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Abstract: Groundwater in mining areas play an important supporting role in the surrounding residents' living and
the construction of coal industries. Mine drainage during coal mining will change the original groundwater
circulation process in mining areas, leading to changes in the groundwater environment. Therefore, clarifying the
mutual transformation relationship between the “three waters” is the key to the scientific utilization of water
resources in mining areas. Chemical components and hydrogen and oxygen isotopes of the groundwater in the
Pingyu mining area are combined to determine the characteristics of groundwater circulation after large-scale
drainage of the mine, identify the origin and controlling factors of the major components in the groundwater.
Hydrohemical analyses show that most of the groundwater are of HCO,—Ca-Mg type, The hydrochemical
components are controlled by the weathering and dissolution of silicate, and the ions in the groundwater mainly
come from water-rock interactions and the waste generated by human activities, with concentration of NO3
exceeding the standard. The hydrogen and oxygen isotopic data demonstrates that the groundwater in the study
area receives recharge from modern precipitation, and there is a close hydraulic relationship between the
groundwater in the unconsolidated aquifers and the groundwater in the karst aquifer. After the mine drainage, the
groundwater circulation process in the mining area changes, the karst groundwater changes from supporting the
upper pore groundwater to accepting the leakage recharge of the upper pore groundwater, and then discharges to
the surface water by the mine drainage. The mine drainage becomes the main groundwater drainage way in the
mine area. The research results can provide scientific and effective basis for groundwater development
management and land subsidence prevention in mining areas.

hydrogen and oxygen isotopes; groundwater

Keywords: mine drainage; hydrochemical characteristics;

circulation; settlement area of Pingyu mining area
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Table 1 Main hydrochemical indicators and statistics in the study area

SRR (p)/ (mg-L™)

JZ{ FE A 5 pH TDS/ (mg'L™")  EC/(pS-em™)
K Na* Ca* Mg* Cr S0 HCO; NO;  H,SiO,
XF 7.15 545 1935 4653 2613 2074 7320 223.62 686  20.12 310.64 485
YL 719 370 407  43.09 1045 1595 2365 139.00  4.86 7.44 175.55 259
NT 722 1200 1744 6721 2613 2552 6128 290.10 1270  24.49 368.10 505
XS 725 912 1510  86.17 2926 3510  83.16 31427 16.55 5.36 432.17 586
HS 728 938 1610  39.64 1568 3829  13.50 18131 1.30 5.89 225.28 342
YH 733 656 4206 151.66 3658 118.05 237.70 27196 5342  16.48 782.56 1139
) HTL 735 436 1146 4481 19.86 3510  68.60  145.05 1.29 6.41 258.43 374
Ak LFS 740 874 1355 4481 1986 3829 4826 16922  1.09 1.24 259.60 368
LW 747 432 1802 7755 1777 5743 101.60  169.22  13.60 0.20 375.37 480
YW 749 489 2401 6721 2613 8295 11620 14505 <0.88 0.20 394.33 517
ZT 752 1342 5890  162.00 2299  264.81 98.12 19340 538  10.93 723.37 963
FEME 733 745 2182 7552 2280 6657  84.12 203.84 1171 8.98 391.40 547.09
P ZE 0.13 331 1549 4313 7.5 7227 5994 6229 15.66 8.19 19531 268.88
TREH/Y% 002 044 071 057 031 1.09 0.71 0.31 1.34 0.91 0.50 0.49
7ZK3 723 384 2071 9996 3449 6381 4884 33845 31.15  19.14 472.64 678
7ZK2 735 497 1492 133.07 4278 7299 8275 36434 9425  30.71 651.66 828
ZK4 732 303 3592 12826 3500 14939 4820 237.61 6434  18.17 583.22 1404
ZK7 722 189 1154 7214 2333 8.69  23.68 332.66 2230 2248 347.62 597
ZK9 736 0.3 1544 13443 3135  60.62  52.66 350.53 7620  23.24 546.47 808
ZK8 726 488 19.02 4826 3031 3191 3045 278.01 338 1078 307.72 489
fLBsk ZK11 722 110 2018 10513 2299 3350  86.68 32031 31.15  18.19 461.31 707
ZK13 726 408 1957 9824 3135 5424 5582 35053 37.00 1745 475.93 805
ZK12 729 348 2548 8445 2195 2552  50.60 362.62 351  21.16 396.74 664
ZK16 732 777 1387 8273 1150 3191  28.83 253.83 2668  14.59 330.69 580
S 728 352 1967 9866 2850 5326  50.85 318.89 39.00  19.59 457.40 756.00
PRifEZE 005 218 699 2805 876 3923 2103 4602 30.12 537 113.67 252.69
BREH/%  0.01 062 036 028 031 0.74 0.41 0.14 077 0.27 0.25 0.33
SMH 730 394 2690 9856 4356 15953  63.60 229.66 43.50 2198 554.76 852
MZ-1 732 099 1193 9522 2634 3510 7555 296.14 2871  16.12 42223 712
ZK 14 732 446 1691 8790 2613 3510 2294 32636 2380 1825 380.86 596
PYX 735 581 3284 7928 2926 2871 6130 30823 1496 2581 406.79 582
e PYD 738 777 3358 6721 2926 2233 6132 30218 798  27.63 381.23 544
LA ZK19 730 338 1290 13030 1216 4562  39.76 364.34 31.12 1945 458.02 466
DC-3 728 273 1384 9188 3546  44.67 7620 33240 1796  21.61 449.33 724
A1 732 415 2127 9291 2888  53.01 5724 30847 2400 2155 436.18 639.43
PrifEZE 003 218 956 1961 960 4768 1937 4167 1175 4.08 60.35 130.37
BRFER/Y% 000 053 045 0.21 0.33 0.90 0.34 0.14 049 0.19 0.14 0.20
DC-1 7.25 1.01 1073 8202 2735 2233 2883 32757 21.70  19.15 358.14 539
DC-2 726 094 1089 8854 2330 3191 2373 32636 2445 1593 367.31 567
XLZ-1 733 096 952 8186 2026  19.14 1952 32515 1486  16.32 329.13 515
BAK cz 742 007 9.04 8617 3135 2233 5094 362.62 1525 1236 396.81 532
M 732 074 1004 8465 2557 2393 3076 33542 19.07 1594 362.85 485.78
FrifEzE 008 045 091 327 483 5.53 1398 1816  4.77 2.78 27.88 106.66
BRFH% 001 0.60  0.09 0.04  0.19 0.23 0.45 0.05 0.25 0.17 0.08 0.22
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Fig. 3 Durov diagram of groundwater and surface water
samples in the study area
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Table 2 Classification of chemical components of pore water and
karst water in groundwater

IKBETY KA FEREUA 4 /%
HCO;,—Ca-Mg 7 70.00

LB K HCO,—Ca 2 20.00
CI-HCO,—Ca-Mg 1 10.00

HCO;,—Ca-Mg 5 75.00

EHIK HCO,—Ca 1 12.50
Cl-HCO,—Ca-Mg 1 12.50

RAK HCO,—Ca-Mg 4 100.00

1R 7K # n(HCO; ) /n(Na*) 5 n(Ca®) /n(Na") H{H
K n(Mg*)/n(Na") 5 n(Na") /n(Ca™) FWIEAZH T 7KL
AN 2% & A I RZ R, PR o] LASE 3 n(HCO; )/
n(Na")—n(Ca™)/n(Na" ) fl  n(Mg™)/n(Na")—n(Na")/
n(Ca™) Z B &, IR BI7K A AH B AE a2,
e 4Ce) (d) s, BF5E X 4% KA BT & A 32 %7K SC b
BR AL 2% 0o RO B R R VA A, O R IR R A (H
=) | B ER AR .
42 BETRIEST

3 3 40 M 7K R 4% TR AR S, T DA 4 i 4
TR K AR IR AL 2 REAE, 53 BT 45 B3 R 5 1 — S0 2%
SN AR RIS 48 8 SPSS26, X T &
WX 4 Rk AR g S8 B B . HLSi0;. TDS # 17
Pearson #H 73 Hr, 45 UL3K 3.

& 3 AAL, #h Rk P& 75 TDS ¥ &2 IEAH
X, JoHJE Ca¥'| Na', SOI . CI, #H &R ik 5] 0.8 LA
I, UL MR K T, TDS % & 2 5 KA A BLAEH &
NG S P R R YA 5% K H,S1i0, 5 H A 2
TFHE G 55, Ui I b R K A K, HLSIO, A3 AH X il

SRR IR HCO, (X 5 Mg 5 BUEA I (AR S& 1k, A G &R
Bk 0.723, Ui B 2 FES 7 2 BORIE T KA AH BLE H
CI'5 Na', Ca’# B Z [A] £ 1€ B 5k g AH S, 1 K4
() CI'5 Na" = BRI F A AE TG I K, 1356 BH BF 5% X 1
FIKH 5y 32 NG 5200 5 B9 IX e K 45 15 121 )
Z TR A OCOC R, B4 B F Z M A AH G AR —,
Uh WIF 9T DX b KoK h #5 B FIE 48— R IR AR A I, 832
S Al A AR R (AN o S ik TR NS . 0
FEHEK . AN A PR TG 5 ) B 52 )

FLBKBR K1, & 5115 TDS R IEA K, JLH
J& Ca”fINO;, A R EH 0.94, 0.906, 16X 2 i
TFoEFLBR/K  TDS B EZ Tk B 75 Ca¥ 5 CI. SO; .
H,Si0, K NO; M e 1 i, i HJ2: Ca® 5 NOy;, 56 &
B 0.902, MiNO; ., CI'y SO FE R PEF AL T L
AP A R S, R XA T AR REX, HR
T A S O i S B, b K 5 R OK
ZHEY), W KRR A, K—aHEAE A, 5
AR N 25 B AR, NS AR 77 AR T i 7 A 1 % K 48 b
RBAMT, FEWFR X LK Ca 5 CI, SO; .
H,Si0; & NO; A et i & .

HUK R, TDS &5 CI, NO A7 16 W i 1Y A1 56
PR, 16BN 26 AR 7= BT P A Y R K A 7 K TDS 5k
B K KA Na', CIHINO; 2 [8] 47 78 B i /9 A S 1k, 156
N 28 A 3 X 25 0 K K AR 25 28 RS i 3R Mg
HCO; & 3t 6 A 56 %, M H,Si0, 5 CI'5 KM% P 1E
XK, XTI HEK 3 BUR A A B AKOK A SRR
R, DA 1 T HE it S CAn s AR T SR B ) T TR 5% 5%
T AR X, &K Z TR BE 35w oy W ok 5 25 =
H CO,, N A IE BT 7= A 1 T /K i 5 3 3 B A 1)
Vs 7K HE T 3 TR AR 25 T K, BEE TDS & i KR,
HCO; 32 by ¥ 45 5 itk 0T 0 1 8 45 1 7, 77 42 CaCO, UL
JE, HCO; & & FE 1T H,S10; & i 17t

RAGKE TRZAFAKEESEN, &8 1 H
FAH SCHE A B 12, AL HCO; 5 KM (5 A 6 ) . SOF LA M
NO; 5 Na™f¢ 76 W1 W i A OCPE . ANRKIRTEIR G )5,
F T T B 52 K A AR B N 0 Bkl
A7 Bl LR S e, R e DR 3R X A A

ZE LTI, W5 XA [R] K AR 35 32 3125 A AL i
UL P72 AR TR WG B A5 5 ), H 45 B8 3252 W e R
Wi oh T G b R KR £ B I ROC R X 43
AN [) 2 o DR 28 60 8 - e A Ak 1 s i A B, SR 32 AR
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Fig.4 Gibbs diagram and end element diagram of water samples in the study area
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Table 3 Correlation analysis of the main chemical components in the study area
K Na* Ca** Mg* cr S0* HCO; NOj; H,SiO, DS
K’ 1
Na' 0.509 1
Ca™ 0.427 0.915" 1
Mg* 0.225 0.507 0.587 1
Wk Cl 0.491 0.946* 0.858** 0‘263” 1
S03~ —0.092 0.614 0.744 0.798 0.440 1
HCO3 0.490 0.207 0.386 0.723" —-0.009 0.354 1
NO; —-0.073 0.415 0.635" 0.765" 0.203 0.920” 0.572 1
H,SiO, 0.351 0.239 0.222 0.436 0.024 0.184 0.599 0.334 1
TDS 0.392 0.912" 0.979" 0.723" 0.801" 0.833" 0.449 0.715 0.281 1
K* 1
Na —0.102 1
Ca™ —0.353 0.243 1
Mg* -0.212 0.236 0.527 1
LBk C127 —0.049 0.720 0.673* 0.594 1
SOy —0.292 0.131 0.643 0.439 0.241 1
HCO3 —0.375 —-0.382 0.208 0.299 -0.372 0.433 1
NO3 —0.195 0.002 0.902™ 0.638" 0.623 0.517 0.150 1
H,Si0; —0.300 —-0.213 0.655" 0.479 0.134 0.508 0.653" 0.691" 1
TDS —0.286 0.298 0.940" 0.761" 0.727 0.700" 0.266 0.906" 0.691 1
K 1
Na” 0.860° 1
Ca™* —0.596 —0.664 1
Mg 0.077 0.397 —0.493 1
e Ccr —0.169 0.113 0.268 0.621 1
HEK SO?;‘ —0.243 0.105 —0.256 0.503 0.128 1
HCO3 —0.072 —0.474 0.340 -0.814 —0.747 —0.390 1
NO3 —0.578 —0.371 0.672 0.157 0.805" —0.091 —0.423 1
H,SiO, 0.872° 0.891" —0.596 0.292 —0.062 0.203 —-0.178 —0.582 1
TDS —0.356 —-0.074 0.497 0.465 0.927" 0.274 —0.549 0.818" —0.132 1
K 1
Na” 0.742 1
Ca™ —-0.353 0.161 1
Mg* —0.768 —0.282 0.214 1
Ak Cl; 0.159 0.650 0.850 —0.060 1
Nos —0.947 —0.567 0.290 0.932 —0.135 1
HCO3 —0.994** —0.707 0.311 0.830 —0.179 0.976" 1
NO3 0.531 0.956 0.426 —0.105 0.822 —0.363 —0.501 1
H,SiO, 0.888 0.737 —0.548 —0.420 —0.029 —0.707 —0.833 0.514 1
TDS —-0.809 —-0.208 0.641 0.884 0.325 0.891 0.834 0.060 —0.641 1

T RSB R AE0.005 810,01 7K _FARSEM: B2

FEZ NI A =T S5 Y MUK —A A B AR
s S3 3 M4 £ B 5 HCO; . H,Si0, 7E FH, 10 1 3 7k
ARG B = 35 A0 35 T R K - A AR FE X Ml K Y
R 5

(2)fLER/K P1 FEENO; | Ca*', H,Si0,, Mg*, SO;
FOE, J7 22 TTHk RN 46.944, VLIIALBRK S — FE W5

NZE T A A 7= 35 8075 e T3 T 7K Bk R £k A 1 7 it
A5 P2 E EEAZ Na', CIUEH, I A A 16 35
KIERE RS — A FEENE; P3 FEE5HCO A
e, WIS TR Vs i X LB K 9 50

(3) AR CL E4r 3% 5 Na', K\ H,Si0; 5%
Wi, 75 22 TR N 36.195, PEIH S — sy 5 A%
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Table 4 Rotation factor loading matrix of hydrochemical parameters of different water bodies in the study area

s K I B FLBUK 55
S1 S2 S3 Pl P2 P3
K' 0.646 -0.416 0.569 -0.128 —0.060 —0.887
Na* 0.933 0.271 0.149 0.111 0.910 0.182
Ca® 0.839 0.495 0.160 0.903 0.147 0.203
Mg>* 0.246 0.645 0.660 0.740 0.141 0.164
cr 0.987 0.096 -0.069 0.652 0.739 -0.112
Nera 0.366 0.910 0.156 0.630 -0.065 0.429
HCO; 0.062 0.331 0.876 0.264 —0.672 0.568
NO; 0.152 0.910 0.291 0.957 -0.013 —0.047
H,SiO, 0.048 0.128 0.783 0.749 —0.458 0.259
TDS 0.775 0.576 0.257 0.967 0.162 0.191
FEIEE 3.790 3.030 2.366 4.694 2112 1514
FEATI % 37.904 30.299 23.660 46.944 21.117 15.144
SR 1% 37.904 68.203 91.863 46.944 68.061 83.205
P K ERS IRAKERS
Cl 2 c3 M1 M2 M3
K* 0.960 -0.162 -0.200 —0.763 0.638 —0.104
Na' 0.957 0.113 0.138 -0.257 0.909 0.328
Ca® —0.689 0.335 -0.529 0.247 -0.101 0.964
Mg* 0.320 0.528 0.697 0.999 —0.014 -0.036
cr 0.007 0.990 0.103 -0.021 0.375 0.927
o -0.076 0.049 0.899 0.929 -0.370 0.024
HCO; -0.315 -0.716 -0.508 0.825 —0.563 0.052
NO; —0.485 0.844 —0.164 -0.073 0.833 0.548
H,SiO, 0.907 -0.088 0.148 —0.422 0.826 -0.374
TDS -0.207 0.920 0.115 0.898 -0.127 0.422
FEIE(H 3.620 3.492 1.962 4.240 3.231 2.529
FEEG 1% 36.195 34915 19.624 42.401 32307 25.293
FR5 2 1% 36.195 71.111 90.734 42.401 74.707 100.000

A G Be MK FRE R £h A A O Sk C2 FE

Wy, H 5 52 KR B3 B 59 52, o AT 58 K AR D 45

% CI'. NO;EH, Ui BH A — s 8 R N2
A IE X A EOK BRI C3 E S Mg SO ARG,
Ui K -5 HE B AR RS K A 52

(4R A 7K ML E R4 FE 5 Mg, SO, . HCO;
A, BLEHTR A K 2 232 K -5 M HAE B2 s TR A K
M2 ¥ 5 Na', NO; . H,SiO,. K4 5, B4 — i
o3 BB T NI A 77 1 Bl FRE R 36 1) % i
R M3 F2 52 Ca¥ 52 m, UER A /K = E o £
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Fig. 5 6D and 6"O box charts in the water bodies in the study area in 2022, 6D and 6"*O values box plots in 2009
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