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Fig. 1  Hydrogeological map of the tunnel site
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Table 1 List of elevation and discharge of hydrogeological points in the Lanhua tunnel
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Fig.2  Measured map of the underground river in the Lanhua cave
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Table 2 List of groundwater multi-element tracing tests

o B £ N st Bkt TR GG 8] FecHh i
1 D5V BRI ) BE 500 g 2016/10/29—2016/11/10 Q.Q:Q
2 QB (LK) PEIEHG 5 200 g 2016/11/07—2016/11/09 Q.Q.Q
3 @F KA (FEE) Z 5+ 290 g 2016/11/13—2018/11/18 Q.Q..Q,
4 @5 A (T 2€) POLRM 200 g 2016/10/29—2016/10/31 Q.Q..Q
2.2 MIWHER 6 BT R 1) U 5 (2) @5V KT 4R 2 P

ARYARIRAE 3 738 B A HE SO 5 340 1 00 38 ) 78
S R R v B AR AR B AN 18] 3 F N1 3R 3 F : (1D D5 7%
IKAIR FN)Z ¥ KR BB 75 B SR 7 Q, K s (22

a2

7N B R DA 22 2B YA Q, HH K A HY L YT A 22 LT b
RE R B, S AN Q, R LK 5 (3) @5 I K
BT B Q, K i CRAVRIBEAT H 17D P o

120 120
S 1001 < 1001 ™
X = 74 %
i 80 = 801 fo\
& 2 11 y
= © = 60 [\
&= = | b
ﬁg’ 40 404 I! \\
K 204 h 2 20/ j’ i

0 : . . . - : = 0 / S

0 30 60 90 120 150 180 210 240 270 0 10 20 30 40 50
a. O KIFAE] Q /K A we e ahik AR b ih £ b. @5 KA E] Q, H 7K A5 P 7R 4 AR T h 28

120 120
3, 1001 L 100
— X
X 804 o 804
N =
= " ®
Z{é E = 60
= s
= 404 #& 404
2 £
ENET #0204 I A

/ k
0 ; . ; r 0 ‘ . , y .
0 20 40 60 80 100 0 5 10 15 20 25 30
i1 / h if i /h

. SV KR 2 Qu tH K £ 2 PV B2 AR A 1t 25

d. @5 AR E] QK R POL R ik L A i £k

B3 & U TRER T B i 2k (VMR )

Fig. 3 Tracer concentration curves at each monitoring site
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Table 3 Main parameters of groundwater multi-element tracing tests
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Table 4 Hydrological parameters under different rainfall conditions
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Fig. 4 Relationship between rainfall infiltration coefficient, rainfall and rainfall intensity
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Application of groundwater multi-element tracing tests to water hazard
prediction of karst tunnels: An example of the Lanhua tunnel on the
Zhangjiajie—Jishou—Huaihua high-speed railway
CHANG Wei',TAN Jiahua®, HUANG Kun', CHENG Xi', HUANG Zhen', WAN Junwei'

(1.School of Environmental Studies, China University of Geosciences, Wuhan, Hubei 430074, China;2.China Railway Siyuan Survey and
Design Group Co.,Ltd.,Wuhan, Hubei 430063, China)

Abstract Tunnel water inrush is a common geological hazard during the tunnel construction in karst areas. Thus, it is
of great significance to clarify the spatial relationship between the tunnel and karst groundwater system, especially the
spatial relationship with the underground river course, which is the key to prevention and control of water hazard in the
karst tunnel. This paper presents an example on this issue, the Lanhua tunnel on the Zhangjiajie—Jishou—Huaihua
high-speed railway. On the basis of karst hydrogeological investigation and rainfall-spring discharge dynamic monitor-
ing, groundwater multi-element tracing tests were conducted at the concentrated recharge points of groundwater in the
area. The spatial distribution of underground river courses and its relationship with the Lanhua tunnel were clarified,
the location of water damage in the tunnel was determined and the maximum water inflow was predicted, which pro-
vides a hydrogeological basis for the prevention and control of the tunnel water hazard. The results show that,(1)The
Lanhua tunnel and adjacent areas host exposed Cambrian carbonate rocks, which are characterized by peak clusters
and depression landforms, with highly developed surface and underground karst. (2) The concentration curves of four
groups of groundwater multi-element tracing tests are all single-peak symmetrical forms, the tracer recovery rate is
more than 68%, and the largest groundwater flow rate is 387 m+h™', indicating that the pipeline development in the tun-
nel site area is unobstructed. (3) There are two independent underground river systems, namely the Lanhua cave sys-
tem and the Daiye cave system. The three karst water sub-underground river systems of No.1, 2 and 3 belong to the
Lanhua cave system, while the No.4 karst water sub-underground river system belongs to the Daiye cave system. (4)
The No.4 karst groundwater system will not pose a threat of tunnel inrush water, because it does not intersect with the
Lanhua tunnel in plane and section. (5) The Lanhua cave underground water system can be divided into two sections,
the upstream section and downstream section, with the karst window in the middle of the Lanhua underground river as
the boundary. The No.1 and 2 karst water systems belong to the upstream section, and the No.3 karst water system be-
longs to the downstream section. The upstream section of the Lanhua cave system does not intersect with the Lanhua
tunnel in plane and section, and it will not pose a threat to the inrush water of the Lanhua tunnel.The No.3 karst water
system intersects with the tunnel in plane (the intersection mileage is DK60 + 100), which may create a risk of water in-
rush in the tunnel. (6) Based on the high resolution rainfall-hydrological dynamic monitoring data, the rainfall infiltra-
tion coefficient method is used to predict that the maximum water inflow of No.3 karst water system pipeline of the tun-
nel is 70,800 m?+ d"'under extremely heavy rainstorm conditions.

Key words Lanhua tunnel, groundwater multi-element tracing tests, high resolution hydrological dynamic monitoring,

prediction of karst tunnel inrush water
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