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Effects of rainfall-runoff and slope gradient on surface
erosion and rill development

Po-Yuan Chou® Yung-Chieh Wang ™ @

ABSTRACT

The mudstone area in southwestern Taiwan has poor geological conditions, severe
erosion, and poor vegetation. This area, recognized as the badland, is the most difficult
area for remediation and revegetation after hillslope disasters. Widely distributed in
southwestern Taiwan, the mudstone is known by its poor water permeability. The
mudstone is softened with water, but hardens and cracks without water. In this study;,
we collected the mudstone deposits in the Agongdian Reservoir area, and used them
as the soil specimens for investigating the soil erosion processes in the cases of
different slope gradients and rainfall intensities. The experiments in this study were
carried out with a rainfall simulator and a rectangular tilting glass flume filled with
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the mudstone sediments. Two rainfall intensities (75mm / hr, 100mm / hr) and seven
slope gradients (0 °, 5°, 10 °, 15 °, 20 °, 25 °, 30 °) were assigned in the 30-minute
simulated rainfall events. During each trial of the simulated rainfall experiments,
surface runoff, infiltration, and outflow sediments were collected for every five
minutes. Meanwhile, the soil moisture content and erosion topography were
monitored by using a soil hygrometer (TDT) and a digital camera. Results from the
experiments are analyzed and discussed, in order to propose the inter-relationships
among rill development, infiltration, and runoff erosion in cases of different slope
gradients and rainfall intensities. Consequently, the outcome of this study may provide
references for the assessments of hillslope erosion and disaster evaluation of the
badland in Taiwan.

(Keywords : Mudstone sediments, Rainfall simulator, Slope erosion, Rill development)
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¢ 1. 100mm/hr [ 5 58 & %

Table 1. 100mm/hr rainfall intensity

calibration
100mm/hr
ik i 1 2 3
. (mi/irﬁ;’& 99.018 | 99.328 | 100.256
T3 F 5%
i(jmj/zrﬁf * 99. 534
?Ei;i;? 0.644
iR EHRE L 0. 65%

2 2. 75mm/hr [ i 58 2 E

Table 2. 75mm/hr rainfall intensity

calibration
T5mm/hr
ik 1 9 3
ﬁ:gn:j/i:f : 75.19 | 175.50 75.50
I 3avs & i
i;;;;;?)i 75. 40
—
f;i;ﬁzi 0.18
AR L 0. 24%

22 3. 100mm/hr (&G A E

Table3.100mm/hr rainfall spatial

uniformity

2598

100mm/hr
e i 1 2 3
%adag B \ \ )
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e 0. 966
FEEB=EN; :
CUCHE 2 i £ 0.011
cuc
1.10%
o SR i £ !

2= 4. 75mm/hr [EFR A E

Table 4. 75mm/hr rainfall spatial

uniformity
75mm/hr
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%Al R
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Table 5. Calibrated parameters of the
rainfall simulator

[ waah [2-1]] 2 (220 | 5 12-3)
BT A RS 0(mm) | 218 205 1.97
U1 R 1 (Pa) fpsi
e il 1k (mls) 911
TSmm/hr A M ms) 181 7.62 748

B A i L (ms) 1.22 701 6.87
FEEOERE > (it | 108.09% | 108.69% | 108.94%
PR | L 1161 1167

FF RS0 mm) | 237 213 216

11 RE 1 (Pa) 11.5psi
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100mm/mr PR Bl (mis) 052 906 0.13
P % i R (m's) 739 7.4 709
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P B PR T 1659 1657 16%
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Figure 3-1. Average runoff and average
water infiltration caused by different
rainfall intensity events and varied with the
slope gradient.
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Figure 3-3 Rill developments after the
rainfall events of 200mm/hr. A is the result
of a 30-degree slope, B is the result of a
25-degree slope, C is the result of a 20-
degree slope, and D is the result of a 15-
degree slope.
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Figure 3-4. Rill density and bifurcation
ration change with the slope gradient.
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