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Abstract

Hydrochemical composition and control factors were studied based on the analysis of 30 water
samples in three aquifers (the fourth aquifer of loose layer, coal-bearing and limestone aquifer) to
explore the water rock interaction and controlling factors in coal mine. The results showed that
the hydrochemical types of the three aquifers are different; the main hydrochemical compositions
of the fourth aquifer, coal-bearing aquifer, and limestone aquifer are Na-S04-HCO3, Na-HCO3, and
Na-S0,4, respectively. The results of ion ratio, principal component analysis and cluster analysis
showed that the hydrochemical composition of groundwater is controlled by the dissolution of
soluble minerals and the weathering of silicate minerals, and the results of EPA Unmixmodel
analysis also show that the chemical composition of coal-bearing aquifer water was mainly related
to the weathering of silicate minerals and the dissolution of chloride minerals, while the chemical
composition of fourth and limestone aquifer was mainly related to the dissolution of sulfate min-
erals.
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Bt FRE IR —, R EE R, RS T B REEIEE AR 70%LL L, RS
i [ oK (R e 5 e 5 N R IR # 2R, DS b L SR ) AR (R 22 TR [ 1] TR, B KA IR
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Bk, 8T BHEE IHKE, EM T REROIFTAER] (4] (5] HAT, AKSCHEREELR0H T
KB G Hh g —Fh B B (2, B T R K 2, inE R R (Na' K Ca®'s Mg™ CI ., SO;
HCO; 55)LL K KA A48 FR(TDS pH 5%), -3 T /K FPRaE K SCHER b 2245 B 0 st T K A AL A
FULLACEMREARR, R X Fan HoK F B A EEE

PENELE N P, WEIRBE 20t 2 AR TR, HHFAR R 2%, &K)2 Z A &, K
EPHETEH TR [6]. BE SR A THEACH R &S, & TR, S TR EARIR, KO 2%
TRk, EKIEZ BT REAFAETE KK I &R

B, ST KSTERAL A THEX e s HoK MRS, ASOECGE SO U5 . IR ARK 3
AN K EH R /K S T 3T T REE 0T, RIS S kAT T F sy . %38, EPA Unmix 43
B, HERSAGEKZH N R 22 B RGBSR ITH T AOKCE A AR St e, X —Wr e+
BB SO K E B 6 TAF A HEE .

2. MMERZE
2.1. HEXEEAR
MEICKERITE SRR AL, A PIMKEL 940 mm /i, THIAURAE 15°COA b, SRE U 40 T M v
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B, HIFRAEBRAZRZ 116°51'00"~117°00'00"; A6 33°27°00"~33°32'30" . 5T IX IHLERA B 4 1 Fizr[7] [8].

BOE BURE F R RAKEIKIE R BRI N IaBUZE B EKE RIS S KB NRIKCE S
KZ. HAPEBHERATME . ik, A, MEeaSam. SHZEm s, BiEE)Z.
M E . VAR KIKEFEZH 115 m, HAE. 400055 Bibd . s KEEZER, Jed &
B 4hit%, MRbE RO A, KA.

2.2. BEERS

30 AMRERL T RAR TARE SURD RBRIE S, S RS R MEEE M08 104 14, 6.
SR B BREEESRAE, BE P RN B MUK R, K2 0.45 pm fLAERRIUEEL I8 5
24 /NI NIB B SIS ZE AT, ALK TR B E KA SR, EEON Na™ (T KRR IS, #
Na'Fl K' 4[] PA Na' %K), Ca™'s Mg®'. ClI'. SO} AMIHCO;, HHi Na', Ca*'. Mg*'. CI #SO; KJE
LA ICS-600 1 1CS-900 &~ (oA H#EAT I, HCO; W LARRH - A g VAR o A i Il 247 [ 2K
WK F B e TREBORTT S 0t T . Bl A SPSS At Bt b AT ab 2, AR T4, R
FoHr. LALALE ] EPA Unmix 6.0 325 B #E47 VR AR T -

HEHEH Eag BiaR iz By

Figure 1. Location of the study area

1. ARXIBNE

3. ER51T1ie
3.1. BHETSE

BB PR 5 S KR R IR ARG RO IE AR 1o AR L FTRVEH, R Kk 2,
DUE . RS KKEGKER pH BME 5N 8.6+ 8.6. 8.5, i F/KBHE T Na"AE, MAKIE. K
KHENEHEHCO; , TARKME A E S Ca> fl Mg™ . I FHhll4 . KKLLSOT N, MALIHCO; N
Fo HX3ANEKEHEFERLRIN Na" > Ca®' > Mg™, IXEWE/KZ R SRR 2 5 A 4 R
SR —E .

Wi 2 fiw, MR Piper —£R BRI 2, DUE £ BRAAAIHN Na-SO,-HCO; (5 A, i 50%), 1
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ZEBERKIFIEAA Na-HCO; BL(10 4N, 1 71%), KKK FEENEAN Na-SO, (4 4, & 67%).
IREAR, DUE . BERAR KK KA Lo A7 AR 5 22 5

Table 1. Statistical analysis of the hydrochemical compositions of groundwater

1. WERRT BB TERSER

HKIE Na* Ca* Mg* cr SO; HCO, pH
Ll 360~871 4~143 2~104 74~336 837~1247 106~915 7.9~9.1
(N=10) (659) (69) 47) (195) (1070) (457) (8.6)
& 435~783 0.4~7 0.6~7 104~243 23~602 566~1233 8.1~9.1
(N=14) (564) ) 3) (164) (228) (824) (8.6)
KIR 858~943 97~148 87~144 268~307 1853~2060 293~365 7.3~9.2
(N=6) (918) (122) (114) (288) (1978) (337) (8.5)

e BRI OB ME~ BB CT M), B pH LS, B B TR S A08 me/l.
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Figure 2. Piper diagram of groundwater samples from the Qianyingzi coal mine
2. fiff5R[X Piper

3.2. BEFLLESR

B UAE 2 T4 FH RATE 0 M R AR A2 1A SRR, C 7EHh R K dEE Fase, b Na'/Cl 48
7~ Na' fIRIE, 2 Na™ ki TR %M, W Na/Cl =1, W& 3(a), WFFIX Na'/Cl” BIEEA AT 1,
F A Na BRI HAEATRIE T NaCl. &5 7 X XM 26 1F, 1 2 1) Na™n] B8 S5 RERR EhT it KUk,
HR, XRETHAXESHKEMERSY Y, Wba. KA%.

WE 3R, 35 Ca® 5 Mg” AR IE TR ER B 10 7A MR, WL 1. Fra e asiiee 1:1 40
T, KW SOX MM T Ca®'5 Mg it %, XFHZEH Na™ P, R Na Wk S MR Sh 7w G <. R
HRIK T Ca™' 5 Mg R EDRIE TR L %M, N(Ca™ + Mg™)5 0.5HCO; ELE N 1, A& 3(c)AT
DA, AR KK 5 R 43 DU 5 KK BE(60%)VEE T 1:1 28 DL I, RIIR KK Ca®''5 Mg 1R IER: T
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RERR ER AL AL, ATREIE S 2 B0 IR VAR . TR B/K B Ca® 0 Mg IRSRIE IR, 3 2 19 HCO;
53 Na" BRER S0 W R %
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Figure 3. Study on ions correlation of groundwater samples in gianyingzi coal mine

B 3. sAEFRT T KRB FHEXE

ME 3(@)FIE 3(e)I B H, &KERGHKEHE EAEF 13 B RO RERR R0 0 KAk LR 28 R
VIR . Ul RERR £h 1 W) A 5 28 R A F IR e & B SO S /K E I R B A AR BAE R A, )
Ab, il 3(HFTR, (Na'-Cl )5 (Ca®+Mg?*- SO - HCO; )2 [H] {1y ELAE 5% 2 AT LA 2 7K J2 2 75 1745 B 5
TR, W78 X KA f(Na™- C1 ) 5 (Ca® +Mg™- SO, - HCO; MEMI K R RUF, RUBHE 7283 /E
FAR 2 SR X T 7K AR A 220 3 SRR K — A B EEH L
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WRIGE THE T, T IXHT AR EZ 2R R, HORA IR 32 X 57 7 56 5 R
ENEM, SR K E R FI A R R BB TRERER . SUERIA . BH s 5 B R B DA SR I o A VA 5

3.3. $IBGH AR

33.1. ERD T

F R AT 2 B R AR B O D AR AR I — TR . ndk 2 R, TERFIEER T 1 RGN,
I/ T 24T F1 5 F2, HI7ZETTRE 3008 68.51%. 21.89%, J7Z 0Tk Rtk F] 90.40%.
F1 ff Ca’™'. Mg™. SO} EAREMIEH M, HXA Na's Cl, WHEMS Fl WRESHERE. AA%
Gy IR o< A F2 oF Na™ CIT R HCO; BB I IERA, L far 2 18 e i B Sk OV A
AREX Na'H#H EE M TTER, HCO; i 8E M X Al At SRERR B M LA 9%, [Rtk, F2 AT T 3RR &
RV R S RERR SR W UK

FE 155 R 2 ER R R A 3 A ot B R b SRR 1, 0 ] 4 IR, 0 B KRR B 3 2252 F2 50,
AR R AKOKAN S RS2 S BV RS RERR SR 0 (0 U 23] . RAOK M AR fEA BJ7, SRR K]
RESZ BN 2R ML [F 2, T DU 20 A0 22 R, R IIDY &3 20 4 i n] B2 3 1 Hofh B /K 2R A1
RIS, HFARAS KR . A AT AR DU & 5 HoA & /K AR E IR B R

Table 2. Chemical principal component analysis of groundwater

2. WRKUFEERS S

PLIE EH 1 ERS 2
Na* 0.57 0.77
Ca* 0.90 -0.38
Mg* 0.94 -0.21
Cl 0.70 0.55
o)y 0.97 0.09
HCO, -0.80 0.47
LRI 4.11 1.31
J7 ZE DTk 68.51% 21.89%
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Figure 4. Plots of factor scores
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3.3.2. EPA Unmix f&& 5347

Unmix 2 U5 SN 7K A 22 IRURZH R ARRE I8 TR B, 28 b5, B 3La e 17 2 A SRIR(EE 3),
H Min Rsq =0.95, Min Sig/Noise = 6.11, = TR H IR AICHRHE, RUIARSOHHR S5 B2 A %01 .

W 3 fran, Y8 1% Na's HCO; Fl CI7 BB = K DTRRFE(>60%), X KWV 1 SHEERR H5 P0H KAL |
SR IR IRA 2. TR 2 A A& RA Ca¥'s Mg ) SO2 , R 2 Al fit AR R £ I RO VA R BT 51
& Wl s Fron, PR IIRTTER R IR 1 PR ROKFE R Tk ey, FLUCRRK, DA TR 2 %Y
HRIOKFERI TR E R, HOORER, R RKK A BAS RERR SR P 0 Ak . SR VI s
A%, MV 5 R IKAK KA L R B SRR S W I A 5%

Table 3. Source compositions (mg/1) and proportions (%)

3 3. B (mg/) R EHEE5I(%)

[N iES P8 1 (mg/l) P 2 (mg/l) LB 1/% EL A 2/%
Na* 490 180 73 27
Ca** -5.75 50.9 0 100
Mg* 4.4 425 0 100
Cr 133 66.7 67 33
SO; 238 620 28 72
HCO; 647 —45.7 100 0

100 ;
80 :
: KIK
60 T J
40 : R
20 :
0 = 16 . 24 30
IKFEG 5
80 :
60 :
: R
40 : l
20 )
0= i
KBS
(b) 2

Figure 5. Source contributions in qianyingzi coalmine
& 5. ZEIRSTE

3.3.3. BESHR

SRR ST IR W RARSE Y AR I RE 2. AR UCK ] Ward JEET7VERISE 77 BR IR 2% 30 /MFE
BT T S 6, 30 MFER N 32K, 551 FONDIEIK, 52 FONBERIDAK, 58 3 FEAKRIKK,
R 3ANEKBEZIEA BERKIEER.
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Figure 6. Result of Q-mode cluster analysis
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Figure 7. Result of R-mode cluster analysis
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4. Z5ig

TS PR = AN K E - KRR R R B S IR E S, BT e

1) WFFRIX P& EER2ERAN Na-SO,-HCO; B, i R 3 Ek4b 2357 Na-HCO,; i, KK EE
KA 22T Na-SO, B . =ANE KB KA 2B B 2 5.

2) BTEE. BRI BB, R AK A Z T iRA . Aaf. A& Ak
ST R D IR AR RR SR A B R AR F 2 1

3) i FH Unmix #7438 B R K KA 22 T 85 RE R AR 0 I Ak SR 0 IV A 5% o T DU 5
R IR 2H i r] e A B IR SR AT 0 R s A Pl 5 k2 1 o
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