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Abstract

This paper briefly compared the influence of landforms on the fluence activity ratio of in-situ y-ray
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spectrometer, and analyzes the conditions in which the fluence activity ratio can be approximated
by Beck’s formula. This paper uses some variance reduction methods to improve the efficiency of
Monte Carlo simulation, including geometric transformation method, source bias sampling method
and simplified model method. Then it compares the simulated fluence activity ratios of different
landforms such as mountain, gully and rough-surface ground with the theoretical values given by
Beck’s formula. The result shows that when the energy of decay photon is in the range of 0.354
MeV to 2.614 MeV, the following cases can ignore the influence of landforms on the fluence activity
ratio and use Beck’s formula to calculate the value directly: the slope angle of mountain and gully
is less than 5°; the roughness is less than 0.5 cm under surface source distribution in rough-surface
flat ground model; the roughness is less than 10 cm under volume source distribution in rough-
surface flat ground model.
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Figure 1. Schematic diagram of geometric transformation method for conical model
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Figure 2. Schematic diagram of geometric transformation
method failing to deal with hemispherical model
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Figure 3. Diagram of source bias sampling
method
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Figure 4. Diagram of rough-surface flat ground
model

4. fAERARIZRTEE

|
Hair I

< dr

“ -d/2

usnil

Figure 5. Diagram of rough-surface flat ground mod-
el in simplified method
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Figure 6. The relationship between fluence activity ratio and radius
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Table 1. The relative deviation between the simulated and theoretical fluence activity ratio in mountain model

=1 LB ENEEEE I SERERNEXRE

fem/MeV el
5 10 20 30
0.352 —-0.137 -0.312 —0.555 -0.711
0.583 —-0.235 -0.39 —-0.604 -0.747
0.662 —0.258 -0.411 —0.618 —0.755
1.1203 —-0.251 —0.407 —-0.617 —0.752
1.7645 —0.249 —0.406 -0.615 —0.752
2.6145 -0.254 -0.413 -0.62 —0.754

Table 2. The relative deviation between the simulated and theoretical fluence activity ratio in gully model

2. AR SRR L SERER AR RE

fEE/MeV R

5 10 20 30
0.352 0.481 0.835 1.883 3.124
0.583 0.331 0.688 1.567 2.635
0.662 0.285 0.652 1.49 2.518
1.1203 0.299 0.651 1.464 2.484
1.7645 0.297 0.675 1.475 2.49
2.6145 0.294 0.671 1.443 2.448
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Table 3. The relative deviation between the simulated and theoretical fluence activity ratio in rough-surface model
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V5 12 SHRE 52 T A B 7 12k
Rt/ MeV
A d=10cm M d=0.1cm i d=10cm M d=0.1cm
0.352 —-0.028 -0.147 0.172 —0.086
0.583 —0.038 -0.107 0.038 —-0.102
0.662 -0.05 -0.131 0.005 —-0.105
1.1203 -0.05 -0.138 0.016 -0.094
1.7645 —0.047 -0.141 0.015 —-0.084
2.6145 —0.038 —-0.144 0.012 —-0.076
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Figure 7. The rough surface inhomogeneous source can be approx-
imated by the Beck formula
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