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Delay characteristics and risk mitigation of karst water burst flood of tunnels

LIU Xin-rong*, ZHANG Xu-dong', HUANG Ming"?
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Fuzhou 350108, China)

Abstract: Based on field tests on 19 groups of data and phenomenon analysis of inrush or bursting waste from karst cavity of
Maluging tunnel of Yichang-Wanxian Railway, a conceptual model of karst water burst flood (KWBF) is proposed by means of
statistical analysis and phenomenological induction. Through analyzing its characteristics during different construction stages, it
is shown that KWBF has the delay characteristics. The time history analysis of the karst water burst flood shows that because of
pressure dispersion between inside and outside of the cavity, seepage enlargement is evolved into conflux so as to deprive
groundwater from aquifer aqueduct and fracture, and the water together with mud suddenly releases from karst into the tunnel.
The key factor for the delay characteristic of KWBF is water amount and silt or filling degree of conflux aqueduct. The delay
time of KWBF on supply air continuously reduces the response time, according to which the possibility of KWBF is reduced.
Forecasting of KWBF is conducted by use of the rainfall seeping theory and statistical analysis method. The basic data are
obtained from field quantity observation such as rainfall and hydrograph measurement. The control index of safe operation
during the rescue and discharge period is proposed.
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Table 1 Statistics of +978 karst water cavity

W ogokn R o i) SRIASE  ggpmin RS
1 2006-01-21 0 Te B 110 140 110
2 2006-01-24 0 Te B 3 15 12
3 2006-07-23 24 7H23H 36 1EIR 1705 “F5 3360 5
4 2006-08-13  17.5 8HTH 2.7 900 0.2
5 2006-08-18 165.6 8 A 15 H~19 H 62 1200 0.8
6 2008-04-11 611 #HHMHEZFEK (TFHD , 4 H9H~11H 15 (19.5) 20 45
7 2008-04-19 887 4 J117 H~19 H 18.4 (25.6) 90 25.2
8 2008-05-10  75.1 5H8H~9H 14 (23) 125 25.7
9 2008-05-23 455 5 22 H~23 H 43 (13.4) 10 17.6
10 2008-05-26  31.7 5 H 26 H~27 H 2.5 (11.9) 5 19.7
11 2008-06-12  30.8 6 410 H~12 H 10 85 6.76
12 2008-06-18  21.4 6 A 15 H~16 H 5 18 16.7
13 2008-06-20 4 20 1.026
14 2008-06-21 063 S H-21H 14 180 1.1
15 2008-07-04 29 840 6.8
16 2008-07-05 L PR3 21 660 1.78
17 2008-07-22  170.3 7H22H~23 H RNy QUL S EoE N7 PIUNGAE P S R
18 2008-08-15 161.5 8 A 13 H-~16 H 25 965 2.25
19 2008-08-28  149.8 8 H 27 H~29 H 37 1805 1.2
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Fig. 1 Characteristic results of KWBF
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Fig. 2 Sketch map of underground river of Maluging tunnel
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Fig. 3 Relation curves between inner head and outer water level
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Table 2 Observation method for back water in tunnel
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Fig. 5 Contrast curves between sluice quantity and rainfall
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Table 3 Prediction of water-gushing volume

PR PR NIBIE B3 73 #r ik
/mm m*dh  (m3h?Y I(m® 4% (m*h?Y)
10 64196 2675 1a§gZév Zg;;
20 128392 5350 3?53;;5\’ 1§gigv
25 160490 6687 3%5;;%6\’ 1gig;“
50 320080 13374 7?2325;” 32;?;‘
100 641960 26748 1ﬁg§§j;i\' 53;3;;
20?;2(50 1308596 54540

(2) 7K 30 e S0 I 45 543 By

BT PIIRGE IR M 22  :

a) 50 a —EEERRKIIEHE RN 1308596
m¥/d; IR 7.0X10°m?,

b) “+978 A" AF/KFEELFERRMER
fiE, BEKIEICES R T, BRIE “+978 #is” Mk
FEAETRER AN, RIS ANE VR B AL T R AR TR AR
RN R B PN AR L, R 7eiE
YIAEH R KA EE A+ R RV R P2 A i A,
TERUR B 5K

o) TEMAKIRE EEERT, B 2 LKA M
1025 m i, VA B2 AT K

d> TEMKIAHE 2 s fE, B KT 50 mm B
RAET “4117, “4.19”, “5.10” K HPENEAT



riy

1330 iz

+ T

n
&

i Eird 2011 4F

20 mm KA T “5.237.5.277 K. Al L, it 20 mm
PR R TR S ERK, H RSB, RAKII R
Ko AW KA J5 I (AR, R TR0 AR K

e) MR FHEREETT T 14 IR%E GRD K,
RERIK, REMR], Fealaid ERUHE R, E
WE TR B niEYy, SK S A B SRR ) 4

RARE 1d, ZJaREHE A K IHEER 2D 4,
WY K B A S N TR K . SRR BT 7 A T K 35 A 3
BENRIK

£ K E AR IR, BOKR IR E S HP A
Tl AP ERIRES, BUR Hea 5 AR A AR B 224

18000
16000
14000
b 12000
E ‘ 10000
§ i 8000
# A J a0
‘ I 2000
W&LA JJM& et 0

~2000

g SeRIRNBSTBNG sms;ggam—vazsavag$szrmaa$

3 ééééésssssssssscassaasassssgeseseééé_

—— LFFEHAE - AR (PR i3 At ( LR
E 6 HEREAEAHEE
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