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Table 1l Water samples o mine groundwater ( mg/L)
Na* +K* c&* wMg? a- ;T Hoo; 00 Na* +K* c?* Mgt  a- i HOO;  00%
52 766.0 19.6 8.5 811.8 17229 296.6 28.8
1 74.8 48.5 15.6 14.3 4.1 372.7 3.0 54 449.3 4.7 33.5 597.3 11.0 316.1 21.0
2 45.6 51.6 22.5 24.4 0.8 338.5 0 56 542.8 7.4 3.4 430.7 143.6 439.8 0
3 73.8 53.7 16.4 17.6 1.8 391.5 0 57 422.6 66. 6 44.9 623. 4 89.3 274.8 0
4 56.0 55.6 18.0 20.7 4.8 356.5 0 58 240.0 24.8 15.7 185.4 20.8 348.3 22.8
5 62.0 51.6 16.4 15.5 0.1 360.5 0 59 442.8 39.8 34.5 565.0 3.5 4147 0
6 68.8 52.8 16.1 16.5 2.0 383.5 0 60 453.0 34.4 30.6 547.9 2.3 377.2 20.3
7 60.5 52.9 16.7 14.5 3.9 349.0 13.6 61 575.0 4.2 1.1 472.2 2.1 606.5 0
9 33.4 62.3 12.7 7.6 5.0 237.7 0 63 839.8 71.9 63.2 1146.8 172.3 258.7 0
10 36.5 59.6 11.5 7.0 3.5 300.4 12.8 64 976.8 14.4 6.4 1084.8 144.3 3688 22.6
12 46.7 79.4 7.3 17.2 22.6 279.6 26.5 65 463.5 81.9 50.4 619.1 178.3 341.4 0
13 50.0 67.5 8.0 14.2 3.5 339.3 0 67 767.3 20.1 8.9 798.3 19.2 500.4 51.0
14 93.3 53.7 11.5 31.2 11.5 380.8 0 68 1010.0 25.3 10.4 10834 2205 390.5 180
16 489.5 43.3 22.7 583.2 1327 242.2 12.9 69 813.0 9.9 5.5 357.0 219.5 1029.4 58.8
18 621.3 71.8 26.8 822.5 65. 6 368. 6 0.6 70 689.3 21.4 7.9 756. 6 10.3 432.0 19.8
19 370.5 61.3 24.7 423.3 9.7 324.6 19.2 72 427.4 28.6 23.8 476.5 9.9 3485 384
73 635.0 33.1 21.6 617.6 116.5 524.1 11.7
20 358.8 67.3 26.0 407.6 122.2 335.1 9.6 74 59.0 38.1 13.7 692.4 125.7 252.0 17.7
21 431.5 27.3 21.7 413.4 128.8 283.0 0 75 636.8 16.8 5.7 610.5 8.6 572.3 0
22 309.3 75.2 34.9 399.0 129.6 307.5 0 76 690.5 21.6 9.0 794.8 3.5 424.1 0
24 538.4 19.2 19.0 400. 6 419.7 165. 2 42.3 e 613.5 7.9 3.2 598.8 1.9 413.8 46.7
25 314.3 60.0 51.3 400.9 127.6 356. 2 0 78 854.5 71.9 70.5 12727 170.1 252.3 0
26 469. 3 43.3 1.5 487.5 66.3 235.9 62.8 79 529.0 45.0 39.3 644.1 101.4 328.9 29.4
27 402.0 53.5 27.4 452.0 121.5 349.3 0 80 772.5 11.2 20.4 645. 2 40.0 640.7 109.0
29 326.3 79.0 51.4 459.8 103.5 371.6 0 82 459.0 10.4 3.9 268.0 1.7 708.4 0
30 142.5 124.3 1.7 89.5 47.7 522.0 0 83 634.5 12.6 7.9 638.5 0.6 527.2 0
32 240.5 21.0 15.4 128.7 73.9 330.6 42.0 84 594.0 4.8 2.4 468. 7 49.2 607.7 0
3 556. 7 74.7 39.4 714.0 169.5 342.9 0 85 641.5 47.7  42.8 769.3 207.8 303.3 16.8
86 959.0 4.8 2.3 841.0 1.7 834.7 40.8
34 1062. 5 110.4 8l.4 1530.4 329.0 211.6 36.7 87 764.5 2.8 3.2 583.9 60.9 735.9 3%H.4
35 958.0 179.2 97.2 169%.8 204.6 180. 1 23.7
36 686. 5 84.2 45.9 905.7 132.6 435. 4 0 88 767.1 4.4 9.3 811.1 15.6 421.8 47.7
37 706.0 100. 4 67.5 1050.0 343.4 187.3 0 89 9.7 67.3 16.0 66.9 41.9 338.7 0
38 1406.0 229.7 108.2 2451.7 229.4 205.4 0 90 368.1 11.2 0.7 260.6 129.2 264.4 33.9
“ " ) 92 280.0 113.0 46.3 450.1 117.8 271.5 24.0
39 934.5 149.7 100.2 1367.7 416.9 255.7 20.1 93 230.8 87.8 44.5 388.2 80.1 289.9 0
40 830.5 131.5 80.7 1209.9 490.4 273.2 0 94 254.8 54.4 22.2 276.2 86.4 328.5 0
41 651.9 91.4 47.9 925.1 304.9 107.8 11.3
a2 483.0 112.2 60.8 714.2  267.5 233.2 11.8 95 149.3 60.5 19.2 164.8 49.6 298.4 0
43 948.8 92.7 54.5 1290.2 226.4 309.9 25.8 96 298.0 72.6 27.7 349.6 104.6 353.9 0
44 373.5 39.4 32.3 391.3 1.8 464.0 0 97 576.3 8.5 5.7 108.5 4.2 926.7 170.0
46 388.3 2.7 13.2 362.7 2.1 472.5 0 98 896.0 146.0 96.2 1296.0 545.6 203.4 14.3
47 365.5 4.6 31 234.4 1.3 434.5 40.8 99 856. 8 2.4 2.2 170.2 7.7 1634.5 85.0
49 721.8 13.2 4.3 481.6 7.2 858.3 57.2 100 962. 5 2.0 1.5 141.8 7.7 1610.9 244.8
50 878.8 40.1 9.7 792.3 194.0 345.6 177.0 101 936.5 2.4 1.5 138.3 3.8 1449.5 299.0
51 900. 8 39.0 10.5 885.4 134.3 399. 6 138.9 102 770.7  152.3 389 1256.3 10.7 364.8 0
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Table2 Corréation matrix
Na* + K* ca2* Mg?* a- Sery HOO; 0%
Na* +K* 1.000 0 0.067 7 0.3051 0.8211 0.4537 0.2450 0.3869
Ca** 0.067 7 1.000 0 0.8139 0.499 6 0.5075 -0.4776 -0.3481
Mg?* 0.3051 0.8139 1.000 0 0.6731 0.6748 -0.4537 -0.2731
a- 0.8211 0.499 6 0.6731 1.000 0 0.601 3 -0.2805 -0.0716
Sery 0.4537 0.5075 0.6748 0.601 3 1.000 0 -0.3708 -0.0826
HCO; 0.2450 -0.4776 -0.4537 -0.2805 -0.3708 1.000 0 0.646 8
0% 0.386 9 -0.3481 -0.2731 -0.0716 - 0.0826 0.646 8 1.000 0
5
L 7 1
( )( 3
(71 1
2 , 4
78.4 % Table 4 Rotated component matrix
3 (A)
Table 3 Total variance explained f f 2
1 2 j
( ) Na* +K* 0.7750 0.5635 0.918 2
ca* 0.616 1 -0.5741 0.700 2
o o o o Mg?* 0.801 7 -0.4346 0.8316
(9 (%9 (9 (9 a- 0.9309 0.009 1 0.866 7
1 3.4696 49.5654 49.5654 3.4696 49.5654 49.5654 Sora 0.797 8 -0.187 4 0.671 6
2 2.0170 28.8149 783804 20170 28.8149 78.3804 HOO; -0.2380 0.837 8 0.758 6
3 0.6134 87633 87.1437 3 0.033 4 0.854 1 0.730 6
4 04703 67190 93.8627
5 02865 40935 97.9562 5
6 01422 20317 99.9879 - )
7 0.0008 0.0121 100.000 0 Table 5 Component score codficient matrix
f1 f2
Na* +K* 0.3015 0.3203
, Ca®* 0.155 4 -0.2104
4 3 Mg?* 0.227 9 -0.1316
a- 0.3071 0.0809
A, 0f 0.247 1 - 0.019 4
f, ce HCO3 - 0.009 2 0.3615
] 0% 0.0815 0.3913
,  HGOOs :
2. -
fa 60X HGO; , 2.2
fq DS 2
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’ ( . Table 6 Variables entered with sepwise method
' F
”) ( f ") A viiks fi f2  f3
1] ” ( ) f1 fa P
( & ,,) ( « 1 Na"+K* 0.1935 1 3 42 5836 3 42.00 0.0000
N 2 2t 0.0571 2 3 42 43.51 6 82.00 0.0000
) ( 3 Soy 0.022 3 3 42 40.94 9 97.50 0.0000
“ " ") 4 M@* 0059 4 3 42 3262 12 103.47 0.0000
4 ) +
6 , Na
+ 2+ 2 - 2+
+K G O, Mg 4
’ [5] , 1 L
’ m PSS
. 4 : 4
: 15 11 9 :
y1(x) =- 0.006 4[Na" + K'] +0.2120[Ca"] - 0.191 7[Mg’" ] +0.022 8[ S0} ] - 5.879 0
v2(x) =- 0.0105[Na”+ K'] +0.08L3[Ca"] - 0.107 6[Mgf* ] + 0.048 5[ 0 ] - 11.537 4 "
ya(X) =- 0.026 1[Na"+ K'] +0.150 2[Ca"] - 0.258 9[M¢f" ] + 0.098 8[ O ] - 48.442 3
va(X) =- 0.026 4[Na"+ K'] - 0.0834[Ca"] +0.124 9[Mgf" ] - 0.0052[ S} ] - 7.9255
(D oy Yo s Ya FYa (¥ = ya (0 - mex ys (%)
4 (2)
: Na" + K" e
ca’ o Mg : 85%) , ,
, 80 %) ,
. il
— (X /(%) ,
P(Ag/x) = €t /izey 2 0.05, 4
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Table 7 Classfication results of tes water samples

P(A1) P(A2) P(A3) P(A4)
5 yi yi1 09984 00016 0.0000 0.000 0 [1] ; ) .
10 V1 y1 09999 0.0001 0.0000 0.000 0 [J1. ,2004 ,22(4) :66 - 69.
46 ys ys 0.0024 0.0068 0.0000 0.990 1 [2] i , o
60 vya ys 0.0000 0.0039 0.0000 0.99% 1 [J].
76 Ya Ya 0.0000 0.0000 0.0000 1.0000 ,2006 ,33(3) :57 - 59.
[3] . [J1.
,2007(2) :126 - 128.
[4] :
[M]. : ,1985.
, 7 5 , [5] , [M]. :
4 ,1997.
, [6] : . R, [M].
: ,1993.
[7] ¢ —SPSS [M].
,1999.
’ [8] , , .
' () [3]. ,1998 ,26

(3) :47- 50.

Hydr ochemical classfication and identification of groundwater
iIn mining region using multivar iate datigical analysis

JIANG Xiao-yi' , CHENG Chun-gi°
(1. zhgiang Ingtitute d Hydraulics & Estuary , Hangzhou 310020, China ;2. Department & Natural
Resources and Environmental Engineering ,Anhui University o Science and Technology , Huainan 232001, China)

Abdract : Taking the groundwater sysem in mining region as example , the goplied research to classfy and identify
the groundwater occurred in different subsygems and stopes was actualized on the bass of hydrochemica data
anadydswith the techniques of multivariate gatigics. Taking the concentration of the mgor ions disolved in
groundwater as variables, the factor analyss was performed to reduce the dimendons of variables and idertify the
underlying variables or the orthogond factors which reflect the hydrochemical characteridics of groundwater and can
be then used in cluger anadlyds. Asthe resultsof hierarchica cluser andyses, a st of datidicaly derived typical
samples were obtained , which hydrochemically represent the groundwater in individua subsygems. Multigroup
Bayes discrimnant analys s sepwi se method was conducted with the subsysgems as groups and the mgjor initia ions
as variables, and then a st of linear discrimi nant functions was obtained. The functions were gpplied to predict the
urces of mMe random water samples on the bass of the variables with unknown group membership and proved to
have the ability of differentiation with datigica teds. The results show that it is an dfective and practica way in
classfying and identifying of groundwater or gushing water ources with high gability.

Key wor ds: groundwater sysem;hydrochemica identification ;factor andyss;cluger andyds;discrimnant anadyss



