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Soil bulk density difference, ground penetrating radar feature identification, and simulation for a reclaimed
soil profile in the dumping site of an open pit mine

LUO Gu-bai', CAO Yin—gui'”’, BAI Zhong—ke"’, HUANG Yu-han', WANG Shu—fei'

(1.School of Land Science and Technology, China University of Geosciences, Beijing 100083, China; 2.Key Laboratory of Land Consolida-
tion and Rehabilitation, Ministry of Natural Resources, Beijing 100035, China)

Abstract: In this study, the southern dumping site of the Antaibao open pit mine in Pingshuo, China was taken as the research subject. This
study aimed to reveal the overall characteristics and depth differences in soil bulk density in different profiles of the reclaimed land. The
difference in soil bulk density was based on the characteristics of ground penetrating radar (GPR) images. The relationship between the di-
electric constant and soil bulk density was determined. In this study, the soil bulk density at different depths of the reconstructed soil pro-
file was obtained using two methods, namely ring knife sample weighing and GPR detection. The data were analyzed by analysis of variance
and fitting analysis. The results showed that the soil bulk density varied greatly at different locations of the dumping site and at different
depths of the same profile. The soil bulk density of the platform was greater than that of the slope. The slope of the slope was larger, the soil
bulk density was smaller, and the more herbs, the greater the soil bulk density. When the soil moisture content was low, the amplitude of
the large amplitude signal on the GPR map was inversely proportional to the soil bulk density. The soil bulk density could be qualitatively
analyzed. The soil bulk density increased linearly with the dielectric constant, and the two were fitted. The R value was 0.813 9, and the as-
sociated probability was less than 0.01. The results of this study could provide strong support for GPR to quickly and non—destructively de-
tect soil bulk density and effective reclamation.
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Figure 1 South dumping site of Antaibao open pit mine, China
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Table 1 Soil bulk density and overall characteristics at different

depths of each profile(g+em™)

R Depth/cm P P, Ps Py Ps
0~10 0.99 0.87 1.34 1.22 1.21
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40~50 1.71 1.41 1.22 1.56 1.97
50~60 1.54 1.66 1.29 1.57 2.00

M Mean 1.51 1.34 1.23 1.50 1.66
T v g 2 0.27 0.27 0.08 0.14 0.36

Standard deviation
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Table 3 Detection parameter values of GPR at different depths of

each profile
o RIGERE  (ERNE (CRAE A
" Profile calibration Propagation  Propagation  Dielectric
Profile . . 4
depth/cm time/ns velocity/m+ns constant
P 0~19 2.50 0.095 3 3.90
19~43 4.60 0.0959 8.27
0~43 7.10 0.096 7 6.13
P, 0~31 6.69 0.098 6 9.84
31~47 2.37 0.109 8 7.63
0~47 9.06 0.101 8 9.15
Ps 0~13 1.38 0.188 4 2.54
13~30 2.47 0.137 8 4.75
0~30 3.85 0.155 8 3.71
Py 0~22 3.60 0.1111 7.29
22~33 2.30 0.1130 7.04
0~33 5.90 0.1119 7.19
Ps 0~20 4.37 0.0915 10.74
20~35 2.95 0.095 6 8.70
0~35 7.32 0.101 7 9.84
. 1807
£ 170t y=0.08x+0.89
o R=0.8139 <© <
Z Leor
§ 150
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= 140
2
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& ¢
= 110}
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Figure 9 The fitting relationship between measured values of soil

bulk density and dielectric constant
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Table 4 Comparison of sample measurement and model inversion

of soil bulk density at different depths of each profile

AR G RRe g IR Soil bulk density/grem™
AL Profile  Sampling BRI SREESGN S-S
Profile calibration depth/ Model Sample  Measurement—

depth/cm cm inversion measurement inversion
P, 0~19 0~20 1.21 1.23 0.02
19~43 20~40 1.57 1.65 0.08
0~43 0~40 1.40 1.47 0.07
P, 0~31 0~30 1.70 1.64 -0.06
31~47 30~50 1.52 1.47 -0.05
0~47 0~50 1.65 1.26 -0.39
Ps 0~13 0~10 1.10 1.32 0.22
13~30 10~30 1.28 1.17 -0.11
0~30 0~30 1.19 1.23 0.04
Py 0~22 0~20 1.49 1.38 -0.11
22~33 20~30 1.47 1.56 0.09
0~33 0~30 1.48 1.44 -0.04
Ps 0~20 0~20 1.78 1.25 -0.53
20~35 20~40 1.61 1.69 0.08
0~35 0~40 1.70 1.44 -0.26
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