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Table 1

Physical properties of the experimental soils

WHL By AR ki L5 K BEALGE FEBE LR
Ak
Sand Silt Clay  Bulk density 0, Capillary porosity Noncapillary porosity
Soil type
(%) (%) (%) (gem™) (em’em™) (0.01 ~0.0002mm) (%) (>0.0lmm) (%)
W+t
84.3 6.4 9.3 1.61 0.34 6.0 79.1
Sandy soil
fibih e
58.9 20.9 20.2 1.46 0.44 6.5 50.0
Pi-sha sandstone
B
52.5 35.8 11.7 1.48 0.41 51.8 34.1
Loessal soil
EA i o
42.2 36.6 21.2 1.46 0.46 71.4 4.3
Red clay
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Fig. 1 Schematic diagram of soil layers in each column
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Table 2 Statistical analysis of infiltration characteristics of the layered soils
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BIANB I

Infiltration time

FHIZRBNB H A

Infiltration rate of the

TS FEmT

Time for

SR 2K
ERLRE of each layer bottom section of each soil layer infiltration to get steady
Layered
avere (min ) (e¢m min™) (min)
soil style
R HoR WmeR H-E  moR B # sz

First layer ~ Second layer ~ Third layer

56.4a 112.6¢ 321.5¢

52.8a 408.2d 278.1h

17.6b 71.0e 174.1i

-t -1
L-P-S

53.5a 175.6f 145.1j

First layer  Second layer ~ Third layer

0.115a 0.078¢ 0.033d
0.129a 0.016d 0.017d
0.329b 0.100e 0.053f
0.125a 0.047f 0.053f

Third layer

Second layer

12.4a 164.1d
88.6b 0
57.3¢ 11.3e
16.7a 0
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Fig. 2 Measured and simulated infiltration rate
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Fig. 4 Temporal variation of the advance of wetting front
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Table 3 Linear regression parameters of the movement of wetting front with time

JZ2 IR L Fe T Layered soil style +J2Soil layer a b R’ c

%5 )2 Second layer 0.254 15 0.999

W-1b-£1 L-S-R 0.34
%5 = JZ Third layer 0.086 46.9 0.975
% —JZSecond layer 0.066 30.1 0.952

w-£[-7) L-R-S 0.78
%% = )JZThird layer 0.052 37.4 0.99
%5 —JZSecond layer 0.439 24.8 0.976

- -fit S-L-p 0.34
%5 = JZThird layer 0.149 46.1 0.998
5~ JZSecond layer 0.176 18.8 0.998

Wt -VPL-P-S 1.07
%5 = ZThird layer 0.189 16.5 0.998
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Table 4 Inversion of hydraulic parameters of the four types of layered soil columns
B BR KR UK IR0 29 BH TR R
S S - L B l
0, (em” em™) 6, Cem’ em™ ) a (em™) (K, cm min™")
Sall] oall] Sall] S Sall] S oall] 3
Measured Measured Measured Inversed Measured Inversed Measured Inversed
w1t
0.047 0.34 0.048 0.055 1.8 3.1 0.0340 0.260
Sandy soil
fikwb A
0.051 0.44 0.024 0.033 1.3 2.0 0.0260 0.140
Pi-sha sand stone
Wi 1
0.031 0.41 0.018 0.021 2.0 2.6 0.0031 0.047
Loessal soil
AR
0.032 0.46 0.034 0.019 1.2 1.8 0.0025 0.009
Red clay
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EXPERIMENT AND SIMULATION OF INFILTRATION FROM LAYERED SOILS IN
OPEN PIT MINE IN JIN-SHAAN-MENG ADJACENT REGION
Wu Qi fan' Fan Jun®™ Yang Xiaoli' Pan Yawen' Wang Yafei’ Qiao Yanqin' Wang Sheng’
(1 College of Resources and Environment, Northwest A&F University, Yangling, Shaaxi 712100, China )
(2 State Key Laboratory of Soil Erosion and Dry land Farming on the Loess Plateau, Institute of Soil and Water Conservation ,
Northwest A&F University, Yangling, Shaanxi 712100, China )

( 3 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract In order to search for an optimal soil layer structure for constructing an earth dumping site for
the open-pit mine at the Jin-Shaan-Meng bordering region, an experiment on soil water percolation through
4 soil columns different in soil layer structure, was carried out. The four soil columns were homogeneously
packed with Sandy soil, Pi-sha Sandstone, Loessal soil or Red clay, but different in order, that is, Loessal
soil-Sandy Soil-Red clay (L-S-R ) , Loessal soil-Red clay-Sandy Soil ( L-R=S) , Sandy Soil-Loessal soil-
Pi-sha Sandstone (S-L-P) , and Loessal soil-Pi-sha Sandstone-Sandy Soil ( L-P-S) . With the aid of an
automatic observation system ( AOS ) attached to the columns to monitor variation of soil water content with
time, and at the same time, change in water level in the markov bottles and wetting front movement was
recorded. Based on infiltration rate, cumulative infiltration, wetting front movement and change in profile
water content, water percolation through the soil columns different in soil layer structure was characterized.
Taking into consideration the natural conditions of the region, evaluation of the columns was done for one that
was optimal for construction of the earth dumping site. Results show that after water flowing into the second
layer of the columns, percolation rate continuously decreased. After water flowing into the third soil layer in
Columns L-S—R and S-L-P, percolation rate further decreased. When the wetting front got to the interface
between the second and the third soil layers in Columns L-S-R, L-R-S, S-L-P and L-P-S within 169.0,
461.1, 88.6 and 229.1 min, respectively, accumulated percolation reached 19.3, 21.3, 17.8 and 19.6 cm,
respectively, in the four columns. In the soil columns the wetting front moved through the 3rd layer of soil at
a rate, being 0.34, 0.78, 0.34 and 1.07% of the rate at which it went down through the 2nd layer in Columns
L-S-R, L-R-S, S-L-P and L-P-S, respectively. In Column L-S-R, the water content monitored by the
probe at the bottom of the sand soil layer was apparently higher than that measured by the other two probes in
the layer, while no such phenomenon was observed in the same soil layer in the other columns. Columns L.-S-R
and S—-L-P could hold a large amount of water for a short period of time, and the third layers of soil tended
to prevent water from percolating downwards, especially in Column L-S—-R, where the effect of the third
layer of red clay was very significant. Obviously, these two types of layered soil structure are the ideal ones
for construction of earth dumping sites for open pit mines. In Column L-R-S water infiltrated and percolated
down the column very slowly. In case of heavy rain storm, rain water could not infiltrate into the soil readily.
In Column L-P-S, after wetting front reached the third layer of soil, it kept moving through the layer rapidly.
Obviously the soil column could not hold water and instead let the water go further down into deep soil layers.
So, these two types of layered soil structure are not fit for use in construction of earth dumping sites. Changes
in water content in soil profiles were monitored continuously with the aid of TDR. Soil hydraulic parameters

inversed by combining HYDRUS-1D with water content in infiltration profile of homogeneous soil, after being
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collated and optimized, were used to simulate variation of the water content and infiltration rate in infiltration
profile of layered soil structure. Statistical analysis shows that R” of measured and simulated infiltration rate
and profile water content varied between 0.86 and 0.97, and MEP and SDP of the infiltration rate did between
-0.000 4 and -0.009 7, 0.025 and 0.039, respectively, and MEP and SDP of the profile water content
did between -0.022 2 and 0.005 7, 0.034 and 0.092, respectively. Statistics also shows that the inversed
parameters can be used to better simulate water infiltration processes through the layer-structured soil. The
findings in earth this experiment may have some theoretical and practical significance in guiding construction
of earth dumping sites for open pit mines.

Key words Layered soils; Infiltration; HYDRUS-1D; Reclamation of mining areas

(RERE: EME)
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