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Abstract

The main water sources for coal seams No. 3, No. 9 and No. 15 of Cilinshan Coal Mine in Shanxi Prov-
ince are atmospheric precipitation, groundwater from Quaternary loose rock pore water aquifers,
groundwater from Permian clastic rock fissure water aquifers, and groundwater from Carbonifer-
ous carbonate rock fissure karst water aquifers. These water sources pose a risk of sudden water
inrush disasters during mining activities. Therefore, this study collected and analyzed mine water
samples from various coal seams. The results showed that the water sample from coal seam No. 3

was mainly composed of Ca?* and HCOj, with an HCOs-Ca type water quality and a mineralization

range of 743.60~1045.54 mg/L, indicating relatively good groundwater flow conditions. The water
source was mainly atmospheric precipitation or surface water recharge, and the water cycle was

relatively good. The water sample from coal seam No. 9 was mainly composed of Ca?*, SO}, and

HCOj;, with an SO4+-HCOs-Ca type water quality and a mineralization range 0f 846.00~1398.56 mg/L,
indicating relatively slow groundwater flow conditions and prolonged water-rock interaction time.
The water sample from coal seam No. 15 was mainly composed of Ca2+ and SOﬁ", with an SO4-Ca

type water quality and a mineralization range of 922.60~3279.18 mg/L. The concentration of mg/L
indicates that the groundwater is in a highly enclosed hydrogeological environment with extremely
poor groundwater flow conditions and a significantly prolonged water-rock interaction time. The
findings provide valuable reference for a deeper understanding of the hydrogeological conditions
of the mining area and for guiding mine water hazard prevention and control.
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1. 5|8

PG ZEAR L XA T U0 K AR R B, A 9 B I ORI X A% AL AR 2y, A= T RAE Bloxt
DR RE YR A N H AT I 5 L [1] (2] BEAE T RIRFEIG L EETT R 9 5. 15 SH)Z, TFRARE+1020~+550
m), FIHAKSOBEAE RS, THRZREKERGURBALE SRR 2A TR & KR
RIREAIEE FE R & KRS IS AR Y, A3 S MK A 2 25 BT [3]. sk, WX Cfis 23 2%
W2 S AN RETEAE, MG AKRHENT S, FnE 3 SRR X PUKIsh &, #—Pmkl T 9 5.
15 SHEZ IR K E B 4] -

A, AR 2 53 B GRT0 IE KR K SO BURAIE & AR PERFIE . B2 T K F B
GBI IHAT T RER IR skt 2R LR 9 S RTINS K= B = R MEEAT V-, 3
ARERET X EREERE . SR RBEERHIPFIME R, B 9 SHZ TS K2 B KSR 2 - 5555
P HhggEKIX G 72%, AKX G 28%, N HKEBRIRAE 170 XKAKIE[5]. ZFE0 AL
BR K SCH SRR AEEAT 7 R Ge o b, 7K 3 KU 2 252 2 5K 2 R S8 Wi I8 SR AR I Rl P
WETEIAL 7 ABAOK RAKSE R X AR . REBUKBBOZ O RIPHG R &, i “ =X R SL K E R
B 43 15 6] 0 Tk K s AR X BT B R X & TDS R /K I R T, KK 28 i 5 — SO4-

DOI: 10.12677/me.2025.136166 1506 i AR


https://doi.org/10.12677/me.2025.136166
http://creativecommons.org/licenses/by/4.0/

ZERM 55

Na #4954 SO4-HCO3-Na 1 SO4-Ca-Mg #!, mfi (0 = R R B 45K 2h 11564 2 « sl K A VE R B gl
AR WA B3 N m) BB A A I L R A /K TR B ia S B A R F SR AR B 34 (7). E
S I R — W HHR KRG S RS R 5 A T, KGR0 HCOs-Na &Y, 257 SR DURERR
B IRAL A . AR FAHE BRI KEE IR L) 69 4E, SIRIE S KIZK ST R HI8]. 2INE PEELL
TR PR ORI B, TS RIKAR K A 22 550, KB4k S 55, TDS 4 140~828 mg/L,
KAk 2257 i) HCOs-Ca [f] HCO3-SO4-Ca-Na BRI o KARES T4 S 00 R 2h /B R £h 5 VA R BH S 138 4
F NG AL R ], ERTF T BoRiiGsh . RIE S BCE A R E MR R, BitsiwkRia
82.06% [9]. FIAARZEXT N S i G A A X TOE 70, R B RIFH K EKENED A - 22 H,
Hb R KA 22 A g SO4-HCOs-Ca-Na B ; GMS B FI 7R, #7FFifK EEEF4: Nat. Ca>. SO, ,
IKEAEAEH S S pH Fhimr . B IR R, [BREDE &K E R IE £ FAFIE[10]. 28 EArR, Bid R4
SN KRR S L], v B8R K 2K TR IR T KIS, SRR SR SCHE
JR SR DX 1) 22 A TSR 5 7K B8 U AT R SRR FH R A B S R

AR SC AL PG ZEMR LLGERT B T X B, IR AR A AT 2 257K 2 7K AL B R R AR A U B s vl B 2%
T Z X S A K KA SRR BRIE 7S, T DL ol VA 6 R K IRBE IR, IO X K BEIR AR
P15 SR T I SRS (1 1) 8 B LR 8 S

2. MIRXHER
2.1. WHEFEGR

BEMR LR T K T B 2R IR 2 Sk BN e — 7, JFHTAUA 12.3249 km?, #LHETFE 3.
9. 15 5HEE, AR 60.00 /A, FFRARRE: +1020~+550m, 3 SHEZ T 2010 FHE, IR
95, 15 FIEE, EEHEFSLAER 154.99m, HEFRERE N 13.49m, FERECH 8.70%. 1
KR E M (BRD KBERIEE TR, 48R — IR A, AdR¥s VRS TR . B X AL T RAT Bkl 2 K76
A EE RS, XS, SRR ey R BEE M, SRR A LR =

2.2. WIRSKIMR

BEMR LA AL T 0 /K b B AR, T K R Yo TR SRR B TR 7K R PR IRTAER P 4 K0 B (B 22 51
B =0 SR I R F AL 7 KAL) SR e 2RI B, S R e = SR 3 e S T — A (R OK R
FIH A KA AL E R g, Bara kg ode 2 Kia BE—w, BT =aimik. b
K, FEEh ST - EINE . KA Oy — B AR R TR B W At SRR, WA 300
mo =T - HIRAEH A, — M 30~70 m. ZEHL VSR N BB R RS IR . AR 3
FERIEZ K AKIEIE LUK S K AMNA R EFRR . 70K E/KBEAR B R RBEAKANG E IR IE R, Trig
Bigdisd A HEAER . AaXACFIZERVER . BHE 738 3 E I LUK RT3 2 T A S5 /K 5 R4

FHN KRB NENRELES, RTHEREAN SR G EAGTH. UATGE TAETAH.
WA AT EEERBORE,  JF 2 B2 28 e B R b 48 BRI (00s) BM R G 2H(0y) £
WAPAARBRA(Ch) ARAEGRFA(Ct). —BRTFLGITEAPs). B R NS N A& TFHPX).
CHBREG EAGE T TB®Ps). FURT. EEHL(Qus). M ML AEMIRE A 1 FiR.

FHH IS SR N NE. i NW REA}, #2282, M — M 5°~10°, RIEATis 17°,
REWE 23 5%, KSHVEEMNT Sm, BEKARANRGR . HH T XIS T3 22 508 5 =4 R
[ RIAS B E Sy K LA, BOVAJR T =5k, AT =6 RIALSER X . 7 HEESKEE s 290
BLEKE. AR EKZE. ZS R FRILEHAL L. AR TUARERESKE. ARA LS
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Figure 1. Comprehensive histogram of coal mine strata
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16 KB JI R R B UIAH IR 11] e R, 2 AT Hh R 7K Ak 22 4 BT A 200 LA PR 2 4, 38817 14 7 55 7K
JE IR SRR

T M3 S8 9 SR 15 SEETIKIKRRHE, 2 &0 HKZ KB R, 456 107E
ZEMR LA DA K B S5 RIS R AR KFE K R Bt S0t 1 26 4K ik s 8t . Hor, 3 52
W HAKEHE 6 41, BUREHh 40 R 3K 2K 3l 3#E AR . 3w BIE Kot 3 IR 3K,
9 SREEH KB 9 41, HUREH f07 0052 9101 izkads 3 547 4 540, 9105 i HLAE 350 m &b, 9105
PIEER, 9 JEEE AR 9 BRI - I FRIEMELE T2-1. 9201 8% K3 1#5537 1#4L. 9201 4%
4#. 9101 izt 38l KIEHAE/KIZ/K(SU-1); 15 SIEET HKESE 11 4, RS2 52 15103
AR TIOMAK . 15 BETHAR 5 R 520 2K4b. 1501 iafits TAETH A3 15 JEIRRUES . 1S#IERg RLE £
A#TTHR 200 m Ab. 15202 &% ISHEHUE RS 550 Kb, 15203 LAEH = S VIR R . 15#5 e 74
AR Ai 2R . 15203 TARME DAL 15#4. 15106 TAFM FAACE AHKE O 15#1. F i BAARE B RE 1.

Table 1. Sample information table

=1 HmERR

B XA A2 IKFEG 5 EURE b 557

3-1 3L K
3-2 34
3-3 REZUPNE

3 HH
3-4 REZUS 7R DN ES
3-5 3R
3-6 RISV
9-1 9101 &%k 3 5457 4 S0
9-2 9105 iz 4k B2 350 m A&
9-3 9105 i 45
9-4 9 BpE R

9 S 9-5 9 IR KUK - I N R E A RLEE T2-1
9-6 9201 IZ i KA 1#40% 1#50
9-7 9201 &4 4#
9-8 9101 izfi s 3#4i17
9-9 KIFHFKZEK(SU-1)
15-1 15103 iz s AR k7K
15-2 15 JETHRR E R 520 Kb

15 S 15-3 1501 iz%i#s TAET A4
15-4 15 S E X Fg
15-5 1544 BB A 4451 200 m &b
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15-6 15202 izfits

15-7 IS#IERIETFS 550 KAk

15-8 15203 TAETH =5 VIR %R
15-9 ISHIEE R i v THIRER R R
15-10 15203 AR AL 1544
15-11 15106 TAETH A1 X AL % FIHEAKE 1 15#1

3.2. WA E

IKAEBIZRAGZE 53 BT TAE P RBAG (Hb N /K T 2 BT 7715 (DZ/T 0064) RIATIARE S (A3 T K bR
AEARTEG 75720 (GB/T STS0)MAHCHITE, HLR T Ml FEMbrdifl 545 R Ttk . 2RIl R 2
#1777 Ky Nat R H KIE R I 1SR (AP1200 KIEYEETT); Ca?ty Mg Ma i B R FH 2, %Y 2. — 4
WEd; CIRAMERMEE:; SO R4 kI 48 8 - Bl e ik; HCO; « COF « Bl K iif
CO, ML R # M B VRS M. ALY W NH], . TFe. NOj .« NO; Mm% PERERR S5 R F 43 6 Y6 FE12:(752N
AN WO BT I E , ORAE TARREEH R I AERYE . pH AES F 20 R B AL 5
FIEBEHEIEPXSI-226 BT iHE, BEIERMKERERD A ZET . BESNTERR T, £
SFPERER, 7K AR 25 2T (DR B 0 S0 AN K SO IR AL 2% 5 FR RN B BE R 1 1R 52 () 7 VA LR I 5 o 2 Bl

3.3. RO

(1) DRBRKEDAE ST

P 2 A 3 43 BN TRV Z K RER £b FE A pH (B 43

HERS, 3 SEET HKD 1B TE RN 743.60~1045.54 mg/L, “F¥{E N 897.54 mg/L. MEHE
DATKRE, TACEBIEERVN, W2 301.94 mg/L, B ZHZE K CHER L IR BT 5— . pH {H
SELE 7.73~8.13 Z 08, ¥EN 7.91, J&THAMGIEAK. XA BARERE M R ER I, 3 SIEE
AETFFTR - S FF K SCH SRR S rp, B R /KAR IR SR R ALLT, KA A BB . W4 3 I E I
IR A i 5 5, K28 B HCOs-Ca By, b, PHESFLL Ca? i, RN 156.05~170.60
mg/L, HUZE Mg¥. Na*; BT LLHCO, N, KE N 444.28~532.82mg/L, HIKZSO; « ClI's Mt
H AP K R K HMA TORFAE, 7K - A A EAE P T, v e AR eSS . 18 nT g 52 2IBA B 1 22 1k
FHEREERR SR M RAL 500 . HL Na"BER 0 $0R 13.62%~31.81%, ClIEE/RMHHN 5.05~7.49%, Na*> CI”
W5 TR A K. 3 SR HAK TR 2R A BRI . [EAERNE, I KRR R e 5
BRPEIASE, LA LA TR R SR (7 fRAD R KRS B T R AFIZE e, A 20 R T Rl R A R
Y -

9 SHLET KT L AL TEE Y 846.00~1398.56 mg/L, “F-HIME  1084.29 mg/L. MEHE />4 K F
WAk B R P AR, Wik 552.56 mg/L, Ut BZMEZ K SCHLER 22 A s BB &2 0y 5% o pHL fH7E
7.44~8.10 2 [A%Eh, ¥ME N 7.73, BEARTIBIIIMEK . XFEGEE B BRI AR B, 9 SHRE
W FHAKAL T2 I RK SCH R BB, R KAR AR PR AR O 2%, KA M ELAE RIS T e . ARAE 9 S
EIT FHAK R g B, KA L SO HCOs-Ca BN E, Hidh, FHES T RL Ca2 N3, WRETEH
N 139.82~299.88 mg/L, FI N Na*s Mg?*; [ B F LA SO, Al HCOs A, IKIE 47N 392.64~660.62 mg/L
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1 312.42~592.3 mg/L. IXFP/KAL AL R B A R OK & T B 78 IR IEAE T, BlE S s
W . (RN, S0 /KEE pH [EMICH SO, &=, UiHHRER SN ¥ L ER 2 M )
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Figure 2. Characteristics of water salinity
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Figure 3. pH value of water sample

[& 3. k% pH &

15 SHZHFKE 1L AL TEFEA 922.60~3279.18 mg/L, “FI{E A 2011.06 mg/L . NEHE 0 4 K E
WA AIR B AR, 22 ik 2356.58 mg/L, T BH 12 2 K SCHbER G A 5 LA s 20 AR it . pH
HAE 6.99~8.50 Z[HW%ZN, ¥IMEH N 7.66, HEAKRAT I GGHIEAK o IXFPE i 40 B2 HLRI ZUD BN RHER BT, 15
S AT BB PR K SCH IR B, R KA SR AR 7S, KA AR AR A R R K ARE 15 5
PEZW AR A M 45 3, K2R L SOs-Ca BN, FHES F LA Ca> N, IRFE LN 179.58~681.36
mg/L, HN Mg, Na's BB LLSOT NE, IKETEE Y 362.06~1969.23 mg/L, H K& HCO; « Cl .
I KA A R W R K T K7 VR EAE L, BEE T S SR K=V R . EASE
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BIE, 15-6 KFE ZIRYERRE H SO &, UKL TR F B AL I CGE BRI R4 S B 1
fift, [EIRE Fe | JiFES CO, etz 38N, 3 5. 9 SHZEN K Fe EEMAH, 15 5HZRAKKIET
BIME RN 0.275 mg/L; 3 5. 9 SIEEHHKIFE CO, & & F45 23 mg/L, 15 S8 Z 7 /KKIE-FIME N 48.45
mg/L. 1fi 15-4 7KFf pH {E W =i (pH = 8.50), WP RESRERR SR VK ARG O¢, Bom B 2% /K ST Bk 40 %
VB FSL A7 HIARFAE

(2) ET Piper ZLEIKUFEIHELRE T

Piper =£Z MR I(LIE 4), MRS 3 5. 9 5 K& 15 SHEEN H KK 2 EE PR 2 1
o> . 3 SR KM SR A TER XA TR, BT L. CahE, HEFLLHCO; AE, Kk
SRR PA HCOs-Ca B,  [RBLALTFFIY - B HUKSCHIRAGZ RS, H NIRRT RAF, B
RVR T BEZRRER R VIO A« A AR, KRR 2 B K S K B Rk RN A7 1E FH S
TR YA T B RR SR 4 AL R 52

ENAYNINININ/S
20 43 NONANIN/N/N/ w’
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Figure 4. Piper trilinear diagram of water chemistry
[& 4. KL Piper =2k &

9 SHEARFERZERX PEER, A bSOy EIREE, 5 HCOs LHES, EAEN
SO4 HCO;-Ca BY7K, 735 RS T Hh T /KA BE I I A, B R SR 40 S BRI b W R s A A FH ARLTE
JnsE.

15 SHZKFEE— DA By 8, SR omTEREXA BT, S TS0 1%, FHE T Ca
B, H Nav5 Mg He Bl B2 T, ALY SO4-Ca Bk, #B43FE S 1A SO4-Ca-Na BURJE . iX—4y
ARHERE R TR S K E R m B A SO & 8 1 2R T A BV ik KX BB S~ B 72 Nati)
Tt S RERR SR W) (A KA K A FH (38 58 17 Ca IR RR 82 32 5 U S BT 28 5 VS JE AT FE kAT o JE—
P EMIE T AT 7K K ST o 858 P a2 T 1 S B A K A ELAE FH o

4. &g
R LT 2EAR LR 3 5.9 B &% 15 B HUET AL ST 10 RGWEFT, 731 LR 4538 5 2
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(1)3 SRR HKN HCOs-Ca UK, W LFEAR, FRRFALTITIL - FIFHOME, #5252 KUK it
TR s 9 SHEZIPEN SO+ HCOs-Ca BK, HALEETF, Jmitodah PR EE i DE AT IG5 15 5%
JRAN SO4-Ca BUK, H UL CURINE F, #87n AL TR R AL, ACEIEISRE, RHA7 LSRR
BRI K BT .

(2) FHBEKIZE AR IR sh i Vi i on £, IR BN B S AL Bk R b AL/ . 7K1
ST 53 SN R AOKIFIR AR AL 7 OB RG22 8 bR, I A H K RS HER 4R AL T H B .

(3) #xF 15 SRR S AR RR LK 8l AL, R UCREL “P Sk PHFR + ARImALEL” MB35 {£
SRR FE N GRAE PR S 8, D BIOK N X B ER IR KR, R AT TR ATTE 5 AL
HITZ, SEPUKFER S RIRE .
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