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Major ion hydrogeochemical processes and identification of mine s water bursting source
CHEN Meng!, WU Yong',YAO Jir Qian’

(1. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Cheng du University of Technology,
Chengdu 610059, China; 2. Huayingshan Coal Co. Ltd, Longmen Gorge South Coal Mine, Guang, an 638020, China)
Abstract: Correlation and multivariate statistical techniques were used to identify the natural hydrogeochemical processes and
ventilation adit water bursting source in the study area. In the study area, w ater samples w ere of HCOs Ca type. Three principal
components were extracted. PC1 represented the ion exchange and the weathering of calcite, dolomite, and silicate minerals. PC2
and PC3 indicated hydrological processes, agricultural activities, and the process of evaporation, respectively. T he hydrochemis
try of water in the area had multiple factors, and natural mineral weathering and ion exchange were the most important ones.
Cluster analysis of water samples were divided into four groups of clusters ( Groupl- Group4), and the w ater samples during wet
and dry periods were compared and the degree of similarity betw een w ater samples w ere determined. The ventilation adit w ater

samples M1 and M2 had great similarity with spring sample S3.
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Fig.1 The map of study area and sample locations
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Tab.1 Physicochemical parameters of water samples in study area

NO EC _ TDS_ , Nw—+§+ cg+_ Mgh_ cr_ SOﬁi HCO3 NO3 TH_
[(Mstenil) /(mge L) Hmge L") /(mgeL'") /(mgL'") /(mgL'') /(mgL'') /(mgL:') /(mg L") /(mg*L})

s1 380 221.08  7.58 8.65 71.45 1.93 1. 06 30. 84 200. 34 7.02 186. 27

S2 401 228.17  7.33 4.41 76.18 3.37 0.95 31.19 212. 86 5.63 204. 10

S3 307 176.88  7.95 5.01 60. 31 1.44 0. 68 18.26 175. 30 3.53 156. 55

S4 21 239.25  7.67 5.94 82.53 1.93 0.72 26. 56 237.90 2.62 214. 01

S5 324 172.55  7.25 0. 62 63.49 0.96 0.68 15.20 175. 30 3.96 162. 49

S6 384 225.09  7.43 6. 45 76.18 2.41 0.90 23. 85 225.38 2.61 200. 14

S7 259 149.41  7.86 5.80 50. 00 0.48 1.28 10. 69 143. 99 9.17 126. 82

S8 564 323.45  7.11 6. 44 107. 93 7.22 0.58 29.79 340. 58 1.21 299.22

S9 470 271.30  7.49 6.17 96. 82 1.44 0. 66 21. 40 287. 99 0. 82 247.70
S10 498 284.04  7.13 4.61 100. 79 0. 96 0. 81 37. 60 269.71 4.67 255. 62
_osn 522 302.12  7.18 5. 44 105. 55 2.43 0. 88 38. 09 294,25 2. 64 273. 46
ji S12 341 199.85  8.05 7.63 63.49 3.37 0.77 22.15 194. 08 5.40 172. 40
W S13 261 140. 42 7.46 2.62 50. 00 1. 44 0. 74 2.90 156. 52 4.48 130. 78
S14 426 243.07  7.13 9.39 80. 15 1.44 1.20 32.09 225.38 6.11 206. 08
W1 520 296.55  7.46  12.83 92. 85 6. 74 0. 85 24.59 313.03 2.16 259.59
w2 383 214.52  7.56 3.02 73. 80 1.93 1. 06 30.71 194. 08 6. 96 192.21
w3 495 281.52 7.5 2.73 101. 58 1.93 0.83 28.47 284.23 3.87 261.57
W4 414 227.29  7.17 1.76 80. 15 2.41 0.97 26.92 219. 12 5.52 210. 05
M1 307 173.38  8.07 5.05 57.14 2.41 0.93 16.72 169. 04 6. 62 152.58
M2 340 188.27  7.87 3.30 63. 49 1.44 1.54 23.32 162.78 13.79 164. 47
BRME 564 323.45  8.07  12.83 107.93 7.22 1.54 38.09 340. 58 13.79  299.22
/M 259 140.42  7.11 0.62 50. 00 0.48 0.58 2.90 143.99 0.82 126. 82
EHME 401 227.91  7.51 5.39 77. 69 2.38 0.90 24.57 224. 09 4.94 203. 81
S1 258 140.46  8.07 0.13 50. 50 0.97 1.54 21.59 126. 43 2.50 130. 10

S2 419 235.53 7.5 1.63 83.37 1.94 1.33 31.40 221.26 4.22 216.17

S3 334 181.22  8.07 2.28 62.52 2.92 0.91 17. 81 183.33 3.11 168. 13

S4 249 142.71  7.54  10.69 43.29 0.49 4.72 20. 24 126. 43 0.08 110. 09

S5 346 189.87  7.64 0.37 70. 54 1.46 0.72 12. 00 203. 56 3.00 182.15

S6 369 210.93  8.19 3.53 73.75 0.97 1.01 29.34 185. 86 5.68 188. 15

S7 242 142.6  8.32 3.73 48.10 1. 46 1.35 11.27 126. 43 7.27 126. 10

S8 599 349.63  7.33 4.68 123. 45 4.86 0.90 29.27 372.98 0. 00 328.26

S9 275 158.70  8.27 1.16 55.31 2.43 1.18 14. 07 150. 46 5.59 148. 12
S10 230 135.03  8.34 7.03 41.68 1.94 0. 62 9.82 120. 11 7. 66 112. 09

L Sl 350 194.24  7.54 2.26 66.53 2.43 1. 69 28.24 177.01 4. 60 176. 14
A@ S12 299 165.38  8.22 0. 65 56.91 3.40 0. 88 17.48 156. 78 3.94 156. 12
. S13 264 150.6  8.21 2.11 52.91 1.94 1. 64 8.01 150. 46 5.03 140. 11
S14 434 249. 6 7.5 0.73 91.38 0.97 0. 82 35.55 236.43 1.94 232.19
Wi 439 249.31  7.95 0.53 92.99 1.46 1.21 18. 86 262. 98 2.78 238.19
w2 310 175.39  8.15 2.22 59.32 2.43 1.57 19.97 164. 36 5.90 158. 13
w3 523 304.95  7.56 7.48 96. 99 9.24 1.22 24. 80 322. 41 4.01 280. 22
W4 484 281.26  7.65 5.96 99. 40 0.49 3.27 34. 06 265.51 5.33 250. 20
M1 294 168.18  8.34 2.72 56. 11 3.40 1.33 15. 61 154. 25 5.67 154. 12
M2 342 193.43  7.74 3.17 66. 53 1.46 3.10 17.93 177. 01 12.73 172. 14

I KAH 599 349.63  8.34 10. 69 123. 45 9.24 4.72 35.55 372.98 12.73 328.26
BME 230 135.03  7.33 0.13 41.68 0.49 0. 62 8.01 120. 11 0. 00 110. 09
FEIMH 353 200.90  7.91 3.15 69. 58 2.33 1.55 20. 87 194. 20 4.55 183.35
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Fig.2 Piper diagrams of water sample in study area
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Pearson FHoC R E KR AN 8 E N A8 11 2 1] 1)
LSRR, HENT- 1 5 1 20, EREAHAE &
(K AH L B, R SPSS 13 0 for windows 4t ML
T, R BN I T S R LR 2 Fk 3.
B B AR (TDS) M e KRB M S T
Ca’ \Mg™ S0P F1 HCO , 7EM /K B4 - 2 %4>
AL E] 0. 986, 0 459.0 690 F1 0. 986, Ifij 7£ F= /K
WA 2% &R $ 4 0L 3 0 981, 0. 562, 0. 765 Al
0. 974, & AR R S AR (T DS) Z UL EJLAS &1
(5%, [A)EE H T 42 000D 5 A, R R D A
(TDS) M L7 Uy R /K B3 83 1% TF 4R 7 4318
I AR (TH) 5 Ca" .S0+™ Fl HCO: X &
BORG K 23 H3EF] 0. 992.0 656 F110. 990, F=7K I
Iy HEE 0. 991.0 727 F10. 980, Ji iRk A A =41
VAR AE T Ca™ S0+™ A HCOs™ B 1, fr &3
s rE B AR (TDS) MUE M (TH) . K+
Na" 5 CI' £ FRIABAT I B IH & B 3(a)), &
A /K 2 Sk B B S I & N, 3P IR
JEE AR AFGHE /0N, T A6 Al 7K 30 A S ) A2 S =5 1 4
T, M2 REOE ) 0 569, BT A BT n, 1
JECERT AT LA A S Ay B WY o s, AR IR, B 1A ik
el B AL RPN . 5 HCOs™ MR KM
A Ca™  Mg™ S04, KizK 4 53k ] 0 974,
Q 521 A10. 583, F/K B4 1L 2] 0. 959.0 622 Fi
Q 606, Ca™ F1 HCOs™ & 74 3 R I 2 156
ZRHLHIZ 1 118 3(b)), Ca®* + Mg™ Fl SO+~ B
TAEF RPN FRRILAIE ST 10 1(18 3
(c)), R f#AT( CaCOs) MIF MR TE 0]
REVE, A A1 (CaMg( COs)2) HIVE MRt 2 B ok
T, SO TR O

CaCOs+ CO2+ H20= Ca™ + 2HCOs”

CaM g(COs3) 2+ 2C02+ 2H20= Ca™ + Mg™ +
4HCO3

Ca™ 5 S0." MK RHAIKL A 0. 692, F/K
W1k 0. 748, Ca¥ M HCO: ™ + SO+~ B TAEF i
WINAH G EE B 20 10 1 SmS AR (B 3(d)), R W
SO« ™ BT 7E KA 2 o R B e 45 26 T (AR I, /K
TR2F RTRE [FIRE 52 A B AR S, SN 5 R Ok

CaSOs * 2H20= Ca® + SO+~ + 2H20
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3

Fig.3 Relationship between the major ions of different water samples

3.3 A 4HT(PCA)

MFE 2 F13% 3 ] Pearson AR R E 7] LIE H A
[FJ7K SCHOER 1027 Fi b 2 T AE 32 IR AH DG, 15 &
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TEB T HT(PCA), L 3 MREIEAR> 1 193 B
S3(PC1\PC2 Fll PC3), H4 Foadfmr s 77 2 i ik %6 B
J7 25 DTERE R LA B 5 340 T3 4 Rk S({E KT
0. 600 [P F IR s R RIZebr i), F7KIHA 3 A>3k
G310 7 2 DUk #3459, 034% . 16. 084% Al
13 048%, AR 7722 DIk %k 88. 166%; 1t KIH 4 3
AT G TT 22 DTEREE 400 A 53 699% 17 779%

11, 738% , R ABTT ZE0THRAE N 83 222% . {1 FIK
W, 5 PC1 % D) 1EAH O 1) 2 W A 1 S B 44 TDS)
Ca™ Mg™ S0+ \HCOs ™ FIEAHBE(TH), H#
faf 43 ) 4 0. 976+ 0. 959, 0. 615.0. 697 Q 982 I
0979, Ca™ M HCOs™ I AWM, Mg™ 2
123 2 Fl TR SV =4, 51 SCHE 5 234
—H, SR KA E I — AN E N 5 PCL fUAf
KA pH FINOs ™, pH B _EJEHh /K K4 IR
AT A i pH fH, T NOs ™ )28 BH R AE ) it
FHREARLGE 1R 7K 500 . PC2 AT PC3 HR=E (Rl 5 4
5 ZEDTRRE AT 16 064% 13 048% i 17. 785% -

2 Pearson
Tab.2 Pearson correlation coefficient of physiochemical parameters during wet period in study area
TDS pH K* + Nat Ca?+ M g2 Cl- S04* HCO;3"~ NO;~ TH
T DS 1 - 0.589* 0.377 0.981** 0.562**  -0.303 0. 765" 0.974™ - 0.548" 0.992*
PH 1 0. 067 - 0.636" - 0.195 0.213 - 0.489" - 0.572° 0.416 - 0.618"
K* + Na* 1 0.219 0. 500" 0.031 0.225 0.380 - 0.215 0.276
Ca2 1 0.439 - 0.343" 0.748" 0.959% - 0.567" 0.991*
Mg2 1 - 0.317 0. 230 0.622" - 0.402 0. 553"
CI 1 0. 068 - 0.447" 0.888" - 0.364
S0 42 1 0.606™ - 0.129 0.727*
HCO3™ 1 - 0.676™ 0.980™
NOj3~ 1 - 0.585"
TH 1

s 7R 0.01 KV BB EEMID(HIM) 5+ 7EQ 05 K 1 REAHS(HM) .
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Tab.3 Pearson correlation coefficient of phy siochemical parameters during dry period in study area
TDS pH K*+ N+ Ca?* Mg+ cr S0 HCO5 NOs- TH
T DS 1 - 0.688" 0. 120 0.986™ 0.459* - 0.102 0. 690" 0.98"" - 0311 0.993""
PH 1 -0.27 -0676" -0.155 -0.297 -0.670" -0.668"" 0.420 -0.69"
K+ + Na* 1 - 0.010 0. 206 0.569" 0.064 0.094 - 0.042 -0.020
Ca2* 1 0. 354 - 0.145 0.692 0.974"" - 0.329 0.992""
Mg2 1 - 0.325 - 0.024 0.521* - 0110 0. 472"
Cl- 1 0.125 - 0158 0. 066 -0.18
S04 1 0.58"" - 0323 0. 656"
HCO3- 1 - 0.362 0.99%0"*
NO3~ 1 -0.32%
TH 1

T AR 0.01 AT ERFEAR(PIM) ;5 ££0.05 /KT S SC(WM) .

4
Tab.4 Theloading matrix and total variance of PC during wet period

Yt
PCl PC2 PC3
TDS 0.976 0.186 0.023
pH - 0. 647 - 0.115 0. 495
Nat + K+ 0. 362 0. 106 0. 828
Ca2+ 0.959 0. 155 - 0.154
Mg? 0.615 - 0.150 0.553
cr -0.472 0. 838 0.136
S04% 0. 687 0. 585 - 0.122
HCO3~ 0.982 - 0.013 0.054
NO;~ - 0.697 0. 666 0. 056
TH 0.979 0.122 - 0.062
FRAEAR 5.903 1. 608 1. 305
Ti ZETTRR (% ) 9. 034 16. 084 13.048
SRTT Z TR (%) 59.034 75.118 88. 166
5
Tab.5 The loading matrix and total variance of PC during dry period
PC1 PC2 PC3
TDS 0.983 - 0.043 0.061
pH - 0773 - 0.411 0. 169
Nat + K+ 0.116 0.717 0. 600
Ca2* 0.969 -0.100 - 0.078
Mg2 0.457 - 0.333 0.738
cl- - 0.083 0.934 0.012
S042- 0.738 0.251 - 0.385
HCO3- 0.972 - 0.112 0.114
NO;- - 0.439 - 0.067 0.262
TH 0.977 - 0.140 0. 029
R HEAR 5.370 1.779 1. 174
J7 2 DTHRH( %0 ) 53. 699 17.785 11.738
FRTT ZE 5T (%) 53.699 71. 484 83.222

11. 738% , W1 AR T PC1 (W7 ZZ o0k %, RUHZ
ZER AN AAE Wit JIE Sy = 00 ARV 35 2 55 D] 38 1) 5%
Wi, HE PC1 AHEC AR IRE R R . fEFAKW], 5
PC2 % V) IEAH K /& NOs— Fl CL, #Ag 43 i A
0 666 10 838, R WISZ A Wi ALAN 285 AT (V152
Wi AEAG K, 5 PC2 IEAOCIE A N I M
Na' + K", 72Utk 2D A28 A A 1 it S it i o
ARG AR AGUE B T 3% — (3 5) » 55 PC3 IEM
FKHIE Na™ + K*F Mg™ , H kiK1 5 £ /K 140
B, PR T B AR TR, PIRE MRS S 2K AR HIAE
ANTR] IS 3T AR AIEFE DXCFRD S0 AR K

3.4 REHH(CA)

Q MUIERIF T (CA) I & HIK 5 HI A [R] KA
MBI R T8 56 2R, AEAR IR FEH, Q B 2R K0 #r
(CA) JE7E SPSS 13 for Windows “F-& 3T, HI1L
PERE fK ] Euclidean PR B, 22K 071K M S iE
BEIR R, My e A P T5 5, MEAT AL 43 A, 7 A
4 AL HAT BOR AR KR Je 0 41, I Ak
RN, B AP IR, e A K.

WX A P Q BURPIRIE WL 4. 7RI 45
FRE L0 6 BT 22— 4 15 BRI 1) phenon
2, TR KA 73 O VU2 A, AROIR P98 s T D2 R
IR ARAPESG e AEF KIIBRR B, Groupl 5
6 NIKFE, Group2 L& 8 ANKKE, P 1E ARG 25
B A, U TE Group3 FI Group4 HAH K
(AR ACMEE, DR, PO AN TR KR PR ZK S BRAK, 2
JLZ A AEAE 58 AR AL s TTAE Al K 0T IR 1] o,
BREE PR A 6 I, Group1 455 9 ANIKAE, Group2 4
5 KR, BATEARIC &5 R S AHBIPE, Group3 £
4 ANIKFE Groupd B 2 AN IKEE, H Group3 #
Groupd {ERAIKIEE 455 B ARAHE .
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Fig.4 Dendrogram (Q mode) of study area ((a) wet period; (b) dry period)

DAB JFZKFE M1 AT M 272 H IR KRR, X AL,
PRAN ISR AR P 28547 06 R B, 19 A B 90 7K ) A
BPE BA BB 2 e XTEE M T AT M2 K, K
IR PR B A2 AR Sl 2 AR AL 4( ) ), S5 &
WAEX1‘$5E‘J%—5FE&i&}EﬁB1‘i ATHE S0P IURE R U2

TrKIEAN B AR DT TRERAT — 2 INFIEYE . 455
*Eﬁfﬁﬁ/l\ﬂiﬁﬂﬂﬁil%, PN ST B 2K RE M1 A
M2 55 S3 K FEE AR BIAALYE, HE%N, S3 IR
RAE AN A S 359 55 R BAT — 5 IR 3R .

4

AR A Stk 204 A J08E o0 Mri ARx e
e B A DX S R PN A R T KAk S R AT
TEAMT, B LUT 458 .
(1) WFFEX A K I HCOs- Ca B 7K, P 5
[l (TDS) A B AE B (TH) ¥ B X Ta] 23 5l by
135 03~ 349 03 mg/L Hl 110. 09~ 328 26 mg/L,
JeE Fp FERE - s KRN 87K s
(2) T FEIX =E AR SRR K 3 17 3 1 43 PC) B
T7 2 TR 2099 4 88. 166% A1 83. 222% , Wity 5
PC1 HHCI BT iRk R TDS) pH .Ca’™* <
S04 JHCOs™ FMGERE(TH), B 0EFE 2
TIARATRNA A7 B AR S AE (09 R 25 128
et . PC2 A1 PC3 W ERoR X A 7K SO R AR A
Wi JIES K 2% A FH R S ik Ak 2 E 2, ™ 1)
H AR AN 37 A8 4 BT IR 3%, K SO b 28
1’EJEH [y [RIAE AN 20 o
(3) M (CA) K5 X N FE L2

* 130 KRS TiEHR

> DA

(Groupl 2 Group4), W iEXF Al 3= P IFE 5 2 18] 1)
vt JrHT FIREIR B2 BT B, FE 0 S3 51 KR
PR M1 AT M2 25 BAT 5@ MIBOR R, S3 B sl 5
KA BAT —5E 7K I8 &R

( References):

(1] SR, E40C A K. 5T 2 uil A B R JF 5K K
WA BT[], P 2 4 B 2R, 2013, 12, 23(12): 95 100.
(LIU Jiar min, WANG Ji ren, HE Zht liang. Application of
multivariate mixed models in analysis of coal mine water inva
sion source| J|. China Safety Science Journal, 2013, 23(12): 95
100. (in Chinese))

[2] Singh AK, Mahato MK, Neogi B, et al. Hydrog eochemistry, et
emental flux, and quality assessment of mine water in the Poot-
kee Balihari Mining Area, Jharia Coalfield, India[ J] . M ine Wa
ter and the Environment, 2011, 30(3) : 197 207.

[3] Rozkowski A, Chmura A, Gajowiec B, et al. Impact of mining on
the groundwater chemidry in the upper Silesian coal basin (Po
land) [ J]. Mine Water and the Environment, 1993,112: 95 106.

(4] EETGE, SREE, FEEE AL BTN BEDT X KIRET B 24T
[J]. #2555 FF 555, 2006, 34( 4): 2530. (FENG Lijuan, WU

Pan, PEI Ting quan. Hydro chemical characteristics of highr ar
senic coal mining areain Xingren county, Guizhou province[ J] .
Earth and Environment, 2006, 34(4) : 25 30. (in Chinese))

[5] Kamtchueng B T, Fantong W Y, Ueda A, et al. Assessment of
shallow groundwater in Lake Nyos catchment ( Cameroon,
Centrak Africa) : implications for hydrogeochemical controls
and uses[J]. Environmental Earth Sciences, 72: 3663 3678.

[6] A, RBESE. LT KA E AR 1K) 52820 H X4 I 58 AK U031
[J]. BEmABLEH A, 2010. 3,38(3): 97-101. (SHI Lei, XU Low
ying. Prediction of mine water inrush sources based on cluster

analysis of hydrogeochemical features [ J] Coal Science and

T echnology, 2010. 3, 38(3): 97-101. (in Chinese))



3

B T AERETAXMRMFELE LT H RAKIE RS

[10]

[11]

[12]

[13]

[14]

[15]

WRELIL, 454 I, R 218 7 5 AKOKIEH] 53 (1 2 41 32 40 Bayes
FIN JTEB LI A 1 %, 2009, 12, 30( 12): 3655 3659.
(CHEN Hong jang, LI Xibing, LIU Athua Studies of water
source determination method of mine water inrush based on Bayes
multt group stepw ise discriminant analysis theory[ J]. Rock and S oil
Mechanics, 2009, 12,30( 12) : 3655 3659. (in Chinese))
WOV, R A, JE T 2 e gt AT T I 8K KR Fisher R
KT AR R T R S AR, 2011, 36 (38 1): 131-136.
(HUANG Ping hua, CHEN Jiarrsheng. Fisher indentify and
mixing model based on multivariate statistical analy sis of mine
water inrush sources[ J]. Journal of China Coal Society, 2011,
36(Supp. 1): 13F 136. (in Chinese))
B T PCAELM f T DI £ R 5K T v f) 1 H
[D]. #M: o [EH b K52, 2014. (LI Pei. The application of
forecasting model based on PCA-ELM in coal mine water burst
prediction[ D] . Xuzhou: China U niversity of Mining and T eclr
nology, 2014. (in Chinese))
GB/T 5750-2006. A= % K bs HERS 363% [ S]. 2007( GB/ T
5750-2006. Standard ex amination methods for drinking water
[S].2007. (in Chinese))
Todd D K. Groundwater Hydrology (2nd edition)[ M]. New
York: Wiley, 1980.
5 X. DPS Hdliab B R Gt S8 B Ve vk G vk 4y A S B 12 3
[M]. Jb5T: Bl 2 AR 4, 2010. (TANG Qtyi. DPS data pro-
cessing system: experimental design, statistical analysis and
data mining[ M]. Beijing: Science Press, 2010 (in Chinese))
Baeza C, Corominas J. Assessment of shallow landslide sus
ceptibility by means of multivariate statistical techniques[ J].
Earth Surface Processes Landforms, 26(12): 1251- 1263.
Carroll S, Goonetilleke A. Assessment of high density of onsite
wastew ater treatment systems on a shallow groundw ater coastal
aquifer using PCA[ J] . Environmetrics, 2005, 16:257 274.
Cloutier V, Lefebvre R, T herrien R, Savard M M. Multivariate

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

statistical analysis of geochemical data as indicative of the hydro
geochemical evolution of groundwater in a sedimentary rock aqur
fer system| J]. Journal of H ydrology, 2008, 353:294 313.

Koklu R, Sengorur B, Topal B. Water quality assessment i
sing mu ltivariate statistical methods a case study: Melen River
System ( Turkey) [J]. Water Resource M anagement, 2010,
24: 959 978.

Koonce J E, Yu Z, Farnham I M, et al. Geochemical interpre
tation of groundwater flow in the southern Great Basin[ J].
Geosphere, 2006, 2: 88-101.

Yidana S M, Banoeng Yakubo B, Akabzaa TM . Analysis of
groundwater quality using multivariate and spatial analyses in
the Ketabasin[ J]. Journal of African Earth Sciences, 2010,
58: 220 234.

WV, ZTE5E, R30S, 55, LU PCA #7m P w31 0] 5 4
IKICHBERAL ZARB R J ] . P R 26 4, 2010, 55(9) - 788
797. (YANG Ping heng, YU AN Dac xian, YU AN Werr hao,
et al. Formations of groundwater hydrogeochemistry in a
karst system during storm events as revealed by PCA[ J].
Chinese Sci Bull, 2010, 55(9) : 788 797. (in Chinese))

WU Jiarhua, LI Peryue, QIAN Hui. Using correlation and
multivariate statistical analysis to identify hydrogeochemical
processes affecting the major ion chemistry of waters: a case
study in L aoheba phosphorite mine in Sichuan, China[ J]. Ara
bian Journal of Geosciences, 2014, 7: 3973 3982.

Wishart D. An algorithm for hierarchical classifications[ J].
Biometrics 1969, 25(1): 165 170

Piper A M. A Graphic Procedure in the Geochemical Interpre
tation of Water Analysis[J]. United States Geological Sur
vey, Washington D. C. 1953.

VLI BE K SCHB ERAE 2255 Al [ M) . b 5T 3 5t il kE, 1993,
(SHEN Zhao li. Hydrogeochemistry[ J]. Beijing: Geological
Publishing House, 1993. (in Chinese))

(L#EF 122 1)

[64]

[65]

[ 66]

BRBUE, 1R 23, dk . 56T GTS MUt F/K MBUE R 2 H A
SIEREL[ J]. K F 23], 2005, 36 (11): 45 50. (CHEN Suc
zhong, XU Wang gu, ZHANG Lei. Automatic pick-up of
groundwater flow parameters for numerical simulation by
means of GIS[ J]. Jurnal of Hydraulic Engineering, 2005, 36
(11):4550. (in Chinese))

B, EHEE, £RI, 2. GIS BARM FEFLOW TEW IR R H
MR K RGBERIA T IR [T]. 22K 284 B8R
22RR, 2007, 43 (6): +6. ( WEI Guo xiao, WANG De jun,
WANG Gang, et al. Application of GIS technique and FE-
FLOW to numerical simulation of groundwater system in Jr
uquan East Basin[ J]. Journal of Lanzhou University: Natural
Sciences, 2007, 43(6) : 1-6. (in Chinese))

Wang S Q,Shao J L, Song X F, et al. Application of MODF-

[67]

[68]

[69]

LOW and geographic information sy stem to groundwater flow
simulation in North China Plain, China[ J]. Environ Geol,
2008, 55: 1449 1462.

RAFHE. JE T GIS [yt F/KBHUR 58 S AL SR R REGERT 5T
[ D]. Abxg: o FEHE BTR S (B 2¢), 2009. (WU Churr yan. Re
search on groundw ater molding sy stem and visualization sys
tem based on GIS[ D]. Beijing: China U niversity of Geoscr
ences( Beijing) , 2009. (in Chinese))

Chenmi I, BenMammou A. Groundw ater recharge study in and re
gion: An approach using GIS techniques and numerical m odeling
[J]. Computers & Geosciences, 2010, 36( 6) : 801- 817.

Gaaloul N. GIS based numerical modeling of aquifer recharge
and saltwater intrusion in arid southeastern Tunisia[ J]. Jour

nal of Hydrologic Engineering, 2014, 19(4) : 777-789.

KRS TR « 131



