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Fig. 1 Geographical location and route distribution of the Huxitai Tunnel

FEAR B B 8 BT AR DX A Ll b g, B 2
ALTE K64+700 FHIT, i FE 2 646 m, LI B AR IL A 4=
] A, LR % B VA4 o R T Ll ) 285°,
Y2y 320, Db RUAK K 5 5 AL L R IR L 3 g
] 127°, 3% B 24 48°, 5 —p WAL D 25 KT AL 25
W& T I 1AM R — 5 AR K AR B A A TR AT
AT oA R BT, e K AR AT GA 2~3 my L1l
DX K FRAFEAE, B ik B 7, 4 RRT s 7K a2 388 in sk, 3t il
A, BRI . BEIE 1R ORI K65+700—K66+
200 Bt A7 350~500 m &b > KK P, 7K A 300 T i

2 187 m, BEIE B 115 8 298 127 m; 7K & K AKX %
SER AT EE

1.2 MREGEREBRELBER

B ik DX 46 5 4 M0 = T E AR PR AR AR L SE R v i
H(Dyx) AR F FHRMEEIGA (Cz) P2 by b 4
AR ARG e 4 (Coh) s ML Ik
Z LSRRI (Coe) B (K 2) o Dyx K H @
UKL RS2 A1 SERD S SR T b o, R BR A R
g, BORVERLS, & KIZ; Cz R ARV Bk



Faak H3W

BRSNS PRI B BRI A VA T K I K L TA 238 K2 3 7K ek S50 479

ma-
800
720 — 313°
640
560
480
400
320
240
160

0 200 m
1

Ch Ke3108s = =
e

O\ K66+410
77t

=

0

A 200 400 |600
25° 7

[ -] L

@E

[= = = =]

@ T VD

B . n
e Hiflon s = bt

K64 1000| 1200 1400 1600 K65 2000 |3200 2400 2600 K66 3000 m A’

300° 76° 316°
76° 51°

AIRF

ARFRT ATRF
sesmnn O |emscsien LS ) Fsommlien

7w

[ |z A

2 HRERRIEE

Fig. 2 Geological cross-section of the study area
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Fig. 3 Hydrogeological plan of the study area
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Table 1 Results of hydrochemistry and hydrogen-oxygen isotope tests in the study area
e S1 S2 S3 S4 S5 S6 S7 S8
TRFESEAY RRIEAREEIK BPEEIAK AR WPEREAK R BHE K BRI e K
Res ZK65+240% - - RESEHR AR - - AR R -
- 3D/%o -46.91 —47.17 —45.39 —46.57  —42.68  —47.04 —45.86 —46.54
3"°0/%o -7.67 -7.90 -7.70 -7.56 —7.25 —7.54 —7.57 —7.49
Mg™ 2.65 0.65 0.66 1.06 1.41 121 2.94 3.60
Ca”" 49.80 1.83 1.64 1.81 101.00 64.30 56.80 67.50
FH ¥/ .
mg-L” K 0.42 0.11 0.11 0.26 0.15 0.26 0.23 0.49
Na' 0.92 0.49 0.76 0.60 1.03 0.83 0.89 0.94
Sr*' 0.041 0.007 0.009 0.014 0.066 0.049 0.041 0.051
NO3 3.66 7.46 5.05 1.39 2.50 5.80 6.05 0.68
fgs T/ SO 224 0.51 4.12 3.16 6.39 2.57 4.12 0.57
mg'L"'  HCO; 160.83 1.02 1.35 6.51 305.90 194.08 177.90 226.17
cr 0.77 0.82 1.02 0.67 1.05 1.12 1.12 0.01
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study area
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Table 2 Calculation results of parameters and recharge of atmospheric precipitation infiltration method
KB a W o/ mMm Alkm’ Qu/m’-d”!
K65+100—K65+360 0.3 246.40 2.15 158928.00

Y Oy N W ity B2 T 2% 140 1 MR 7K B3 K RD 4R o
(m*d™"); o FEEAKAB RE ARYE (i TR K SCHE
T ZEHLTE ) (TB10049-2014) , 454 5% X 4 & K )2
P4 7K SCHi BT 45 A B 2, A DX B 0.35 W, R D0 B B
K H R & (mm) , R4 7 4 (b T K B IR #10),
WF5% DX 7 5 e K H B FR 2 246.40 mm; 4 Sh 4 /K T
B (km?), M4 R 7K R GRS AMATE I 225 1000
oL ENES eS8

3.2 HTKIHIAFE

W 7K Bl 3 2k N R TE KB R TR,
FE AR R A S A IR A
A KRB EHEE AR, Hoil 788 2 PR 8
G DR, AR RIS B A A TN R T I
MAREE (3R 3), B BRI AERD A A A [ b 2, S5
ZASW/I

Operk = —1p 3)

0 = Ok + Owink “4)
A O BRI EH /KR (0’ -d"); Qs NETE
KT A % 38 1 T K B (md )5 Qo MDA KR
TR B 1 K B (m’-d ), AR B T SO E)
P % T T 7K I e KRR 5 7K 38 LA 5
L R B% 18 38 5 B oK R K B2 (km) 5 K R B 3B R AL
(m-d"), BLZEE 0.0864 m-d '™ H Fi 17K 7 2 I

=3 WTKNZEESHRFBKETHEER

Table 3 Calculation results of parameters and water influx of

groundwater dynamics method
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Table 4 Calculation results of maximum water influx in the

tunnel under extreme rainfall conditions

HiPIN=
K65+100—K65+360
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79364.13
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Genesis analysis of karst groundwater inrush and prediction of its water
inflow in the Huxitai Tunnel

SHAO Changjie', WANG Lei’, LIU Huidong', CUI Yongxing', LIU Wei’
(1. Zhejiang Institute of Communications CO., LTD., Hangzhou, Zhejiang 310030, China; 2. Institute of Geological Survey of
China University of Geosciences (Wuhan), Wuhan, Hubei 430074, China )

Abstract Tunnel water inrush is one of the primary threats to tunnel construction safety, not only posing risks during
the construction but also creating long-term hidden dangers for the post-construction operation and maintenance. This
issue is particularly severe in karst tunnels, where dense karst fractures and conduit networks will lead to rapid water
inrush responses to precipitation. Extreme rainfall events can trigger the instantaneous and massive water influxes,
making tunnel water inrush in karst regions especially serious. Therefore, it is critical to elucidate the formation
mechanisms of tunnel water inrush and to predict water influxes during extreme rainfall conditions in order to address
water inrush challenges and ensure safety of tunnel construction in karst regions.

The Huxitai Tunnel is examined here as a case study. This tunnel is a critical component of Linjian Expressway,
located in the subtropical humid zone of Eastern China, characterized by abundant preciptation and complex geological
conditions.The tunnel tranverses through the Carboniferous Huanglong Formation (C,/) and the Chuanshan Formation
(C,c) limestones, which features well-developed karst conduits, abundant water, and high permeability. These features
result in significant water inrush problems, increased construction challenges, and heightened safety risks. Since the
beginning of tunnel construction, water inrush events in varying degrees have occurred in the limestone sections of the
tunnel.

To investigate the causes of water inrush in the Huxitai Tunnel under karst geological conditions and to estimate
its influxes, this study conducted detailed field investigations and in-situ tests to analyze the hydrogeological
conditions of the water inrush sections and to determine the groundwater flow systems. Based on the
hydrogeochemical characteristics and hydrogen-oxygen isotopes of groundwater, the study analyzed the pathways of
karst groundwater flow and the mechanisms of water inrush. It also estimated the contributions of different water
sources to the tunnel water inrush by employing the isotopic end-member mixing model. Using precipitation
infiltration methods and groundwater dynamics principles, the study calculated groundwater recharge rates and the
proportion of tunnel water inrush relative to total recharge, while predicting the maximum water influx in the tunnel
during extreme rainfall events. The findings include as follows.

(1) According to the pathways of groundwater flow, the tunnel region is divided into three groundwater flow
systems: the Caoyuanxi groundwater flow system, the Fenshuijiang karst groundwater flow system, and the
Dakengxi—Chaipingli groundwater flow system. The karst water inrush section (K65+100-K65+360) lies within the
Fenshuijiang karst groundwater flow system, which consists of the Huanglong Formation and the Chuanshan
Formation limestone characterized by intensive karst development, abundant water influx, and high risks.

(2) Karst groundwater in the tunnel area is primarily recharged by precipitation, which infiltrates through
sinkholes and karst conduits. The hydrochemical characteristics of tunnel water inrush are similar to those of
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currently underway. The results show as follows.

(1) The quality of karst groundwater in Slovenia is excellent, with groundwater remaining in its natural state.
Parameters such as water temperature, pH, conductivity, and concentrations of anion and cation remain stable within
fixed ranges throughout the year. Fluctuations, when they occur, are mostly affected by natural environment variations
rather than human activities.

(2) Comparative analysis with hydrochemical data from the Lijiang Basin in the karst areas of southwest China
reveals that the hydrochemical types in karst areas are predominately controlled by water-rock interactions, with
negligible influence from other factors.

(3) Analysis of hydrogen and oxygen isotopic characteristics of groundwater shows that atmospheric precipitation
serves as the primary recharge source for karst groundwater in the study area. Influenced by weathering and leaching
processes in carbonate aquifers and other types of rock, groundwater exhibits typical HCO, -Ca’" type.

(4) The concentrations of common pollutants, such as nitrate, are far below the safety limit for drinking water
quality set by the World Health Organization. The primary sources of these contaminants are soil nitrogen derived
from natural processes. During the dry season, groundwater at some sampling sites exhibits contamination from

domestic sewage and livestock manure.

Key words Slovenia, karst, groundwater, hydrochemistry, isotope
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underground river discharge, dominated by carbonate rock dissolution, reflecting a mixture of karst water and
sandstone water. Karst water vertically infiltrating from the Huanglong Formation and the Chuanshan Formation
limestone accounts for 70% to 79% of tunnel water inrush, with 21% to 30% contributed by lateral sandstone water.

(3) During the runoff process, the recharge of groundwater from atmospheric precipitation amounts to 19,324.89
m’-d "', of which 48.29% is discharged through the tunnel.Under non-extreme rainfall conditions, the predicted water
influx into the Huxitai Tunnel is 10,684.89 m’-d '; however, during extreme rainfall events, the maximum predicted
water influx can reach up to 79,364.13 m’-d"".

To sum up, these results provide a quantitative decision-making basis for the prevention and control of water

inrush in the Huxitai Tunnel, and also serve as valuable references for similar studies on water inrush of karst tunnel.

Key words the Huxitai Tunnel, groundwater hydrochemistry, hydrogen and oxygen isotopes, karst groundwater

system, source of water gushing
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