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Abstract: Mine sudden water is one of the most threatening geological hazards during mining production, so rapid and effective
identification of sudden water sources is the key to prevent mine water damage. In this study, we analyzed the water chemistry of
Panji Coal Mine aquifer and carried out the testing and analysis of strontium isotopes of water in the adjacent water rock, selected
seven discriminatory indexes: ¥31/%Sr, Ca*', Na™+K", Mg2+, HCO, , SO,”, CI', combined with principal component analysis and
Fisher’s theory, principal component analysis and distance discriminatory theory, principal component analysis and BP Neural net-
work, to establish the discriminatory models of mixed water sources based on strontium isotopes (Sr-F model, Sr-D model, Sr-B
model), and use the models to discriminate unknown water samples. The results show that the Sr-B model based on strontium iso-

topes has the best discriminative effect, and its accuracy reaches 95%. Therefore, the identification model of water inrush sources
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based on principal component analysis and BP neural network can effectively improve the identification accuracy of water inrush

sources, accurately identify water inrush sources in adjacent limestone aquifers, and provide guarantee for mine safety production.
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MoREIRE RIS b R R L, BEE
SURE, REIRTE R H SN, JTFREH®
BRI e, RS 1R a8 X ANA F K2
ZHEH, SXRAERBUK AR, Hik, &
FHGEIK A RAT Az 7= 5 v W e R P b o K
Z—5

ZEIK [R) L) SRR M A A5 AN 0 B G2 B TR
W, R T IFERAOKIERE Ik . BEREE 2
TR AN T, MG 0" F, WiZ258K
HATHIR; B &N g TR ED Piper BB %
3K, ARE B SEE S A FN R AOK I, RIET,
J T R IR AR N, 2 G KRR
AR AR AR 5 PR SO A5 0 O BE A
ILFE Fisher F50 20 B A5 20 H 8 340 5 HE B 25
REH T 83.3%; M RAR%EC M T PCA-Fisher
IRIEFNHIERL, TR TREA T A5 B&m, il
25 R AR s RS ST 7E Bayes H151 4
g, 51 A OT-Regression X Rl AEAS it B BE(ELIIE
ITACIE, H Bayes FI5IE AL 3 AT ik 1 I 2R 25 3
BB RLAZ S X 1 A ik A ) £ B TUAY K
TEFE B FARAE [, B R I AR TR A S
FEm EAUBIRA MIV 50k, A8 T 28 R 7K IR )
BB %P FE B B R 5 A SSPP
A R A 2 F R bR gt s 2% 20O ) sk
B (GA) AL BP #2825 B AU AN AR, 45
SRR, A A HAT T i ) 5K R B A AT
SEPE.

RS T R AR IR A AR, X
— I KK IR RESBAR G- () 10, AER XS 7K J1 R &R
FUIMAER S KZ, 0 Ao R KR4 A A&
TK)Z RN B 22 B R =5 75 /K2 (BB K AN
KIKIK), BRI HDINROR A2 o HERRTFRI 52 KK
P5IE: S4BT 2 K R R R SHE B T 7K 0 SRR T
D] I 75 28 BT A0 1 S TR AR X6 3 I R 7KK
HEFIH,

MR R A . AR ECCD ., S8
Z(VSt/Sr) S5z AR K AR N R T W Ok
AR . HO R K BAE R . IR AR DL T
KA ER R VR A, AT TR 5 KK IR A H )
g R S Tse/sr, 87C 1 I T

FEE Fisher FI5I , F51H BT 4E 0 & K2
WA KRR K s TEAE R Segg bty g
RAMIR A E B iR 4 S K2 R 45 6
E e n I g2 2 BT BUR/ A /i ML O I S VANNY
5 R LB 10 G R R 0 ) BT R T X S K2
R KRNI K o

i, BEBCIEAL SE [R ZY St/ st 5 H HL KAk
SEET, MEE TN EA Sr-F AL Sr-D AR
AL, Sr-B AL, SRAGINE T AHAR KZE (R BR
TRFNHR KA ) I GAKK TR, A5 AR S U
R G K T TAERES AR

1 HFmRESHEST

1.1 & B KA R gL M

DA KFEREE . Hema 0L 48 B — B0
T B B At %, 2RI L ER
FHAEE I, BOHEAERET 380 T t, FR A
HIE, AABAR S RINTTAE . % &
KIZHAR——BREH, FEHEEMRRZ, R
LR 2R KE, FARKRIRA K S R B &
WA RE . B EWF, W E & E A Apa il
WRALBK . B RERDAERNEKEKZ. A
WARBHAKEGEREK, B RAS A S
WABUK FER R H = A B A BUK TR &K 2.
FER S IE R K T AT 43 Ry Tl )42 72K B Kz
(TR AR ) B 7K F /K E R AR ] 42 72K K2,
H IR S K 2 S KK AKZ AR & K2 N
B, I RE s 4 Bl 2 0 R R ORJE A IR
KIZFBE RS ZINA A = EEKZE, RREA
i) B — S K2 KR, R IR 2 I G 2 K45
B304, 360 4. SRAERIE R 20 ¥R R
££ 1000 mL 7 H/KKEE, 22 0.45 pm I IE)S
T 0~4 CIRAF, REEAMTH 3% ) HNO, i2
HW24h, REHEETRKZREREETH, K
FEa AR 60 7,

2)H HUKAE B k. FHE T (K. Na',
Ca™ il Mg™" ) /K BE 28 1k 0.45 pm 38 B8 5 3& , S
HNO; b5, R IR G 45 B PR & S Y
(IRIS Intrepid [1XSP). FfrA7 # &t 5 52 001k 3 i
PIORUEFCHERA L, RS B2 0.01 mg/Lo AT

+ 205 -



%55% Hs5
2024 55 A

Wt 4

Safety in Coal Mines

Vol.55 No.5
May 2024

%2 HI/76—2015 fRifE. BB T(SO.” . CIY
W BER B G Tl e, AR5 R 1CP-
15005 HCO, MR XS A~ e ik, Mk
%8 HI/T84—2001 bR,

3)ARAL G [R5 £ Sr/%Sr K STR, SR

AR A 45 B TR B (ICP-MS) IR, KEEE T
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Table 1 Hydrochemical characteristics of 60 water samples

g FE R Ca*/(mg'L™) Mg*"/ (mg-L™) K™ +Na"/(mg-L™) HCO,/ (mg-L™") CI/ (mg'L™) SO.7/ (mg-L™h)
1 KKK 31.12 15.12 112.56 150.11 26.06 211.33
2 KK 35.14 2727 1088.40 268.97 975.20 895.63
3 KIIK 31.12 6.30 256.92 31.27 21041 307.39
4 KIRIK 12.02 1.22 1169.21 1113.62 1008.55 16.81
5 KIIK 8.02 243 1222.99 1226.50 957.15 57.64
26 KKK 193.75 25.83 1149.13 600.44 1032.05 493.17
27 KIRIK 89.14 25.61 422.39 617.61 128.52 821.71
28 KIKAK 125.99 2.98 896.82 101.96 185.74 564.81
29 KKK 188.63 3.14 1166.96 369.10 885.32 816.79
30 KIAK 74.10 13.44 239.16 27737 718.23 826.76

PrifE2E KB 63.66 9.91 401.02 531.55 361.79 304.62
31 BURIK 81.43 31.36 743.47 318.98 942.63 317.80
32 BURIK 47.71 15.12 982.38 350.25 734.51 537.94
33 BKIK 69.76 26.69 768.39 343.98 749.40 521.80
34 BURIK 52.49 21.87 744.37 330.98 809.12 320.44
35 BIRIK 72.75 20.69 824.57 32421 825.91 375.67
56 BRI 59.30 25.01 867.17 341.14 940.75 330.00
57 BURIK 59.76 16.55 914.51 341.91 736.06 454.44
58 LY/ 65.28 19.09 793.79 326.54 824.97 501.69
59 L Y/UN 56.25 28.00 778.68 325.90 834.41 468.33
60 BUKIK 80.99 24.29 884.22 323.95 768.40 379.95

by BUIRIK 9.89 5.03 74.60 9.32 55.98 69.07
LKA LS T B SETr, ARHEZE=9.91) . 705.77 mg/L(n=30, 1 f%ARifE2E=

RIARIKAKIKFER) Ca®. Mg®". K'+Na", HCO, .
CIH SO, %5 #1443 5 K 74.10 mg/L(n=
1 1% 5 1 22 =63.66) . 11.92 mg/L(n=30, 11
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Fig.1 Piper three-line diagram of hydrochemical

characteristics of water samples
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Table 2 ¥Sr/**Sr results for 60 water samples

Feagis K2

S (mg'L™")  VStMSrHAE %0 FHARZE %o

1 KK 7.649 44 0.710 61 -0.22
2 KIRAK 7.035 73 0.710 43 0.08
3 KK 8.682 02 0.710 49 0.01
4 KKK 9.811 30 0.711 77 0.16
5 KIRAK 9.848 15 0.710 40 0.35
26 KB 12,593 31 0.710 53 -0.08
27 KKK 417707 0.711 30 0.13
28 KK 731135 0.710 24 -0.11
29 KIRAK 1.533 09 0.711 26 -0.10
30 KK 8.370 70 0.711 44 0.32
FE KKK 9.350 0 0.710 98
RfE2E KKK 3.430 0 0.000 47
31 LY/J 2.091 75 0.712 15 0.07
32 LY/ T 3.950 34 0.712 01 0.02
33 B K 1.350 58 0.712 14 -0.11
34 HRIK 2.069 07 0.71145 0.07
35 LY/7 5.341 54 0.712 36 0.26
56 LY/ 4.651 96 0.712 35 -0.06
57 BRK 4.291 86 0.712 52 0.30
58 LY/ 1.812 11 0.712 08 0.18
59 LY/T 4428 72 0.712 35 0.23
60 BUIRIK 3.82409 0.712 26 0.33
TIE BBOK 3.010 0 0.712 26
PR BUROK 1.450 0 0.000 17
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Table 3 Pearson correlation coefficient matrix of each hy-

drochemical principal component index

LD X X, X X, X X X
X, 1.000

X, 0211  1.000

X, -0.104 -0317  1.000

X, 0284 —0.022 0.850  1.000

X, 0917  0.140 —0.060 —0.217  1.000

X, 0.011  0.033 0241 0084 -0.114 1.000

X, 0.987 0251 -0.172  0.810  0.090 0.054 1.000

MR 3ATA: X /X, X, /X, X/ X,
X, f0 X, T T WA EA S, S RBUKIR
70917, 0.987. 0.850., 0.810, HylbmlZ0, %A
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Table 4 Discrimination results of identification model of

unknown water source based on strontium isotope

KEESRS Sr-FEUEl SrDEIR SeBEIA SZpREH
21 KK KKK KPR KB
22 KIRAK KIRAK KIRAK KIRAK
23 KKK KKK KIRAK KIRAK
24 BRI * BRI * KPR KK
25 KKK KIRAK KKK KIRAK
26 KKK KKK BIRAK* KKK
27 KRR AIRIK KIRAK KKK
28 BRI * KKK KIRAK KKK
29 KK KKK KPR KB
30 KIRAK KIRAK KIRAK KIRIK
51 WIRIK WIRIK BIRIK BRIK
52 KK * BIRIK BURIK UK
53 BRK KIRAK* BRI BIRIK
54 BRIK BRI BURIK BURIK
55 K BIRIK BRI HIRK
56 KIRoK* BIRIK BRK BIRIK
57 BRIK BIRIK BURIK BIRIK
58 LY/ T BIRIK BRI BIRIK
59 WIRIK KRR * BIRIK BRIK
60 BIRIK BIRIK BRI BIRIK

PSilben 4 3 1

RS 80% 85% 95%
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