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Identification of Mine Inflow Water Sources Based on Piper-GRA
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Abstract: To address the severe water inflow issue in the underground workings of the Mingniwan Phosphate Mine in Guizhou,
after confirming substantial water loss from the surface river, water samples were collected from six underground water inflow
points, the dolomite aquifer, and the Yangshui River for hydrochemical analysis. Six hydrochemical components, Ca’", Mg*" ,
Na' +K", SO7 , CI" and HCOj; , were selected as discrimination indicators. The Piper trilinear diagram combined with Grey
Relational Analysis (GRA) was applied to identify the sources of underground water inflow. The results show that the
hydrochemical types of water samples from the Yangshui River, the 368 m grit chamber, the 490 m water sump, the 440 m
goaf, the 524 m water sump, and the 520 m drift are all HCO3; « SO7 —Ca®" + Mg®" type, while those from the 650 m main
slope surface and the dolomite aquifer are HCO3; —Ca®" « Mg?" type. The water inflow source in the 440 m goaf is most likely
from the Yangshui River, with the highest correlation degree of 0.94. The 650 m main slope surface shows the lowest
correlation with the Yangshui River, but its correlation degree with the dolomite aquifer reaches 0.86., indicating a strong
correlation, suggesting that the dolomite aquifer is a highly probable water inflow source. The Piper-GRA combined analysis
method provides an effective technical solution for identifying water inflow sources and can serve as a scientific basis for
subsequent formulation of water prevention and control measures.
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Fig.1 Comprehensive geological characteristics of

Mingniwan Phosphate Mine
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Fig.2 Geological structure characteristics of Mingniwan section of Yangshui River
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Table 1 Analysis data of main chemical components at each sampling point
2+ 2+ + + - £ (SO%™ “O7)/
o SR A R p(Ca?t)/ p(Mg2t)/ p(Nat +K)/ p(Cl7)/ p(SOT )/ »(HCO3 )/
%S R L4 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 K] 61.74 26.67 31.23 23.56 138.29 191.36
2 Hz 5 &Kz 98.47 33.37 13.89 7.64 38.65 243.28
3 368 m LS 63.28 38.24 28.42 27.38 103.48 168.32
4 524 m K4 73.68 23.23 23.25 26.32 97.33 157.89
5 490 m /KA 60.24 16.37 20.39 16.31 108.15 181.49
6 650 m FEAFHE H 82.35 25.46 21.08 8.53 55.48 233.16
7 440 m K=Y 54.32 27.53 33.67 19.47 119.27 172.73
8 520 m 4% 58.36 16.25 16.73 33.36 74.18 164.37
YJ{H (Mean) 69.055 0 25.890 0 23.582 5 20.321 2 91.853 8 189.075 0
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Table 2 Dimensionless treatment results of mean mass concentrations of major ions in each water sample

% K FE AR Ca?" Mg?* Na® +K* Cl- SO~ HCO3
1 KR 0.894 1 1.030 1 1.324 3 1.159 4 1.505 5 1.012 1
2 Hz oKz 1.426 0 1.288 9 0.589 0 0.376 0 0.420 8 1.286 7
3 368 m PLHN L 0.916 4 1.477 0 1.205 1 1.347 4 1.126 6 0.890 2
4 524 m KE& 1.067 0 0.897 3 0.985 9 1.295 2 1.059 6 0.835 1
5 490 m K& 0.872 3 0.632 3 0.864 6 0.802 6 1.177 4 0.959 9
6 650 m EAH 1.192 5 0.983 4 0.893 9 0.419 8 0.604 0 1.233 2
7 440 m X5 0.786 6 1.063 3 1.427 8 0.958 1 1.298 5 0.913 6
8 520 m P4 0.845 1 0.627 7 0.709 4 1.641 6 0.807 6 0.869 3
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T KR B SCHR BE A 0,60, I B2 #4055
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Table 3 Ranking results of correlation degree of

Yangshui River water samples

¥ MK S 4B RHK S He4
1 440 m R% Y 0.94 1
2 368 m PLHDI 0.84 2
3 524 m KB 0.84 3
4 490 m KB 0.83 4
5 520 m P4 0.74 5
6 650 m = &k i 0.67 6
7 Mz 5 & KE 0.60 7
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Table 4 Ranking results of correlation degree of

water samples in dolomite aquifer

7 MK 24 B SRIK BE(E He44
1 650 m ARk T 0.86 1
2 490 m K@ 0.65 2
3 524 m KQ 0.65 3
4 520 m P4 0.65 4
5 368 m PLAbIt: 0.63 5
6 440 m K=Y 0.62 6
7 KT 0.61 7
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Table 5§ Stability analysis of GRA rankings under

different distinguishing coefficients p
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Mz Kz 0.522 2 T —(EFED —
368 m PLANIL 0.776 0 20k 0.590 5 4~5
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B, HTFWAKSPKERREEZETHAHEE.
— S 7K A5 5 P AKRTIAT IR B4 7K S B o TR R R R
I | A7 b F KR 25 BRI 25 TR MK S BT AL
EREGKENERRERE  ABEEE . TKEHA
B B KR K BE B . 440 m SRZS 5% 5 AT
KOS B Z KB TG ANA L T 650 m 3 A 1 I
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KM PATEH A=A SKZA SRR E, X—
BLERIA R Dy I S5 1 7 23 DX By 36 7K 1 it 422 (3t 1 224K
B8 < X KT 2 3 7K DX A 3 7K A8 AT R By
B0 F R 650 me 32 AR T A5 R T K X LA K
JZGK B R 3

7 EAR A AT & R A ST T B
UCRFE AT o 32 BRI 5 1 I 2% %6 AN [R] 3 7K i 2547
MGETE W E VR B (N ¢ A BB 220 M) . KA
WK BE 43 M AR ot b Sy Bk T B e RE B A 004 HE R 7
5 GG R B 191 25 B B 2 LA 6] . Ol kb
X — ANl VR 22 B R R R A
BT 4y 3 R B (0 =0.1~0.9) F M R 23 7, 500
UE T QIR B HE P 1 & HR IR . R ORWIESE W] 2% JB TR 42K
SRR K S0 T e 22 ) ) B AR SRR L DAR U 52
I B, SCAFGETH AR, DA Tt — 2 4 g K TR
LB YRR

5 #ib

AHEFE R Piper = 2k 1] FLK €8 G BE BE 73 B 1%
XF 5 B IR VE B0 R I K SE AT B A A T A Ak R
T KR F RS A B AR DL E A,

(1) 368 m P . 490 m /KA. 440 m K2,
524 m KA 520 m P K A5 HE KRR A K 4R
Rl HCO, » SOF —Ca®™ « Mg?™ B, R B 5%
5 AL IR K 5 K B oK T R B R # ). 650
m ERHE TS [ =8 & K2 KRR I K Ak 24 280
HCO; - SOT—Ca™" 8, R ZLHKE A =5 F
IKIZEAE—E KB R .

(2) LAIVE KR Ry B 7 30 1 K 8, 56 3k 43 A = B
440 m K% 5 5 KB O BR BE s (r = 0.94)
368 m LM 524 m KE.490 m KA.520 m F
A5 .650 m ERHIETH . H = A 5 K2 53 K SCER B
BAR,

(3) Z55 W AP 7 3 /0 BT 45 R . 368 m UL b it
490 m /K440 m K=Y .524 m KB K 520 m F
A5 TH 7K B KD 25 KR A T KT Y RT R M AR e L D
440 m RZE I AT e Pk R . 650 mo AR I K
HAZREEKZEB KA SCEEE R 0.86, 35 2 51 SCHK
L (Grade | .r=0.85), FHHAMAKIE A =
FEOKE AT RE M B

AWFFTHE Y Piper =2 B-GRA B4 0 7
25 38 E PR AR 2R 43 28 5 8 B OCTEE HE R 0 B AR
SLHL T MRS R 220 K S KR Y SR

5 EETHLAR 27 T 00 0 ) BB AR L L 3207 AN L

IRAR 2B R o H RN AR A, B85 6 3R K

T A I S 24 B, SR K SC b B A A A AR I A

W DR 7 — o 52 TS A OK R R O L A

A R HE) BTN E
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