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Runoff and sediment production processes on a Karst bare slope
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Abstract: Artificial rainfall experiments were carried out on a simulated Karst bare slope in a steel tank, where the slope
and degree of underground holes ( cracks) could be adjusted, to study the production processes of runoff and sediment in
these environments. During experiments, the tank was filled with soils and rocks. Results indicated that rainfall intensity,
slope and degree of underground holes (cracks) had obvious influences on runoff and sediment production processes. (1)
Sediment was produced from the soil surface when the actual rainfall intensity was greater than the critical rainfall intensity
of 50—80 mm/h. Runoff and sediment yield changed with varied rainfall intensities, and the order of the runoff yield for
three rainfall intensities was 50>30>80 mm/h, and the order of the sediment yield for three rainfall intensities was 50>30>
80 mm/h, respectively. (2) The underground sediment transport modulus decreased with increased slope, and the order of
the sediment transport modulus for four slopes was 10<15<20<25°. In the same rainfall event, we noted that the smaller the
slope, the greater the sediment transport modulus reduction per unit time, and the order of the sediment transport modulus
for the four slopes was 10 >15>20>25°. (3) The degree of underground holes ( cracks) had a significant effect on
underground runoff and sediment yields. An increase in the degree of underground holes ( cracks) led to increased
underground soil erosion. Underground runoff and sediment yields increased with an increase in the degree of underground

holes ( cracks) , and the order of underground runoff and sediment yields for three underground hole degrees was 1<3<5%.
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This study provides a deeper understanding of the mechanisms of soil erosion in Karst slope habitats and provides a

theoretical basis for the management of rocky desertification control and ecological restoration.

Key Words: Karst soil erosion; dual Structure; artificial rainfall ; underground holes ( cracks) ; runoff and sediment yields
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Table 1 Characteristics of surface and underground runoff yield (underground hole ( crack) degree =5%)

ok T 3R YR FARl (e (ESTEY A
Rainfall intensity/ (mm/h) Slope/(°) Type Runoff yield/L Runoff coefficient
30 10 1 Surface 0 0
15 0 0
20 0 0
25 0 0
50 10 0 0
15 0 0
20 0 0
25 0 0
80 10 329.75 0.59
15 391.90 0.65
20 455.20 0.70
25 460.05 0.74
30 10 HF Underground 248.9 1
15 230.1 1
20 214.7 1
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Rainfall intensity/ ( mm/h) Slope/(°) Type Runoff yield/L Runoff coefficient

25 187.35 1

50 10 291.15 I
15 273.25 1
20 241.15 I
25 231.9 1

80 10 225.05 0.41
15 208.80 0.35
20 192.80 0.30
25 160.05 0.26
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Table 2 Characteristics of surface and underground sediment yield (underground hole ( crack) degree=5%)

e i i 2 W el PR LTRUES
Rainfall intensity/ ( mm/h) Slope/ (°) type Sediment yield/g Sediment transport rate/ ( g/min)
30 10 3 Surface 0 0
15 0 0
20 0 0
25 0 0
50 10 0 0
15 0 0
20 0 0
25 0 0
80 10 495.51 5.51
15 577.79 6.42
20 645.83 7.18
25 602.05 6.69
30 10 T Underground 139.71 1.55
15 111.81 1.24
20 92.34 1.03
25 70.73 0.79
50 10 184.20 2.05
15 170.92 1.90
20 155.69 1.73
25 148.53 1.65
80 10 141.66 1.57
15 129.92 1.44
20 125.20 1.39
25 107.08 1.19
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S T/NII IR . AT I B R R S v e R s N2 T RN AR AR AR T ] T iz sh i E T
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Fig.3 Variation of underground sediment concentration with increase of rainfall duration under different rainfall intensities
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Fig. 6  Characteristics of underground cumulative sediment
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Table 3 Characteristics of underground sediment yield under different degrees of underground hole ( crack) conditions
R FL () BREE/ Degree of underground hole (crack) /%

1 3 5
W
oo MR B S R S B R
Underground Ratio of Underground Ratio of Underground Ratio of
runoff/L runoff runoff/L runoff runoff/L runoff
10 198.80 1.80 209.15 1.66 225.05 1.47
15 182.75 2.25 189.85 2.16 208.80 1.88
20 162.70 2.90 174.00 2.62 192.80 2.36
25 135.55 3.65 141.50 3.38 160.05 2.87

7 WL 2 Bt A T 7 HsF S (14 45 R R IR Bt PN b 26 5 T SRRV O i 1) LU (AR FR AR AE . FRA 3 M T
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Fig.7 Ratio of surface runoff volume to underground runoff volume as a function of rainfall durations
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Fig.8 Ratio of underground sediment to total sediment as a function of underground hole ( crack)
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