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Fig. 1 Hydrogeology and sampling poins of the mining area (Revised based on [1])
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Table 1 Statistics of main hydrochemical indicators of groundwater in the study area
FFRIK- Wil pH TDS KR Ca” Mg™ Na' K HCO3 Nojw cr
FHIME 6.63 10573 2037 3221 2.95 229 1.82 79.46 9.81 2.20
+420 m .
(1=9) brifE2 0.99 58.36 1.89  19.13 1.81 2.11 2.19 46.37 10.06 0.61
Cv(%) 14.89 55.20 926 5941  61.30 9228  120.17 5836 10250  27.50
EEE 722 109.15 2046  30.40 2.87 479 0.78  101.60 9.02 3.45
+(3n0:05;“ FrifE2E 0.44 37.33 175 13.84 0.68 3.61 0.64 34.23 6.07 135
Cv(%) 6.05 34.20 857 4552 2382 75.45 82.13 33.69 67.30  39.00
A 731 12882 2122 3842 2.91 3.05 079  128.47 11.13 274
+200 m .
(n=15) brifE2 0.28 16.99 0.48 4.53 0.84 327 0.59 32.27 7.66 1.68
Cv(%) 3.82 13.19 224 1180 2879  107.12 74.01 25.12 68.81  61.32
FHIE 7.65 15924 2319 4897 426 3.24 0.89  134.40 23.58 4.58
Iiig;? brifE 0.30 62.29 191 1675 2.18 3.90 0.64 20.98 33.35 0.65
Cv(%) 3.90 39.12 822 3420  51.10 12045 72.50 15.61 141.45 14.12
T:: pH. CvRTEHEAY; KRR °C, HA A me L,

Note: pH and Cv are dimensionless; the unit of water temperature is °C; the other units are symbolized by mg-L™".
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Fig.2 Piper three-line diagram of outlets at different mining levels in the mining area
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Fig. 5 Saturation indexes of calcite and gypsum
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Fig. 6 Chlor-alkali indexes of groundwater in the mining area
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22 53 H R 5 32 /K 55 M HAE 09K Ak 2 i oy 1153
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Ca” VR EAE ShHUR XA K . 055 B AL B 7 4B
K EA 25, Ca®hb T ANRAS, M5 Ak
FH AP A S BUKIR A B, R 7 AR B 8 1 Ao
2 R s bR K R AR X A e, RIS 78 v i R s ok
T EWASE EKZ TR WK SCHER s R
RS MOR T R TR A e BT, B T K S R T
A 6 IR A4, R Ca™. CI3 9 A 32 +420 m,
+300 m 7K P i K 50 S SEBK B +100 m AKF-
WK GBS AE B A R IR PO TR A He i, an s al(3) .

(4) Fr7R o IR I A v I s 45 S 0 9 5 (DU T R
21 KA A T IXCHEA T 0K B i B
TR Wb R BAE B e R KK AL A 55,
W3 2,

Cayy]-[Cal;
N:L—%;i—Jﬁdxum%) 3)
[Cal]-[Ca}i]
o1k
N=————=x100% 4)

[cr]-[cn]
2 N KT 7 Bl [Cal, ] MR A /K Ca™
W [Cagy ] ARPA K Ca® WREE; [Cali] MK 5 LA
KA Ca® 95 5 {H ; [CL, ] MR A /K h CIVg i
[CL, ] R AL i A S B K A S (8 s [Cl ] M T 7K a5 B
BHK CUHREE

x2 TRAUFEES

Table 2 Hydrochemical background values of the mining area

Ho kIR Na+K Ca” Mg™ cr Nera HCO;
FHIKE 5 1.79 46.12 297 2.94 9.33 148.89
A BK A Sefl 1.20 2.06 1.48 1.83 1.02 12.15
FIASEEE <1y S S (E] 248 1.29 0.13 2.23 1.26 3.80
HZ-9A %K 6.48 114.60 9.58 6.01 168.24 109.84

e LA LR AR A3 Jmg L

Note: The units of above indicators are all mg-L™".

I SCHE+420 m, +300 m 7K 7778 A K 5 b
EABK IR S VEI, +100 m /K FAETE A 7K 518
6 AR AR AV, SO Ca PSR, I
SRR Ay I SRR A b, g R 30 AR R

%3 FRBKSKERALL

Table 3 Mixing ratios of water sources at water inflow

points in the mining area

FRAT G — ﬁéw%% _ |
AR WERBK R 52K
SF-1 773 227 /
+420m  SF-2 626 374 /
KF¥E - SFT 653 34.7 /
SF9 609 39.1 /
FT-1 735 26.5 /
+300m  FT-2 642 35.8 /
KFOFT3 172 82.8 /
FT-4 604 39.6 /
+100m HZ-1 649 / 351
KF¥ Hz2 617 / 383

B: +420 m 7KF-5+300 m KRG K Z LUK N
¥, WA B K A 22.7%~39.1%., FT-3 {f/K S wp
S BLBR K RN h 82.8%, R K AN K 17.2%,
5 SRS IEA—F. Wi+100 m /KFF R E 5 R
B K IR TR AL b IR KR53 53 51 R 35.1%
1 38.3%, M Tt 7F — 25 3E 52 +100 m 7K -3 7K 5 A7
TE— & BT AL B R TR K AR

3.42 FRIBKRBEARAR

ARG DX 28T R KPR AL 22 Rk B 7K K IR
TRA LB R, 45507 XEERIK SCHL BT F R
K 7R A, AT DI 7K s 7K U5 T A A Y
(K 7), i 5 e 30K S TR A I A% TR X
TETRIT R B R AK SR 2% TF R A /K sk Ak
JRIA B FE KA IR A T A LB

T K GBI A — 2 R E 2 B PG 1) e
AT ZR PG 1] W= P o R AR AT DX IR B A R
5 5 B R DN A i K 2 s 1] Y AR AR, ELIA 32
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Fig. 7 Conceptual model of water source change at water inflow points in the mining area
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Study on hydrochemical characteristics and water inflow sources of typical karst
water-filled mining areas under the influence of extended mining

YU Yang"’, JIN Xiaowen’, XU Si'?, ZHANG Yu'’, CHEN Yanmei'”
(1. College of Resources and Environment, Yangtze University, Wuhan, Hubei 430100, China; 2. Hubei Key Laboratory of Petroleum Geochemistry and
Environment, Wuhan, Hubei 430100, China; 3. Wuhan Zhong Di Huan Ke Hydrological Engineering Environment
Science and Technology Consulting Co., Ltd., Wuhan, Hubei 430073, China )

Abstract Mineral resources are an important pillar of China's vigorous economic development. With the rapid
increase in the demand for metal minerals, the original metal mining areas continue to be mined. However, the specific
geological conditions indicate that a significant number of ore bodies in China are closely associated with the
limestone strata. As a result, the karst aquifer has emerged as one of the major hidden dangers threatening the deep
mining of these ore deposits. Therefore, it is an important topic to study the prevention and control of pit water in
mines of karst areas, but there is a lack of comprehensive case studies that have revealed the changes in water sources
in pits due to deep mining on the basis of hydrochemical data from water inflow points at different mining levels. The
Makeng mining area is a typical karst water-filled mining area in East China. Its hydrogeological conditions and pit
water-filling conditions are complex, presenting significant challenges for water prevention and control efforts. In this
study, 59 sets of hydrochemical data were selected from the water inflow points of horizontal tunnels at four mining
levels (+420 m, +300 m, +200 m and +100 m) in the Makeng mining area from 2006 to 2016. Combined with the
evolution law of the groundwater flow system in the mining area, various hydrochemical methods such as Piper three-
line diagram, ion ratio, Gibbs diagram and chlor-alkali index were used to analyze the source of water inflow. The
mixing ratios of different water sources were calculated, and a conceptual model of evolution of water sources at the
water inflow points was generalized. Besides, the hydrochemical causes and recharge sources of water inflow points at
different mining levels in the mining area were discussed.

The results show that the decrease of groundwater levels gradually slowed down while and water inflow
continuously increased during the mining process; therefore the recharge sources of pit water inflow points constantly
changed. Secondly, the long-term water drainage and depressurization changed the direction of groundwater runoff in
the mining area. Additionally, the water temperature, pH and TDS increased with the increase of mining depth, and the
hydrochemical type gradually changed from HCO;-Ca type to HCO,-SO,-Ca type and HCO;-Na-Ca type. The
dissolution of carbonate salt is the main controlling factor for the formation of groundwater in the mining area.
Besides, controlled by faults and other geological structures, some water inflow points were influenced by different
water sources in some degree. Moreover, different mining levels were also affected by pyrite oxidation, cation
exchange, mixing action, etc. The sources of water inflow points at +420 m and +300 m were from karst water and P ;'
sandstone water, while the main sources at mining levels of +200 m and +100 m were also from karst water. The water
inflow point at +100 m was recharged by low-temperature hot water along the water diversion fault from deep granite.
The Ca’ and CI equilibrium models were used to calculate the respective ratios of mixing karst water with sandstone
fracture water and of mixing karst water with hot water from deep granite. The recharge rates of fracture water at +420
m and +300 m were about 22.7%—82.8%, and the recharge rates of low-temperature hot water from deep granite at
+100 m were 35.1%—-38.3%. In the future, the monitoring of water quality in water inflow points at +100 m or above
should be strengthened. If necessary, F1 and other faults exposed underground should be grouted so as to prevent the
low-temperature hot water from the contact zone between the deep granite and the quartz sandstone of Lindi formation

(C,)) from entering the pit along the water diversion structure to recharge karst water. In this paper, the hydrochemical
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formation of water inflow source in Makeng mining area under the influence of extended mining has been discussed,
and the dynamic characteristics of water inflow sources have been preliminarily analyzed, which can provide a certain
reference for groundwater management and prevention and control of pit water in the same type of karst water-filled
mining area.

Key words extended mining, karst water-filled mining area, mining level, hydrochemistry, water inflow sources
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