e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

BB AR LT B EH S FEAOKIRIRE]

w8, T &, BRE, ¥k, R, HEE

Identification of karst water inflow sources in the main shaft of Lianhuashan, Jingxiang phosphate mine, Hubei Province
XU Si, YU Yang, LIAO Peipei, CAI Zuxu, LIU Jiaqgianlin, and CHEN Yanmei

TELR AL View online: https://doi.org/10.16030/j.cnki.issn.1000-3665.202502032

LT RO H A R

Articles you may be interested in

IR BCE TR AOKAG AR B R AL

Hydrogeochemical characteristics and evolution mechanism of karst groundwater in the catchment area of the Sangu Spring
SRR, BB, 2514, BRNG FER, AT KB TR BT 2021, 48(3): 62-71

T DORSCHBRAL AR AE B HK IR 7R 18

Groundwater source identification incarbonate—hosted deposit using hydrogeochemistry, hydrogen and oxygen isotope method
BT, RAEAE, £, PRI, Sk, E8, WORIR, IV, £59  KSCHLBT TR, 2019, 46(1): 19-26

TR A DX KR P [R5 3R IR B HOR 5 Bk IR 7R

Characteristics of sulfur isotope in water bodies near the Zhaoyuan gold mine area and its indicative function of pollution sources
BIEA, FIHAR, ARMEME, e, SRAKEE, AR KOO TR LT, 2020, 47(5): 179-188

e g o | BN EIE VA =P -2 5 U N ST SR R D]

Evolutional processes of groundwater in Xinglong County based on hydrochemistry and hydrogen and oxygen isotopes

Wk, A, B HR, Z5RR W, XIS, BEfs K SCHb BT TR HLJBT. 2020, 47(6): 154-162

T e P DX PR KK A A R AR R 37 R AR AR

Hydrochemical and hydrogen and oxygen isotope characteristics of subsurface water in the Maqu Plateau

TR, FRACHH, X, X EOG, XU, W, TRETH] K SCH BT TR HLT. 2021, 48(1): 18-26

SN HEGE F 3 SR AOKA RIS )37 Z IR B B A

Characteristics and controls of the hydrochemistry and carbon isotope of the spring water in the Hongjiadu Basin of Guizhou

T3, IR, FEACE, BOE, W0, S, el K SCH BT AR B 2019, 46(3): 9-17

KA ARS, B LR E


https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202502032
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202004059
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.2019.01.03
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.201909026
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202005027
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.201912013
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.2019.03.02

9524 54 TR SCH T T AR b T Vol. 52 No. 4
2025 4F 7 A HYDROGEOLOGY & ENGINEERING GEOLOGY Jul,, 2025

DOI: 10.16030/j.cnki.issn.1000-3665.202502032

W, T, B, S5 10 R AR LT B T FE KK IR (7], K SCHb BT TR 4 BT, 2025, 52(4): 109-120.
XU Si, YU Yang, LIAO Peipei, et al. Identification of karst water inflow sources in the main shaft of Lianhuashan, Jingxiang phosphate
mine, Hubei Province[J]. Hydrogeology & Engineering Geology, 2025, 52(4): 109-120.

AL FIEBY ER LT EREHE BT FTEAKKIEIRS

R S R 7 L § =3 = R85 R Ul o - S
(1. Kz KFHRREREFE, AL KX 430100;2. HAHFAFEREHLEEE LR T, A
KR 4301003 3. #) 1T T AL L B F L A RS, #3617 448000 )

WE: AR XZAEERE W0, BB MRE, 7F L8 VR TF R B2 vh i ) 2 K 4 DA B b T 7K PR 8 95 e A [ i
FEAE L 32l T3 AR 32 9 28K ) S R, bt Tl SR RS . 7E R GRS A K SO B R SR A L, i 3R KR A
IR LA AR 56 117 S5 7K A 2 B | TR) A7 3 B 3 BT 01 25 A R B BT AR SR 0, BB T IR R SRR IR R R AR IR AR
SR LB B ZKO02 B FLIE T /K 3528 52 7 S8 A B I 3 18 DR A IR AN 4G, K AR 2 28 R R SO,—Mge Ca; S A IR
F W KABEK N K T 7K 9 32 2 78K OK IR 22—, IRk 5 7K 46 2% 24 8 By HCO,* SO,—Mg* Ca ¥ 4% )y SO,» HCO—
Mge Ca, [ WAl 7K IR J8 i 9 9 T <1 A2 4 ZKOT A KT 32 20 8 8 /K Tl ZK02 938 IR W TS YKk 2 [F) b 25 T2 015 75 R il 3o 48 75 b R 7K
it ] R i ) —>ZK02—ZK03—F I, 7 B P ik T 7K A g 3 JL AR FBAR L, 76 F13 Wi 252 T, B IR IRV 4 R & o il BT =
FO9 Wi 2%, IR % HARU T M 130 . WS 45 SR AT EIEB IR A K 3 L T /K5 Y Rk B8 I8 T & R R A8 B4R 1 228 1k i
FHEIR: AL LB VA ML R K KA 2R RRIE 7R BRI R R 5 FaKoK IR A A

FEISES: P64l.S XHFRERRS: A XEHS: 1000-3665(2025)04-0109-12

Identification of karst water inflow sources in the main shaft of
Lianhuashan, Jingxiang phosphate mine, Hubei Province
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Abstract: Karst mining areas are characterized by pronounced heterogeneity due to extensive karst development,
making them particularly susceptible to water inrush and groundwater contamination during deep extension
mining. During the construction of the main shaft in Lianhuashan, the construction progress was slow because of
being troubled by water inrush problems. This study identified the water-filling sources and main runoff paths of
the main shaft by analyzing the hydrochemical data and isotope data before and after the pumping tests of the main
shaft and surrounding hydro-holes and combining with high-precision field tracer experiments. The results show
that the groundwater in drilling hole ZK02 within the Lianhuashan mining section is continuously replenished by
the leakage of leachate from the southern phosphogypsum slag yard, with hydrochemical type of SO,—Mg®* Ca.

The hydrogen and oxygen isotopes show that atmospheric precipitation is one of the main water-filling sources of
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regional groundwater. After the main shaft pumping, the hydrochemical type changes from HCO;* SO,—Mg* Ca

to SO,*HCO;—Mg*Ca, indicating that the drawdown funnel formed by pumping promotes the joint replenishment
of the karst water of ZKO1 and the leachate-polluted water of ZK02 to the main shaft. The tracer test reveals that

the groundwater flow direction is from the slag yard—ZK02—ZK03—the main shaft. Regional flow is

predominantly from the south, and under the structural influence of the F13 fault, leachate migrates along the

Zhangjiachong syncline axis toward the FO9 fault, eventually discharging through the main shaft along its dip

direction. This study can provide a scientific basis for the prevention and control of karst water hazards,

groundwater pollution, and the management of water resource development and utilization in the main shaft.

Keywords: Lianhuashan mining area; karst groundwater; hydrochemical characteristics; tracer experiment;

isotope; water-filling sources analysis
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Table 1 Hydrochemical data and isotopic composition of samples from the study area
, " TDS/ K/ Ca™/ Na'/ Mg/ 2- cr/ 2- M0 oS

R A HKE - pH (mg'L") (mgL"') (mgL"') (mgL") (mgg-;L‘) (r:;?}];/') (mg-L™") (HSIZ‘L’/‘) /6‘;0)0 /%o /%o /'ydoo
kAT 724 37111 1.12 99.59 5.07 78.02  0.42 4.74 64.63 —50.4 —7.92 374 12.96

’ ZKo1 Kkt 715 42043 0.85 96.86 472 89.93 035 5.17 105.045 / / / /
gifﬁ; HKE 720 41920 0.69 94.45 5.09 7577 041 4.68 10627 —50.5 —7.93 3.08 13.04
A kRE KT 715 954.60 150  171.07 2123 16347 042 23.89 513.96 —48.0 —7.44 111 1152
ZK03 vkt 716 95327 235 163.71 20.02 16592 043 20.73 51451 —  — —

WAKE 719 85327 348 14421 17.05 15290 042 16.18 44735 489 -754 115 1142

BUER Y 223 10919.19 41039  518.42 232.60 4 586.08 — 16920 593000 — — 167 —
IKFE R E 6.05 11667.92 101.38 50095 1268.74 31806  0.03 6405 989000 — — -096 —
KT 712 407.68 130 107.00 439 66.40 — 7.97 93.80 —50.6 —7.92 433 12.76

ZKo1 Kkt 702 37220 1.12 80.89 3.92 4940 029 6.33 8870 — — @ — —

#AKE 700 37578 0.70 87.91 438 5270 027 5.36 9600 -50.5 —7.95 3.89 13.10

HKAT 648 281402 1290  236.10 67.70 29301  0.16 3520 2090.01 —433 —6.17 184 6.06

(/JZ\;F%) ik 655 265925 1290 226.11 63.11  247.12 0.8 3270 201002 -433 —6.19 / 6.22

KE 663 256352 1270 209.03 6052 27505 021 6590 1860.10 —439 —632 176 6.66

TEA 7k KAT 652 273559 1220 213.07 61.80 25402  0.17 3280  2080.03 -43.6 —623 180 624
KEE (o) Mkt 654 238213 1640  186.12 55.60 15203 0.17 2920 1840.12 —43.7 —6.29 6.62
MKE 674 215861 1230  199.05 56.40  227.00  0.26 28.10 155005 —445 —644 171 7.2

KT 673 946.34 244 153.08 1560 12001  0.19 15.00 551.00 —47.9 —7.37 2.03 11.06

7ZK03  HUKH 678 917.44 2.85 15211 1570 111.00 020 14.40 54101 —  — —

WAKE 677  919.01 347 14121 15.90 96.50  0.19 15.20 556.03 —48.7 -7.49 176 11.22

o HKET 790 44472 9.12 91.99 8.78 7577 1.65 14.27 170.88 —50.8 —7.90 3.08 12.40

KE 738  684.81 770 122.65 1242 11352 058 14.38 34241 —493 —7.62 130 11.66
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Fig.3 Tracer concentration change at main well monitoring site
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Table 2 Calculated flow channel parameters based on
tracer tests

28 N-ZK01 N-ZK02 N-ZK03
BT ] 20244F4H28H 202444 H28H 202444 H28H
N30l 2 FH B 7 i
Bt /kg 1 1 300
RIS /m 129.87 64.52 46.97
SR/ (m*h ) 90 90 90
WIS 6] /min 1490 325 104
Bk %/(q:iﬂ Lk 135.94 170.45 279.49
A %g}/ﬁzimﬁﬁ 22.54 31.09 91.23
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Fig. 4 Piper diagram of water samples in the study area
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