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Hydrochemical characteristics and component sources of water in
underground reservoirs in the Daliuta Coal Mine
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Environment, Anhui University of Science and Technology, Huainan 232001, China; 3. Shendong Coal Group
Co., Ltd., CHN Energy, Shenmu 719315, China)
Abstract: [Objective] Underground reservoirs in coal mines are capable of storing and purifying mine water. A deep
understanding of the hydrochemical characteristics and formation mechanisms of water in underground reservoirs is
identified as an important prerequisite for large-scale development of technologies for mine water treatment. [Methods]
This study investigated the underground reservoirs in the Daliuta Coal Mine within the Shendong area by testing and

analyzing their influent and effluent water samples. Using methods such as the ion ratio method, multivariate statistical
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analyses (e.g., correlation analysis and principal component analysis (PCA)), and the positive matrix factorization (PMF)
model, this study delved into the hydrogeochemical characteristics and component sources of water in the underground
reservoirs. [Results and Conclusions] The results of this study indicate that compared to the influent water of the under-
ground reservoirs, the effluent water exhibits significantly reduced heavy metal indicators including suspended solids
(SS), clectrical conductivity (EC), total dissolved solids (TDS), Fe*, and Mn*". Furthermore, the Na* and Cl” concentra-
tions progressively increase while the Ca>" and Mg®" concentrations gradually decrease along the water flow direction.
The hydrochemical type shifts from the C1-SO,—Ca type of the influent water to the ClI-SO,—Na-Ca and CI-SO,—Na types
of the effluent water. The rocks collapsing in the underground reservoirs consist primarily of mudstones and sandstones.
Their minerals comprise quartz, orthoclase, albite, illite, kaolinite, chlorite, gypsum, and pyrite. The principal hydrogeo-
chemical processes the rocks experience include mineral dissolution (i.e., dissolution of halite, silicate, and gypsum),
cation exchange, adsorption, precipitation, and mixing. The hydrochemical composition of water in the underground
reservoirs is predominantly controlled by three factors: mineral dissolution and cation exchange (F1), the adsorption and
precipitation of ions (F2), and the mixing of different water sources (F3), which contribute to 57.2%, 22.0%, and 20.8%,
respectively, on average to the mass concentrations of ions in water bodies in the underground reservoirs. Specifically,
F1 contributes 86.9%, 78.8%, 79.2%, 79.7%, 74.0%, and 74.8%, respectively, to the mass concentrations of Na", K,
Ca™, CI, SO;™, and HCO;; F2 contributes 83.9% and 70.3%, respectively, to the mass concentrations of Fe** and Mn?",
and F3 contributes 84.9% to the mass concentration of Mg%. The results of this study provide theoretical support for a
deep understanding of the water purification mechanisms for underground reservoirs in the coal mine. Additionally,
these results offer technical guidance for optimizing the technologies for mine water treatment and achieving sustainable
utilization of water resources.

Keywords: hydrochemical characteristic; water-rock interaction; source analysis; positive matrix factorization(PMF)
model; underground reservoir in a coal mine; Daliuta Coal Mine
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Fig.1 Distribution of underground reservoirs in the Daliuta Coal Mine and the lithologic column of the roof of coal seam 5
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Table1 Hydrochemical compositions of influent and effluent water of underground reservoirs and
fissure water in the Daliuta Coal Mine

SS/ EC/ TDS/

TR (mg L)

AR (mgLl" (uSem) (mgL') Na® K' @  Mg" S0~ HCOj AR
RI-1 7.10 414 1657 855.95 12538 132 16412 10.01 27476 34897 11285 CI-SO,-Ca
R1-2 7.20 - 1496 77330 16421 132 13148 920 30432 30514 103.92 CI-SO,-Na-Ca
R2-1 7.10 338 1782 92720  130.61 1.02 202.88 612 28525 367.76  111.60 C1-SO,-Ca
R2-2 8.20 — 1585 82555 19415 124 14393 001 29461 29526 106.10 CI-SO,-Na-Ca
R3-1 7.20 274 1766 887.30 13147 231  160.05 1416 25321 33849 11401 C1-SO,-Ca
R3-2 7.00 — 1616 834.10  207.84 1.01 13215 1.06 264.63 32448 10440 Cl-SO,-Na-Ca
R4-1 8.20 262 1591 936.52  359.41 891  57.62 12,65 22432 32521  309.32 CI-SO,-Na
R4-2 8.10 - 1300 82022  530.16 892 7653  4.61 24623 496.17 271.17 CI-SO,-Na

S1 7.05 636 1801 901.00 13198 0.01 17276 1054 28922 36734 118.79 C1-SO,-Ca

S2 7.06 560 1937 976.00  137.48 0.01 213.56  0.13 30026 387.12 117.47 CI-SO,-Ca

S3 7.15 2496 1920 93400 13839 0.0l 16847 1490 26654 35623  120.01 C1-SO,-Ca

S5 7.15 — 1627 814.00  172.85 0.01 13840 9.68 32034 32120 10939  Cl-SO,-Na-Ca
S6 8.22 — 1723 869.00 20437 0.0l 15151 001  310.12 31080 111.68 CI-SO,-Na-Ca
S7 7.04 - 1757 878.00  218.78 0.01 139.11  1.12 27856 341.56 109.89  CI-SO,-Na-Ca
S8 7.15 — 1756 837.00  201.09 0.01 14031 144 26830 31567 11893 CI-SO,-Na-Ca
H: S1. S2. S3. S5, S6. S7. SSKFAWERMETCHR[7], T, “—7 FRIrrlm k@ BN TR, TR, SUN TS KERKEE,

SR VEKPEHKEE; S2R2 B KIEHEKRE, S6 2B KR IHKFE; S3HIBIKEBEKFE, STHIEKEHIKEE; S8MS5 ME R4 KAKUK,

Tl
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i 7K A C1-SO,-Ca #l [n) 1 7K 4L ) C1-SO,-Na-Ca #Fl
Cl-SO,-Na #5675 Nat & LBl B F 7).
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Fig.2 Piper diagram of water samples
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FAEE R b 7K B 2 7KK AR 9 T 4 8 5 100
KGR ILFE 2. AFE 2 AT, MR K Fe*, il Mn™*
JR AR AR, Ot €Y PBYL CutL Zn” R i
FEMIA RS . R A H K AR KA Y Fe® i vk 1
M 0.01~12.67 mg/L, ¥4 4 2.93 mg/L; Mn”" i 2 e [
7 0.011 2~1.35 mg/L, “F-341°4 0.25 mg/L; HiAlh 5 4 & 25
FREWER/NT 02 mg/L. S/KEFKOKIAEM L, H
IR Fe Rl Mn® - 5 BRaicR 4k 8] T 93.98%
H192.27%, HARTE 48 B 1 B W A R R R 1
R . FTABFIE M, R KB ok o Fe¥,
Mn™ 55 8 4 i B T S i MR S50 Rk
DLIEE A P,
3.2 M RAKEEKERIKAL FH 5 R AL
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) W AH S B

IR BV A USRS EA T XRE A4,
GEILRWL: VA AP 5 AL rh SiL AL Fe 3 FIoTE Y
A ALY Z T & A 80% LA b, EEICEK N SinE,
HAE AR 53 B0 R 62.07%( TR 5 ) AT 54.53% (15
) R AL ER, H S AR W & 4 805 R
23.82%(1e 75 ) 1 25.69%(F> 7+ ); Fe JC 2 i & 2 KU HE 44
%03, H ALY B & 40 0o R 5.47%( & )R
5.61%(b#) . BRILZ A, 4ibA h Ca JT2 i 405l
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Table 2 Mass concentrations of heavy metal ions in influent and effluent water of underground reservoirs in the Daliuta Coal Mine

T4 BB TRk (mg L")

IKFEGR

Fe* Mn** crt cd* Pb*" cu® Zn**
R1-1 2.1613 0.2412 0.0142 0.0012 0.007 5 0.0157 0.1017
R1-2 0.0442 0.0205 0.009 1 0.0002 0.005 8 0.0139 0.097 6
R2-1 2.076 4 0.4232 0.0188 0.0022 0.008 9 0.014 1 0.1339
R2-2 0.0257 0.0112 0.009 2 0.0002 0.0052 0.0103 0.0963
R3-1 3.2236 03165 0.0117 0.0042 0.0187 0.0178 0.102 6
R3-2 0.022 4 0.042 4 0.009 1 0.0012 0.0105 0.0139 0.0842
R4-1 1.4542 0.2432 0.0157 0.002 6 0.0159 0.0196 0.1752
R4-2 0.0213 0.022 1 0.0106 0.001 1 0.0137 0.0162 0.105 6
S1 5.67 0.24 0.01 — — 0.01 0.01
S2 12.67 0.46 0.01 — — 0.01 0.01
S3 11.19 1.35 0.01 — — 0.01 0.01
S5 1.82 0.03 0.01 — — 0.01 0.01
S6 0.57 0.03 0.01 — — 0.01 0.01
S7 0.01 0.02 0.01 — — 0.01 -
S8 0.10 0.82 0.01 — - 0.01 0.01
80

FEXTEL T, M 6.20%; i A AL T K, Mg JeER i i
SPEONTE 1% DL b RIET Y F o0 R AT, X
Fha A rh F 2 W AT Be N R FREh B IR AR, 17
AR A Y S R AT,

SRk — 2L R A A S T A AR, X Ll e R
F L SIX B, SR XRD X R 45 0 5 b A R
HEATH ) 3 W PR P s 4T, S5 RN 3 s .
PN 5 1 = B0 ) 5 AL A A 9 (SI0,). IEK A
(KAISi,0y). 44 KAT(NaAlSi;O). I {(K,H,0)(AlL Mg,
Fe),(SiAl),0,,[(OH)H,0]} . 1 & £ (ALSi,05(OH),) LA K&
é5‘?{?}[—25(Y3[Z4010](0H)2'Y3(OH)6) %, /ﬁ\:':':' Y 1&%‘:2 Mg2+\
Fe*" . AP HI Fe™', Z f055 Si il AL, WKL 3 A0, P4
YD Y L2 S N, BB A e RN A
YI(dEsRIe A . mle A AL R 3, HROE R A
BRARIERA), JeatEih A s g oY) sy
B3 A 30.80% il 54.0%, KA1 R 15.20%, 4D AFE
i A RN T B S0 0 26.30% FiT49.0%,
KA 18.40%, A5 — & 7 19 £1 B (CaSO,2H,0) Fl#
BeH (FesS,), HREMEU 910 5.10% Fl 1.20%.
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Fig.3 Compositions and proportions of minerals in rock samples
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Fig.4 Surface morphologies of sandstone and mudstone samples
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33.1 ABXMESHT

AR HERE Na', K, Ca®'\ Mg™", HCO; ., SO}, CI,
Fe’' . Mn*' It 9 Bl FiE A7 MG 43 #, 2 3 Sk 9 b
BRI . I 3 A, Na™5 KT AYMEC R 8
4 0.869, Na™5 CI'. HCO; i #H & 2 #4351l -y 0.745.
0.854, K" 5 CI'. HCO; IAHIC R BS54 0.761. 0.956,
A Na', K', ClIHIHCO; Z [A] HLAT i 38 /4% &k 25 ) IE AR
KMk, G55 ESCOHTAS AL, HEN W] e 8 A SR AR R

LA e T Nat 5 Ca? (945 2500 -0.822(5 3),
K'5 Ca™ By R % —0.805, KW Na™. K5 Ca®'
Vi) EL A B 2 ) B A DG, 302 B 8 - 3 (1 B RUREAE,
KRR Na™, K& 48 in i Ca® & 408/, i
3 A[H, Ca¥ 5 SO RIAHICRECH 0.705, £H Ca™' 5
SO Z [A1HAT & W IEAH G, 856 LSO ras R, #e
T B 3G A TR AR A O, (AR KRR Ca¥ RN
SO #r Al K . Ak, Fe'' 5 Mn® A E R BN
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W] Fe® Hl Mn® F7 76 5 ML 2K S R Ak A 0o 7,
SEE ESCOMTAS A, HEI AT RE -5 R K RS AR

TET A FL BRI AL B X Fe™ . Mn® WL B FH L e Fe”
Mn* 5 %3 S iR R A TR T VE AE T A OGP
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Table 3 Correlation coefficients of major ions in influent and effluent water of underground reservoirs in the Daliuta Coal Mine

i H Na* Ca** Mg* cr Neo/ HCO; Fe* Mn?* K"
Na" 1
Ca** —0.822%* 1
Mg™ ~0.081 -0.224 1
cr 0.745* 0.359 -0.370 1
No/e 0.281 0.705* -0.045 -0.356 1
HCO; 0.854%* -0.578 0.228 —0.524 0.473 1
Fe* —0.387 0.575 0.236 0.073 0.211 —0.154 1
Mn** -0.317 0.387 0.434 -0.197 0.126 -0.070 0.887+* 1
K 0.869%* —0.805%* 0.211 0.761* 0.476 0.956%* -0.305 -0.177 1

T pRHIRAE BB R — D SE, WH I p<0.05IFFTERE 2T, p<O.0INFATER 2R . * FoRp<0.05H A3 WK

e, 0 FRp<0.010 A B BE MK o

3.3.2 PCA B#4R

Xt ik 9 FEF(Na' K, Ca®", Mg™ . HCO; . SO7 .
CI', Fe’" . Mn” )R M &5 SR 1 KMO A1 Bartlett fOER
FE R 5, 45 R R %8s 5 19 KMO 2 0.567(>0.5),
Bartlett 45 46 i % /K -F-y 0(<0.5), KW BT 5 Z [ A

EEOR AR OC T, 18 A N 40 B . >R H Kaiser #fE N
WA K773, PCA 13 3 3 AN %0 E 2 (PCL. PC2
1 PC3), HAFMEE KT 1.0, BRTTHCE KT 88%, 45
RILFE 4,

R4 BT KERHKKEERTHTER

Table 4 PCA results of influent and effluent water samples from underground reservoirs in the Daliuta Coal Mine

SN L GEEROREN PRI E TR JE AT AE
FAEE STR%  BRBTUIRE%  FHMEE TR BRUTTCEc RHMEE siiE%  BRTTRE%
PCl 4.521 50.233 50.233 4.521 50.233 50.233 4.348 48316 48316
PC2 2.239 24.882 75.115 2.239 24.882 75.115 2.290 25.441 73.756
PC3 1.207 13.409 88.524 1.207 13.409 88.524 1.329 14.767 88.524

PC1 Ay TTHRF N 48.316%, HAFF/E Na', K, CI',
HCO; . SOT HA7 & M IE 3847, 1M1 Ca® H AT 55 1Y £ 3%
i (6 5). MRIEAHSCHEIHIEER, Na', K, CI 5 HCO;
Z A HA R A IE AR, Na™, KT Ca® 2 Ji]
FLA R B 3 W SO OG I, X 5 PCA 255 — 3. (AZEAM
Stk arirh, Ca® 5802 2 ] HA B 3 I IE A G, 5
PCA 455 1E G0 S5z, $EI0 0] B8 2 PR b T 7K 2 v BH S
FASHAE R TA TR AR A, Sk ik ca® i &
FI AN B, XRD M Hr g5 R 8, it &
Tem i AR, sl fr . sl R
T Y B A BRI 50%, 70 v A B 1 i 4
AR 5.10%, e h AR ZIAE o H A s T 7K 2
o BH B A/ R T A I R E R 2 B3R . 27 b
G307, PC1 AR Wy i (G045 5 8k | RERRER LA B
i) R BH B T34

PC2 1 BTHR R N 25.441%, HFRAE & Fe* il Mn™

BA R IEER AT (£ 5). RIEH Mg R, Fe S
Mn®* 2 [a] BA 1 2 I IE A S PE, X 5 PCA 45 R —3L.
MR R SCoM T LS SR, R K K Ab Fe® il Mn™ 25 H:
4 8 B 7 i EL KA B B RRAIR (R 1), HEM T RE S
Mo K 2R TN 5 VR S A 3% T I AR R AL B A Fe,
Mn® 75 A T I R A Fe®™ . Mn® ™5 28 S 58 4 e s
KM T ULTEAE A S0, R, PC2 403 W JE Rt g
fEH.

PC3 [ 5Tk R K 14.767%, HARE & M> B A &
(17 BT (5 5) FEMIRMEI MR, Mg™ 5 Hofth 8 Fhgg
T 22 B B AR SRR AN o, I M”32 Hofh B T i 5 i
AR, [ 26 B M B AR A B8 E 1k . MRS XRF
1 XRD MERSMHr45 3, HUT K Mg™ T fiE 1 478
A, A ERVAT 5 BRI AR U 2 K fA b Mg™ A it
TFEs, WX -5 SEhRm g FA . Pk, Mg B R Y
AT, NATRECRET WV E R . X R 1 h
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Table S Correlation matrix of ionic components in all
water samples

LD PCl1 PC2 PC3
K" 0.960 -0.161 -0.077
Na’ 0.908 ~0.260 0.243
Ca™ —0.765 0.327 0.258
Mg™' 0213 0.295 ~0.838
cr 0.793 -0.127 0.329
HCO; 0.953 ~0.053 —0.085
Nen 0.635 0.435 0.323
Fe’ —0.175 0.923 —0.025
Mn** —0.049 0.878 -0.323

MoK IZEBEH KK FERIR 25 X 248K S8 KFEH Mg™ it
HUSE R LUK, S8 KRERY Mg™ it e J¥ (1.44 mg/L)
BT 1—4 SRR KRR Mg ik i 2 [, #fE
I Mg™ AR AT B SR HK FIR 25 X 4Bk b Mg™
B TIRABIEH S Hitk, 7 Mg™ V8l H ik
B, ORI R R 7K 2R K AR [ K T TR
A B, (BIX — 25 Bt — e, AN, Mg
A A AT, 1T BB 5 PH S S e R B A G
Pk, PC3 AT AFKIEIRG1E
3.3.3 PMF @& R

R T S T AR TR b T A PR K A 2
THIRIEFN ML, AUGE R H] PMF BRI T3 AT

100
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Fig.7 Analytical results of ion sources derived using the PMF model

3.3.4 PCA 7= PMF f##7 4 Rt 547

ARSI R B B R A, PCA LU 34 K
43+ (PC1, PC2 F1 PC3), PMF H & ity 5 1t I 7 %ty
3AN(FL. F2 1 F3), & 58—, MUIMNTE AR 25
TRA, PCA Il PMF EAIFEXT N b A 4FAE 25t 58
4> — %, PC1 FI F1 %642 Na*, K. Ca®, CI', SO,
HCO;, PC2 il F2 #f & Fe’ Fl Mn>, PC3 Fl F3 %K J&:

WS, Y Opopun PMF HE AL E 1715 2 R A i 1) H
FreRE0 5 O H b R ELA )5 o 230 B, SEAE
LSRRI 2 18] B3 RO et Y e s i A
OSIEE T 2 ~5 AT TS, M FHCY 3 8,
Orobust T Orure BT, WA LA 2 AW ST R P (0 B
FERTHON 3, BRLATT 20 WA SERLR T, 450K
PIABEYIRT 0.85, FIALIATRE K 4F

I PMF A5 5 fig A7t 3 A4~ K7 (F1. F2 1 F3),
X AR T 2% B F Y SRR A1l 7a fr R . F1 %
FRAEE T Na™, K'\ Ca®", CI', SO, HCO;, 5 PCl
(RRRAE B To8 4 — 30, F1OXIX 6 Flesd 7 i Mk 19 o2
ik %4y 9N 86.9%. 78.8%. 79.2%. 79.7%. 74.0%.
74.8%(&l Ta), 44 LA HTAE R, F1AGEREERREL | 7%
KRR B B 354, X R K B K AR S 1 TR R
TR 57.2%(1&] 7). F2 FEHHE R TR Fe' A
Mn’', 5 PC2 YR B 158 4 —5, F2 XX i Fh s 1
(R BT R A3 90N 83.9% 1 70.3%(&] 7a). 454 13
Hras R, F2 4838 Fe¥ 1 Min® 45 3 06 35 1 (0 g B R 9T 3
YEF, X b R 7K B K 1A B8 7 oo vk B 1 BTk R
22.0%([& 7b). F3 T EIRAEE T4 Mg™, 5 PC3 Y
B B 58 4 — B, F3 X3 f B 7 19 ST ik o
84.9%(I&l 7a). 456 L SCHMTAS IR, F3 ARERHL I KN
AR IR TR AV P, X6 b 7K 7K AR 8 i i v JE 1Y)
TIHRR A 20.8%(1& 7b).
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(b) 3 BB 1 BT

Mg™ . LB i 5T k%K B, PCA 1 34 F k4
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14.767%, i PMF #5803 M LR F F1, F2, F3 1
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FE R TR S

5 PCA fH L, PMF $8 IR HAE T E X B —1 4
P AR TACER AL B, T A B SR B E MR, JF
ELAE SR e b A8 rhowE PR 28 ar A0 AL A2 SV E AR TR 2030,
B L 4 it 2ok o b o PR 7 (R, S (75 PMIF A5 781550
RV BTk 3 B ELAT P A T,

4 #£ig

(1) 53 /K ZESEAOK TAR HE, H K Ak sk 44 i [ A
BEIEYI(SS). HL TR (EC), ¥ fff 1 S [E A (TDS) FIE 4
J& BTSRRI B IR AC. WK, Na', Cl & i
BRI, 17 Ca™ , Mg™ & BB Wi I 1K, KAk 2R
R C1-SO,-Ca B[] 1} £ C1:SO,-Na-Ca A5}, CI-
SO,-Na HIFEAR |

(2) T KRR IK A 2R AR B A2 3 Rl F(F1.
F2 FI1 F3) Fihil . 3 A7 %o 8 I i e - 2 Bk
RN 57.2%. 22.0% F1 20.8%.

(3) F1 By FEHHE B 7o Na', K', Ca™', CI,
SO; . HCO;, XX 28 8 7 1Y 51 #ik 2R 7 5 k1 86.9%.
78.8%. 79.2%. 79.7%. 74.0%. 74.8%; F2 i) = BL4H1iF
BN Fe? TR Mn™, BTk %2051k 83.9% F1 70.3%; F3
(= BAE R 0 Me™, TTERR N 84.9%.

(4) AR AEAE G A W R R i Bt b i —2F
¥4 PCA 5 PMF BARHHZE G, I fRAT T RIS B 1
TR IR KA AL 3 R U5 B BTk, AT RN Ry
SR MR 7K 28 K AV A L ) SR A R RN S A Ak B
FARBBL A0 R0 T B BIS SR, AR, T REAR
B AR S B Ao, TTRE S S a2 .
A Je WF 5 I F R A I AS 8, RO ASE AR 2 B ik,
HE— 2 FETE XS I b 7K 2R K SCHBER TL 2 RFAE KRR
R AT RE ]

HEIFRE:

c HETFUIE; £, M K ARFAR)E AT
JRE R BE s g AR kAR GRS i AR 1 TTHR
1 Ay ¥ R S B s m SRR i R B3R s e Ry i TR
HIECEE w o PR () R B s X, RS i MRS TR A
BT TR B s 0 IR ZE B p BT B I
FEAH; 0y A i MRS TES RN ES RN E

FI £5)h 52 &= BA/Conflict of Interests

A A AE M £ th 5 o

All authors disclose no relevant conflict of interests.

£ % X #f (References)

[1] Rk, 7, Eatde, 45, PUEHh X eI & 5K BEE
Rl AR R [T]. P TRERRE, 2021, 23(3): 129134,

ZHU Yongnan, SU Jian, WANG Jianhua, et al. Coordinated de-
velopment mode of oil and gas resources and water resources in
Western China[J]. Strategic Study of CAE, 2021, 23(3): 129—-134.

[2] JBORE]. a3t K PR B HESR AN AR R[], HEAe 230, 2015,
40(2): 239-246.

GU Dazhao. Theory framework and technological system of coal
mine underground reservoir[J]. Journal of China Coal Society,
2015, 40(2): 239-246.

[3] BRortt, BEPCEE, BRI, 45, SIS M R K PR g5 57K BHR

FIFHEAR D] BETRBEHA, 2016, 44(8): 21-28.
CHEN Sushe, HUANG Qingxiang, XUE Gang, et al. Technology
of underground reservoir construction and water resource utiliza-
tion in Daliuta Coal Mine[J]. Coal Science and Technology, 2016,
44(8): 21-28.

[4] J7EIL. 7R 2 IX o SO N R K K A LAY

FE[D]. #RM: B LKA, 2020.
FANG Zhiyuan. Study on water storage and purification mechan-
ism of underground reservoir by cracked coal and rock in goaf of
Wanli No.1 Mine[D]. Xuzhou: China University of Mining and
Technology, 2020.

[5] #luk, XNEF 3, MR, 55 BT /KX &R RIRAPE A

DL R 4 BT K AR B2 (0], 5 TR, 2020, 52(1):
122-127.
JIANG Binbin, LIU Shuyu, REN lJie, et al. Purification effect of
coal mine groundwater reservoir on mine water containing organ-
ic compounds and heavy metals in different occurrence forms[J].
Coal Engineering, 2020, 52(1): 122—127.

[6] %, Baie, X, 4. ACHHEAE X 1R K 2K BT
EMHHLIRTSE ] SRW 5264 T AR, 2022, 39(4): 779-785.
ZHI Guojun, JU Jinfeng, LIU Run, et al. Water-rock interaction
and its influence on water quality in the underground reservoir[J].
Journal of Mining & Safety Engineering, 2022, 39(4): 779-785.

(7] SRAED], w2, AR, S B0 K R K K A 25 AT S g

RIEATLT]. B Bl2EHE AR, 2020, 48(11): 223-231.
HAN Jiaming, GAO Ju, DU Kun, et al. Analysis of hydrochemic-
al characteristics and formation mechanism in coal mine under-
ground reservoir[J]. Coal Science and Technology, 2020, 48(11):
223-231.

[8] sKHL, iz, Pk, 5. 0 T /K K 5 A AR B S0

WFSE[I]. BB, 2019, 44(12): 3760-3772.
ZHANG Kai, GAO Ju, JIANG Binbin, et al. Experimental study
on the mechanism of water-rock interaction in the coal mine un-
derground reservoir[J]. Journal of China Coal Society, 2019,
44(12): 3760-3772.

[9] PRREER, VP&, BRIGeRs, 55, Aedb iR BB X Hh T 7k k2 &
Hohl 07 LUE B X R B 5K A K 2 Bl [0]. Bk


https://doi.org/10.15302/J-SSCAE-2021.03.022
https://doi.org/10.15302/J-SSCAE-2021.03.022

%12

KT AR T AR AL S AR K R IR ARAT

+ 129 -

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

%, 2017, 42(4): 996—1004.

CHEN Luwang, XU Donggqing, YIN Xiaoxi, et al. Analysis on hy-
drochemistry and its control factors in the concealed coal mining
area in North China: A case study of dominant inrush aquifers in
Suxian mining area[J]. Journal of China Coal Society, 2017, 42(4):
996-1004.

IR, RS, AT, S5 WAL A IS X R 2 KoK SCHhER
A 2FE LR AE [7]. MR 25 8] 5 TR 2440, 2021, 17(6): 2021—
2029.

QIU Huili, GUI Herong, CUI Lin, et al. Hydrogeochemical evolu-
tion characteristics of mid-layer groundwater in sulin mining area
of Huaibei Coalfield[J]. Chinese Journal of Underground Space
and Engineering, 2021, 17(6): 2021-2029.

FREIL, XUJE 52, XIS, 46, BB FURe 3 T AOK AL Rl K
SRVEFHTLI]. 15 FH b 5T S5 854E, 2022, 50(8): 99-106.

CHEN Kai, LIU Qimeng, LIU Yu, et al. Hydrochemical character-
istics and source analysis of deep groundwater in Qianyingzi Coal
Mine[J]. Coal Geology & Exploration, 2022, 50(8): 99—106.
ZHANG Haitao, XU Guangquan, ZHAN Hongbin, et al. Identific-
ation of hydrogeochemical processes and transport paths of a multi-
aquifer system in closed mining regions[J]. Journal of Hydrology,
2020, 589: 125344.

GANIYU S A, BADMUS B S, OLURIN O T, et al. Evaluation of
seasonal variation of water quality using multivariate statistical
analysis and irrigation parameter indices in Ajakanga area, Ibadan,
Nigeria[J]. Applied Water Science, 2018, 8(1): 35.

B2, SIS, A Bl S A T IT SR X T K S e
FRHE BORIEAMT[I]. A5 (64 B (RERER ), 2024(4): 111-119.

HU Qian, GUO Qiaoling, YANG Yunsong, et al. Analysis on
characteristics and sources of heavy metal pollution in groundwa-
ter in coal mining areas[J]. Nonferrous Metals (Extractive Metal-
lurgy), 2024(4): 111-119.

SOUTO-OLIVEIRA C E, KAMIGAUTI L Y, DE FATIMA AN-
DRADE M, et al. Improving source apportionment of urban aero-
sol using multi-isotopic fingerprints (MIF) and positive matrix fac-
torization (PMF): Cross-validation and new insights[J]. Frontiers
in Environmental Science, 2021, 9: 623915.

F R, RAHE R, WG HE. I3 g M T A IX L A AR AR
K GSHHT: BT PCA-PMF J5ik[J]. h EI R R, 2021, 41(1):
279-287.

WANG Cheng, ZHAO Yanping, XIE Mingjie. Characteristics of
lead enrichment in the soil from a typical peri-urban agricultural
area of the southern Jiangsu and source appointment based on the
PCA-PMF method[J]. China Environmental Science, 2021, 41(1):
279-287.

TICHE, WG, 7 . 3 2 T I X A S G A s [ )
A0 SRUEFEHT IR 2T PCA HI PMF 74X L [J]. b
ZFRIZE, 2023, 30(4): 470—484.

NING Wenjing, XIE Xianming, YAN Liping. Spatial distribution,

sources and health risks of heavy metals in soil in Qingcheng dis-

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

trict, Qingyuan city: Comparison of PCA and PMF model
results[J]. Earth Science Frontiers, 2023, 30(4): 470—484.

WANG Xinkang, XIAO Changlai, YANG Weifei, et al. Analysis
of the quality, source identification and apportionment of the
groundwater in a typical arid and semi-arid region[J]. Journal of
Hydrology, 2023, 625: 130169.

JIANG Binbin, GAO Ju, DU Kun, et al. Insight into the
water-rock interaction process and purification mechanism of
mine water in underground reservoir of Daliuta coal mine in
China[J]. Environmental Science and Pollution Research, 2022,
29(19): 28538-28551.

TKIE, VEOGR. R=s X B TR A5 H 5 SR AR AL L], M LTS
K, 2018, 46(4): 99-102.

ZHANG Haitao, XU Guangquan. Research on caving structure
and water filling characteristic of goaf[J]. Coal Geology & Explor-
ation, 2018, 46(4): 99-102.

ZHANG Haitao, JIANG Binbin, ZHANG Haiqin, et al. Water
quality characteristics and water-rock interaction mechanisms of
coal mine underground reservoirs[J]. ACS Omega, 2024, 9(26):
28726—28737.

FREL, XUEFT, AR, 55 B MR K PR 1R I R LA A
PR IGAFFEI]. 45 FH Al T 53R, 2023, 51(3): 54-64.

ZHANG Kai, LIU Shuyu, CAO Zhiguo, et al. Study on the time
law of water-rock interaction in coal mine groundwater
reservoir[J]. Coal Geology & Exploration, 2023, 51(3): 54—64.
205, R, 230, 4. SLF PMF A8 e b B 111k 1 SR 2l v
i X SR G R OR IR AR AT (0] FREERME IS, 2019, 32(6):
984-992.

LI Jiao, TENG Yanguo, WU lJin, et al. Source apportionment of
soil heavy metal in the middle and upper reaches of Le’an River
based on PMF model and geostatistics[J]. Research of Environ-
mental Sciences, 2019, 32(6): 984—992.

MOSES C O, KIRK NORDSTROM D, HERMAN J S, et al.
Aqueous pyrite oxidation by dissolved oxygen and by ferric
iron[J]. Geochimica et Cosmochimica Acta, 1987, 51(6):
1561-1571.

Bl X, 22, 5KAR, 45 50T T K R /K A VE HBLERAE ST : LA
KMIERET B0 BERFLHR, 2022, 50(11): 236-242.
FANG Manyi, LI Xueyan, ZHANG Gen, et al. Research on water-
rock interaction mechanism in coal mine underground reservoir—
Taking daliuta coal mine as an example[J]. Coal Science and
Technology, 2022, 50(11): 236—242.

BL, ERKBK, 2540, 5. 0 YA R DA IM]. Jbat: B
A, 2015.

INIEZE, 5K, IR, 45 B0 X9 I OR B R S b £
G RIS E e e (0], EaR~#41, 2022, 47(1): 423-437.
SUN Yajun, ZHANG Li, XU Zhimin, et al. Multi-field action
mechanism and research progress of coal mine water quality form-

ation and evolution[J]. Journal of China Coal Society, 2022, 47(1):
423-437.


https://doi.org/10.3969/j.issn.1673-0836.2021.6.dxkj202106040
https://doi.org/10.3969/j.issn.1673-0836.2021.6.dxkj202106040
https://doi.org/10.3969/j.issn.1673-0836.2021.6.dxkj202106040
https://doi.org/10.12363/issn.1001-1986.21.11.0631
https://doi.org/10.12363/issn.1001-1986.21.11.0631
https://doi.org/10.1016/j.jhydrol.2020.125344
https://doi.org/10.1007/s13201-018-0677-y
https://doi.org/10.3389/fenvs.2021.623915
https://doi.org/10.3389/fenvs.2021.623915
https://doi.org/10.3969/j.issn.1000-6923.2021.01.033
https://doi.org/10.3969/j.issn.1000-6923.2021.01.033
https://doi.org/10.1016/j.jhydrol.2023.130169
https://doi.org/10.1016/j.jhydrol.2023.130169
https://doi.org/10.1007/s11356-021-18161-3
https://doi.org/10.3969/j.issn.1001-1986.2018.04.016
https://doi.org/10.3969/j.issn.1001-1986.2018.04.016
https://doi.org/10.3969/j.issn.1001-1986.2018.04.016
https://doi.org/10.3969/j.issn.1001-1986.2018.04.016
https://doi.org/10.3969/j.issn.1001-1986.2018.04.016
https://doi.org/10.1021/acsomega.4c03073
https://doi.org/10.12363/issn.1001-1986.22.04.0288
https://doi.org/10.12363/issn.1001-1986.22.04.0288
https://doi.org/10.1016/0016-7037(87)90337-1

130 -

iR R

%50 %

(28]

[29]

[30]

VOUTSIS N, KELEPERTZIS E, TZIRITIS E, et al. Assessing the
hydrogeochemistry of groundwaters in ophiolite areas of Euboea
Island, Greece, using multivariate statistical methods[J]. Journal of
Geochemical Exploration, 2015, 159: 79-92.

LIU Pu, HOTH N, DREBENSTEDT C, et al. Hydro-geochemical
paths of multi-layer groundwater system in coal mining regions:
Using multivariate statistics and geochemical modeling ap-
proaches[J]. Science of the Total Environment, 2017, 601: 1-14.
FEJ7 L, RSO, SRR, G5 SRS KB AL A A iR Rk
HLBESCEITFE[T]. 0 ML BLA2 40, 2023, 8(4): 464-473.

WANG Fangtian, HAO Wenhua, ZHANG Cun, et al. Experiment-

61

al study on dissolution effect and water purification mechanism of
broken coal and rock mass in goaf[J]. Journal of Mining Science
and Technology, 2023, 8(4): 464—473.
ZERR R, XA, PRE, 4. BT PMF BB H X+ 3T 4 e ok
URAEHTY]. FREEREIAE SRR, 2024, 36(1): 17-22.
LI Yuchen, ZHENG Liugen, CHEN Xing, et al. Source analysis of
heavy metals in mining soil based on PMF model[J]. The Admin-
istration and Technique of Environmental Monitoring, 2024, 36(1):
17-22.

(FrtEthit 354 5%)


https://doi.org/10.1016/j.gexplo.2015.08.007
https://doi.org/10.1016/j.gexplo.2015.08.007
https://doi.org/10.3969/j.issn.1006-2009.2024.01.005
https://doi.org/10.3969/j.issn.1006-2009.2024.01.005
https://doi.org/10.3969/j.issn.1006-2009.2024.01.005
https://doi.org/10.3969/j.issn.1006-2009.2024.01.005

	1 研究区概况
	2 材料和方法
	2.1 样品采集
	2.2 测试分析
	2.3 分析方法

	3 结果与讨论
	3.1 地下水库水体水化学特征
	3.1.1 一般水化学指标
	3.1.2 主要阴阳离子
	3.1.3 重金属离子

	3.2 地下水库水体水化学组分形成机制
	3.2.1 矿物理化性质
	3.2.2 主要离子来源

	3.3 地下水库水体离子来源定量解析
	3.3.1 相关性分析
	3.3.2 PCA解析结果
	3.3.3 PMF解析结果
	3.3.4 PCA和PMF解析结果对比分析


	4 结 论
	符号注释:
	参考文献

