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

[Objective] The development of coal resources in the Yellow River Basin has led to serious groundwater pollution. This paper
summarizes the situation from the overall perspective of the basin, providing prevention and control suggestions for its sustainable
and healthy development and reasonable protection of groundwater resources. [Methods] Starting from the strategic position of the
Yellow River basin, the causes and patterns of pollution are summarized. The improved comprehensive water quality index method
was used to evaluate the groundwater quality of nine major coal bases in the basin. The weighted indicators were selected using
principal component analysis, and the improved Nemero pollution index method was introduced. The evaluation was conducted
according to the WPI classification method. [Results] The research shows that through the water quality evaluation of various key
sections of the Yellow River basin, it is found that the water quality results of coal bases in the basin currently account for more
Class III and Class IV, with poor water quality. Currently, the pollution of highly mineralized mine water, acidic mine water, and
mine water containing special components in the drainage basin is relatively large. The causes of pollution are analyzed, and the
shallow and deep pollution modes of polluted groundwater are described. [Conclusions] We adopt corresponding prevention and
control methods for three types of mine water, and propose two prevention and control technologies, paste filling technology and
microbial remediation technology. Through the application of actual mines as examples, it is confirmed that pollution prevention and
control technology can improve the serious problem of groundwater pollution in river basins caused by coal mining, with the hope
that the research results can have reference significance for successfully promoting the rapid development of green mines in China.

Key words: groundwater; coal mining; water quality assessment; hydrogeological survey engineering; mineral exploration
engineering; Yellow River Basin

Highlights: (1) The current situation of groundwater pollution caused by coal mining in the Yellow River basin was overall sorted
out; (2) The comprehensive water quality index method to evaluate groundwater of coal bases in the basin was improved; (3) The
causes and patterns of groundwater pollution combined with coal bases, and propose corresponding technical recommendations was
analyzed.
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Fig.1 Distribution map of coal bases in the Yellow River Basin
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Fig.2 Hydrogeological map of the Yellow River Basin
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Table 1 Main groundwater types and basic information in the Yellow River Basin
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Table 2 Water quality analysis results of Huojitu Mine in Shendong Mining Area (mg/L)
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Table 3 Water quality analysis results of Niangziguan Mine in Yangquan City, Shanxi Province (mg/L)
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Table 4 Water quality analysis results of mine water quality with special components (mg/L)
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Fig.3 Schematic of shallow groundwater pollution patterns
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e v R A IR BOE K TS Y e B WPLL 32
BT 3 BT TRAS RS P b, e Je P BT ) P g
5 YR A e AR B IS M 2R B K T, AN
R,
4.2.1 # 2 WPI 45 %14

A4 BT A, 9 FOMRE e FE b K B EE A (S AL
KI5 YR WPL, T AR
WPI, (i) - WPI, (i)

WPIH = WPL(O+ — 5515

xX[C@) - Ci()]
(1)
A WPLG) A5 i AR Ts Yedg 5E; WPL (i)
R i AR BTG Y e BOT FRAE; WPL () A2 i K

5 EiREAKREREMM TKEES T ( mg/L, pH ERRSM )

Table 5 Statistics of groundwater data of nine coal bases in the Yellow River Basin (mg/L, except for pH)

PRI B RO pH TDS SO,* F Fe Mn

TR CirEasE, 2022) FYAE 6.90 5401.35 1503.66 0.80 15.21 10.00

MR (FHEE, 2022) FIME 8.00 1392.10 233.50 4.13 3.35 0.16

Hb, H. BR (e, 202D SEYME 6.12 1142.60 501.03 1.38 7.92 2.54
Bedt (FgirsE, 2016) FYE 8.69 700.28 101.50 1.08 1.06 0.40

P CHrEaE, 2023) FIME 7.69 607.88 192.06 1.60 0.10 0.89

R Gkad kS, 2023) FHME 7.98 783.08 202.62 1.06 5.33 0.57

i (EWOCE, 2013) FYAE 5.86 1997.29 1245.89 1.03 93.49 10.72
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Bis e R B B BRAE; C) e i KBTS ek &
mg/L; C,(0) R 5 i /K BTG G Wk 2T BRAE, mg/L;
Co(i) M5 i MRS Gk B FR1E, mg/L
4.2.2 E A HGHTERAEAF5 AR

T e R RO, WG YR A WPT k17
TR BT e SR PN 22 50 I, 45 B B 0 R AR A
DUBRFRSFA SR, E o4 R Bt oTiik
Mt 85% MITG Y5 SRIG TR A5 YL B F i 4%
T )i, 0 52 45T Y PR B A A A ] 12 0 5
kR

w =Y UA Kk = 1,2,3--), 31U, =

i=1

C
VA

o, C MU FERE; A, RRRIEAE; U, W FRRE )
5 A, AN ST
4.2.3 Bt G 0 LKk

AN TSI S E R L (e h 67y = R i =R ]
CEA KR AL, TTHRAKh
W? - WPIL,,,”

2

Kb, W, P45 Yeda 4, WP, Wi K WP
WPCNI ekt 5 25 G oK e 2
424 KN ER

U S ARG 7K BT BT 7T 4% B WPL 239007
P, AT T ML M, IV, VRIS VSR, i
FE 6 TG YL R B AL A, 153 20K BT 45 2R a0
6 FiR.

PRI ik 9 O e B AR AR 4, i
A5 [ — B} [70] B PR 08 Y 37 3o . o K T K 1 A
S E VPN BE S (AR 14E 4R, 2015), Hoh a4
TR S A T DX A LTI L P AR A e S

(2)

WPCNI = (3)

P 5t DXL S T S SO . b TR R 3 R
S 1 PR L P DT T R ZE BT I L e b e S b 7y
T2 W TR 5 Bl A5 3 e %) e VP ) 1 )1 19T e
AT T0] i R e 356 b ) R0 P T A Pl 11 DR T 5 9 e
FEH Y LU 7R A8 7R B L s S T 1

X8 ANWEFE X 42 %) pH {H . TDS. SO,* . F. Fe
Al Mn 55 6 F 5 gy A 47 B s o0 A, 3615 %)
4000 Z 20 WE i BcHls o AR =R o A AR 2 9 K
S FEH 6 P L I F AN EE, 3R 6 I LI i,
X AR JER W Bie /N A pHLEL, BT LA 2R, XK Bt
i R R I5 YL % TDS 1 S0, . 153K
Mg R B 9 KM, R 4 KA
B AR S5 DA &85 SR o0 T 287K, HE A K B PEA &5 2R 0
M 27K AR HFE 5 3 A4S, KBTI 45 5 0 IV 2K K
FEA 2450 9 AMIFFEIX N T 280K i e 44.44%, TS
K5 HE 33.33%, V2K & B 22.23%.
5 WFFEXHL T KIS YRR
51 IRRH FHKTEPBFE
5.1.1 S F EF FRF 44

E AL EE T I K (P IE 4255, 20205 Ji K40 4%,
2021) FLHES (1 AR SR8 52 ™ F IR, A 4R KR
TR RZH T KIS YA, H TR B S5
FEVEATRER CR A4, 2021), BRI BER F 7 v 2808
L B | B B A

ZRARR VL 2 AL FE IR B R = A BE A oK
Rk B, G T A AR R AT 4000 mg/L Y HT T
Ko ZEIRPH R 280 2 N 7535 7T LIk 5 o 30
JEE ARG, [ BATZORAR . ATEREER L 9]
WCR R IL A, B SR B E L REFE ) B 5C
Dol b2 E O AT R ER, R 2 18]

& 6 EIMRE ALK BRRE MK FITFME R

Table 6 Water quality evaluation results of nine coal bases in the Yellow River Basin

e HL b pHIH DS S0,> F Fe Mn R

TR 0 0.28 0.33 0.19 0.03 0.17 11

FhAR 0 0.39 0.25 0.11 0.08 0.17 il

Eik 0.10 0.40 0.50 0 0 0 11

i i 0 0.13 0.17 0.34 0.3 0.06 v
TR 0 0.47 0.16 0.16 0 021 il

3] 0 0.27 0.49 0.10 0.02 0.12 111

g4 0.02 0.44 0.35 0.13 0.02 0.04 il

TE 0.06 031 0.18 0.15 0.08 0.22 I

& 0.02 0.20 0.26 0.28 0.11 0.13 v
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A 2 R N AT 0 5, 38 T & Eh i i 100~300
mg/L (Y0 HIK o WAt H A ik 7K Ao B BH 28 22
P A BIR 7K, DTS2 BRAT 7K rp ) 5 6 e 3 R
s A 8 vk R A IO SR s N T B ) T, 3 1k
I 7K b 45 20 43385 2ok R A% 22 R e A 7 43 A
$eali, HEra R B | veda g i 3 25, HAR0R
= BEREAN . SRV E SRR (AR P AR & L A7
TR AF B

T 9 3 5 PN 1 L) P 93 P BB S AR RN S
T4, e B R S n s
FEAK ISR AEAL 1K F] 95% HARFR AL, 435 Y
IKRERE IR BVRBRUE, B2 .
5.1.2 BRMEH FFK 5 504

W TR AT ) A o Vs e TR K 7
A= 4% A R o I N E b R K Y (B 1 4
2023) ., AP EEAY) 3 RO AR R
T2 BT R DR R AR S5 4, Hoh s
FHAY 330 5 1k R i hinik 2 6208 5505 58 2 ) o v A
FRAIEAF 7K, X Fh 3 T LATE] A 22 Bk o i 2 3
FH1 SO, #ah ik B EHKE; A48 N TR
%, BFE A H LAY Z B RiE e 2 AR
FAXT R H oK AT A 35 A8 s R 3k A= ) S v
SR, FIUHBRER SR =Wy A e oK . (HERAEAE
AR T 2R A, A et

HET S, WHRERRE s ik 7 e b3 & 5
KM T AR A5, 2B T k£
RS . 5822 BT — PR B W e P 1 55
2 MR LAS I B R4 6L, F8 85 ) FH 3 S A pe g F 1
P XS R K A b oA, (RIS REAE IR 27K b iy
SIEIuE . WA SRR nTRE R | RR
I AR, [FIE RS R AP R SRR (™ 1L A
5.1.3 245555 3HKIT R4

TR KL TS B R KN &R
KGR FEEF IS LY K. A FRRRIR A o007 I
AR PR JIT 55 1834 Y P R AR B, i LAk
PR IRIME, 57— DR R 2 A A 35
IO A B VR A A 2EDTVETE WA AN
SB B RAE AR KR N AN A B TR
Pk BTV TL S
5.2 IR XM TKITEBHRARFAEIL
521 FARLHBBE AR

W 7= 08 U5 Y T & 1 AS AT b il = A K

RO ZS X, BB 1 A 1L R 15 G i S 25 YL
Z—, WL & e A B R4S X R i O R | M
FARRBEIR KIS Y 1) W . FRFTIHE AR
YER “ SRR H AR (BB, 2021), 2 AR R ok
TE B FER AR AR AP 1) F B it (] Ao il 2 S
W IFRXTFAF IR I Y . BEE LR AR 1LY H,
N R FE I AR A L E B Hm K (E 5), W52
HN D FE RO R IRA

DL 37 38 P YT i A S i A L R ) (1] 6), it
B R TSR E A 5 W I A1 J5 AR ER 0 25 R o R
JE AR A 0.123 mmol/L; Kk B P& N 58.9 mg/L;
Na' ¥ & B AR A 5.50 mg/L; Mg> ¥R B FEIK R 0.016
mg/L; Ca® ¥R FEFEARA 1.35 mg/L; A7 R £ Wk B R AR
A 11.3 mg/L; 4, 8%, B YRR 0.01 mg/L

=
H
—
S
T

1150
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FAR R4

x
o

o7 AT K 2%
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~
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Fig.5 Number of coal mines with paste filling mining
technology from 2006 to 2017
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Fig.6 Number of coal mines filled in the provinces of the
Yellow River Basin
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DIF . B EEENTNE SR ST, 28RS
JE B R [E L, AR BRI, EAE
B RO AT RIER SR, % oK R Mt
TR KA IR F] 1, 1 2K T Sl R Ab v %
JEE R RE B TE 75%+2%, H A E A (>24 h) .
N B R AR AR T8 1L 100% ™AL E i, 45
WCHE B IR 34.6 7 t, Y6 T VE U B R SE B 100% [R1IL
FIH, FZH IAET 53R K B IR 150 T3 m?; KGRI
W R RETE 75%+2%, H i i 7K 3 (<200x10°°),
A LIRS oK) N 100% FEER SR A
522 MAEMETHR

MAMME R FiR (M 21855, 2021; i 2 F 4,
2022) 48 i 1 K AR BN T 0Bl 43 2o g A i
VB AE AL T oK V5 4%, G M 4 Jm B 1 4E
FOEAPEY A o T B 5 R R R BRI N PR 4
BRVER o P S, REAS AT (88 A5 X e TR
IR KI5 R K TR BECE SCPEAE, 2022) .

A U 3 IR R B AS 18 i b 7K V5 e v
W UL Fe?*. SO,7 Al Mn* e & fEfig A= 1 CO, I H.
W, iz B P ARSI R K P E S E AR
B PR, I HLRENS M i T A YR v e SRR
S XEV AN EY) T, T A3 B R 2 S e
HAE 5 4 AR 2 1 45 R R AN SR B R
b TR SR, SRS AT DTDE B 20, A1 LT i
Wik R AR, A B R T B R EE 25 6E
i R 575 YW AR RLDTUE, (H AR I =5 A i
M 5 RS S HAR 8515 e W B 1 R B 2 e
YT, v T AL P 4 R B T IR A S
PuaKR, FEme 550 T W 2R ae 215 21 86.86%,
Wy SR ELA RRYZ FN 2 B A AR S

6 #t i

BT e T R A A 2SR R R X,
FTI TG ABAR BOR AR 5% BOR O T 22 X,
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Ste e AR I R HE, DK 2 | oK mifT, K
), 5 B B TR I A 2 PR R U e
K Jo

(1) VAN B S TN JURIGE D HAT - 1 R 7K
15 B BIA B 75 e o, WO it ek A AR AR IR 3 ik
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