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Table 1 Abnormal condition of tunnel face and exploration process before water and mud inrush
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Fig. 5 Plot of rainfall and water inflow at tunnel exit over time

S 30k

[1]

[3]

[4]

[5]

Who e, SR RE, ), 5 H JC, 4RRERE, SRR H, 243530 1R
SRR R SRR S 18 (T AR SCHL B T AR 5T,
2016, 43(5): 42-46.

CHEN Hongfeng, ZHANG Fawang, HE Yuan, XIA Riyuan,
ZOU Shengzhang, SU Chuntian, LUO Shuwen. Geological and
geomorphologic settings acting as the controlling factors and
indicators for karst systems[J]. Hydrogeology & Engineering
Geology, 2016, 43(5): 42-46.

PINE, XUGET . w8 KU A VR R 18 5 1 W K BRI 0], &
J1%, 2011, 32(4): 1175-1180.

SUN Mou, LIU Weining. Research on water inrush mechanism
induced by karst tunnel face with high risk[J]. Rock and Soil
Mechanics, 2011, 32(4): 1175-1180.

BRI, S, AR BRI IR 2K Ik R AL S TRERNG ).
Bl TR, 2011(2): 84-89.

Z1 Yi, MA Shiwei. Occurrence mechanism and prevention of
water-bursting hazard for karst[J]. Journal of Railway Engineer-
ing society, 2011(2): 84-89.

AR, TR, A, FIZT, 400, Wi . AR R K K
TG AU B K s (1], J127241, 2017, 49(1): 22-29.

Li Shucai, Wang Kang, Li Liping, Zhou Zongqing, Shi
Shaoshuai, Liu Shang. Mechanical mechanism and development
trend of water-inrush disasters in karst tunnels[J]. Chinese Jour-
nal of Theoretical and Applied Mechanics, 2017, 49(1): 22-29.
BRI, VRIRNG, B2, MRS, B IBEAL, SRR, M, K3, FMA
R AR, BEIE K R PRBCR M IE 702 M TR | B R AR
XSG RARE W] 0 Ty 5 TSR, 2018, 37(5):

(6]

(7]

(8]

(9]

1041-1069.

LI Shucai, XU Zhenhao, HUANG Xin, LIN Peng, ZHAO
Xiaocheng, ZHANG Qingsong, YANG Lei, ZHANG Xiao, SUN
Huaifeng, PAN Dongdong. Classification, geological identifica-
tion, hazard mode and typical case studies of hazard-causing

structures for water and mud inrush in tunnels[J]. Chinese Jour-

nal of Rock Mechanics and Engineering, 2018, 37(5):
1041-1069.
2359, AN, T, Rr R, 26 KM 1l e B 1L i i

TR R R T AR ON, A (1]
592-603.
LI Fangtao, LI Huangming, HU Zhiping, CHEN Nannan, YAN

T EAE, 2020, 39(4):

Changgen. Features of karst development and geotechnical
effects in the Liaoshan Tunnel on the E-Han Expressway[J].
Carsologica Sinica, 2020, 39(4): 592-603.

TR, J7 444, IR, fIRER. =T & X A T K R Geky
fIE M BEIE LML (1], h A, 2020, 39(4): 604-613.

REN Yanan, WAN Junwei, HUANG Kun, HE Xinhui. Study on
the characteristics of karst water system and tunnel route selec-
tion in Wanshoushan area, Yunnan Province[J]. Carsologica
Sinica, 2020, 39(4): 604-613.

TRATF. /NI B TE R B R R 2
FPEAA, 2020, 39(4): 614-621.
ZHANG Qiao. Finite element analysis on safety thickness of the

JE A FRoeo i 0]

inrush prevention layer in rock beds of the Small Three Gorges
karst tunnel [J]. Carsologica Sinica, 2020, 39(4): 614-621.
AR, WRARLZL, VPR DU R SR AR AN RS IR RO R
GURFE MBI K AT (1] LA, 2020, 39(3): 375-383.
LI Xiao, QI Jihong, XU Mo. Analysis on the characteristics of


https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.13722/j.cnki.jrme.2017.1332
https://doi.org/10.13722/j.cnki.jrme.2017.1332
https://doi.org/10.13722/j.cnki.jrme.2017.1332
https://doi.org/10.13722/j.cnki.jrme.2017.1332
https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1000-7598.2011.04.037
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.3969/j.issn.1006-2106.2011.02.017
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.6052/0459-1879-16-345
https://doi.org/10.13722/j.cnki.jrme.2017.1332
https://doi.org/10.13722/j.cnki.jrme.2017.1332
https://doi.org/10.13722/j.cnki.jrme.2017.1332
https://doi.org/10.13722/j.cnki.jrme.2017.1332

Fart ol FHFRESS . SR e BRI FHBEE ) H -5 6.10 SRR SR I8 T4 43 #r 903

small-scale shallow karst water systems in typical tight-narrow [13]  JEJBIE, PhAR. SE 5Bk il dE i Xt A vk i sg i [J]. A
folds and tunnel water inrush in Southwestern China[J]. Carso- 75,2016, 35(6): 681-687.
logica Sinica, 2020, 39(3): 375-383. ZHUANG Xufeng, SUN Dong. Influence of tunnel construction
[10]  PRAERI. FERRHCRRE Y R K G M o O], R S on karst water: Case analyses[J]. Carsologica Sinica, 2016,
¥, 2020, 39(3): 384-390. 35(6): 681-687.
HE Huagang. Assessment of water inrush risk in deep buried [14]  SkATfE, Tk, BEFH, JTIR, A IETs, sk 5. S Sk e oG
long tunnels [J]. Carsologica Sinica, 2020, 39(3): 384-390. PR R B RHIE B 2 KA M (3] A, 2018, 37(2):
[11] FRowith, FEAEHS, AU, SRIREE, FRYEFE. & ¥ b DX R oK (o 300-306.
5 B R I K R 5 LT P A, 2019, 38(4): ZHANG Keneng, ZHANG Yue, LIAO Yang, WAN Haoran, XU
473-479. Peihao, ZHANG Yunyi. Analysis on karst development and
ZHENG Kexun, PEI Xiongwei, ZHU Daiqiang, WU Shuyu, water burst in a subway station[J]. Carsologica Sinica, 2018,
GUO Weixiang. Thoughts on tunnel water inrush in changing 37(2):300-306.
zones of groundwater level in karst areas[J]. Carsologica Sinica, (151 Rl sE. 5w TR s (M. db o v [ 4k 3% iR, 1984:
2019, 38(4): 473-479. 86-93.
(121 faTW, AfRoi, ASsaith, ARdts, 35, SRR KRR 2 & T CHEN Guoliang. Karst engineering geology [M]. Beijing: China
T 7K IR B BRI 5 52 R (0] o A3, 2019, 38(4): Railway Publishing House, 1984: 86-93.
488-495. [16]  BHME, VR, 36 ROC. BRIE A 20K L RIER AT
HE Qiao, ZHU Daigiang, ZHENG Kexun, ZHU Jianyun, B, R EA, 2010,29(2): 183-189.
HUANG Yong. Application of grouting sealing technology on MAO Bangyan, XU Mo, JIANG Liangwen. Preliminary study
karst high-pressure water inrush in a deep-buried extra-long tun- on risk assessment of water and mud inrush in karst tunnel [J].
nel[J]. Carsologica Sinica, 2019, 38(4): 488-495. Carsologica Sinica, 2010, 29(2): 183-189.

Analysis of 6.10 water and mud inrush incident in the exit of parallel pilot tunnel of
Chaoyang tunnel of Guiyang-Nanning high-speed railway

FU Kailong, ZHOU Yu, WEI Zhengxiong
( China Railway Eryuan Engineering Group Co. Ltd, Chengdu, Sichuan 610031, China )

Abstract A high-speed railway running 350 km-h ' is being built between Guiyang in Guizhou Province and
Nanning in Guangxi. Chaoyang tunnel is a double-track single-hole tunnel located in southeastern Guizhou. The tunnel
clearance is 100 m’ with the total length of 12,734 m (including more than 7-km-long soluble rock), and its maximum
burial depth is 386 m. The railroad track elevation of the tunnel is 782-468 m, and it gradually decreases from the
entrance to the exit, with a slope of —22.7%o to —25%o. An auxiliary tunnel scheme of "2 transverse tunnels +2 parallel
pilot tunnels +1 inclined shaft" has been adopted, with the parallel pilot tunnel on the left side of the main tunnel. The
midline of the parallel pilot tunnel is 30 m away from the main tunnel, and 3 m lower than the main hole. The inner
headroom size is 5.0 m (width) X6.0 m (height).

Construction of the tunnel began in early 2016 and will be completed in 2022. On June 10, 2018, karst water and
mud inrush, lasting about 1 hour, occurred at the exit of parallel pilot tunnel of Chaoyang tunnel. The total amount of
water and mud inrush was about 1.6x10° m’. In order to complete the construction tunneling scheme and drainage
scheme, it is necessary to analyze the causes of water and mud inrush, evaluate its risk in the subsequent construction,
and calculate the water inflow of the tunnel. In this study area, the exit section of the tunnel is in the sloping medium-
and-low mountainous area, belonging to the karst peak cluster landform, and the terrain fluctuates greatly. The tunnel
passes th exit section of the tunnel is in the sloping medium and low mountainous area, belongs to the karst peak
cluster landform with relatively sharp topographic relief. The tunnel passes through a regionally wide and gentle
symmetrical anticline, and the exit of the tunnel is located on the southeastern wing of the anticline widely distributed
by thick-to-extremely-thick bedded limestone with pure rock texture. Extreme development of surface karst funnels,

dissolution basins, karst drop holes, karst caves and other phenomena provides favorable conditions for the collection,
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infiltration and runoff of surface water, but there is no long-term water system on the surface. After rainfall, the
catchment of the non-soluble rock segment is mainly infiltrated through the contact zone between the soluble rock and
the non-soluble rock, but the water catchment of the soluble rock section penetrates directly into the underground karst
water system through the surface negative topography. Controlled by topography, geomorphology and transverse
faults, except for the direction of groundwater seepage along the tectonic line in some sections, the infiltration
groundwater is mainly discharged from the Zhangjiang river, which is basically perpendicular to the axis of the
anticline and to the southeast wing (the exit of the tunnel). As a result, a series of transverse gullies and underground
rivers cutting through the main structural lines were formed.

The present study is mainly focused on the following aspects: analyzing the topography, engineering geology and
hydrogeology of the tunnel, introducing the implementation of advance geological prediction on the face of the parallel
pilot tunnel, and describing the process of water and mud inrush. In this study, the engineering geology and
hydrogeology conditions in the area affected by the disaster were investigated and a one-year dynamic observation of
the relationship between water inflow and rainfall was also completed.

The research finding shows that a huge cavity and pipeline system with a water head of up to 84 m in front of the
tunnel face caused the water and mud inrush. After excavation and exposing the bottom of the cavity, the pressurized
water flow filling in the whole karst water system carried mud and sand rapidly into the tunnel face and rushed out of
the parallel pilot tunnel with a large kinetic energy, resulting in the water and mud inrush event on June 10. In the
process of this event, the surrounding karst water system was supplied in time, and the amount of water and mud
inrush was much larger than the volume of large dissolution cavity near the tunnel face. The process of "water gushing-
water shutoff-water gushing-water shutoff after dredging" occurred many times, indicating that the deposition in the
lower part of the cavity is very serious and the drainage is not unobstructed. If the groundwater in the saturated cavity
is not discharged effectively, the blasting excavation will cause serious water and mud inrush disaster. Long-term
rainfall and water inflow monitoring shows that the karst water system at the exit of the tunnel receives rainfall
infiltration recharge and the runoff is unobstructed. The catchment area corresponding to the water inrush to the tunnel
is 6.423 km’, and the maximum water inrush in the tunnel after the extreme rainstorm is 5x10* m’-h™". After the
occurrence of water and mud inrush, the static reserves in the mountain body have been fully released, and the
groundwater level has dropped to the elevation of the tunnel floor. On the premise of ensuring the unobstructed
drainage during the tunneling process, the risk of encountering water and mud inrush in the subsequent construction is

low.

Key words water and mud inrush, karst cavity, karst underground river, cause analysis, water inflow, Chaoyang

tunnel
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