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Table 1  Soil physic-chemical properties

ek FARYL A Particle size composition (% ) K HHLE
. Bulk density Organic matter
Soil type <0.001 mm 0.001 ~0.005 mm 0.005~ 0.0l mm 0.01~0.05mm 0.05~1mm 3, r
(gem™) (gkeg™)
AR 17.41 24.22 28.47 19.76 10.14 1.25 44.07
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Fig. 2 Sketch for calculation of underground pores and fissures
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&2 k. MTAREMBEANE T (2 REMTMEE (BE=10°)

Table 2 Spatial variation of surface and underground runoff with rain intensity and underground fissure porosity ( slop gradient=10°)

i 1% Surface H1F Underground
LB BB
Rainfall intensity i I i R AL i (EXITE Y
Porosity (%)
(mmh™) Runoff rate (L) Runoff coefficient Runoff rate (L) Runoff coefficient
30 1 0.0 0.00 223.8 1.00
2 0.0 0.00 230.7 1.00
3 0.0 0.00 226.8 1.00
4 0.0 0.00 236.8 1.00
5 0.0 0.00 248.9 1.00
50 1 0.0 0.00 260.2 1.00
2 0.0 0.00 268.7 1.00
3 0.0 0.00 279.4 1.00
4 0.0 0.00 280.0 1.00
5 0.0 0.00 291.2 1.00
80 1 356.9 0.64 198.8 0.36
2 346.5 0.63 204.4 0.37
3 348.2 0.62 209.2 0.38
4 336.5 0.61 216.9 0.39
5 329.8 0.59 225.1 0.41

3 ik, WTAERMEREANTL (2 BRERTASFE (JE=10°)

Table 3 Spatial variation of surface and underground sediment yield with rain intensity and underground fissure porosity

( slop gradient=10° )

M5 Surface HiF Underground
e fL (R B RIS LR S
Rainfall intensity ) 12 {5
Conm h) Porosity (%) Erosion rate () Sediment transport rate Erosion rate ( g Sediment transport rate
(gmin™) (gmin™)
30 1 0.0 0.00 98.9 1.10
2 0.0 0.00 106.2 1.18
0.0 0.00 110.7 1.23
4 0.0 0.00 120.7 1.34
5 0.0 0.00 139.7 1.55
50 1 0.0 0.00 147.6 1.64
0.0 0.00 158.2 1.76
0.0 0.00 173.5 1.93
4 0.0 0.00 174.3 1.94
5 0.0 0.00 184.2 2.05
80 1 545.5 6.06 111.1 1.23
2 524.8 5.83 116.3 1.29
535.5 5.95 123.4 1.37
4 511.2 5.68 133.7 1.49
5 495.5 5.51 141.7 1.57
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Fig. 4 Spatial variation of underground runoff coefficient
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Table 4 Correlation analysis of surface and underground runoff with various affecting factors

eS| R e fL () B
Type Rainfall intensity Slope gradient Fissure porosity
HFAE 0.937%** 0.511** -0.105
Surface runoff
Ho AR -0.485% -0.702%* 0.537%*

Underground runoff

e *FRTE0.05K T LW FEAG, **FRAE0.01KF EEMI, T Note: *Correlation is significant at 0.05 level,

#% Correlation is significant at 0.01 level

RS MR MTRUEBSZEWETFHMEXNME

Table 5 Correlation analysis of surface and underground erosion rate with various affecting factors

s YR ez LB B J I
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Simulation Study on Bare Subsoil Runoff and Sediment Yield on Karst Slope
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(2 Guizhou Shengtai Engineering Consulting Co. Ltd, Guiyang 550002, China )
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Abstracts [ Objective] The unique “dualistic structured” (land surface and underground )
hydrologic system in the karst areas of Southwest China has the areas subjected to two types of soil erosion
simultaneously, i.e. surface erosion and underground erosion. Relevant researches show that soil erosions
on the land surface and in the underground crevices are the two pathways for and components of the soil
and water loss in the karst region. In recent years, with the intensified development in the karst region of
Southwest China, construction of industrial parks and urbanization has become a hot spot. Consequently large
areas of forest land and/or cultivated land have or are being stripped of topsoil for construction projects, thus
depriving the land of its vegetation protection and topsoil cover, and making it completely nude and exposed
to rainfall erosion. Currently, though much effort has been done studying underground soil and water loss
in karst area, almost nothing has been reported about characteristics of the soil erosion on slope land with
topsoil stripped of, and the researches, done or being carried on, fail to illustrate either characteristics of
the spatial distribution of runoff and sediment in the surface and underground of slopes or effects of affecting
factors, like rainfall, slope, underground fissure porosity, etc. of slope soil erosion on characteristics
and mechanisms of runoff and sediment generation on stripped slopes in the areas. Therefore, this study
is oriented to illustrate and analyze distribution characteristics of runoff and sediment in the surface and
underground along stripped slopes, and further to explore effects of rainfall, slope, underground fissures,
pores and holes on soil erosion. [Method] An indoor experiment was carried out using steel troughs filled up
with rocks and soil to simulate the “dualistic structure” of stripped slopes the karst area. In the experiment,
troughs were adjusted to slope gradient, 10°, 15°, 20° and 25°, separately, and rainfalls different in
intensity (30, 50 and 80 mm h™') were simulated on troughs of artificial slopes, different in fissure porosity

(10°, 15°, 20° and 25°) , to explore how the three factors affecting soil erosion on the slopes. [ Result]
Results show that: (1) On stripped slopes, underground erosion became more elusive and tended to be
neglected when the rainfall event was low in intensity. When rainfall intensity rose up to 30 and 50 mm h™',

underground soil and water loss turned to be in dominancy and surface runoff was observed only on slopes
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=15%n gradient. With rainfall rising in intensity, underground soil and water loss varied in a curve of saddle
shape, and the variation with rainfall intensity displayed an order of 80 <30 <50 mm h™'in magnitude. (2) On
gentle slopes, =<15°, soil and water loss occurred mainly in the fissures and pores underground, and was not
observed on the surface, while on slopes, 20° or 25°ngradient, the underground sediment yield accounted
for 85% ~97% and 59% ~ 84% of the total on the slope. (3) The effect of underground holes and porosity
on underground soil and water loss was significant, and a positive relationship was observed of underground
runoff and runoff coefficient with underground fissure porosity. The higher the fissure porosity, the bigger
the channels for soil and water loss and the more soil and water lost underground, and hence the higher the
proportion of the underground soil and water loss to the total. [ Conclusion] To control soil erosion in karst
areas, it is not wise to pay attention only to surface soil erosion. Downwards erosion or underground soil and
water loss should be the focus of attention in the karst region. In development and construction projects, it is
crucial to control underground leakage, so as to avoid leakage-triggered collapse of underground karst caves.
All the findings in this study are expected to be of some theoretical and practical significance to future studies
on underground soil and water loss as well as guidance of soil erosion prevention and control in the karst areas.

Key words Topsoil stripping; Soil erosion; Underground soil and water loss; Karst slope
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