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Abstract : The multi-source uncertainty of water filling source in the process of coal winning in working face is the research
emphasis of mine water disaster prevention. It is often difficult to define the characteristic water quality threshold of each water
filling source when the water chemical information is used to identify the water source, and most of the existing analysis and
discrimination methods results in low accuracy of discrimination. Based on the samples of potential water filling source from mine
inflow in 8210 working face of Majiliang Coal Mine collected on site, the database of samples was established. The water quality
types and the training sample database of each water filling source were analyzed by Piper three—line graph method and multi—
factor method. Fisher discriminant water filling source model based on principal component analysis was established ,and the types
of water filling source in goaf at the sampling stage were analyzed and identified on the basis of Euclidean distance discrimination.
The results show that the primary source of water filling is Jurassic goaf water,followed by floor limestone water and roof sandstone
water. The discriminant precision of this model based on principal component analysis can reach 99.9%. The model is of great

guiding significance for the field identification of water filling source in working face.
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Fig.2  Hydrogeological histogram of the study area
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Table 1 Water chemical composition test results for water—samples from goaf and possible water—filling sources in

8210 working face of 3" coal seam in Carboniferous system

e TKEE oH {0 TR p/ (mg-L7") Fisher |
ETRE K Na Ca®" Mg** Fe cl- S03” F- DS o4
Pl 6.72 1532  4.41 4.16 2.68 4.56 8.05 2417 111  375.00
KABEK P2 6.68 15.25 4.23 3.93 2.38 4.19 7.86 23.34 1.09  354.00 I
P3  6.73 1573 4.9 4.56 3.05 4.93 8.38  26.18  1.35  382.00
SR1  7.14  49.89 200.75 23.85  40.75 0.03 173.25 1543.05  5.45 4150.00
sk SR2  7.06 46.18 187.35 22.45  38.56 0.02 168.34 1436.95  4.89 4062.13 IS
SR3  7.26 50.23 213.54 24.98  42.15 0.03 179.88 1486.76  5.91 4 150.00
J-G2  6.72 3579 726.86 203.99 167.69  14.00 142.38 2172.15  2.40 3 730.00
% FReAs BUK J-G3  7.00 30.61 576.50  35.35 180.50 188.00 189.50 2446.10  4.10 5 550.00 IIES
J-G4 6.38 33.58 646.01 158.11 466.73 270.00  89.76 4396.44  3.10 6 238.00
Rl 842 31.23 188.70  54.97  30.00 0.52  131.57 9.16  0.52  791.00
ToURR D 7K R2  7.91 33.44 158.66  29.01 8. 80 0.03  145.12 19.38  0.66  576.00 IV
R3 812 32.43 72.25 3.01 8.33 108.00 198.36 1.80 3.8  875.00
B2  7.53 55.92 187.08 47.00  20.00 0 100.00  115.00 0 1 060. 00
JEARIK K B3  7.54  62.99 210.75 9.49  33.38 0.35 178.90 862.60  3.95 2775.00 V%
B4  7.51 45.28 198.85  38.50  28.68 0 123.04 135.83 0 990. 00
Gl 7.12  48.68 269.38 119.67  26.39 0.24 147.86 586.00  1.50 1 399.00 V%
G2 800 59.19 440.40 176.79  63.23 0.25 157.44 1213.37  1.26 2 285.00
G3  8.43 64.94 399.37 197.65 51.68 0 150.33 1239.10  1.28 2283.00
8210 TAEMRZSXAK G4 7.96  71.79 614.71 235.72  71.47 0.12 157.44 1722.64  1.28 3 068.00 -
o8
G5 800 60.00 531.64 228.47 67.08 0.06 153.34 1486.37  0.68 2 745.00
G6  7.65 62.26 279.75 12.36  67.50 228.00 173.40 1066.80  5.30 3 150.00
G7  7.37  60.08 171.00 6. 61 1.00 268.00 167.65 889.60  5.20 2 950.00

KA Bt KAl 27 20 W S AR 32 2 1 el

A2 IEAT M A ) o X T 7K K IR AR 4% 287K i

ﬂmwM%¥%%%ﬁgmﬁﬁ%ﬁﬁimﬁjﬁ FIEE TR AT T B B 5 T R SEAKR Y
A AR FEAOK IR A RRE 25 RRAE K A2 41 43 Sk REIHT BRI 2,
R2 BRAFNKBEEIKEFHSHEST
Table 2 The mean value of conventional water chemical components of water—filled sources
TR S me sl K* Na* Ca® Mg** Fe cr- S0 F TDS
SRk (1) JREHE/ (mg-L7") 15.43 4.52 4.22 2.70 4.56 8.10  24.56 1.18  370.33
7+ /)
BYERE/ (meq-L7')  0.40  0.20 0.21 0.23 0.20 0.23 0.51  0.06 —
H ok (T2 JRIHE/ (mg- L") 48.77 200.55  23.76  40.49 0.02 173.82 1488.92  5.42 4120.71
i 27|
ETUYEWE/ (meq- L7 1.25 8.72 1.19 3.37 0 4.90  31.02  0.29 —
SR/ (mg- L") 33.33  649.79 132.48 271.64 157.33 140.55 300490  3.20 5172.67
TP RZREBUK (M)
e BT/ (meq- L") 0.85  28.25 6.62  22.64 7.02 396 62.60  0.17 —
R/ (mg-L7") 32.37 139.87 29.00 15.71  36.18 158.35 10. 11 1.67  747.33
TitRabA K (V)
- BEUUYEE/ (meq- L) 0.83  6.08 1.45 1.31 1.62 4.46 0.21 0.09 —
» . e/ (mg- L") 54.73 198.89  31.66  27.35 0.12 133.98 371.14 1.32 1 608.33
K 7K (V 2) 2 N
ETUYRYRE/ (meq L) 1,40 8.65 1.58 2.28 0. 01 3.77 7.73  0.07
1 Na ﬁ%"‘(&ﬁ?/(mg{ ) 60.92 451.10 191.66  55.97 0.13 153.28 1249.50  1.20 2 356.00
8210 TAEM (G1~G5) 23 MEIKEE/ (meq-L7')  1.56  19.61 9.58 4. 66 0. 01 432 26.03  0.06 —
XAK & Fe e/ (mg- L") 61.17 225.38 9.48  34.25 248.00 170.53 978.20  5.25 3 050.00
(G6~GT7) =T MR/ (meq-L7')  1.57  9.80 0. 47 2.85  11.07 4.80  20.38  0.28 —

11 :8210 TAETH R %5 X

BUKARYEZR 1 WAL 150 73 A Na( Gl

~G5) HIE Fe(G6~GT)2 2,
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Fig.4  Cross plot of chemical composition F=TDS of

water—samples
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TAETE RS X ALK A FE K K IR 8RR % 5 Reas
K MK AR D 25K, P REA 2 i i KA K
2 R B — DR 2 A 7K ( Fisher ) FUMBIS TR
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BRI B 7K TR ZR AR 355 , 45 1T ik ST 14
TIRIER R G, 33X 5 7K SCH T A A 40 4t R — 3K
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F 1% 43 43 1 5 ( Principal Components Analysis,
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35 | KRR s Q% kA EMA Y, 17 25T
BRF A m (m<p) D FEW, EWIT Y, Y, Y,
(4 SR DTk @ = B o3 1 B B — gl R 25 5T
BRI TE | 38 e I B/ LA T2y, 7
2 RToTlkRIA 2 85% L L, Wt m i 2 I B
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FEARZIR,

8210 T-AF >k 25 X AR /K 1Y W] BE 3 7K 7K 5K 2
AR RARRK MR K RS F RS BUK TR D
K RMURKE RS 5 26 TR AR IR
PERCR AR 3 4 MoK 3 1 RE &R R 2 BUK
34y TR AN A K 3 1 SRR E K 3y, 3 15 A E
HIK EBRRAE R KA A B AE ISR AS i
K" (X)) Na'(X,) .Ca® (X;) Mg” (X,) .Fe(X,) .
CI"(Xg) \SO7 (X;) JF™(Xy) F1 TDS(X,) 55 9 Flik it
FEbRITEER I VR 8210 TAE T SR 25 X 7t /K K J5 iR
SRR K BTIEA 3 BT g br . 0 SPSS H 32 i
G353 BT BEH 4y BT 3K 9 Bk BT 48 A 09 A OGPk,
Pearson fHICRELE R I 3,

£33 SEHEAREKLFEDIERR Pearson 18X REFER

Table 3 Pearson correlation coefficient matrix of various water chemical composition indicators

FEHRZE) Ca® Mg** K* Na* Fe cr S03 F TDS

Ca** 1
Mg 0.774 1

K* -0.019 -0.314 1

Na* 0. 688 0. 564 0.279 1

Fe 0. 135 0.517 -0. 149 0. 081 1

cr -0. 092 -0. 069 0. 673 0.342 0. 144 1
S03” 0.793 0. 935 -0. 024 0.748 0. 499 0. 105 1

F~ -0.295 0.127 0.301 -0. 044 0.619 0. 540 0.216 1

TDS 0. 548 0.812 0.132 0. 706 0.593 0.330 0.933 0. 490 1

1% 3 T 1,9 FloK a6 bn 2 ] 2 AG B A4 AH OC
£, SOT 5 Mg™ | TDS, Ca™ 19 3¢ & 54 4 51 4
0.935.0.933.0. 793, [@] i Mg® 5 TDS . Ca® HYAH X £
Boroh 0.812.,0. 774, F WK JEREA LU _E A8 AR 18] (115
BEBSEZL, HAEA X 9 PR BE AR T3]
SR, W05 25 R MR I 5 7K K TR T AR R (4 K5 |
BERA, P, 7 DA AR A B E4T PCA &b

B A FRr AT R OBt il AR R
A RN ] RETEAOK IR B AL~ A A5 Ak, LATHER K
RPN 31 P A 2 T AH A R B ™ A A2

X ZRREAS R T PCA Ab3R S AR HE 3R 4
928 5 A 734 SR B 3 A R, O e R EAR K T 1
(Y 2oy, BRI TR 3 ML 91. 26% 15 B Y AL
o1, LA SR AR A S B
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F 4 NZHAPCA REBEERSEFRFERRE
Table 4 Explanation of total variance of principal component
factors after PCA processing of training samples

O SEHCEAF 7 A
LS — —
2wt 00 mipe it 00 miba
I3/ % 3/ %
1 5. 180 51.803 51.803 5. 180 51.803 51.803
2 2. 366 23.659 75.461 2. 366 23.659 75.461
3 1. 580 15.797  91.258 1. 580 15.797 91.258
4 0. 331 3.308 94.567 0. 331 3.308 94.567
5 0.262 2.617 97.184
6 0. 220 2.198 99.382
7 0. 050 0.496 99.878
8 0.011 0.111 99.989
9 0.001 0.011 100.000

HRAE PCA JE G BRI BT Y, .Y,
Y, 5G9 MR Z AR

Y, = -0.027X, +0. 758X, + 0. 814X, + 0. 941X, +
0. 529X,+0. 148X,+0. 992X, +0. 207X, +0. 917X, (1)

Y, = 0. 713X, + 0. 090X, + 0. 369X, - 0. 216X, +
0. 314X, +0. 854X, —0. 009X, +0. 811X,+0. 306X, (2)

Y, = 0.591X, + 0. 530X, + 0. 339X, - 0. 193X, -
0. 686X,+0. 296X, —0. 005X, 0. 481X,-0. 086X, (3)
4.2 ETERSH S Fisher £ TEiTHIBI 7%

HRAEAS TR KK AL 2R R AE , e BB S AT 21X 5y
AFREEAGK IR K Bt E B Ie R (EMSH T V),
K Z T8t 11 Fisher F 50 Be 4387 75 5%, 42 U] 1
PRECIRRIE R T (y, ) , ASTR) BRI KR 7 5 2
Vi) gl BH S8 X531 O ok, 90 e e X G B ) ) i )
HEAHPU 8210 TAE R 2 KUK B 7KK IR

HRAE 32 B 53 Ak B K 4 B i 0, BEHL K (X)) |
Na*(X,) .Ca®™ (X;) Mg™ (X,) .Fe (X;).Cl"(X,) .
SOT (X,) Fl F(X,) 8 A~ FF KA 2E L 434 R 27K K
TR FE bR, Rl B AKHE R 1 A A K Ak 2 K2
I FH SPSS 25 ¥ 41AT Fisher F) 93154 SR8 F
BN

y, = 1.381X, + 0. 189X, + 0. 141X, — 0. 042X, +

0. 318X,+0. 635X, - 14. 874X,~152. 117 (4)
y, = 0.482X, - 0. 092X, + 0. 047X, + 0. 079X, —
0. 046X +0. 242X, —4. 935X, —18. 847 (5)
y, = —0.234X, - 0. 016X, + 0. 024X, + 0. 022X, —
0. 015X,+0. 066X, —0. 423X,+3. 291 (6)
y, = —0.054X, — 0. 003X, — 0. 007X, + 0. 022X, -
0. 029X,+0. 013X, +0. 759X, —0. 860 (7)

i~y MR ZFEMEKE 43502 0,0.,0. 001 ,0. 017,
- 150 -

YI/NTF 45 08 B3 PEKF 0.050, 2 B 1 5A 19 5] 51 pR
BEIA R FIRE, y, ~ v, BRI 5T B B R IR
4504 95.90% 4. 00% 0. 10% .0. 04% , [F I, %
A (4) ~ (5)1ER 8210 TAE MR 25 X UK KFER
PRI FEAK AR IR B ) 30 B v pR
HR b o A Ak 2R 1% e 72 ) 1) o 450 3R 2, 3 —
A FU I F TR R, A5 R L 5,
% 5 TFisher friE 1L BB 5l R R B St

Table 5 The coefficient statistics of the Fisher
standardized typical discriminant function

A K T
PUIHE DR
ug Y2 VE] Ya
K* 5.944 2.076 -1.008 -0.233
Na* 8.310 -4.055 -0. 698 -0. 147
Ca®" 5. 889 1. 966 1.019 -0.293
Mg -3.208 5.978 1.678 1. 648
Fe 20. 580 -2.989 -0.952 -1.900
Ccl” 20. 906 7. 980 2. 185 0.438
F- -20.735 -6. 880 -0.590 1.058

FHER 5 AT, y, REAE R TR 0 6E 07 P 5 3 55 1Y
JFFEARYCH €I F Fe Na® K' Ca®™ Mg ; {3, &
i v, FRHEDR 7~ A0 B o A g 78 0 550) 2 R 50 2R B4 %)
HAR /N, S BE 7 i 3 B 85 MRl €L F  Mg™
Na* Fe K" Ca*, 2 PR, Cl” F . Fe Na* 1 K1
PUNRE Ty A 5 10K, B 1T y, VB AKX Fisher 7K
TRPONBRI ) R AE N 1

RIE(4) ~ (5) , AT RIEFEKFER 2 4>
HE, & 5 fies, i E 1 SOk IR FT 8210
TR S X FRKKEE (5 iR R HAR”) TR
AEARFR P TR

5 Fisher I 51| pR £ X 3o 1) 531 P41
Fig.5 Fisher discriminant function region
discrimination diagram
W (4) ~ (5) FRBUR RIS R A KRR LR 531 25
(0] i Y B0 (B, DAIX 3 5 280K R, I AR TE 8210 T
VETH R 25 XBRRRE (RPN 50) PR R BU(EL 1Y 23 Ao
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B FEIRY 8210 AT R A5 IXAUK & /KA 25 [E] i
B 5 RAREAKKE M ZRK KA e 7 3% 12 T A b
FK 3 KRR O BRI B, B R T H 5
PR K AR E F2 2R 25 FRURK KA B0 B R EG B
30T 8210 AR IR 25 X BUK K BE Y AR 70 H A4S S8 R
BUEZS L E 5 AR KA 7K R % 5 R 28 BUKOK B
B B 25 R R 6,

F6 8210 TIEERTXKKEMESRMKENK.,

HFRZRE=RKROHIBKEEE

Table 6 The Euclidean distance between the location of
the water sample in the goaf of the 8210 working face and

the mass center of the limestone water in the floor and
the Jurassic goaf water

W EG B
pie

Gy AR R Rk Tok b &

pIN BUK L K BT

Gl 23.70 73. 66 43. 69

G2 52.76 43.25 70. 55

G3 63.32 34.03 81. 81

G4 85.38 44.13 105. 61

G5 86. 84 38. 60 106. 80

G6 118.28 48.31 138. 25

G7 145. 17 67.20 165. 00

A 82.21 49. 88 101. 67

T TR PR 25 DA 0 550 o B O B B L S 8, S e

M 5 &3 6 a1, 8210 T AE T 25 IX FH Kk 7K
FERI AR 5 7K AR I3 o 8 S 24 IR G s e L 3]
B R RS BUKREFL B 1. 65 15 B TR AR D 25 7K A
O SF- BB PG B LB AR B 2R 2R 22 BUKAE L 1)
2. 04 5, R e XK E I 34 ) Je ) e e, R OK
BE B 4314 2 L FE AR IR AR S R 28 BUK , Hk
AT RE R AR K A K R AR D 5 K, 8210 TAETH R
25 R ABUKIKBERY Fisher 227048 1559 J4) 1) 78 7K K VR
SRR 1,

ZE TR A R 3T 8210 TR RIE i
Kz KB I K K IR R P R R s BUK, H
UCH IR 75 /K RN TRAR D 757K

5 HRiE

BT OB A e 7 3T )Z 8210 T AR 1 I
IKAGBL , RAETF 43 B T I FEAIK PE K SCH IR Ak 15
B0 T RS M Fisher 205805041 7
B TAR R FE K K IR HEAT TS R o0 #r, 222
ZERINT .

1) Piper —Z&EIVE T H 20 A HI WK Al 2 2
M Hrb R KB sy, KAk b 22 Ao 4B

BB ATT S S B 2E A AR 5 oW A5 Tk R 25 A Al
F AR AR 78 7K K W5 A9 7K Ak 2 4R 4R A B v
AR 43 A T B N R A S, o R IR T
i NGRS S22 37

2) K RT3 M Xt K PR A 2 (R 5 b B e
PEATEEHR  H 2 AN M DGR 9 48 A A8 il o e e A&
AR AR S ST BT I RE AR HE A, A ASCHR U 45 K
TR KA 2 bR AR 505 S T B A b [R5 2 & v
BCAIEE IR, LS NS S0 AS [ K DR A RRAE

3) T F R4 AT Y Fisher 2048113
WL, H# T 8210 TAEMIR A X R /KK IR Y Fisher 18
AR A ) 2 A FE A ) 51 bR EI ) 5 BT kR
YR E] T 95.9% 4. 0% , vi B H ) 510k BE BE 1k 2]
99. 9% , %t T 5% IX 78 K /K B A0 R 3R 1) EL A o
HOE RS =N
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