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Fig. 1. (color online) The Dayawan pin-by-pin nuclear reactor model.
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Table 1. The multiplication factor and its uncertainty.

FEAE(E AR 2
T A 55 155 1.01342 1.67738 x 105
UFS &k 1.01339 2.31931 x 10~°
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Fig. 2. (color online) Cumulative distributions of relative uncertainties.
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Table 2. The comparison of efficiency of the global volume averaged cell flux tally.

AHXT 1% 22 FOM
R/ME WK 5% KT MAX 95
TMmEER (81THE: 4792s)  2.90612 x 10~ 0.07608 0.02096 0.03605  0.47501
UFS &E (1847 [A]: 4856 s) 2.25274 x 10~%  0.06255 0.01681 0.05263  0.72876
UTD 1% (32171 5167 s) 1.68955 x 1074 0.04143 0.01460 0.11275  0.90794
UTND 15 (8478 5013 s)  2.14960 x 1074 0.05657 0.01649 0.06233  0.73302
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Table 3. The comparison of efficiency of the global energy deposition tally.

AHXT R 72 FOM
/M R H5% KT MAX 95
Tl BH (B4THE: 4951s)  3.33812 x 10~%  0.23869 0.05144 0.00355  0.07633
UFS &% (1847 [A]: 4993 s) 2.59528 x 10~4  0.18372 0.04170 0.00593  0.11518
UTD & (JZ17HI1H): 5046 s) 1.95599 x 104 0.11265 0.03667 0.01562  0.14738
UTND 1§7% (GB4THIA: 4966 s)  2.47964 x 10~*  0.19081 0.04110 0.00553  0.11921

R4 APEETEIN RS 20 ML TR S 4 R
Table 4. Efficiency of the global volume average cell flux tally using 20 independent runs.

AHX R 72 FOM
R/ME RRAE 5 5% KT MAX 95
UFS &% (iZ47HF[A]: 3554 s) 0.00152 0.07369 0.022 0.05182 0.58135
UTD 1§18 (BT [A]: 3424 s) 0.00125 0.06043 0.021 0.07064 0.66226
UTND 157 (GZATHfTA]: 3425 s) 0.00107 0.06889 0.021 0.06152 0.66206

5 &

AR T = AR I A E SN 52 4 R A
BRI EE o, UTD B2k T 2 e
PR IE D B B AR TH A B2, L SELARORE T B AR
THER A, UTND Hik 2 i T O 58 s s A
(AR T A B 3 & T I A R AR K P Al 2
T, FA BT A ST (. 28 KLV e o M
pin-by-pin B ) THE R B, UTD Bk B A Hm )
AR, UTND FIE R BAA R R I LT T UFS
k. TR R ASERE T O s A R
AR R I E BB AL S TAE.

SE30H

[1] Li G, Deng L, Li S, Mo Z Y 2011 Acta Phys. Sin. 60
022401 (in Chinese) [%=NI, X877, Z=R, SLNI58 2011 P8

4% 60 022401]

[2] Li S, Li G, Tian D F, Deng L 2013 Acta Phys. Sin. 62
249501 (in Chinese) [48, 2RI, HZARX, X377 2013 ¥
4 62 249501]

[3] Brown F B 2009 Proceedings of International Confer-
ence of Mathematics, Computational Methods & Reac-
tor Physics Saratoga Springs, New York, USA, May 3-7,
2009

[4] Herman B R 2014 Ph. D. Dissertation (Cambridge:
Massachusetts Institute of Technology)

[5] Smith K S 2011 Trans. Am. Nucl. Soc. 104 313

[6] Kelly D J, Sutton T M, Wilson S C 2012 Proceedings of
PHYSOR 2012 Knoxville, Tennessee, USA, April 15-20,
2012

[7] Kelly D J, Aviles B N, Herman B R 2013 Proceedings
of M&C 2013 Sun Valley, Idaho, USA, May 5-9, 2013
p2962

[8] Hunter J L, Sutton T M 2013 Proceedings of M& C 2018
Sun Valley, Idaho, USA, May 5-9, 2013 p2780

[9] Shangguan D H, Li G, Deng L, Zhang BY, Li R, Fu Y
G 2015 Acta Phys. Sin. 64 052801 (in Chinese) [ LEF+

062801-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract17973.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract17973.shtml
http://dx.doi.org/10.7498/aps.62.249501
http://dx.doi.org/10.7498/aps.62.249501
http://dx.doi.org/10.7498/aps.64.052801

32 % R  Acta Phys. Sin. Vol. 65, No. 6 (2016) 062801

B, 2NN, By, skEER, A, Ao 2015 Y)BE IR 64 2014 Kyoto, Japan, Sep. 28-Oct. 3, 2014

052801] [11] Deng L, Ye T, Li G, Zhang B Y, Shangguan D H
[10] Zhang BY, Li G, Deng L, Ma Y, Shangguan D H, Zhang 2014 Proceedings of PHYSOR 2014 Kyoto, Japan, Sep.

A Q, Cao X L, Mo Z Y 2014 Proceedings of PHYSOR 28—Oct. 3, 2014

Algorithm researches for efficient global tallying in
criticality calculation of Monte Carlo method®

Shangguan Dan-Hua'' Deng Li" Li Gang? Zhang Bao-Yin Ma Yan'
Fu Yuan-Guang? Li Rui®? Hu Xiao-Li%

1) (Institute of Applied Physics and Computational Mathematics, Beijing 100094, China)
2) (CAEP Software Center for High Performance Numerical Simulation, Beijing 100083, China)

( Received 6 September 2015; revised manuscript received 20 December 2015 )

Abstract

Based on the research of the uniform fission site algorithm, the uniform tally density algorithm and the uniform
track number density algorithm are proposed and compared with the original uniform fission site algorithm in this
paper for seeking high performance of global tallying in Monte Carlo criticality calculation. Because reducing the
largest uncertainties to an acceptable level simply by running a large number of neutron histories is often prohibitively
expensive, the researches are indispensable for the calculation to reach the goal of practical application (the so called
95/95 standard). Using the global volume-averaged cell flux tally and energy deposition tally of the pin-by-pin model
of Dayawan nuclear reactor as two examples, these new algorithms show better results. Although the uniform tally
density algorithm has the best performance, the uniform track number density algorithm still has the advantage of being
applicable to any type of tally, which is based on the track length estimator without any modification. All the algorithms

are realized in a recently developed parallel Monte Carlo particle transport code JMCT.

Keywords: Monte Carlo method, criticality calculation, global tally
PACS: 28.41.Ak, 02.50.Ng DOI: 10.7498/aps.65.062801
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