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Abstract ; Accurate source discrimination of mine water inflow or inrush is of great significance to ensure the sustain-
able and safe production of coal mines. A comprehensive source identification technique of mine water inflow or inrush

based on the hydrochemical field machine learning analysis and hydrodynamic field reverse tracer simulation is pro-
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posed ,in order to make up for the lack of support and verification of the actual water cycle in the identification results
of the present methods, as well as the insufficient combination of mine water inflow or inrush phenomenon and
mine three-dimensional hydrogeological model in the actual mining process. Firstly,the principle of hydrogeochemistry
is used to reveal the hydrochemical characteristics of mine water inflow or inrush and its possible source aquifer( water
body) ,and the similarity of characteristics is used to qualitatively analyze the source of water inrush.Then ,the machine
learning algorithm is used to quantitatively identify the source of water inflow or inrush. Finally,the numerical model
of the seepage field is established to realize the re-verification of water source and the visual output of water path. Tak-
ing the Caojiatan Coal Mine as an engineering example, this method is used to identify the water inflow sources of
No0.122108 and No.122109 working faces. Research results show that the anions in groundwater in the study area are
always dominated by HCO; ,while the cations show a trend of transitioning from the dominance of Ca* to the domi-
nance of Na® + K* with the increase of depth. Support Vector Machine ( SVM ) requires an extra Genetic
Algorithm ( GA ) to optimize penalty coefficient ¢ and kernel function parameter g. Random Forest( RF') can obtain satis-
factory performance without complicated parameter setting and optimization, and has higher accuracy. Visualiza-
tion model of mine water inflow or inrush seepage field reverse tracing shows that the NO.122109 working face is loca-
ted nearby in the skylight of laterite aquifuge ,and there is a situation that groundwater in the Quaternary aquifer flows
into working face through water-conducting fractured zone. The result of the NO.122108 working face water inflow i-
dentified by the method is the groundwater of the Zhiluo Formation and the Yan’ an Formation aquifers,and the NO.
122109 working face is the groundwater of the Quaternary aquifer. The identification results are consistent with the ac-
tual situation of the coal mine.

Key words: water source identification ; hydrochemical characteristics ;machine learning algorithm ; reverse tracer parti-

cle ;roof water hazards
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Table 1 Statistical summary of hydrochemical parameters

BB/ (mg - L")

25 SgE| pH
Na*+K* Ca® Mg?* S0% cl- co%y HCO; NO; TDS TH
f/ME 9.74 18.16 3.50 9.03 3.02 0 57.00  0.09 102.00 60.00 7.23
PN 13.60 56.80 8.35 32.00 22.80  19.00 182.00 1.60 251.92  180.00 9.71
K FHE 11.87 36.96 6.39 18.50  10.26 6.25 127.00 1.01 157.73  120.14 8.27
SD 1.99 16.77 2.09 9.67 9.17 8.96 5776 0.72 68.61 51.21 0.94
cv 0.17 0.45 0.33 0.52 0.89 1.43 0.45 0.71 0.43 0.43 0.11
f/MAE 6.29 25.34 6.53 3.44 174 0 138.00  0.09 117.40  105.30 7.53
PN 4237 10226 35.82 3520 21.32  10.78 366.25  14.36 526.58  324.77 8.38
EH B G Sl 12.65 48.05  11.72 16.08 6.10 2.34 176.99  4.21 220.19  154.17 7.94
SD 8.47 17.13 6.91 10.55 6.02 3.38 53.15 4.65 93.68 49.98 0.33
cv 0.67 036  0.59 0.66 0.99 1.45 0.30 1.10 0.43 0.32 0.04
5/ ME 14.74 20.01 7.00 3.19 .02 0 132.00  0.26 127.00 23.95 6.51
IEONIER 50.48 57.80  23.30 36.00 3.56  14.37 223.82  16.34 343.35  128.00 8.72
KRR 30.75 29.54  14.83 14.59 2.75 433 170.28 5.66 201.42  100.27 8.15
SD 12.08 1202 4.66 8.92 0.64 5.85 29.74  4.97 65.73 30.85 0.50
cv 0.39 0.41 0.31 0.61 0.23 1.35 0.17 0.88 0.33 0.31 0.06
/MY 6.51 4.37 1.89 5.07 250 0 165.00  0.02 205.00 18.70 7.94
IEONIER 114.17 59.80  16.91 41.50  13.12  22.07 233.21 3.77 390.90  174.00 8.99
HF4K  CPHIE 58.17 23.79 8.04 24.28 5.38 9.08 198.81 1.38 297.43 98.32 8.41
SD 36.98 17.85 5.40 13.51 3.69 8.02 21.80 1.52 69.17 55.89 0.36
cv 0.64 0.75 0.67 0.56 0.69 0.88 0.11 1.11 0.23 0.57 0.04
I/MAE 39.89 3.16 1.06 567 1290 0 189.38 0.12 236.00 12.26 8.30
Bk 27434 38.81  16.11  234.00 57.10  31.30 34225 48.39 747.00  142.00 8.90
WZEK  CPHIE 145.30 19.41 7.53 97.61  29.92  16.01 25431  11.99 500.24 79.30 8.51
SD 102.41 13.50 6.11  100.92 19.21  13.12 60.70  20.87 220.05 54.35 0.26
cv 0.70 0.70  0.81 1.03 0.64 0.82 0.24 1.74 0.44 0.69 0.03
/MY 151.49 9.08 3.00 75.00 1330 0 281.00  0.41 355.00 35.00 355.00
RME 502.39 30.10 1630 241.00  77.90  20.29 1 139.00 0.80 1010.00  150.00 1 010.00
K B 322.53 20.82  7.94 17975  42.63 5.07 653.75 0.50 723.50 85.30 723.50
SD 148.59 9.81 5.80 72.88  28.11  10.15 388.07 0.20 272.63 48.68 272.63
cv 0.46 0.47 0.73 0.41 0.66 — 059  0.39 0.38 0.57 0.38
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Table 2 Pearson’s correlation coefficients of groundwater chemical parameters in study area

eSSl B DS Na* +K* Ca* Mg>* S03 ar- oy HCO3 NO;
DS 1 -0.261 0.607*  -0.036 -0.335 0.507 * 0.119 0.836* *  0.013
Na*+K* 0.035 1 0.198 0.912* * -0.120  -0.158 -0.042 -0.135 -0.284
Ca®* -0.366 0.671** 1 0.518* 0.153 0.682* *  —0.396 0.790* *  -0.321
EHUESIS ‘
Mg -0.011 0.285 0.580 -0.044 0.097 -0.268 0.149 -0.291
so% -0.172 0.230 -0.005 -0.475 1 0.180 -0.458 -0.233 -0.269
cr- -0.214 0.481 0.406 -0.039 0.200 1 -0.403 0.704* *  -0.376
coy 0.641*  =0.160 -0.398 -0.006 -0.396  -0.647** 1 -0.246 -0.027
RAERK
HCO; 0.550*  0.288 -0.047 -0.018 0.165 0.218 -0.146 1 -0.173
NO; 0.101 -0.402 -0.362 -0.009 -0.063 0.032 0.163 -0.269 1
TDS 1 0.606 -0.664 0.010 0.096 0.641 0.511 0.502 -0.422
Na*+K* 0.988** 1 -0.922* ¢ -0.656 0.297 0.744* 0.904* *  -0.036 -0.581
, CaZ* -0.840 -0.755 1 0.349 0 -0.548 -0.832*  -0.215 0.494
K *
Mg™* -0.877 -0.880 0.699 -0.618  -0.548 -0.562 0.584 0.407
so% 0.766 0.833 -0.33 -0.576 1 0.515 0.366 -0.681 -0.493
cr- 0.855 0.907*  -0.476 -0.656 0.986** 1 0.814*  -0.182 -0.325
oy 0.945* 0.894"  -0.933*  -0.898* 0.524 0.642 1 -0.249 -0.386
HEZE LK
HCO3 0.815 0.776 -0.826 -0.943* 0.327 0.446 0.930 1 -0.092
NO; 0.280 0.163 -0.673 -0.433 -0.396  -0.258 0.574 0.701 1

TE: " 7E0.05 250 (XU ) AHSGHE R 25 ™ 7 75 0.01 200 (IR ) AHDCHE 8 3 s AHOCHE R BUE M2 BT 2 D =MIBAIN, Z BT A BRI 16
I A7 LA AR I Z KM L2 LK F A% 6 1 BRI SR M R U I, 72 T AU XA 2K T AE 22 2 /K 45 7 1 AR S Ak R B R
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Fig.2 Piper diagram of surface water and groundwater in

study area
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Table 3 Statistical table of hydrochemistry

types in study area

KAl s TRAEZ A K 5 IRAZ SR
st HCO,-Ca A7 HCO;-Na- Ca

ﬂ? s2 HCO,-Ca A8  HCO,—Ca - Na

i S3 HCO,~-Ca A9 HCO,-Na - Mg - Ca
s4  HCOy-Cl-Ca ||V Al0 HCO,~Ca- Mg -
Q1  HCO;~Ca - Mg 1f All HCO,~Ca - Na - Mg
02 HCO,-Ca )jz A12 HCO,~Ca - Na - Mg
Q3 HCO;~Ca - Mg - Na A13 HCO,—Ca - Na - Mg
Q4 HCO,~-Ca Al4 HCO,—Ca - Mg - Na
Q5 HCO,-Ca A15 HCO,-Mg - Ca - Na
06 HCO,~-Ca A HCO,-Na

g Q7 HCO;=Ca- Mg 72 HCO,-Na

w08 HCO,—-Ca u 73 HCO,-Na

A Q9 HCO;—Ca w74 HCO;-Ca- Mg - Na

K010 HCOy-Ca-Mg || 41 75 HCOy~Ca - Mg - Na
011 HCO,~Ca K g HCO,~Ca
Q12 HCO,~Ca - Mg 77 HCO,-Na
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Table 4 Accuracy comparison of different normalization

methods
W/ %
IH—fk 775K
SCREI AL RHAILARAR
AT I —AE Ak B 88.89 94.45
[-1,1]H—1k 90.17 98.00
[0,1]1H—1k 76.28 92.83
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FE 55 1) A% 48 2 ( Grid search) BB S L, )i & ok
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A DLTE 52 % 1 2 8805 [a) v P 3k BB B e, g
H ) e, EHEFIH GA FiEXT SVM (350t
i, 2 S8 GA - SVM BLRL, F A
LIBSVM T HAG'! Sheffield #1555 1 T B4 FI gaS-
VMcgForClass PR %" SERLAE 51 R8¢ FI% RS
B g WAL, TS RIS R 8 c=1.996 8, i fl
i REISH g=4.093 6,

i RF B TR v 0, R BR U SRR A A A
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Fig.6  Comparison of GA—SVM and RF 10-fold cross
validation results
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Table 5 Comparison of 10-fold cross validation accuracy

HEN 2/ %
mH
GA-SVM RF
Ve RS 98.63 100
Yl sE 90.17 98.00

WUt T RF AT GA-SVM & e, MWFE S
AILLFE HY RE A I 25 45 1 T 23 R0 6 E 4 v 1 2R 40 3l
4 100% Fi1 98.00% , 5351l i i GA—SVM I ZR4E Fl 45
IR 1.37% M1 7.83% , MAN, SVM FEHEF A5
YIZRET , S50 ¢ F1 g RPAFL 43 HERf R AR, 75
BN GA Bk 5 ikt Hatb A ke , 14 1 A
IR 2B T RF Joi 52 2% 0 S50k 8 ML A (8 fg
PR BN R AR, B SR R LA BEES , T
¥ RE A T AL X RA S TE T 52 2
FOAELRME S R AL gy, Bz, [ -1,1]H—fLJ5 /) RF
BRI 58 XA KK IR A 7 1 5 GA-SVM AH LE
BAERAERE.

BRI 122108 F1 122109 TAF 1 (195 7K
IKACFEAR AT -1, 1] H— A5 5 AV ZRIF 19 RF
R B AT P A B WO S5 5 RF R 45 A P sk i
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Fig. 7 Indications of hydrochemical types of Quaternary and weathered bedrock and thickness distribution of laterite
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Fig. 8 Water head distribution of typical section before and after mining
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Fig.9 Source identification diagram of water inflow after mining
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