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Fig. 1 Distribution of carbonate rock and tunnel in Chongqing Municipality
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Fig. 2 The sketch map of the location, profile and tunnel distribution of Guanyinxia anticline
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Fig. 3 Piper diagram of groundwater chemical type in karst tunnels of Chongqing Municipality
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Fig. 4 The distribution of carbonate rock strata and the phenomenon of

karst development in the ‘Sishan’ tunnel site area of Chongqing Municipality
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Tab.1 The main distribution of ‘Sishan’ area ground collapse in Chongqing Municipality
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Tab.2 Water level drop and collapse of tunnel
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Fig. 5 Drainage diagram of hydrogeological section tunnel in Jialing River section of Guanyinxia anticline
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Fig. 6 Distribution map of geothermal resources and tunnel in Chongqing Municipality
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Tab.3 Statistics of karst tunnel water inflow

% 38 4 Bk KHE/m BEREAKR/(m® «d ") B ok I

F2 I Bk % v 5t 1L B A 3 985 54 104 SCHk[31]

PR B TR 1 B 4 050 52 999 SCHk[31]

U6 3% i LA B R 2 I R T 3 880 9 000 ik[31]

XURRL % 4 375 27 186 SCHk[31]

SRR v UM A R T 4 285 8 700 SCHk[31]
B — S 4 WOR BRI 4 330 27 669 SCHk[31,50]

22 9 v R LA R T 1035 1452 SCHRL51]

BH 6 SLALRT EE 1322 1761 SCHRL51]

B L R 5 860 7128 CHR51]

9 1 fE i 2 820 12 722 3cik[52]

pRuIii $ic] 8 280 9 040 SCHk[52]

A 85 1L 1% 5 630 7 263 SCHR[52]

L % % TR LR GE 4124 56 860 Scik[52]

il % e 2 B v B B S 3 841 32 500 3Cik[33]

A g 4 200 7509 SCHkL12]

AT R T B R 1L B T 3160 8 668 SC#k[52]

B2 |11 % 4 700 345 600 k53]

45 R E 4510 26 391 SCHR[54]

B 1 B% 18 6 557 180 000 SCHkL55]

T ¥ % I 4279 120 000 SCHk[56]

(5] 22 111 % 18 11 068 4 800 000 SCHk[56]

EZN 3 9 028 360 000 SCHk[56]

Kk T % 1 3 851 48 000 SCHk[56]

EER N ST 2511 3280 000 SCHk[56]

E T U % 2 469 15 000 SCHRL56]

Kb % iE 2 900 61 689 SCHR[56]

I 5 % B 1255 4320 CHk[57]

 BE 1L % 6015 27 564 SCHRL57]

BRI E 6476 13 100 CHR57]

A PRk S X R % 9 426 7 180 000 SCHRL57]

75 1l g 18 3431 400 000 CHRL37]

P R 6 095 200 000 k58]

=% LBk iE 6 682 20 300 SCHRL58]

) R I 3721 3 150 SCHR(59]

B )= R 6 002 30 000 CHk[60]

T G — XL 8 BT Sk il K i A m® e d



78 ERMEAFZERCELAFFIR  https://cqnuj. cqnu. edu. cn & 42 %

3.2 S| EEEPBMENRE

P 2 P 355 R0 445 g 58 5 A R W I R e 0 [ L B o R A 4 R T ARG A A AL T — s W B SR
AR S T T A2 A Al (5 231 28 ) B %) A 2 A A0 A () 388 R0 7 7 6 0 A 5 o g T L S A 7 7 IR 25 1) 78 Ak K
AR BEARG, D) AT i 31 A A R AR g FVER A3 A N AR R e R AR e ML R AR BA R AR B YR L T
5 5 S 2 ) L TR R B A Y TR AR I S Mt TN BRSBTS
8 PR SR PR R M R B B Y R S A AR L T B S R S A AR R b ST A
T Bl B 5 R et e ah L Bk DX I R 2 R A 1 1 s R R AR AR AL L B s Ny B A v Fh
% T R R AR I B AN, Y & R AR Y

M TR 76 55 o0 A X )2 S B O 5 X R UK A998 3 B T R A O T L BE i X R 9B B UK
JE 7 PR3, B2 5 B A 5 7 K G 40T 0 S T 2 M AR P R R R R Y TR R A s ik e Ak B
TR IE I AR R AR IR T SOK MR AR A A X T M ) B B SR AT O A R B A
b I 85 TR R 2 i A5 AE TP P2 B 38 10 1 2 v B Rl PRI ARtk L T SRR O T SR L S 0 b 5 485 A £ £
JE % R R TR G PR A B IR 43 O G T S R A T Bl R 3 9 L2 A B R il L b e A A R L A
TR 8 r L LS T A T R R S R SR A T R Y I AR R R DR RO T R T G T 4
i B G T B )R PR T ML B 4 T b £ TN 2R A R A AR L M 3 A Bh A R I BR L R T A 1R 2 R
SRR H WL DU RS L ) 2002 4E 5 A 28 H IR T ZE 2003 4F 11 H 24 H [ga 513 101 e L 38 iy 1%
it T e e kA T3 100 WRLEEAR S 09 A L4 s SR vh R AR A 1R W L A TR B b g 8 B, A X A M %k
- JEL 2 IR 2 IR K RS A TR SR LR A R o =T

4 FIESRE

TIN5 Vi B A A A A5 R T AR SR RO T 6 i T 8 U A R A A R B AR A B BRI AE . BB E TR A
B8 TRl it T PRI R I e R ik DXAR By i e 55 P 45 R T A A DX R T K SCAE 2R R I AT
o LIRS MR U G T DT # e Ik X 45 R At 8 6 4 X O T I 1) Bk B Ol DR o A T PR R Y O 2 M SRR E
R0 I% T A R 3 ol P b T A P O A B e B T b TR K A3 A S T R L KR 5 R B T A R M B S TR R
() R 2 SR PR 5 O e U B ik DX A K PR 5 A AP S R A e A, 2 B T A R ik IX
IhRR A b3 TR T IT A LA R DX B S A | R A BRI ) R R A S BN T X A A B Ik DX B PR O
) A5 (R 4 A AR 9 I B 22 2% SR M e M L — BRI O T a0 T B A s AR B SE R L AR 22 S T TR
T — RIS T — & MOR 5 SR 1B A W50 3 24 B e B e 8 5 AR SRR & L R e 2 iR AR R Y
ARAR b TEAT O I T A v e S A T AR R N A AR L U R R L R 3 A E S IR S O
TP BF 90340 LU R g 58 o BRI SRk T A5 SO AR LA I T i A DB 9

1) R 52 We) o VA b R AR E PR AL A O 58 RO A o B I 18 o 5 AR 2 IR B s e 3t R UK % K Bl g it
T Dy RP R B W AR RO o B T S BN A T S ) P 3 S TE B D L A R BT T A 55 1 T A AR R AL Y
S L, 2 2R AR I A S OO M S AR 4 R LA X b R M Y R

2) KRG e ad B2 5 T R R A E 5 R . B BN K PR B 0 S N AT R DR T T B Ik XK
P55 0 I 1 A 18 T R SO 0 R T R AE T AR AR DX, A B TR K SO R B L 2 R A
e 2o B (R AU -5 B A X DX e T K BRI R 0 43 L B RO DR AP A 5 R A S O F ST TP 2 TR L
AN A B 3 R3] St P AR TP B R PR, B R B T R T

3) e R RO i A B B e O A AR S L . R I S A S Bl HE K | b SRR R A R R T
P (¥ 7 1 KR T X R A SR SR X — SR A R HE 2D A TR R AR AR R A
AR HRTAIF T E DR e ¥ B ik DX o B8 BIL A 9 07 3k A I SR H T K IR B AR AR R W AR AR IR
TR A 1) SR 5 0%, AT 582 0 X 4 PR R A A 20 (L 18 X e 3% A ol R - 1 S o L L R A g —

4) A B R AR TR R VR BE HE DU AN A DR S R AR PR LA R TR A RO R — 1 i B
JOE B AR o MR KA AR A 7 B T B ) R R AR I T R . BRE K TR R T
KRG T 3R KA AR L B T AR FARS S B2 0 3 B R O 3 s I I 9 TS A B L TR L AR A i Y F



%5 H #

Sk

LE L ERTEA S FKBERRIFITR TR AREY TR 79

FE N FE4 5 SR A A VSR R R BE Y K SCAE S B W B A L A8 TE RN AL T AR A ST 58 S 1 T
MR ZR T3 1 FIHE AR o A8 B8 T8 PR SR R ) B R A AT A L DT N 5 SRR G 5 L AR SR R S

L EPEE

[1]J]LISC.QIY H.LI ZF,et al. A novel treatment method and construction technology of the pipeline gushing water geohazards in
karst region[ ]J]. Tunnelling and Underground Space Technology,2021,113:103939.

[2] LIU Y M,XIA Y P,LU H,et al. Risk control technology for water inrush during the construction of deep.long tunnels[]J].
Mathematical Problems in Engineering,2019,2019:3070576.

(3] BE® . HA, LIEME, 5. V0 R o A2 KRR A e i K SCA S IO 58 it R [T ], AR 252541, 2020, 40(6) : 1851-1864.
LU Y X,JIANG Y J, WANG Z X, et al. Review on the hydrology and the ecological and environmental effects of tunnel
construction in the karst valley of Southwest China[ J]. Acta Ecologica Sinica,2020,40(6) :1851-1864.

(4] WGEZE. ERH AR R FLEG X 5[D]. &K 798 K%, 2017.

ZHAO Z J. Study of comprehensive regionalization of natural disasters in Chongqing Municipality[ D]. Chongging: Southwest
University,2017.

(5] B SRARER A B 55, T RS O I IR T8 45 4 &2 2 IR B p R JOSR s i o2 [ ). LR BRI R R L 2022,59(4) :18-28.

XU P.ZHU D Q.JIANG S P,et al. Study on the structural safety assurance technology and strategy for long and large highway
tunnels in Chongging[J]. Modern Tunnelling Technology,2022,59(4) :18-28.

(6] R I, BPR T T & H o0 A7 (04 i AL MoK SCHb Bk AL % IX SRR B 52 LD . 3K < 75 B K%, 2011,

PU ] B. Reseach on the controlling factors of formation and distribution of subterranean karst streams and its hydrogeochemistry
regionality, Chongqing , China[ D]. Chongqing: Southwest University,2011.

(7] T P b B 7™ 450 e O JRy i V7K S Jo 1A Bl e BA B Tt T K B R 5 B AR A S 38 g Lt I T Ak TR R A G T
T P05 b S 1] L O SR LML) E K« T RO H Rl L 2022,

Nanjiang Hydrogeological &. Engineering Geology Brigade, Chongqing Bureau of Geology and Minerals Exploration, Key
Laboratory of Chongqing Groundwater Resources Ultilization and Environmental Protection. The envi-geological problems and
countermeasures on the carbonate tunneling in mountainous city[ M]. Chongging : Chongqing University Press,2022.

(8] M3 i JH 725 » AR 450 oy ot 0L DX 6 o HE K A8 45 b A K s IR W 5 (0. 22 8%, 2021, 66(9) : 398-402.

FENG R S.ZHOU J, XIAO D J, et al. Laboratory experimental study on crystal growth in drainage pipes of tunnels in high
ground temperature zones[ J]. Highway,2021,66(9) :398-402.

[9] WANG X W,XU Y S. Investigation on the phenomena and influence factors of urban ground collapse in China[ J]. Natural
Hazards,2022,113(1) :1-33.

CLOT B/INAS % B M 33 — L B R L3 JH LT ). v [ 49 2021, 40(2) - 171-188.

LUO X J,LUO C. Three-mechanism theory (TMT) of karst ground collapse and its application[ J]. Carsologica Sinica,2021,40

(2):171-188.
(11T SR, B A= 7 W, 2 S PP 8 1t X i T 5 W T o5 8 380 B JE B A B X S B s X R LT ). P DA 1, 2021,40(2) ¢
246-252.

WU Y B.YIN R C,LEI M T,et al. Triggering factors and prevention-control countermeasures of karst collapses caused by
tunnel construction in the Zhongliangshan area,Chongqing[J]. Carsologica Sinica,2021,40(2) ;246-252.

C12] AF TR, M2 v 20 % v 3% Ly R 30 5 V5 1 B B 7K £ 43 B [0 ). 7K SCHb B A% b 5T, 2005, 32(2) :107-110.
FU K L. An analysis of the karst ground collapse and water yieldof the Zhongliangshan tunnel in the Yusui expressway[]].
Hydrogeology and Engineering Geology,2005,32(2) :107-110.

C137 By J . URR % 30 1 /K o U K i 38 U it A ¢ LD, AR - 74 7 2838 K %%, 2015,
NAN L H. Study on prediction of water inflow into Shuangbei tunnel and operation early warning measures[ D]. Chengdu:
Southwest Jiaotong University,2015.

[14] # ¥k . H IR L R DA 7 58 B TR L i B S I PR A LD ], IR 3 R3S K4, 2018.
YANG P F. Formation mechanism and risk assessment of karst collapse in Tushan lake area, Chongqing[ D]. Chongging:
Chongqing Jiaotong University,2018.

(157 B SC. T DS BRI % 8 il 1300 b T 7K s R AE B & /K Z S 80U HID]. A - BUAR 3R 1. K 2%, 2019.
TENG H W. Dynamic characteristics of groundwater and parameter estimation of aquifer during construction of Xiema tunnel,

Chonggqing[ D]. Chengdu: Chengdu University of Technology,2019.



80 ERMEAFZERCELAFFIR  https://cqnuj. cqnu. edu. cn & 42 %

[16] AE&h% . SO, TP F 25 [ F & 5 3B 0/ 97 Dh  k R 5[], 3 F 25 ) 5 TR 24 . 2013, 9(5) : 965-969.
REN Y R,HAN W Q. Study on coordinated development between underground space utilization and environment protection
[J]. Chinese Journal of Underground Space and Engineering,2013,9(5) :965-969.

[17] ¥ 552 8 50 i A L 25, R iR Aol IX M R /K 5 + 3 R FH AR A6 20 BF < DA = g /NI S 3R B0 [0 ] B2 4% . 2006,61(5) .
471-481.
JIANG Y J,YUAN D X,XIE S Y,et al. The groundwater quality and land use change in a typical karst agricultural region:a
case study of Xiaojiang watershed, Yunnan[J]. Acta Geographica Sinica,2006,61(5):471-481.

[18] CAO M,WU C,LIU J C,et al. Increasing leaf 6"”C values of woody plants in response to water stress induced by tunnel
excavation in a karst trough valley:implication for improving water-use efficiency[ J]. Journal of Hydrology,2020,586:124895.

[19] 245, BIW. 55 . 95 B 42, 45, LAV R A8 X 1358 CO, YR BE 78 Ak XT % 38 A 35 1) o 7« DL BT o B2 L 2 v i 2 S ] () ). AR S 2
#,2019,39(16) :6146-6157.
WU W,JIA Y N,JIANG Y J,et al. Change in soil CO, concentration due to tunnel construction in a typical karst valley:a case
study of Zhongliang Mountain, Chongqing City[ J]. Acta Ecologica Sinica,2019,39(16) :6146-6157.

[20] . 9% B 75, P 3z i, 5. W 307 el 2 e 280 A 40 7K 0 P 200 3 e g il s 1 v ot 7 [ . 2B 25 2% 412 2020,40(12) £ 4032-4040.
WU C,JIANG Y J,SHEN L C,et al. Response of water use efficiency of typical plants to tunnel construction in karst trough
valley[J]. Acta Ecologica Sinica,2020,40(12) :4032-4040.

[21] VON DER LIPPE M,KOWARIK 1. Do cities export biodiversity?traffic as dispersal vector across urban-rural gradients[]].
Diversity and Distributions,2008,14(1) ;18-25.

[22] DARK S J. The biogeography of invasive alien plants in California: an application of GIS and spatial regression analysis[]J].
Diversity and Distributions,2004,10(1) ;1-9.

[23] HUANG F,ZHANG M,JIANG Z. Collapse mode of rock mass induced by a concealed karst cave above a deep cavity[]].
Journal of Central South University,2019,26(7) :1747-1754.

(247 A » T3 UL BRI s TR 7K X 7K BRIE B4 52 00 23 A7 B o 3o 18 it [ 1. SR ACB Gl H5 AR , 2007,44.(6) : 82-84.
ZHENG X D, DING Y J. Analysis of the influence of tunnel construction waste water on water environment and
countermeasures[ J ]. Modern Tunnelling Technology,2007,44(6) :82-84.

[25] LIU J,LIU D,SONG K. Evaluation of the influence caused by tunnel construction on groundwater environment:a case study of
Tongluoshan tunnel,Chinal[]]. Advances in Materials Science and Engineering,2015,2015(1):149265.

(26 238 . T[] 7Y B 5 8 A 10 PR 85E l J5 () L[] . i SR BB W 5 % 1997, 19(5) 1 41-43.
YUAN D X. On the environmental and geologic problems of karst mountains and rocks in the South-West Chinal ] ]. World Sci-
Tech R&D,1997,19(5) :41-43.

[27] V48, B 4R, 2 IE 5, 55 BT S50 T A A AR SR K B K SCHB IR A = R AE LT ], K A 2% 40, 2009,40(1) : 67-74.
YANG P H,LUO J Y,YUAN D X,et al. Response of spring water hydrochemical behaviors to rainfall in karst subterranean
river system[ ] ]. Journal of Hydraulic Engineering,2009,40(1) :67-74.

(28] Ha e . 74 R L1 IX 2 7 % 3 V0 28 /K 9 3 A5 I PR PP 4 R G 9 LD . LA < AT 3 T K 2%, 2009.
YANG Y N. Research of karst tunnel water bursting hazard risk assessment system in the Southwest Mountainous Area[ D].
Chengdu:Chengdu University of Technology,2009.

[29] 275 jid bk 38 S AL K SC b 5 45 4 28 A J AN K R 3 R 58 LD 0. BU#B « BB 1. K %, 2015.
LUO S. Study on typical hydrogeological structure types and external hydraulic pressure in crossing-mountain tunnel[ D].
Chengdu:Chengdu University of Technology,2015.

(307 $ ¥ 8. JIIZR v Bk 15 A X W 45 ) 43 S R AR BTN R G e I 52 (D] BUAR < BUAR 3 T K%, 2018.
ZHONG L M. Research on the karst development characteristics of high-steep anticline in Eastern Sichuan and evaluation
system construction[ D]. Chengdu:Chengdu University of Technology,2018.

[31] BRAS. 52 g bk X vh % 1 X8l b T 7K SR 88 09 — K% it 5 [ D). 3 K . 3 PR 3838 K 4%, 2017.
CHEN ]. Study on the secondary influence of the groundwater environment for the rebuilt tunnel in Zhongliangshan area[ D].
Chongqing: Chongqging Jiaotong University,2017.

[32] T35 M At S v L0 X% T8 b T 7K I 6 X 4B 4 A 0 5 e 4 W Bk LT . R B R (b 98 50) . 2018, 38(6) : 915+
923.
WANG F Q,ZHENG W, XU H, et al. Influence of groundwater loss induced by karst tunnel construction on growth of

surrounding vegetation and its countermeasures[ J]. Tunnel Construction,2018,38(6):915-923.



%5 H #

)\’<

LE L ERTEA S FKBERRIFITR TR AREY TR 81

(337 S, 0l FF, AR I 2k 8 T AR L B G HE 7K (04 3 R 7K R 358 67 28000 A (). SRAR B G 4 R ,2012,49(4) £ 178-183.
LIU J,LIU D,SONG K. Evaluation of the negative effects on groundwater environment resulted by Geleshan tunnel drainage
[J]. Modern Tunnelling Technology,2012,49(4) :178-183.

(34 B35 P, TP 00 & U0 5 Aok b B A 3 ot A b, O3 3 5% AR AIF 45 3t BB R R R B 58 (D] BUER < BUER L T. K %2, 2011.
FAN X Q. Research on the geothermal geology environmental characteristics and development of geothermal water resources in
the east wing of the north Guanyin Gorge anticline in Chongqing[ D]. Chengdu: Chengdu University of Technology,2011.

(350 SR4EA . iy, B AR, TP b 52 8 Ak e (0 AR i 7K 9% 0 20 ) R B e 52 [T ). P K38 (2B ) ,2015(14) 1 150-151.
GUO W J, WU M, QIN S F. Research on the causes and countermeasures of water resources reduction at the southward
inclined end of the Zhongliangshan anticline in Chongqing [J]. China Water Transport,2015(14) :150-151.

(36 K/, 3 3C. 2 B % T8 G T 2 K RF i 5 IR BOR A A LT ). AR BRI R R L 2005, 42(3) :59-64.
ZHANG X H, LIU Q W. Analysis of the features of water outbursts from underground rivers and the countermeasures in
Wulong tunnel[ J]. Modern Tunnelling Technology,2005,42(3) :59-64.

(370 X b, T o042 A2 11 BE T8 HE K 1% Az 25 PR 5 (] R0 K80z [T 74 Pl A2 K2 2% 4, 2001, 36 (3) : 308-313.
LIU D,YANG L Z,YU S J. On ecological environment problems and effects caused by discharge from Huayingshan tunnel[ ]J].
Journal of Southwest Jiaotong University,2001,36(3) :308-313.

(387 F#B—ith. K HR K Bk 8 T 40 T K FH 3] 8 it R K B4 48 43 B (D], ST - i #8BH ToK 2, 2018,
ZHENG Y D. Equilibrium analysis of Datianba synclinal groundwater under natural and tunnel conditions[ D]. Chengdu:
Chengdu University of Technology,2018.

(397 S0l , 50l PF. B w380 23 3 B8 T8 Hh 1 i 98 7K XS 3t 92 R A U 52 i 23 A [T ). T AR 4€,2012,40(7) :41-43.
LIU J,LIU D. Analysis of the impact of water inflow from a highway tunnel on the source of drinking water[ J ]. Geotechnical
Investigation &. Surveying,2012,40(7) :41-43.

C407] # T JE I S0 00 L 4% HE DR IRLAR Bt T oK i 20 A B R LT T 7K S 5t T 72 3 )9 . 2018, 45(1) : 165-172.
TA M M,ZHOU X,GUO J,et al. Occurrence and formation of the hot springs and thermal groundwater in Chongqing[]].
Hydrogeology &. Engineering Geology,2018,45(1):165-172.

(417 3T A e £ )L 45, IR R AT ST BERELT ], P [E 245 . 2015(5) . 468-478.
ZHANG Y,YANG P H,WANG ] L,et al. Reviewed research on the hot springs in Chongqing[J]. Carsologica Sinica,,2015
(5):468-478.

[42] B8 H DR R 2 5 EWF 5D e R B TR %, 2012,
ZENG M. Distribution and genesis of Chongqing hot spring[ D]. Chengdu:Chengdu University of Technology,2012.

(437 FHE 4 HE b L 08 A, T DT 32 008 D2 9 St PROK BRI 1 55 PR 4 [T ], b [ 5 5. 2015.,34(3) < 217-227.
CHENG Q,YANG H L,ZENG M. The formation and protection of karst geothermal water resources in the main urban area of
Chonggqing[ J]. Carsologica Sinica,2015,34(3) :217-227.

[44] Botebk 22 WIAR R i, 25 3 DT 2 ke o DXt B4 B D mT AR AT ART (D . vl [R5 3, 2014, 33(2) 1 167-175.
YANG H L,LIM L,ZHOU S B, et al. Renewable assessment for geothermal resources in the karst area of Chongqing City[ ] ].
Carsologica Sinica,2014,33(2):167-175.

(457 VU114 i 57 J5) P VT /K SCHB BT R BA. r A A e S A0 T DX 7 S J5 385 A 41 45« TR (1 = 200 0000 [R5 )11 - P11 48 b 52 Js) e
TLAKSCHL TR BA 5 1977.
Nanjiang Hydrogeological Team, Sichuan Bureau of Geology. Regional hydrogeological reconnaissance report of the People’s
Republic of China: Chongqing area sheet (1 : 200 000) [ R]. Hechuan: Nanjiang Hydrogeological Team, Sichuan Bureau of
Geology,1977.

[46] MA Y N,YANG J S,LI L Y.et al. Analysis on ultimate water pressure and treatment measures of tunnels operating in water
rich areas based on water hazard investigation[ ] ]. Alexandria Engineering Journal,2022,61(8):6581-6589.

(471 2 3CE. B 5 BRIk BE S 5 BE T8 2 9 /K R G BN ). gk ARk 03, 2020,64(6) 1 133-138.
LUO W Y. Identification characteristics of water inrush system of Tuomadian tunnel on Qianjiang-Zhangjiajie-Changde railway
[J]. Railway Standard Design,2020,64(6) :133-138.

(487 A7 gL, 2\ % bk 18 9% U K ALEE 23 A1 K36 BE X SR A 92 [ D], #E - VE R 38 3 K2, 2013.
FU W. Research on seepage mechanism of highway tunnels and countermeasures of seepage disease[ D]. Chengdu: Southwest
Jiaotong University,2013.

[49] ZHAO Y J.WANG F G, LI C S,et al. Study of the corrosion characteristics of tunnel fissures in a karst area in southwest



82 ERMEAFZERCELAFFIR  https://cqnuj. cqnu. edu. cn & 42 %

ChinalJ]. Geofluids,2018,2018(1) :6234932.

[50] JEMAA Bk, WO, 4. 35 DOWL ¥ W 7 Ao Vi % T 9 7K 2 W) TR 38 e PPN T iR e LT . H R K R K B 4R, 2020, 56 (9) £ 32-35.
FAN M D, XIA Q,CAO C,et al. Quantitative evaluation method research on influencing factors of water inrush in karst tunnels
of Chongqing Guanyinxia anticline[ J]. Gansu Water Resources and Hydropower Technology,2020,56(9) :32-35.

[51] faf B & . B H A2 3 S0 T 4 W G C-S MG 162 5 kMR £ 4 WAL D], T 5. PU R K%, 2020.
HE R L. The C-S coupling cycle processes of karst critical zone and its weathering effect to carbonate rocks under the influence
of tunnels construction[ DJ. Chongqing: Southwest University,2020.

[52] 3 Ei. iR 2% DX BB A IR A% 18 5 B0 2 % 188 U e AE O 7K 2 U [ D], B P T PR 24,2017,
ZHANG R. Seepage characteristics and water inflow prediction of new tunnels under existing tunnel conditions in karst trough
areal D. Chongqing: Chongqing University, 2017,

(537 Je . T PR b G2 1l 8D Bk 4E R I K s AR AT TSR LT ). MR 2S 18] 5 TR AR, 2016, 12(S2) £ 815-820.
LONG K. Analytical calculation of unstable water inflow in Xiema tunnel of Zhongliang mountain, Chongqing[]]. Chinese
Journal of Underground Space and Engineering,2016,12(S2) :815-820.

[54] B2 . o PR 145 L DX B S T ol T /K PR 65 2880 7 i Ak B R F 5 [ D). o K« 3 P 383 R 2% L 2018.
LIAO Y P. Study on evolution law of negative effects of groundwater environment on tunnel engineering around karst mountain
area of Chongqing[ DJ]. Chongqing: Chongging Jiaotong University,2018.

(557 ZE A, 1 45, 5 4. BT 1L ke 4 B TR K 28 e 2 b BRAS IE LT ], LA BRIE HR L 2007, 44(6) :66-69.
QIN R P, XIAO J,JIANG F. Comprehensive treatment of the water gushing and mud outburst in Mingyueshan super long
tunnel[ J]. Modern Tunnelling Technology,2007,44(6) :66-69.

[567] 2= Mk, 5E T 40 A 85 A8 1030 1) I o BB e 20 A ML 52 [ D], BRI K VLR B . 2019.
LI D. The study of inoculation mechanism of delayed rock burst based on rock creep test[D]. Wuhan: Changjiang River
Scientiffic Research Institute,2019.

(57 BRIRFIERF IR L B ST, TR S 4. T PCAR TR LD R A B8 18 i X K i 2 m [, v [ 3, 2019, 38(4) :496-501.
HE S, JIANG L W, ZHANG G T. Influence of drainage on karst groundwater at an existing tunnel in the east-spring
mountains, Chongqing[ J]. Carsologica Sinica,2019,38(4) :496-501.

(587 TRk, v i Ml X 2 % B 3 ¥ T K Ak JEE U T 5 [ D). 80 - 74 7 22 3 K 2%, 2014,
ZHANG Z. Research on treatment for the seepage disease of highway tunnels in karst area[ D]. Chengdu: Southwest Jiaotong
University, 2014,

(597 F k. & T ot A% 5 12 R S Hp 1] 42 AL 1) T i 2 0 AR 0 68 38 9 /K ek 000 [ D). G448 - Jle 48 B0 T K 2%, 2019,
WANG L. Prediction of water inflow in southwest karst crossing-mountain tunnel based on genetic algorithm and support
vector machine[ D]. Chengdu: Chengdu University of Technology,2019.

(607 HEUge. Hb T 7T Ll U % 38 i T (3% 52 W) S By 8 15 M B 52 [ D], 1 PR « 1 PR K%, 2007,
LIANG F. Study on the influence of ground water on tunnel construction in mountaion ridge and its prevention countermeasures
[D]. Chongqing: Chongqing University,2007.

[617] X1 rv A s vy 39 AR I 38 T L B 3 61 AR TEBIF 58 [ D AR < 74 B 28388 2, 2009,
LIU Z H. Study on the large deformation of wall rock on the tunnel through Daxiangling Niba mountains[ D]. Chengdu:
Southwest Jiaotong University,2009.

(62 AT, B ARV T o) B 1Bl - S 4P S5 M R M i 2 i AT 5 [ ], 70 <42« 7 2 3L T K2, 2006,
SONG Z P. Research on the influence of concealed karst caves upon the stability of tunnels and its support structure[ J]. Xi’an:
Xi’an University of Technology,2006.

(63 ZE¥5 %5 SRAL MRAF A2 55 55 K B 6 G 15 0 T 2= B 33 O ML 20 AT SRR A [T ). 5 6 T 5 TR 24 4. 2016, 35 (2) £ 369-
377.
ZUO Q J,WU L,LIN C Y,et al. Collapse mechanism and treatment measures for tunnel in water-rich soft rockcrossing fault
[J]. Chinese Journal of Rock Mechanics and Engineering,2016,35(2) :369-377.

[64] R30I EE Tk A5 DX, 25 TR HER A A R R i e SR =X o 2R 5 I S [T ). 55 12 5 TR 24 4k, 2011, 30(9) : 1782-
1802.
WU W P,FENG X T,ZHANG C Q,et al. Classification of failure modes and controlling measures for surrounding rock of deep
tunnel in hard rock[ ]J]. Chinese Journal of Rock Mechanics and Engineering,2011,30(9):1782-1802.

[65] FfE 9. KR 18 Bl 5 il TR AL AR G (] AT 58 [ D, 3K« 8 R K7, 2006.



Vol. 42 No. 5 Journal of Chongqing Normal University (Natural Science) https://cqnuj. cqnu. edu. cn 83

KANG Y. Research on relevant probloms about failure mechnism of surrounding rock in deep buried tunnel[ D]. Chongging:
Chongqing University,2006.

[66] BB, By aE vk . XU AT e, MR TR A RdR e 4 BT M. b - BF%  hitat . 1984,
WANG S J, YANG Z F, LIU Z H. Stability analysis of rock mnass in underground engineering[ M ]. Beijing: Science Press,
1984.

(671 T MG 55 . 368 iy PR 40 I I o M Rz g 5 R A AR MEF S8 LD . B K« T DR AC 38 27 Bt 5 2004,
ZHANG P Y. Study on High-geostress and rockmass stability for deep-lying Tongyu tunnel with a great length [D].
Chongqing: Chongqing Jiaotong University.2004.

Resources, Environment and Ecology in Three Gorges Area

Study on the Influence of Tunnel Construction Environment and

Engineering Negative Effect in Typical Karst Area of Chongqing Municipality

WEI Xingping'?, DAI Dengwei', LI Liangxin’, CHEN Ting'”
(1. School of Geography and Tourism Science, Chongqing Normal University, Chongqing 401331; 2. Chongqing Key
Laboratory of Carbon Cycle and Carbon Regulation of Mountain Ecosystem, Chongqing Normal University,
Chongqing 401331; 3. Ludian No. 1 Middle School, Ludian Yunnan 657000, China)
Abstract: Restricted by terrain, a large number of tunnels have been built and are densely distributed in Chongqing. In karst areas,
the construction of tunnels has given rise to a series of environmental and engineering negative effects. By integrating the geological
background and groundwater chemical characteristics of the karst areas in Chongqing, the tunnel construction environment and
engineering negative effects in this region are systematically sorted out, including inducing karst collapse, causing water body
drainage and loss, affecting vegetation growth and distribution, reducing soil quality and causing soil pollution, altering the
groundwater thermal pattern, inducing water and mad inrush in tunnels, and triggering surrounding rock collapse and structural
damage. On this basis, the overall trends and directions for future research are identified: 1) Strengthen research and evaluation on
the mechanism of tunnels’ impact on the stability of karst foundations. 2) Strengthen research on the identification of water
conversion processes and drainage impact scopes as well as related protection measures. 3) Strengthen research on the response

‘

processes and mechanisms of soil and vegetation to tunnel construction. 4) Shift from “single-subject” to holistic research, and
connect the “dual assessments” in karst tunnel sites.

Keywords: Chongqing Municipality; karst; negative effect; tunnel construction
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