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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] With the characteristics of wide distribution, concealment, heavy pollution, slow natural purification and long duration,
the "goaf water" of coal mine has become an important restrictive factor that seriously threatens the construction of ecological
civilization in China in the post coal mining era. [Methods] Taking the goaf water of coal mine in Shandi River Basin of Yangquan
City, Shanxi Province as the research object, this paper systematically analyzes the dynamic characteristics and evolution
mechanism of water quantity and quality of goaf water in Shandi River Basin by using a long series of systematic monitoring of
water quality and quantity, and statistical methods. [Results] The results indicate that the average pH of the total outlet of "goaf
water" in Shandi River is 3.58, the average TDS is 4744 mg/L, and the average SO, is 3327 mg/L. After the rise of groundwater
level in rainy season, the increase of contact area or volume and the lag of rainfall are the main reasons for the nonlinear correlation
between the flow of goaf water and the conductivity and SO,~ concentration of hydrochemical characteristic indexes. The strong
oxidation reaction of pyrite in coal measure strata mainly occurs in the seasonal variation zone of groundwater level, aeration zone
and surface. The certain depth of the gob ponding area of the coal mine is the reduction environment, which has the conditions for
microbial treatment. After the "goaf water" flows out, the leakage recharge in the downstream carbonate section is 7247.08 m’/d, and
the water quality is poor, which is an important pollution source of karst groundwater in Niangziguan Spring area. [Conclusions]
The regulation and storage period of "goaf water" flow to rainfall in Shandi river basin is half a year. The hydrochemical
characteristic index is nonlinear related to the flow. The strong oxidation reaction of "goaf water" pyrite mainly occurs in the
seasonal fluctuation zone of groundwater level, aeration zone and surface. After the "goaf water" flows out, the leakage recharge in
the downstream carbonate section is 7247.08 m’/d, SO,”", Fe and Mn exceed the standard seriously, which is an important pollution
source of karst groundwater in Niangziguan Spring area. It is urgent to carry out the treatment of "goaf water" in coal mines and the

ecological restoration of abandoned coal mines.

Key words: Shandi River Basin; goaf water of coal mine; dynamic characteristics; evolution mechanism; environmental effect;
hydrogeological survey engineering; Niangziguan spring area; Shanxi Province

Highlights: (1) The variation characteristics of water quantity and quality of "goaf water" in Shandi River Basin in long series old
coal mines; (2) Evolution mechanism of "goaf water"; (3) Environmental effect of "goaf water" in Shandi River on Niangziguan
Spring area.
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F1 ZFENSAFHREZKRAGURERGITR
(2017.06—2020.12)
Table 1 Statistical table of monthly average flow and water
quality field test results of each monitoring point (2017.06—

2020.12)
R HIVE SR (GO LIRS FT(FOS) I 11 (G03)
IZIN 3021.6 139474.57 91076.61
mE & 527.85 4805.14 1527.49
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5 RA 0.35 >1.77 1.53
Ec/(us/cm) 6.58 3.64 3.55
DO/(mg/L) 7.11 8.60 8.83
pHH 3.35 5.24 5.59
Eh/mV 407.10 211.83 226.08
Ki/eC 18.91 17.50 17.26
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Be, PR B R K A A R VR e 1K TR L
7K 19.89°C HAFRE , -4 pHAE 7.26 , 24 il
FRFRER A U (SRB) A= K A9 RIS G T4,
1997) , fE SR AR 55T, AT R IUAE 9 5 1k S5 Ass
BED YK, FBUED B 2K FHEM A0 %
(GO1) [ Eh i 4y 346.8~428.6 mv, V-3l Hy 401.57
mV, BAZIE T FO1 fIFO2 #8 KW BUKAIEE . 25 1
Gy BT, 2 AR 2 2 P A Y ik SR A VR P 1
LA KR B AR ) B R A AR R
RN KA ZE T AR By AU R R X Bt
M AR R A KT PSR A B A X
LG AT o [T g 5 A /0N V) 5 R A B 2 i T
T AT TR G (KP4, 2021)
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Table 2 Statistical characteristics of hydrochemical components in the Shandi River Basin (mg/L)

A G280 pH Ec/(ps/cm) DO Eh/mV SO TDS TFe Mn
e, I SNE] 3.12 20200 13.09 484.9 33248 51640 5600 190
(F017) f/IME 2.1 5480 0.19 409.4 8101 11192 13.7 18
FH{E 2.53 10770 6.63 444.04 13563 19915 94251  73.01
NE 2.94 38590 12.3 613.3 19165 25423 2270 104
/NEF02)  He/ME 2.03 1032 0.21 229.8 1499 1976 115 13.6
FHE 2.44 9064 6.14 476.04 10739.71  15251.99  985.06  57.71
kAL SN} 8.04 4730 7.62 168.7 2457 3859 12557  41.74
I
(FO3) e /ME 3.94 1017 0.77 -158.9 59.9 555 0.03 0.025
FHME 7.26 2805 3.86 -46.56 1134 2126 16.36 1.45
BRI ISNE 8.25 4430 13.89 256.7 2476 4000 125.9 6.52
LR
(FO4) %/ MA 3.38 1324 2.9 -11.3 717 1217 0.024 0.026
FHME 7.41 3030 9 141.26 1554 2570 6.57 1.08
VL T 24 SN} 6.58 8560 12.91 499.6 11153 13990 800 73.4
e (F(;; /M 2.34 1542 4.51 41.2 981 1508 0.38 2.54
FEIE 3.58 4465 8.75 222.07 3327 4744 151.65  15.01

4.2.1 SO %= TDS 3% % 4 42

SO/ 1 Fe f& I8 2 M )2 Bk A AL 1 EL 3 =)
(M A #L, 1982; Evangelou et al., 1995; Egon et al.,
2016; Dogramaci et al., 2017; 5k & 555 ,2021; 5K FH
W4, 2021) . SO T H AR E P, 5 TDS . G i B
(HB) Fll Fe 4143 M- AE B E W IEA CC R, S pH 2
TAHKC R (F6), 27K FZIK b2 ﬁJzév\El’J,/m
PRI R K B AR IR

18000
] y=1.3732x+175.54
16000 7 R*=0.9688 .
14000 - e
S04 000 o *
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a 5
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2000 { o
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18 I+, X 5 FOS W R [A], W 2016 4E 7 H 19 H &
AR 60 4T — 3 5 R 2% T I B 3 B (24 h B K i
129.80 mm) , 7 A 29 H TDS {A ik 3| T f% K 51640
mg/L. MK SCHE R A ER AL 2475 5E 40, FO1 58
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Fig.6 Relationship between the concentration of SO,” and other components in the total outlet of Shandi River
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i 5 {E T A M D0 P A 2 5 5 R W) R B[] AN ]
FO4 ¥ FE 76 T ZE RT3 K AR AR, W9 220k B 2218 [
1%, SZ T IAE, FO3 1Y SO TDS ¥k J32 M 75 7
ZEiR B R, W22 22 b T P e el B B, W) s i
A Vi S5 R K I T8 0 55 00 A BRUREDGT 7 AR AR, 3
Fh Bl A FRAE 55 FO3 R 5k 1) 2R 25 DX b o 25 # A7 C (&
lc)o YR 1T (FOS) A SO\ TDS ¢ & fie/IMEL
— Bt BLAE W ZR B RS (B 7) , & BT
T i 3 5 1A S50 RN 2 W S 4k SO i K T 4000
mg/L, 41 2017 4 F9 2= 4k i 48 R 2R A (SO
11153 mg/L, TDS 4 13990 mg/L) , 3= % 55 Hi Hi
MR ET ST KRG KA, MR S0 5
HB il Fe (A M 2 et 0C R it 2k (18] 6) 5 Ok JiE
SR SR TR AR L MR T A K R
TR 7K AR R TR, ¥ Y B R i AR

4.2.2 TFe #= Mn 7K B 4¥ 4E

Jii Y5 5% (FO1) () TFe F1 Mn ¥ & &2 K (% 2, &
8), — MR AE T U S8 e K, Rl 2R MR A1, Je K
5600 mg/L, fi Ak 3w FL (FO3) A [F] FE B9 R AE . /NI
(FO2) A Ak L (FO3 ) A1 1L JEE 3R] B H 11 (FOS ) I J2:
TEN 22 R B e o R4 RE 5510 TFe 1 Mg 35
AN TR R B b e 7K PR B 5 b i ) (GB3838—
2002) PR 0.3 mg/L F10.1 mg/L. 4% Wil 25 () TFe
1 Mn 290 5 SO 1 TDS A1 A 128 AL AE L 349 5
FERNFEAH DG, Mn PR BEAR T TFe VR, IR M T
FEH A I R, Fe A1 Mn BAA MRS FI
SR, — K R Mn FE Fe )i 88 & 4 (H 2 5
W R AR R R, 5 BOK Hh TRe W & T
Mn ¥,

FRMER 507K SO R S Fll TRe A7 1E4E A i 35 (1 2K
PEMISE I ZR (1 9) , HLAH S 28 Rb R A i &
4l FeS Y A ALK A, QN FOS 1 o — PR A I 2 1l )2
H S TL R BRI IE T FeSo o, i QA1 7 A S A A5 L
IR s — R AR Y Fe B 7 5 kA= B AL DLTE N
Fe(OH);. IR 25 KGR G KIEA L R
=, B R kA — RN AL R TTTE
TRA 551 2 KA VE A ik 2z I v i A, Y5
Wi 2] SO H S Fl TFe FUHREE 73 .

4.2.3 BEREEGR R4

V% i SR AR TR A ) B B R b (R L 4

2019; Oluwatosin et al., 2020; i 15 i F1 4 I8 |

2021), Y AT I FEAK P A, FEA AR
TLEAR LK PRI EAS TR (11 10) o AI7A (GOT) 7K B
ATz K R T AR AT I Ak S
T 5 20 (B3 I - 25 pH oA 3.35, SF- #5955
65630 us/cm) , ¥R 2 , K TP S B I 5 L RS m] L
H T (FOS) /K RRIR A T BT 45 2K (Bl ik 7
¥ pH Ay 5.28, V34 H1 58 8 4465 ps/em) , HFS i
15 T GOL; YRR 1 (GO3) 7KLt T SRR I
fift S35 GO OB AT T34 N o 335 7K rP A s fie S Bt
K T T (92 B S DA 255, 1978)
IKAEER AR P A2 AT B4 e B S oAl R 2 A5 ), 1
fift EATAEZ — 8 B 22 , (FLRAR | 34 sSKBE
fif AT K

5 WA KN R A T K R
BERUN,

5.1 XtEAKELERANG

PR YRR HTK AR TE A T iR IR £k 5 T B, #b
U TR B K Z R IR S R K Y S B AN TR (T Bk
FL2E2015; B HE#OEEE,2015; T fHSE,2020; FF &
FEE2020), WS (20174FE 6 H Z 2020412 1)
LRSS HY FT(FO5) P Y3t 2 0 12424.12 m/d, [A]
IR T (GO3) -2 37 1A 8632.75 mY/d, 7¢ 1.8 km
BB N BT E 3791.37 m/d, FB &
H30.5% . ZWEIX[E] 770, 275 B CF-4F (2011) 3
LA B BRI REOT AT

Orosx (1-B)"*= Qas

HRAE LB B 1L RS T By 2N B O R A0 B
01831, J3 AT A N LA B e O R A
0.0156( EAk R 5%,2015),

25 b SRAF LRI BT B 257K TR IR T O SR 5k
WA A B R i1 (1- 0.1831) ¥+ 1— (1—
0.0156)*%=73.64%

TN (2014—2020 4F )FO5 SIS 44 37
4 10085.66 m’/d, 1 5 e 28wl 158 W0 497 PN 1)
Bl AR 22K B iE A £
BB BB AN TR 7247.08 m/d ; HA LR
TR N 18R M 3076.13 mY/d, 159 E TS e
1435095 m’/d. WK 918 T #0251 RS e A i
NI A LR T A K 0 A T O R 3
T K B G YRR
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