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Fig. 1 Sketch map of hydrogeology and location of Xiaopu tunnel in the study area
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Table 1 Characteristics of the tight-narrow monoclinic karst water system at a small scale
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Fig. 2 Schematic diagram of the typical tight-narrow monoclinic karst water system in central Yunnan Province
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a.bare-covered fissure flow and conduit flow with concentrated discharge, b.bare conduit flow with concentrated discharge, c.bare-covered fissure flow

with multiplex discharge, d.bare fissure flow with concentrated discharge
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Fig. 3 Hydrogeological profile along Xiaopu tunnel
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Table 2 Hydrogeological test results of water samples in Xiaopu tunnel area
- ey Ca”™ Mg” B.ai‘1 HCO;  TDS ﬁfjljj?ﬂ(
mg-L a2k

N1 7.67 3.71 0.001 9 183 32 HCO,-S0O,-Ca-Mg-Na
N2 S 17— KB — A7 Bk B4 31.65 1048  0.0076 48.8 100 HCO,-Ca-Mg
N3 14350  36.19  0.0600 97.6 385 HCO,;-SO,-Ca-Mg
I Pk 1 — B9 — &R AT KRS 10.80 2.46 0.003 3 115.9 222 HCO,-Ca‘Na

Wl 12.01 4.87 0.0126 30.5 45 HCO,-SO,-Ca-Mg
w2 U s 13.40 8.26 0.003 7 183 59 HCO,-S0,-Cl-Mg-Ca
W3 R —F RN — TR S8R RS B 1499 0.0401 - B -

W4 43.90 1933 0.1122 79.3 147 HCO,-SO,-Ca-Mg
L1 TN , 55.39 2026  0.0036 134.2 208 HCO,-Ca-M

L2 S LR RS 13.49 1.04 0.004 0 51.3 102 HC303-Ca :
SD1 LR B K 51.26 1822  0.0185 81.8 172 HCO,-SO,-Ca-Mg
SD2 244l B 7K 40.34 18.92  0.0062 85.4 134 HCO,-Ca-Mg

R N 2118

Note: "—" Not detect.
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b-Plot of D-5"°0 in water inflow of Xiaopu tunnel

N.Duimen-Daliyuan-Niuliancun karst water system; J.Piantoushan-Lunacun-Jinxiandong karst water system; W. Wangjiawan-Qingcaicun-

Gandongcun karst water system; L. Sanyincun-Longtancun karst water system
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Analysis of tunnel inflow conditions based on the characteristics of typical tight-
narrow monoclinic karst water system in the central Yunnan Province, China
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Abstract

terranes results in strong folds and rock fractures. The spatial structure diversity of strata and tectonics has formed

The southwest China is covered by large areas of carbonate rock strata, in which the movement of many

various complex and distinctive karst water systems. Therefore, tunnels for traffic lines and water diversion projects

are often built in southwest China, but when tunnels cross karst water systems, the tunnel inflow conditions are
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difficult to be identified due to the complexity of water inflow, which has been a challenge in tunnel construction
projects. In the Xiaopu tunnel area of the central Yunnan Province, linear extension and closely interbedded soluble
and non-soluble rock strata are developed, forming a typical tight-narrow monoclinic karst water system. Since the
tunnel construction, the water inrush has respectively occurred in Section 1 and Section 2 with large and long-lasting
water inflow. The complexity of the water inflow brings a great challenge for the tunnel construction. Therefore, it is
urgent to find out the source and mode of water inflow in Xiaopu tunnel. Focusing on specific engineering problems,
this study carefully sorts out the controlling factors of the characteristics of the tight-narrow monoclinic karst water
system in Xiaopu tunnel. The division of the karst water system is reduced to a small scale, and the water inflow
conditions of the tunnel are identified according to the groundwater monitoring data as well as the inflow conditions
such as the hydrochemical characteristics and hydrogen and oxygen isotopes of water inflow.

The results show that the tight-narrow monoclinic structure affects the spatial pattern of karst development, the
runoff and the transformation mode of groundwater. This structure also controls the characteristics of aquifer media
development and groundwater recharge, runoff and discharge distribution. Hence, the study area can be subdivided into
four small-scale karst water systems with different characteristics, i.e., the bare-covered fissure flow and conduit flow
with concentrated discharge, bare conduit flow with concentrated discharge, the bare-covered fissure flow with
multiplex discharge, and the bare fissure flow with concentrated discharge. The hydrochemical type of groundwater in
the Duimen-Daliyuan-Niuliancun karst water system, which is crossed by the Section 1 of Xiaopu tunnel, is mainly
HCO,-SO,-Ca-Mg. And the concentration of Ba’" in groundwater is higher than that in other karst water systems due to
the dissolution of barite minerals in the strata of the Weining group of the middle Carboniferous and the upper
Devonian. The hydrochemical type of groundwater in the Piantoushan-Lunacun-Jinxiandong karst water system
crossed by Section 2 is HCO;-Ca-Mg, indicating relatively pure karst water. This shows that dolomite dissolution is the
main hydrochemical process for controlling water quality. Due to the slow flow of the karstic fracture network, the
groundwater has a long residence time in the runoff path, and the water-rock interaction and evaporation are relatively
strong, thus the heavy hydrogen and oxygen isotopes are more enriched. Huge differences in hydrogen and oxygen
isotope composition also rule out the possibility of surface water flooding into the tunnel. It is concluded that the water
inflow in Section 1 is caused by the uncovering of the underground conduit and the interception of the discharge spring
of the shallow karst downstream. The karst conduit developed in the contact zone of igneous rock constitutes the main
water inflow channel, in which the groundwater in the conduit is the water source with a recharge elevation of 2,165.4
m, mainly located in the karst depression in the north of Wangjiawan. The water inflow in Section 2 is caused by the
exposure of karst fissures. The fissure network constitutes the main water flow passage, and the groundwater in
Dengying formation is the water source, with a recharge elevation of 2,234.6 m, mainly located in the slope area on the
north ridge of Piantou mountain.

The groundwater in different karst water systems has experienced different water-rock interaction and
evaporation processes. Therefore, the hydrochemistry and stable hydrogen and oxygen isotopes of groundwater are
good natural tracers for tracing the source of water inflows in tunnels crossing different karst water systems.
Comprehensive utilization of multiple approaches and information verification can improve the accuracy of identifying
tunnel water inflow conditions, which may provide a basis for the subsequent design of tunnel drainage projects and

the prevention of water inrush disasters in the tunnel.

Key words tight-narrow monoclinic structure, karst water system, hydrochemical characteristics, tunnel inflow

conditions
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