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Abstract

Consistent Adjoint Driven Importance Sampling (CADIS) is a widely utilized automatic variance
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reduction method. This method employs adjoint scalar flux to consistently generate variance re-
duction parameters. However, it lacks angle biasing information and its acceleration effect is li-
mited when dealing with deep-penetration shielding problems characterized by strong anisotropy.
Building upon the CADIS-Q method and utilizing the multi-dimensional discrete ordinates trans-
port calculation code ARES, this paper develops a calculation module for angle-dependent va-
riance reduction parameters. It constructs a forward-weighted importance function and automat-
ically generates angle-dependent source biasing parameters and weight window parameters to
compensate for the absence of angle information in existing variance reduction parameters. This
paper introduces a variance reduction parameter with a higher matching degree for solving the
strong anisotropic deep penetration shielding problem by MCNP. The international benchmark
problem IRI-TUB was used for verification purposes. Numerical results demonstrate that the
CADIS-Q method can achieve better acceleration effects compared to the CADIS method without
biasing. Preliminary verification indicates that the CADIS-Q method holds promising potential for
addressing complex strong anisotropic deep penetration problems.
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Figure 1. Diagram of the weight window
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Figure 2. Implementation of the angle-dependent
variance reduction parameters
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BB X-Y P U RN 3 R, OB HERRY f— NS A — A KBRS 2 . HECTE M X 45
B 24 RS9 7.20 cm x 7.20 cm BRBMEZH R, XS E B O 2, A S8R AR . HES M B2
& BRI 7EME BTG MEIX 34 25.00 cm AbH — A AR L IET I KBRS EIE, WA — RN
11.80 cm. KJ¥ 7y 187.00 cm WK TESLIE . EEAMUEEE —)= 4.50 mm JE AT DRI 2k
WeE, AR TE N 399)4 0.00. 67.00. 121.00. 148.00 A1 175.00 cm. eHUE I H AL FHR I A
T Min(n, )™M R, BARRI S0P 3 FioR . thAh, W% S AE 1.10 x 1070 MeV~1.96 x 10" MeV
BE VU R A T RERE, F TPl CADIS-Q 73k 1 ek -

-9.00 287.90
296.9cm

000

Y/cm

M Tally Region

0198

X/em

Il Fuel M Water [ Graphite Aluminum [l Concrete [ Steel

Figure 3. Configuration of the IRI-TUB straight problem at Z = 0 cm
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Figure 4. Geometry of the IRI-TUB benchmark problem with straight duct
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the IRI-TUB benchmark problem with straight duct
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Table 1. In(n, n")***™In reaction results and FOMs for the IRI-TUB straight duct problem
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CADIS-Q 3.09E-18 7122.00 0.67 6.5h
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Figure 6. Neutron spectrum and statistical tally errors for IRI-TUB straight ductproblem: (a) Neutron spectrum calculation
results; (b) Statistical tally errors for each energy segment
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Figure 7. Configuration of the IRI-TUB bend duct problem at X = 43.2 cm
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Figure 8. Geometry of the IRI-TUB benchmark problem with bend duct
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Figure 9. Normalized distribution of unbiased and biased
sources of the IRI-TUB benchmark problem with bend duct
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Table 2. %Mn(n, y)**Mn reaction results and FOMs for the IRI-TUB bend duct problem
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THE 7 RS FOM CIE THEL TA]
MCNP 2.32E-17 0.01 1.46 576.00 h
CADIS 2.41E-17 12.00 1.51 1950 h
CADIS-Q 2.39E-17 12.00 1.50 19.50 h
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