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Abstract

Mine water damage has always been one of the important factors restricting the survival and devel-
opment of coal in China. It is of great significance to quickly and accurately identify the water source
of mine water to ensure the safe production of mines, which is conducive to the development of coal
industry in China. Taking Baishan Coal Mine as an example, this project selects coal-based water,
three water-containing, four water-containing and too gray water for four major water inrush

sources in Baishan Coal Mine. Six indicators, Na+* + K+, Ca2+, Mg2+, Cl-, SOf{, HCO,, are used as

a discriminating indicator. By using fuzzy mathematics method, the fuzzy identification model of
inrush water source is established, and the water source of the mine water is discriminated. The
actual coal mine hydrogeological data is used to verify the evaluation results. The correct rate of
fuzzy recognition is 78.57%. Finally, the model is used to distinguish unknown water samples from
Baishan Mine. The recognition results show that the fuzzy mathematics method has certain feasi-
bility in identifying the water inrush from the mine, and has the advantages of high accuracy and
stable model structure, which provides a powerful basis for preventing mine water inrush.
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FERFHRARWEFE R, 3T RAAOKIFPFNITONEE, BT RACKEATRERIE T2 N EKE, JFHES
TR JZ T 7 G ARFAE F7 PRASASEN o ERTTTT N PSR K 1 ) SR KR I A e DR I # [2] [3] ARFEHER KAk 22 4L
i, PRI RCE SR A ST AR, AT VR, HLRAE R R . dERRRE, R ROK
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2. ARXENR
2.1, MIBMIE

PO T 2B AL T L PY R4 20 km, A M PEAEZ) 35 km 4, RIAEKZ) 8 km, K74 % 2~4
km, SHEEIFIL 24 km?, O] 1o @S AR YL PR, hEA-PE, IR bR R+28~+32 m. XA
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Figure 1. Traffic diagram of Baishan Mining Area
1 BETEZETEE

2.2. WREH

22.1. BB

W IHEEHZNA K R(C) =B R(P), MRAEA IS S5 7 7Rl DL AR TR ZE 1E I, Ak RIEZ
ARSI RFZAM . ZB RT3, 4.5, 6. THANMEZEH), BELSFEEIX 7.09m, SERECH 3.14%.
52 6 BEATRIEZ, PR 5.38 my FEACREZ N 6 MHE, PR 2.85 m, ILF REAK
2 52 [5]. B4, HTF 3. 4. 51, 53, 6 . 6 . 7HEEREM™E, AT REER.

2.2.2. fai&

Figure 2. Structure diagram of Baishan Mine
E 2 BEvHeErEE
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B R LTV TR S, o AT VR R P A DX T R A NS R R,
PR IE Bl NNE RJFRRL B A WA IE MR God i, PR ALEPIRT 2, BRI RMZE A AR
HIZAN, WA 2.

2.3. IR BRFHF

2.3.1. I3RS

BTN R, MRS BRI 4. AR e, R, RGEE T A
SR RIS KR, AN R . W BUR . B ACA SR R R R o AR MR 5K AR
FLBR S KORHIE, &R, A HERIIZ[6]. B K2 HW 2 S KA SR A 855, H
FEVE R W KB REVEIE R AFAE R, Rl R LR va 3, WrR R SRR, SRIEE R R, X
TERAE ™ KBRS -

2.3.2. W HEKEBEKITHFRIFE

ARG DX 3 b J2 25 1 25 KR 0 B 2 K AT 23 R AR ATRFAE , AR [X 857K 2 AT RISy A A w2 28 4L
B K2 (2H) 1R T o 0= s b X 0 A (12 J o SRR S K2 (B BT A BRI K2 (). &
KJE 7K SCHE TR AE LA 1.

Table 1. Table of main hydrogeological characteristics of mine aquifer (formation, section)

=L WHAKEG@. B)FEKCFEHER

HIKE () &R JEFE (m) Q (1/s.m) K(m/d) B K Vit
BER—E 15~30 0.1~5.35 1.03~8.67 i~ HCO; Na.Mg
R 10~60 0.1~3 0.92~10.95 5 HCO; SO, Nata
T ' e HCO; Na.Ca
WER =5 20~80 0.143~1.21 0.513~5.47 s 50, HCO; NaCa
T e Rt N HCO; SO; Na.Ca
RIS 0-57  000024-2635  0.0011-5.8 o o HeONata
) B ' ' ' ' HCO; CI'Na.Ca
3 JEHb 5 (K3) HCO; CI"'Na.Ca

20~60 0.02~0.87 0.023~2.65 55
EENG SO; Ca.Na
7-8 b HCO; CI"'Na.Ca
20~40 0.0022~0.12 0.0066~1.45 55
EENG SO; Ca.Na
10 #E ETFIbE HCO, CI'Na
25~40 0.003~0.13 0.009~0.67 5
K 5 HCO; Na
RIFHIKE HCO, SO, Ca.Mg
47~135 0.0034~11.4 0.015~36.4 5~
BKJR # SO;Cl'Na.Ca
] K HCO, Ca.Mg
*E@\/%RE #7500 0.0065~45.5 0.0072~60.24 o T
K SO; HCO; Ca.Mg

1) FEF A EUZ RIS KR ()

FAKEE)EEBBI R, H=RWZE . B0 ERMEEHER B ERTRION— = = &S
X ER R DY B B =), IR R AR R AR, =& RS LT, & K YERR[7]. T TR
JEREZ A, AR —, JEEA 40~500 m, HALEE . H AR PG R R .
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2) FARJE AR R M DX o0 A 1 J 2 SRR 5 7K 2 (B))

FEABRIBE . S RCA A, — BB, EKMERS, FREES AN 3 H(K3). 7-8
B 10 B E R =AM WS KZ D).

3) BRIREh A R ABRIR IR 5 7K 2 (BY)

R IR b S B 2 DRI A=A 1) S A IR S S/KEBY): B ARG HE
IR, WRIRER A R (5 40% 4 4, B /KIZEE 10 (8K 6 L2V HERGE, fEM/KZEMXEF A, JFR 10
PR RACE BRI REVERAK, RIE A I HE R EESKE. 2) BIRHE SKZEE): KRS
bt 90%LA I, FEMAMHE AR R LGB AR TS, ZEKE—REKERE, HIFREEEIZT,
SR TE BT KR, (B 5WZE s S KEE AR NBER, 280 s i K aE8]. 3) Wl
A S A S KRB BRIR R (5 RE ) 60~90%, mFER AT FGA M, XIkW R A /NG .

2.3.3. W HBRAKEK T FRIFE

1) FAFHABUZBRKE ()

WER—, . ZH5TIAME— = ZWE5Z0N, BERESEERZ ERAE. FEH+.
WOJFOR, b A R 2, JREE 13~158 m, ArAiEcRRE, BRUKERRRL, IR =RRKEE), 2K
P BB K )Z (4) -

2) —E&RNKEE)

TR B E DB FRIEERE RS KZ BT A A RRKZ (B): 1~2 4§
JERRKIZ (L) 4~6 EREKZ (B 8 BN ABRKZ (BRI 10 KNV ARaKZE ), HEmKME
REELT .

3. EERA EMECE IOk RRBIER
3.1 BB THENERRIE

AR S A AL A5 0 B B /K SCHL R R, I R IOKOK IR T e SRR TR K. = &K, 1Y
K RIIK, BUEAZKBURAE SR AN B, ABORI BV P A 350 T 56l L4, BOMfcEswcs) iz
I FAL S AN L, G RO 2 FF WA IR, K& 20 SRR AT F P L R R B2 E .
b2 AU S PP L FRIA T TN LA B BN A R R e, DR T R B 2 B 7E b 2 AT ) B
FHI9] [10] [11]o AR i) Rk & F AN SE A SR 2R, SRV 5 1A It G J& T I — A28 50 1Y)

I B[ 12] o
B iR A B A AR B % U 2O IRI RN RES, U RS N2 AE P MR
Fr: Uy Upy weeees s Upo P ANKEYEFRFR 73 AT RIAT 5 u B3 —ANRHE, DRI HE P ANREPESR bR o] LA 2

ME—XF R u, FEN: um(u),qu(u),uAn(u), I AFRAEXT & u BRI & . 824 U 4 n N0, H
RN U ER— 0, 101E: Ay Ay Asye - An (UIBREATTABDRIAR ) . B2 T %
u:(ul,uz,us,---,up)iﬂﬁj\*/l\'—ﬁﬁi‘ﬁﬂ%ﬁé’é%ﬂ Ao H—MNEBIEEER TS u i, MR E - HHR
B, uas(u), Una(U), Uan(u)e BT IR RAT R u RJE T 200 Ay Az,- -+, A IR . BESL T AH SR SRR
BREUE RIS, AN e U TR — 28 [13]

KHFEBOE G R ek E . B AR T

ay =y, 8,08, )i =120, j=1,2,--,m, 1)
s ay N | MR 0SS | MRERR IR R ag, A T BERIRE R A A | ANRERR K A K AN
BARISEIEE, k=1,2, . Po
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FHELRIIBL A PR m MR @, = (=120, =1,2,,m,) BOTH0E o, B

j
8 :(ai17ai2""’aip) 2
Rife oy =~ ay k=12 p. Ha = (ay a8, ) SIBHIHR A MR

m j P

i j=1

AR U= (U, Uy, 0,0, ) SEIEFR & = (ay,a,, 8, ) ZIA 8BRS

d, (U,ai):\szp;(ui _aij) :\/(Ul_ail)z +(u, _aiZ)z +"'+(up _aip)2 @)

L: D=Yd,(u.a,), W A B0FIE R H[14]H:

d; (u,a)

Uy (U) =1-——7= 4
A|() D ()
B A Agy e A REEMRE U Eon BB TE, ueU 2 BRI R,

Ui (Ug ) = max (U (Ug ), Upy (Ug ) esUny (Ug)) » A up BSESEIE T A
3.2. EMPRAIRB YL

3.2.1. WEFIFIIERR

AR 7T R K BT T B X R RACOKIEREAT 7038, 73R JERK A =8 7K Ay I
IR Ags KIKIK Age U RFTEKFERISE G, WHRERK A =Z87K Ay TUEK Ags RAK Ag2 U B
BEWIEE[15]. ARIEKFERIA BT ORISR S B 0w, R RE BRI 6 ANMRpIESEFR, BT: K™+ Na' (uy),
Mg™ (u;), Ca**(u3), CI (ug), SO (us), HCO; (ug)s FE/KKIEMIFFERIEAN: U =(u;,u,,U;,U,,Ug,Ug) o
3.2.2. BIAFIHIREY

I VR AR 125 222 7. DY 2 K V5L 1 S8 SR R 4o 7E DY R TRAKOK IR IR L 14 MRER, “IERK A H 44, “=
TR BN, “WEK” H24, “RKK” H24.

(ail; ai2; ais; Ai4; ais; aie),i =12,3,4
bi2; biz; bis; bi4;bi5;bi6),i =1,2,3,4,56
Cit; Ci2; Ci3; Ci4;Ci5;Ci6),i =12

di= (dil;diz; diz; dis; dis; die),i =12
RE)T: ag. by G Oy A BRELERA. = Ak PIAAK. KIOKIE | AARER | AT 05
el o 14 ADIKEE R AR Sl Bodls WAk 2.

®)

ai
bi
Ci

-
-

Table 2. Measured data of each indicator in water samples

2. KR ARIRIM IR

BRI KRR Na“+K'(u)  Mg* (u) Ca*(u)  Cl'(u) SOi (us)  HCO; (ug)

M EY
1 37.05 30.73 26.55 19.31 55.14 19.18
E K A, 2 40.08 33.37 32.22 28.40 82.86 23.36
3 37.27 19.16 4357 15.99 72.28 11.73
4 43.41 20.25 36.34 21.85 57.95 20.20
BN 39.45 25.88 34.67 21.38 67.06 18.62
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Continued
1 42.39 24.89 32.69 22.17 58.58 19.14
2 50.67 24.09 25.21 26.55 36.82 36.63
5 KA 3 48.04 24.38 27.47 19.94 49.12 30.94
- 2 4 44.62 23.93 31.17 18.80 60.38 20.22
5 50.48 27.82 21.64 26.22 56.00 37.78
6 53.15 18.58 28.27 26.94 4791 25.14
¥E 48.23 24.95 27.74 23.47 51.47 28.31
32.66 35.24 32.10 16.72 52.14 17.52
VY5 7K As
36.15 32.06 34.98 22.10 63.40 25.76
YE 34.41 33.65 3354 19.41 57.77 21.64
27.25 18.82 423 5.64 20.91 41.30
KIKIK A,
30.40 30.13 52.5 29.88 37.27 70.04
YA 28.83 24.48 47.40 17.76 29.09 55.67
THEOROR AR X R AR AR ) = 1)~ 24
=(a1 3y, 84, 8)
= b lb Ty
o= (b5, ) ©
:(Cl C, Gyt )
(dl,dZ,d3, -+, dg)
H(6)H:
1 4
aj==> ai,j=12,
44
1 6
bJ :Ezblllj :1121
1 i:l (7)
CJ :_ZCUIj :1121
2
12 .
di :—Zdij,j =12,
24
THELSEIKAE u = (u,u,, Uz, Ug ) Ha=(a,a,,8;,+,85) ~ b=(b,,b,,by,---,b; )« c=(c,,C,, ¢4, C5 ) ~
d=(d,,d,,dy, -, d¢ ) ZIAMHEEIE R, AH:
6
d; (u,a)= Z;(“j —aj)
]:
6
d, (u,b) Z{(ui _bj)
]=
: ®)
dy(u,c)= Z‘{(“i _Cj)
iz
6
dA(U'd)= Z;(UJ _dJ)
=
L
D=d,(u,a)+d,(ub)+d;(u,c)+d,(ud) 9)
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B 8)x. 9N, BRI EEM FERRERECN:
d, (u,a)
D
Uy, (U) =1~ % (1.0)
D (10)

Uy (U)=1-

3.2.3. IFRFSER
B 3 RS KEESSE RN R B R B A R, HEE SRR “BERAK” . “=8K7 . “IUE
KR CRIOK” HIFIEE, FRIESORF B RN, SRR, Wk 3.

Table 3. Discriminatory attribution of each water sample

= 3. BKERIFIAAR

IRFEAIE FAPES Ay Ags Ags Ags HIRIRE

5 R KEEGR 5 B
Uaz (U) Uaz (U) Uas (U) Uaa (U)
1 0.746781 0.700499 0.926111 0.626609 &K
2 0.975518 0.923753 0899271 0.201459 JERK
BRI A 3 0.991311 0.524238 0.977787 0.506663 JERIK
4 0.907644 0.819267 0.726911 0.546178 HEZ K
5 0.971585 0.935562 0.957073 0.135779 JEZRIK
6 0.660514 0.930012 0.74561 0.663863 =&k
N 7 0.788661 0.991259 0.844781 0.375299 =&k
—EK A 8 0.970028 0.94071 0.942543 0.14672 HEZIK
9 0.796515 0.955852 0.916668 0.430965 =EIK
10 0.814915 0.977352 0.813618 0.394115 =&k
=N 11 0.90031 0.85481 0.976906 0.267974 Y4 7K
K As 12 0.947669 0.847593 0.977229 0.227508 &K
13 0.604654 0.736664 0.719041 0.939641 IKIKIK
KIKIK A,
14 0.624414 0.724163 0.696323 0.95510 IKIKIK

3.2.4. ¥R 94T
K ABER B 2 i IE R R L4 4.

Table 4. Accuracy rate of water sample identification attribution

4. KEFIRAREME

IREES EZRK A =&KA, PO 7K Ag KIKK Ay
BRI 75% 66.6% 100% 100%

M 3 FJRIHIANE 4 R LUE I, BERAKCHIB A 75%, 7K 1 HJRIBIINEIK, HEARK
SR B, BIKAE 1 HRA IS K, AT RENTR A /KR

= EKEHIR LRy 66.6%. JKFE 5 FIKHEE 8 FIRARERIK, EANTRAE AL T 08 6 A= Bt [X
IR S IR SR, R X 2 A P S K L, = 8K DU ORI 2 7K i 2 By A+
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Bz, H=5K. WERMBERKRIEEERRGL, ARt ==58/K, & KMERKKREKHE.
V& KRR A K A IE R 204 100%, X NiZEE/KERE, TBA K E/KIE AT fe i, HRJEE
PR N
Bk Lok, 1ZARALA I ERI )y 11/14 = 78.57%, I FZAE AL 5 A DX R F KB — 2 1)
AIEEME . HI T KRR BOE AR D, I R AR BAIR,  (ER Y (R R 1 208 2 T HE R

3.3 BANNA

FE DR B38 B LIS /KFE, AP EEE T8 IR 50 IR IR AROR I H K FE
ISR, IFISIE -

Table 5. Measured data of water samples taken on site

5. SEHRENEIKAE ST AR

IKEERETIKBER G Ay Ags Ags A MISRIBIE

' Uaz (U) Uaz (U) Uaz (U) Uag (U) eS|
I 0.755951889 0.848554106 0.925251 0.4702 PY-& 7K

iz A 2 BRI B T i, T SEASH S5 R K 6.

Table 6. Discriminatory attribution of unknown water samples

= 6. RFUKEERIFIFVAR

K okl NEHKTW)  Ca(w)  MgT()  Cl(u)  SOi (ug) HCO; (o)
Hil %S 2704 %
PO& K I 32.66 321 35.24 18.43 58.27 15.3

RGBSR SN, th?e 6 WLE W, AKFEARIYSK, RIS KM =5KRE
FEMRZEAK, ITTT LTS X PIRKFEA — % AR BIE,  BESR B TR =8 K AT RE .

4, g5ig

ARSI S, A4S BL R 458

1) R F I SEhRK R M Rk, JEEL K+ Na*s Mg?*. Ca®*. CI'. SO . HCOj; 3t 6 MEFME
RNFURFRSR, BB R . At B, AR A IERR N 78.57%, FHI A LLACEAR, T DL H
T I RAKIER 5.

2) AR S AR AR AT O], BUNSE R SR, =B ORI &K SRR B R
i, A RRLALIKEETAKIER B 28 K)E, RIRE FAKKIR, 1E0 B A 7K LA i RLE R 9 RIKH
BL, BB R K IR .

& H

[ K R A AT AL I 250 H (202210379014S, 202210379055S), 15 M2~ FE 2023 FEEH K J K44
BT G I 2R TR T H (18 0 T B BB R IR 95 A PR~ |), 18 22 B i 20 H (KYLXYBXM22-024,
szxy2022c¢tzy01, szxy2022jyxm29, szxy2020hhkc02), 2022 FE48 2 kA BN H BV I ZriH 2155 B (15 M b
iy HAR RS A )
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