78 228.994
900 457.561 1.647 29 227.133
TR 1.6 600 461. 355 3.737 29 226. 940
900 457. 607 3.706 93 225.096
2.4 600 461. 397 5.605 88 225.093
900 457. 648 5.560 33 223. 264
5% 600 389. 087
R 600 442.326 0.513 231 221.163
& 2 Mosteller £t 50 gy 4F 4E &
Table 2 Eigenvalue for Mosteller benchmark
] HRMSSHHEN
BU R/ N MEHRE/K G 5EMAFRAE/K  Dragon-Sg {H ZH
AR 2/ %6
0.711 600 600 0.661 865 0.663 8 —0.291 5
900 600 0.653 743 0.656 7 —0.450 3
1.6 600 600 0.959 734 0.958 1 0.170 5
900 600 0.948 817 0.948 4 0.044 0
2.4 600 600 1.101 836 1.096 1 0.523 3
900 600 1.092 300 1.086 4 0.543 1
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Table 3 Isotopes concentration of fuel rod, clading and coolant
10 B P /m—?

AR /K 'H NZr B 150) 2357 239 Py 238
TR IR RO 933.6 465 7.06 7.06
EWIR SR R 933.6 465 7.06 7.06 2 254

5% 579.9 383. 243
BEHF 579.9 442,326 0.102 133 221.163
x4 ENEBEHFLEE
Table 4  Eigenvalue for different problems
AT AL MCNP
HRBHX BT B 4 Dragon {55 Dragon-Sg
Dragon Dragon-Sg MCNP
{8 (4 A A 22 / %6
Hgs5y FRRL#E T 1.775 569 1.775 081 0.027 48
3X 3 PR 2H 14 1.775 403 1.774 915 0.027 49
K 30X 3 1R 4 1 1. 747 676 1.747 265 0.023 517
H 5 239Py JRRL R A 1. 757 906 1. 757 062 0.048
3X 3 Rk 1 1.757 87 1.757 026 0.048
& KR 3} 3 SRR 4H 1 1.746 89 1.746 14 0.042 9
[ i} 55235 U F1238 U SRR T 1.278 166 1.292 57 1.382 86
33 R 1.278 245 1.327 546 1.352 19
ok 33X 3 MRk 1.294 949 1.329 897 1.366 44
[&] 5] £ 239 Pu #1238 U SR A T 1. 347 375 1.362 938 1. 440 32
3X3 KRB 1.347 493 1.396 853 1.405 59
EKR 35X 3 OBk 1 1.376 484 1.411 799 1.422 43
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Fig.3 Hexagonal assembly

without poison cell (a) and with poison cell (b)
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Table 5 Isotopes concentration of materials
ﬁ-lX 10 304 I E /m—°
L /K _ : BT W /m _ i
*j*’:l’ lH ler 52(/1' 113 (/d 109 Ag 58 I\I1 115 In 56 Fe
WA 933.6
ME 1 579.9 2.624 93X1073 4,491 88102 7.574 64103
M2 579.9 1.527 02102 7.514 18X103 5.576 70X10"2
MRE3 579.9  3.064 66>X1072 1,495 80>X1072 2.697 69><X10° 5. 274 85X10°
FEF4 579.9 4,652 921072 8,924 27X10* 4,799 27X10°° 1.135 21 X104 4,458 45X10°°
o 579.9 7.072 91X10° 1.382 98 <10
VI 579.9 4713 46X1072 4,183 72X10™* 2,249 9110 5.321 88105 2.090 13X10°°
#IX 10 B FWE/m?
WK ——— - , A ,,
*1*4_ 55 Mn Z/Al 95 Mo llB lb() ZSJU ZOSU
TRk 933.6 4.65X1072 0.040 61072 2.254X102
MR 1 579.9
B2 579.9  8.029 43X10*
KK 3 579.9 1.530 77X107° 1.532 33102
MR 4 579.9  4.159 01X10°7 2.352 31X10° % 4,037 55X10°¢ 2.327 61X10° 2,326 46X10 2
5% 579.9 2.873 35X107*
VI 579.9 1.949 761077 1.102 77X106 1,892 81 X106 2,355 98X10™ 7 2.356 73X10"2
x6 ANAMAGHILEE [4] HRAE. TAPME Hig FMLCP]. F§%. F§%s
Table 6 Eigenvalue for hexagonal assembly i K% RE & 2003,
o I [5] HEBERT A. Advances in the development of a
] 125 7R _shieldi _
Dragon Dragon-Sg MCNP subgroup method for the self-shielding of reso
nant isotopes in arbitrary geometries[J]. Nucl
AN BREEY) 1.045 238 1.094 226 1.25 930
Sci Eng, 1997, 126 245.
] R T 0. 855 234 0.890 196 0.887 15
alikiiadd ’ (6] HEBERT A, MARLEAU G. Generalization of
the Stamm’ ler method for the self-shielding of
e resonant isotopes in arbitrary geometries [ J ].
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