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Fig. 1 Ordovician karst groundwater sampling points

in the Fengfeng coal mining area
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Table 1 Main chemical elements and isotopes in karst groundwater

ity Ca?t Mgzt K*+Na® SO%~  HCOj cl- NO37 TDS 3D 30 338 M
01 81.0 17.5 9.8 65. 4 256. 3 15.6 16.5 471.9 —66 —9.3 3.1 R R AWK
04 74.9 19. 4 9.6 59.9 241.6 18. 4 16.8 449.7 —67 —9.5 3.2 BB FR A K
22 89.8 23.3 15.0 106. 4 263. 6 25.5 19.9 555.3 —67 —9.3 3.2 W R AWK
23 129.9 22. 4 29.5 161.5 283.1 44,0 64.8 751.1 —63 —8.3 4.9 B R AWK
03 102. 6 23.3 16.7 114. 8 268.5 25.5 25.6 590. 0 —65 —8.9 5.5 LGP SRFIN
09 248.5 38.9 28. 4 477.1 327.1 46. 8 31.7 1211.8  —63 —9.0 —2.5  BPFRAHEK
10 82. 6 20.9 12.7 79.8 266.0 19.9 19.1 511.8 —65 —8.9 8.5 LA GESSI0FIN
12 81.8 24. 8 11.2 78.1 290. 4 15.6 13.5 526.8 —67 —9.3 10. 4 LA GESS0FIN
17 105. 0 25.8 26.9 144.5 278.2 36.9 12.9 641, 4 —66 —9.2 10.5 LN GEFSRFIN
18 81.0 22.9 12.6 68.5 256. 3 21.3 20. 2 493.4 —65 —9.0 8.6 LN GEFSRFIN
30 100.0 24.2 23.1 124.0 261.0 27.1 20. 4 449. 0 —63 —9.4 0.2 W R AWK
31 101.0 24.8 22.7 126.0 261.0 27.0 20. 2 52.0 —66 —9.7 3.2 LN GEPSRYIN
32 124.0 27.7 37.2 159.0 267.0 64.9 26.5 573.0 —69 —9.5 —3.9  BPRAEK
35 172.0 33.7 54.5 275.0 310.0 80.7 90. 5 862.0 —65 —8.9 1.8 LN GESSR0FIN
36 104. 2 23.8 31.4 144.0 285. 6 34.0 23.8 658.5 —66 —9.3 6.1 B R AWK
40 64. 1 90.4  1661.8 2947.0 1290 68.3 5.7 1810.0  —74 —9.6 23.9 KIE G AT K
41 72.0 2.9 615.0 2750.0 1054.4  99.3 13.0  1591.0  —77 —9.9 18.7 KIF G4 WK
50 248.5 60.8 60.8 601. 8 380.7 44.0 12,9  1232.2  —67 —9.2 —4.1 LA 1Wi S
51 208. 4 43.3 32.5 470. 4 317.3 35.5 12.7 972.8 —67 —9.1 —4.8 LW
52 141.1 37.9 29.4 289.0 246.5 34.0 37.4 704.5 —66 —8.9 —3.9 Wik
54 150. 7 38.9 199. 8 577.4  429.6 44,0 13.0  1250.6  —69 —9.5 —5.2 ik
61 264.5 26.7 57.3 555.2 202. 6 72.3 76.2 1153.9 —63 —8.6 —0.1 fLBLK
62 392.8 41.3 64.9 792.0 183.1 154. 6 190.5 1728.0  —60 —8.4 —0.5 FLBRK
63 460.9 43.8 73.5  1005.0 197.7 161.7 149.5 1993.6  —61 —8.3 0.1 FLBRK
64 161.5 30. 6 44.9 716. 2 349.0 56.7 55.8  1510.2  —65 —8.9 1.8 FLBRIK
72 73.7 27.7 56.6 192.0 170. 8 66.7 17.5 520. 1 —54 —6.9 5.9 K
74 109. 8 25.8 44. 8 233.1 214.8 36.9 17.9 576. 2 —71 —9.4 1.1 Hb K
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Fig. 3 Classification of mine water using Piper diagram
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in groundwater from the Ordovician karst aquifer

SR I FF R S5 % b X B Bl 2R I K B R 3
T AL AR AE 2 8 2 R M R S [ 1 6 Bl ) 43 1 it
. 23 Fl 35 5 HPH R A F K SOT .Cl™ #1 TDS {H
A ROWR B 1 e H3E S AR AR 5 32 SR 09 S
W B A K, Bk SO LCL Al TDS {H# A 85 . 5



ERRE - ]

A W45 < I3 T SR I WA DA 7 X DL Y 2% o 5 /0 B 1R T i AR AT 5 429

Cl™ 4 14 & s B 3 /3 T SO A TDS {5 36 5 il
17 S R Ak C1 SO A1 TDS {8 B AR A /N iR
B A m IR AR B,
3.3 BUARGREBREBRKHBRENENLTE

FH AR X B 2 B4 B ) 457 25 4 0 00 2 L T LA B 3R
B s 1ok U8 R R 15, SOT H A ANE 8 S
1B, 5 1 T 40 50 K R A DR TR

SR VLAR SN R A R D BB FR B TR R A KA
T Hp R G 22 B R KRR IR R G L A TR K
T 12 AR 1) = E R R AT v B B G A I A A T K
J2 T B R b )2 R R AV i O R 45 A % K LA
K5 4 7 %5 U AH 56 0 b 2R K TP B R AR B A

ANRZKAR 8D A1 6 O KR (B 6) 52 28 Kk 3K
D B L 2 K 2 B BB &R A K 8D A8 O AL TR
WML Z T, RIET TR K28R K #
5 R RATS Ry KA S 102 T R A A I R A S s
ATREAEA T RFE LB, 23 5,09 5,17 5 .32 5,
35 51 36 5 L R AW KA 8D A1 0™ O {H 4 i 7F
KIFGE AT 05K K RFLBR K 2 8], 26 B
AR S BR K APER A BN I B AL EAN G TR

Q
55 \%Qx\’ X
%
o
R
60 +
N
= o 009 o233
o »
g 65+ 36170835 o BRERK
Ll 5/, 8%, 2 o KEGHEEK
a o HEFRK
© 20 S8e + FLBIK
X Y8 BH xR K
[e]
-75
(o]
T T T T ¥ T T T X T X T ¥ 1
-10.0 -9.5 -9.0 -8.5 -8.0 -7.5 -7.0 -6.5

8 %0,/ %o, CDT

B 6 AREKEE DO HHE
Fig. 6 Relationship between 8D and 6" O

in different water bodies

SD—0"O A EEEKEME LA XS
JKRE B R AR 1 VS i AN T E AT G B/ T L 32
09 5 BB ZR AWK 8°1S T 8% O (B #2575 5t X
W AR M 5K, R B 32 45 R 09 5 BLF R A VA K AT
REZ B T YUK IR A, 7T BEIR A T & B R Sk A1 A%
S WH IR, BT BB 1 R E .

1% 8 W0 2 0 3 DA Ay < W WA A X R B 2R T UK Ry
TR B R 1 43 EOAR T A b HE I TR B R A K R
Ge7, BB R AV KOK AT R THZE . mEREKET,

-6.8 4

] X
7.2 s
] o BB REEK
el o AREHEK
7 & UK
60 " +  fLEK
_ 0 L Bk x WA
°\ 84 /++ 0-23
s ] .
T s HHA
884",
A ﬁ09 E\ o o
i \ o
92 AA 35 I:1/17 KB G R
2 - o KIEGi 5 17K
A /'\D>\< o 736 e
0 oy, T )
-10.0 T T T T T T O T///J T
-4 0 4 8 12 16 20 24
89S/ %o

7 AEKEMMOEMSHHE
Fig. 7 Relationship between 8'* O and

0% S in different water bodies

FHT TR — A S FIRAEE S KZRR T,
509 51 32 5 i F 4l B 8 5 1% e W& AR 75 L 7T fg
MR A 2 Fi. O H 82 09K B R R, R &8
9 B 3 T B AR Y SR S R — D R E R
R AR AR FRREE T B SR T2 AR I B &R 2
B R R T A0, sl T Bk 1) A Ak,
TE 1 e B Rk AR 7' S (A B Lok L Il o & K 2
BT, DT 2R B VA B o A A A T R 4 BB R A
KRR R AR K SO i . OB R IG
TE AR 22 KANAGE R R 28 XL R s K& K G {0
TR GUE G BB R A AOK M Z B E 1. Y
o R R b 2R RS AR PR S R B R R A 0% S (Y
RS K 7K 5 WP R A B KRS, Wil T 3 SO
(IERF=

& 7 v 23 5 H 35 SR AIHEK S M 8TO
B D 85 7 5% X 3k T FL B K L i a2 5 b % K L 3K
FREG AH K., H 0S5 NO, B (& 8) B & &
T oAt B FR A K Al T L B KRR AE L 3 B T
e 3 TALBUK AN G IR A T FLBRUK i 6

AR AN A I T RE DR IR O Ak — A IR
FER BT AL R ReAs X i A% 48 0 SR 7 =X SR
VIR [ AR PS5 0 0 R 2 KA FAL L, Y2
Tt A W g 3 A B oV o B8 I, B A TSR 0 J3E
B4 R Re 25 X T AR 9 484 K, 1 42 R ] 422 ToUN 7 2 )
YRR R 15 ARl T 25 A AN R Sl B B
G TECT S e N Rl = B i | TR
—MGERR A KRBT 7 2 K BB Y
It I I L T I )2 ) A S i T (K )2 1) P I
W2 L SOKE LB AO S E TR B IE AR 2
DX, 2 T 25 BB 2R U K T 485 A 1 R SR K i R



430 A

N

2014 4E

MR AR T T L R A OK SO fEM .

200 | /\?L Fg7K
180 / ' \\
160 -
+ ‘ o HERABK
140 4 o KEGUEWEK
= 0 A WHIK
g 7] +  FLBK
@ 100 - X HERIK
® 804
2 09 pypk
409/ 4 032 ) j‘(ﬁ\gﬁ%ﬁ}ﬂ(
== 0]
0 T T T T T T T T T T T T T L
6 4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24

8%'S/ %o

B8 AEKESE NO; #HHE
Fig. 8 Relationship between **S and

NOj in different water bodies

lon Balance Diagram
9 — 7 —

lon Balance Diagram

meq/kg

0 o -

B9 17"TSEBAREBRKEEENENEFEEILE
Fig. 9 Comparison of the ion balance between No. 17
for groundwater from the Ordovician karst aquifer

and the average background value

17 51 36 5 WLHY R 7K 87 S FIl SOT FRAE A
BT S RRAE (BT R R R R T SO T
AR N A R R s i o AR BT L R 9
17 S A EKE Ca®t F1 SO B Time T =WHE,
FIREVS R TR 2 A R S R s T HEK R
W REGKBZRERETHAS ALBL ., Y1
B 22 v KK W/ S KA R B S K IR B AR B L B % 75
KA T VS A JEE O BRI A A R = R IR DT TE 7K

R Jr fi AV = A A AR B [ST=1g (TAP/K,,) 13
KT 0 R fbf BIESE, B M il A9 Ca® R T A F
R AL FICIR S S T2 5 ¥ /K O 06 8 ik 0 8 36 AR TR

i R

4 & i
T IR 5 BB R 5 KB R 18 7 B 43 ok 1

oo BB AR VR K B R B T A ML B AR
AL LT = F

CO B IR T 2R T i HE B Pl 5255 98 K L K Az
FREe TG IR 28 3B )2 ) 300 Dt 2 1 T8 A i 4R AL A%
PF SRR B B T2 0T ATIGE 1 8 Bk AT 19 484K
T B e R £ AR 6 S B HY A BT K . — FB 2 B T K
18 2o 5 K B B IR 2R 1] D4 T B AR A K, — B o
TR AL b T 5 B 28 5 K IR A T B B R
R KR R R A3

(DOREXJEE AN Z KT H TR S ®
JK BT Y e R o TR 4 A TR O B T i R
B 2 B K2 (FLISKO W 5 7K 4 Bl A
SRS DX T T AR 2 L B R S T UK L UK BT 4
19 R AR K B 0 M 4 3 A T BB AR A T K TR
AR &

OBERTTRT - BB 2255 W K - W)U ik BE ) 2=
&R B0 2 A i e B i S 2 0 2R R )
CAn ) R 2 51k BB R 55 U K BRI £k 7 1 A g
o5 LI W R RN

W 2 R 1) TR 2 T 2R AR £ 2R B A 1 e T S it oA
KRB XA K R S A 2 B B R B REIR O DR 3 B
F A R BT A QI N ) O T B B R A TR K Y
IR BAE A S 0GR M K 5 B 2 1) K G S i K R R
SN Y B BB 2R T K 0 B I e, 3R AT 2
A e e e S5 T QD) W 5 B B A e U K Y S
B 1 e o S K I 7 Y LR R R OK

5% 3Lk

[1] FEEAM, Z MG, RARWS 55 WD DR T R 5 0 M R /K 3R 5
B m s L], P E e, 2010,19(12) :120—125.

[2] PSP, R EM 5 WIS X KK 3R 55 5] 858 25 7
MR, HISHE - o =4 Jie b B JRy 7K SCHE T JR)  2010.

[3] RARWE, B K. W0 XA 7 1 R K A A L) ). s~
7K ,2009,31(2):23—27.

[4] Yang Y C, Shen Z L, Weng D G, et al. Oxygen and Hydrogen
Isotopes of Waters in the Ordos Basin, China: Implications for
Recharge of Groundwater in the North of Cretaceous Groundwa-
ter Basin[J]. Acta Geologica Sinica,2009,83(1):103—113.

[5]  BRRGEE EERIZE B IE. TR )2 R 7K S U RRUE A 4 3K 241 8 5 7K



33 B4 A W45 < I3 T SR I WA DA 7 X DL Y 2% o 5 /0 B 1R T i AR AT 5 431

TR BRI ], M 5¢ 241, 2008,10(33) : 1107 —1111. BRAE2EEARLT ], . 2009,28(2) : 103 —110.

(6] 2T XM, B R 4, 55, B IR (0 3R RIK AL 4 75 R B 5 PR ML T [13] Moncaster S ], Bottrell S H, Tellam ] H, et al. Migration and
IR A ) M BRIk A G 38 K is e g9 B FH ) . s Bk fk 2%, 2004, attenuation of agrochemical pollutants: insights from isotopic
32(2):165—170. analysis of groundwater sulphate[J]. Journal of Contaminant

(7] 28 S03% AR TR VLA A5 IR T 56 SR R 0 ) 2 5 W K i R £k ¥ Hydrology,2000.43(2) ;147 —163.

Ye 1y 3t 3R = A0 0 BT [0 ], 2R BR A% b [ M 5T OR A= A 4R [14]  RVLAE  RACE, E4E % . 55 B 707 2 B AE AL 7 4 % K B8 I
2000,5(25) ;26— 30. PR A5 T AR R SE BT . T A #2009, 28(3) 1235 — 241,

[8] KU T CW, Walter L M, Coleman M L,et al. Coupling between C15]  ZRFTWE, 3 A, 4] E Wk, ER S [a] 457 28 01 55 K 37 I /K % J&) el
sulfur recycling and depositional carbonate dissolution: evidence FARB W], SR 5,2002,15(4) : 31— 34.
from oxygen and sulfur isotope composition of pore water sul- [16] LU, D555, e i, 45, & K AL IR 3 M X 888 & 7K 2 R
fate, south Florida Platform, U. S. A[J]. Geochimicaet Cosmo- P B TELR . MO - e e I8 3¢ b S5 A Sy K S RS L 2011
chimica Acta,1999,63(17): 2529 —2546. 49—70.

[9] TIan D,Peter F, 3k & (%), /K 3CH BT i i 2R 35 [F] 2 R [ M. 58 L1717 103 (R 2. SR JE 0 0 e 4™ DX DR i) JR BB 38 iR K R &
I < B AR H AL . 2006. SRR BEVEA [T ], b B 5 M BT, 2012,24(3) : 25— 30.

(100 ARAIZE, BRAGEE. 07 X bR K K SCH Bk Ak 2% 38 4 5 3R [M. b (18] RAGFF. SRR 20 9 R At 3t N /KK Ak 5 40 19 T8 7 37 B

A B AL 2007, WEgE LML AR 22 3830, 2011,
(11D RSAF T, o1, Aoy B oL 45, SROBESE W T W D A DX 3 3t R 7K (197 Jr A%y, T mg SR8l 3 b R /K (78 BR A 52 [ D], o [ b B K27
KB H B B AR ]. Bk S5 BE,2014,42(4) 1465 —471. LR L2 {3830, 2008,

[12]  EJaHr, mlE. A5 S5 m T R 7 OC b R4 K R

Study on the evolutionary process of sulfate concentration in Ordovician
karst water after coal mining in Fengfeng mine

HAO Chun-ming', HE Pei-yong', WANG Yi', HOU Shuang-lin®, DONG Jian-fang®
(1. China Institute of Geo-Environment Monitoring » Beijing 100081, China;
2. Geological Environment Monitoring Station of Hebei s Shijiazhuang, Hebei 050021, China)

Abstract: Increases in the concentration of sulfate in water from an Ordovician karst aquifer following mining
activity pose a major hazard to drinking water safety. Therefore, research into the impact of mining activities
on the sulfate concentration is very significant. Hydrochemistry, isotope hydrology and other methods were
adopted. Hydraulic connection and sulfur kinetic fractionation processes were investigated in order to evalu-
ate sulfate changes in the Ordovician karst aquifer due to mining activity.

Fengfeng coal mine is located in the southeast of Taihang Mountain, which is next to Jiu mountain in the
west, and North China Plain in the east, with a total area of 340. 6 km?”. Based on the characteristics of the
water bearing rock, aqueous medium and burial conditions, the main aquifers are, Cambrian oolitic limestone
karst fracture aquifer, Ordovician fracture karst aquifer, Taiyuan Carboniferous thin limestone fractured aq-
uifer, Permian Shanxi formation sandstone fissure pore aquifer and Quaternary alluvial slope of aeolian sandy
soil pore aquifer. The Ordovician fracture karst aquifer is the most important aquifer, with a total area was
2,404 km?® in the mine. The aquifer matrix is composed of brecciated limestone, mottled limestone, lime-
stone and marlite, gypsum. etc., and the total aquifer thickness is 470 to 584 m.

The results indicate that the sulfate concentration in the groundwater of the Ordovician karst aquifer in-
creased after mining activities, with different characteristics and sulfur kinetic fractionation process. The
main source of kinetic fractionation was groundwater seepage from pits and pore water flowing through frac-
tures, and the ability of minerals in evaporate to dissolve had been enhanced during the de-dolomitization
process. The results are useful for evaluating the evolution of sulfate in karst water in areas with similar
mining activity, protecting karst water resources, and improving the management of coal resource develop-
ment.
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