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Simulation of Infiltration Characteristics with Various Soil Configurations
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Abstract: The soil infiltration characteristic is one of the most important soil physical properties. The
structure and texture of the soil configuration in Shanxi-Shaanxi-dnner Mongolia energy zone are quite
complex which results in different infiltration properties. The infiltration characteristics of different soil
configurations were analyzed by one-dimensional vertical infiltration experiment. The results showed that
soil infiltration characteristics were strongly influenced by soil configuration and the infiltration capacity
was decreased in the order of aeolian sandy soil loess soil and soft rock. The mixed and layered addition
of soft rock to aeolian sandy soil and loess soil both could extend infiltration time and reduce infiltration
rate. The infiltration process of soil containing calcites and gangue was inhibited under the high bulk
density condition. Layered structure soil had a lower infiltration capacity than that of homogeneous soil.

The relationship between cumulative infiltration and wetting front advancing distance could be well
expressed as a linear function model. Kostiakov infiltration model could better fit the infiltration process
with different configurations ( R* >0.93) than that of Philip model. The results provided an experimental
evidence for soil water movement process and also offered a technical support for the reconstruction and
reclamation of mining soils in Shanxi-Shaanxi-dnner Mongolia energy zone.
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Fig.1 Dynamic changes of wetting front in different layered soil depths
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Fig.2 Dynamic changes of cumulative infiltration in different layered soil depths
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Fig.3 Dynamic changes of infiltration rate in different treatments
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Tab.3 Fitting results of variation of cumulative infiltration with time for different treatments
Philip Kostiakov
S A R? K @ R?
A 1.9920 £0.015 1 0.0887 +0.001 1 . 999 8 1.4739 +£0.034 3 0.350 1 £0.004 5 0.999 1
B 0.7312 +£0.008 7 0.009 8 +0. 000 2 0.999 6 0.3930+0.0200 0.3556 £0.006 8 0.998 3
C 0.4264 £0.0155 0.005 0 £0. 000 3 0.9959 0.1852 +£0.009 7 0.3322 +0.006 5 0.998 3
A\ B, — — — 3.7797 +0. 173 4 0.6185 +0.0070 0.990 3
A, G, — — — 3.3723 +0.4039 0.6798 £0.016 1 0.9342
B, C, — — — 0.9422 +£0.0373 0.5047 £0.0053 0.996 9
AC 1.516 1 £0.0155 0.0715 £0.000 9 0.999 7 0.9513 +£0.0196 0.3133 £0.0037 0.999 5
BC 0.6020 +£0.0222 0.0131 +£0.000 5 0.998 4 0.2595+0.029 1 0.2992 +0.0150 0.9957
D 0.5306 £0.0362 0.005 3 +£0. 000 6 0.9877 0.2734 £0.0363 0.3633 +0.0167 0.9911
B,C,D; — — — 2.2033 +£0.2348 0.6462 +0.0134 0.9790
E 0.546 8 £0.027 5 0.002 5 £0. 000 4 . 989 8 0.3269 £0.0417 0.4064 £0.0158 0.9911
B,C,E; — — — 1.9956 £0.1599 0.6520 +0.009 0 0.990 1
B, C, E C, Es — — — 1.8619+0.1191  0.6242 =0.007 7 0.9947




8 : 95

10

11

12

13

1.61 g/em’  1.54 g/cm’

; Philip
o Kostiakov
Kostiakov
(1) (3) 50 cm . 20 cm .
7:3. o
] 2006 21(2): 225 —230.

Wang Yinghong Guo Dazhi Zhang Hairong et al. Spatial distribution and application of coal resource potential in China J .
Journal of Natural Resources 2006 21(2): 225 —230. ( in Chinese)
Keskin T Makineci E. Some soil properties on coal mine spoils reclaimed with black locust ( Robinia pceudoacacia L.) and
umbrella pine ( Pinus pinea 1.) in Agaclidstanbul J . Environmental Monitoring and Assessment 2009 159( 1 -4): 407 -
414.
J. 2008 22(3): 14-17.
Fu Wei Shao Mingan Huang Mingbin. Experimental study of soil infiltration for reclamation land in Shenmu—+'ugu Dongsheng coal
mine area J . Journal of Soil and Water Conservation 2008 22(3): 14 —17. ( in Chinese)
. J. 2000 20(4): 383 -385.
Sun Taisen Bai Zhongke. The approach to the model of recultivation of open collierys soil-staeking site in the area of middle
reaches of Yellow River J . Journal of Shanxi Agricultural University 2000 20(4): 383 —385. ( in Chinese)
J. 1997 17( 1): 90 -93.
Wang Wenlong. The eco-environment characteristics of Jin-Shaan-Meng region and the research significance in science J .
Bulletin of Soil and Water Conservation 1997 17( Supp. 1) : 90 -93. (in Chinese)
J. 2014 30(14): 115 -123.
She Xiaoyan Zhang Xingchang Wei Xiaorong. Improvement of water absorbing and holding capacities of sandy soil by appropriate
amount of soft rock J . Transactions of the CSAE 2014 30( 14) : 115 - 123. ( in Chinese)
J. 2006 20(2): 14-16 21.
Wang Zhi Peng Ruyan Wang Lei et al. Studies on soil properties of aeolian sandy land improvement and utilization in south edge
of Musu desert J . Journal of Soil and Water Conservation 2006 20(2): 14 —16 21. ( in Chinese)
J. D 2008 38(3): 375 -383.
Zhu Yuanjun Shao Ming’an. Spatial distribution of surface rock fragment on hill-slopes in a small catchment in wind-water erosion
crisscross region of the Loess Plateau J  Science in China: Series D 2008 38(3): 375 —383. ( in Chinese)
I 2007 5(1): 14 -18.
Wang Yuanchang Wu Yonghong Kou Quan et al. Definition of arsenic rock zone borderline and its classification J . Science of
Soil and Water Conservation 2007 5(1): 14 —18. (in Chinese)
I 2012 23(6): 757 -767.
Zang Yintong Ding Guodong Gao Yong et al. Effects of coal mining subsidence on infiltration into unsaturated soils in sand drift
areas J . Advances in Water Science 2012 23(6): 757 =767. ( in Chinese)
. J. 2013 41(3): 125 -128.
Zou Hui Bi Yinli Jin Jingjing et al. Mining subsidence affected to soil volume-weight and water infiltration law of different
vegetation type J . Coal Science and Technology 2013 41(3): 125 - 128. ( in Chinese)
J. 2009
16(4) : 170 —173.
Wen Mingxia Shao Ming’an Zhou Beibei. Study on soil water infiltration processes in different land use types in Majiata reclaimed
regions J . Research of Soil and Water Conservation 2009 16(4): 170 - 173. ( in Chinese)
J. 2007 21(3): 28 -31.
Ni Hanbin Zhang Liping. Experimental study on slope infiliration process in abandoned soils in Shen-Dong mine region J .

Journal of Soil and Water Conservation 2007 21(3): 28 —31. (in Chinese)



96 2015
14 J. 2008(3): 17 -19.
Zhao Yi Jing Feng. Study on simulation rainfall infiltration law in spoil from Yanjiagou mine area J . Soil and Water
Conservation Science and Technology in Shanxi 2008(3) : 17 = 19. (in Chinese)
15 . J. 2009 23(5): 87-90 132.
Yang Yanfen Wang Quanjiu Zeng Chen et al. Experimental research on water infiltration characteristics of stony-soil medium
J . Journal of Soil and Water Conservation 2009 23(5): 87 =90 132. (in Chinese)
16 . J . 2014 45(12): 139 —145.
Liu Xiaoli Ma Lihui Yang Ronghui et al. Deep soil water depletion characteristic of jujube plantation in loess semiarid region
J . Transactions of the Chinese Society for Agricultural Machinery 2014 45(12): 139 —145. ( in Chinese)
17 Hillel Daniel. Applications of soil physics M . San Diego CA: Academic Press 1998.
18 J. 2004 15(3): 269 -275.
Liu Jianguo Wang Hongtao Nie Yongfeng. Fractal model for predicting of unsaturated hydraulic conductivity of porous media
J . Advance in Water Science 2004 15(3): 269 —275. ( in Chinese)
19 . J. 2009 25(6): 40 -45.
Li Zhuo Wu Pute Feng Hao et al. Simulated experiment on effect of soil bulk density on soil infiltration capacity J .
Transactions of the CSAE 2009 25(6): 40 —45. ( in Chinese)
20 J. 2013 27(3): 63 -67
268.
Wu Junhu Zhang Tiegang Zhao Wei et al. Influence of soil bulk density on soil water infiltration characteristics under different
soil organic matter contents J . Journal of Soil and Water Conservation 2013 27(3): 63 -67 268. (in Chinese)
21 J. 2011 27(5): 62 -67.
Liu Chuncheng Li Yi Ren Xin et al. Applicability of four infiltration models to infiltration characteristics of water repellent soils
J . Transactions of the CSAE 2011 27(5): 62 —67. (in Chinese)
22 . ENA J. 2012 43(11): 65 -73.
Liu Yuemei Zhang Xingchang. Effects of EN- soil stabilizer on water vertical infiltration characteristics for loess stabilized soil
J . Transactions of the Chinese Society for Agricultural Machinery 2012 43(11): 65 —73. (in Chinese)
23 J. 2015 46(2):
120 - 125.
She Dongli Zheng Jiaxing Liu Yingying et al. Effects of land reclamation time and bulk density on soil hydraulic parameters in
the coastal reclamation region J . Transactions of the Chinese Society for Agricultural Machinery 2015 46(2): 120 —125. (in
Chinese)
24 M . : 2006.
25 J . 2012

14

15

16
17

18

28(8) :38 —43.
Dang Hongyu Chen Hongsong Shao Mingan. Effects of laminated rock fragments on soil infiltration processes in karst regions

J . Transactions of the CSAE 2012 28(8): 38 —43. (in Chinese)

103 )
Karmakar S Mujumdar P P. Grey fuzzy optimization model for water quality management of a river system J . Advances in
Water Resources 2006 29(7): 1088 —1105.
J. 2007 25(2):8-10.
Xie Miaomiao Wang Wensheng Wang Hongfang. Comprehensive assessment of river health complex system based on Elman
network model J . Water Resources and Power 2007 25(2):8 —10. ( in Chinese)
M . : 2011: 261 —263.
. J. 2012 30(2):13 -16.
Li Yuhong Chen Yue Zhou Jianzhong et al. Entropy-based parallel combinational model and its application in runoff prediction
J . Water Resources and Power 2012 30(2):13 —16. ( in Chinese)
. J. : 2009 41(2):1 -5.
Wang Wensheng Li Yueqing Jin Juliang. Relation analysis of hydrological variables based on set pair principle ] . Journal of
Sichuan University: Engineering Science Edition 2009 41(2):1 -5. (in Chinese)



