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Abstract; Karst groundwater systems have been destroyed because of the excavation of tunnels. However, the effects of the
tunnel excavation on soil erosion in karst areas remain largely unknown. This study aims at investigating disciplines and
processes of slope runoff, interflow and surface soil erosion in two runoff plots where are or are not affected by tunnel
excavation, respectively, in a karst trough valley, SW, China based on high —resolution hydrological data and isotopic
values (8D-H,0 and 8" 0-H,0). The results show that the annual coefficient of slope runoff is 0.027 and soil erosion
modulus is 16.68 km™ a™" in the tunnel—influenced plot where the slope runoff responds faster to precipitation, while the

corresponding values in the tunnel—free plot were 0.013 and 7.73 km™ a™', respectively. In contrast, the interflow in the

BE®WAE : B K E SR H SR (2016 YFC0502306) 5 H BT HARFHA B AT H (ceste2018jeyj-yszx0013 ) 5 1 s & AL FARL Bl 55 25 700 H
(SWU17055)

75 B H#5:2018-12-05; % £& H AR B #A : 2019-00- 00

# WM IHAEH Corresponding author. E-mail ; zyz@ swu.edu.cn

http ://www.ecologica.cn



2 S % 39 &

tunnel—influenced plot is only 31% of that in the tunnel—free plot. The monitoring values of 8D-H,0 and 8" 0-H,0 were
similar in slope runoff but different in interflow during a storm event. The contributions of rainwater to both the slope runoff
and interflow increased in the tunnel—influenced plot based on the stable isotope mixing model. These discrepancies could
be due to a decrease in the soil moisture and differences in the soil structures, as the soil clay content is higher and the
original loose and sticky layers in the soil profile are damaged in the tunnel-influenced plot, leading to the decrease in the
infiltration capability but an increase in the slope runoff. In general, the tunnel excavation increased the slope runoff and
soil erosion and decreased the interflow in the karst trough valley. Our study can provide fundamental data on soil erosion

and water loss resulting from tunnel construction in karst areas and shed light on the protection and management of karst

environments.

Key Words: tunnels excavated ; slope runoff; interflow; soil erosion; karst trough valley
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Chonggqing (adapted from Liu et., 2019)
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Table 1 Background of three tunnels in Longfeng karst trough valley

[l 31:¥/ NI [l SR/ NIT
h& 8 75 b& 18 24 FR & s i) (SRS Wi O WS O HEK
Tunnel Tunnel name Excavated time Length/m Elevation at exit Discharge of
of tunnel/m tunnel/ (L/S)
1 o PRGN ey 3t 5 B ik 2006—2008 4285 260,245 2.3/6.5
2 i 28K, o A i o 1999—2001 4035 250/240 2.5/16.8
3 R 6 SRR REE 2010—2013 4322 245/240 1.5/23.3
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Table 2 Summary of runoff plots, Runoff coefficients and erosion modulus

B BRI
o R L H A it N & 51 Wit e R
BHAK EE By WHL B gy TR ORI SRR R
Runoff  Area/ K Wi Soil  LMERAL JIAH! @A M Effout of  Horizontal MR WA Erosion
e ,  Elevation/m Gradient thickness/  Soil type  Land use Vegetation Vegetation PO Qistance  Coefficient Coefficient  modulus/
plot m tunnel . .
cm pattern  coverage/ % from the of slope flow of interflow (t km™*a™")
tunnel/m
1 100 580 20° 45 EOOKL M 70 F H 200 0.027 0.009 16.68
2 100 512 20° 50 EEAKE At 60 FI T 3500 0.013 0.029 1.73
2.2 Bk

IR 22 NS G0k (3£ DAVIS /A ], Vantage Pro2) , BRI N 234 H sk A7 id st A (3L
HOBO A #], U 20-001-04) , AR4E/K OB IR m AR IR E (R a/808 m i) 3% 15 080 A shid st —ik
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Table 3 Statistics on the precipitation and runoff times

7R A A IR T A K
Byl ik R Times of slope flow Times of interflow
Type Times  Rainfall/mm & 3 5% X A RE 5 X Wk E 5 X Ak & 1 5 X
Tunnel-influenced plot Tunnel-free plot Tunnel-influenced plot Tunnel-free plot
Z:FR Rainstorm 8 429.9 8 8 8 8
KM Heavy rain 9 220.6 9 9 2 4
F I Moderate rain 17 339.0 15 14 3 4
JNH Light rain 94 181.4 11 6 0 0
At Total 128 1170.9 43 37 13 16

3.2 JCURRHEXT L
321 R

W RN B i AR TR K R R A A s T AR R AR R AT DU, Ml AR O 22 S 7 AR i 3R - ARk
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Fig.2 Discharge curve of slope flow and interflow in runoff plots
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Table 4 Soil structure and organic matter in runoff plots

FUNK i@z;grg # A%/ mm 9% 1355 H: Proportion of soil grain/% AHHLE

Runoff plot Depth of Organic matter/
soil/cm >0.25 0.25—0.05 0.05—0.01 <0.01 <0.001 (g/kg)

W& B 5 X 0—10 1.0 1.0 18.0 80.0 45.0 63.2

Tunnel-influenced plot 10—20 0.9 3.1 18.6 77.4 43.6 52.4
20—40 0.9 1.1 18.0 80.0 45.0 44.9

AR 5 M X 0—10 1.7 3.3 28.0 67.0 31.4 71.8

Tunnel-free plot 10—20 1.6 1.4 26.0 71.0 35.8 57.8
20—40 1.3 2.7 24.0 72.0 38.0 4.7
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FIFHZEAY AR S 19 - SRR AT B8 5 R T PR DG, BRI FE A P B0 T /KA R R, MR SRRl (£ 1), JF
fif R HE S ACRBEAR, Liu S57E R —0F 78 Mo W25 22 00,2017 4F 1—12 A, 1 S48/ X 14 20 cm (40 em F
BRI R 22.3% 25.3% , W BALT 2 SR 5/NXARZ MR 25.9% 29.4% ., FEE 5200 X 43 5 KR FEAGY
Wi T AR ISR B T RE gk A AR AL AR R (R 4) , NI ik AR gk
155 -5 B R ), WFST R RE RS IR AL, A ML B SR TR B R Bk e R R S R+
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B, S — B B 62 R e B R D7 IS R 55 B BB AR R e B /N E R ), R TR AT , 1 S AR /N DX A )
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Table 5 3D and 5'30 values in precipitation and “old water” of different hydrological pathways for rainfall event of June 13—15, 2017

[% T Rainwater 427 Runoff
X 72392 NIX Y13 Slope flow HE R Interflow
fi 1] Time 3D/ %o 8180/ %o o
Runoff plot 8D/ %o 3'80/%o 3D/ %o 880/ %0
2017/06/13-14 -45.3 -7.11 1 -15.58 -4.15 -23.23 -4.16
2017/06/15-16 -64.89 -9.97 2 -17.03 -3.15 -15.17 -3.71
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Fig.4 Discharge carve, variations of 8D-H,0.,5'0-H, O values and the contributions of rainwater and “old water” in the slope flow and

the interflow in the rainfall event of June 13—15, 2017
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Table 6 8D-H,O0 and 5" 0-H,O values in the slope flow and the interflow for rainfall event of June 13—15, 2017

Hoh Ttem : 2
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FESEN 10 10 10 10
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FESEN 8 8 10 10
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Fig.5 Monthly variations of precipitation, maximum of rainfall intensity, runoff depth and soil erosion
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Fig.6 Correlation between soil erosion and precipitation, rainfall intensity and slope runoff depth
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