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Abstract: Sulphate acid water is often produced in the mining process of pyrite mines, which not only cor-
rodes pipelines and equipment, endangers workers’ health, but also seriously pollutes water system, affects in-
dustry, agriculture and fishery production. Therefore, it is one of the urgent tasks to solve the environmental
problems of pyrite mines. Systematic analysis of mine environmental problems, in-depth understanding of the
formation mechanism of acid water, and proposed one or more methods of ecological restoration and treatment

programs according to local conditions are effective ways for ecological restoration of acid water in pyrite
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mines. Taking Wuliba Pyrite Mine in Xixiang County of South Shaanxi Province as an example, based on the

analysis of the environmental status and ecological environment problems of mine cave, waste residue, surface

water and ground subsidence, the paper analyzes the root of acid water, puts forward the comprehensive treat-

ment technology of "surface water treatment + groundwater treatment + geological disaster treatment + ecologi-

cal restoration + end treatment + environmental monitoring", and finally explores three treatment modes of mine

cave modification filling, waste residue resource utilization and grouting reinforcement in subsidence area. It

provides a scientific reference for the ecological restoration of mines in similar areas.

Keywords: acid mine drainage; formation mechanism; comprehensive treatment; Wuliba Pyrite Mine
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Fig. 1 The research survey of environmental geology



222 Wodb o H R

NORTHWESTERN GEOLOGY

2025 4F

Pz ARSI . ARGEIR . ARk A 7 AR
WFSE X 52 4%, & 22 80K, M R &, L HE D X JT
R I AKX TR TF R 3t B i M DL
TR B, FFH =0k B 3 SR R, T DLk SRS 40 98 A %
A o R BSE, )T DX T 35 B AR e R
5 My 9, F) ML 3R LiDAR i 1 0 3¢ 1w b
(DSM) . % F = F2 B 70 (DEM) . %05 1F 5t & 1% &
(DOM) . = 45 5E A5 R A1 3L T InSAR AR (9 T8 78 5
W53 B7, FLAR T 38 OGRS 55 38 750 000 £i/S, 4
B B 3K 200 IR/S, 3847 i BE A 530.352 m, AHAL
1830 4240 MP, B R 4E 3.71 km’(ZE 58 45, 2022) .
TE I SLRT b IF AN K b o 0 G 38 SRR 15, 25 FI L
PRI T R, R DOV R A TR IR B X, A F
FERIEE
22 HEFAE

A8 A KB b R} Y 3R A L, SR FH I 45 B
e, XPATIXFFJE 122000 Hb ) ROH B R A L K SCHE
R A A WA U B R R
JAAE L KRBT A AE . e, K S R R A A SR K
1R Aty 7K 0 43 0 R 2 YA A AR 9 b e K SRR )
A A 7K HEAT DU . SRR, [ B A K SCHL 7 A, i
K180 m, H SR A K FE 49 1, LhAr#r i X K K Ak 22

.A“' - ‘ 2 | “,
1006??5%" = 3
M i >

y !
¥
- KDO11 ( ;‘
~ £ y
5540 JERI
1 o702

06354
1070 i A=
zouﬁﬂﬁl‘um lit]

Anﬁm@(ﬁn

T Ko Mby 2 7K R b TR 7K B 5 e s W R S R
ST, SN SR O B R T A, S — 25 A
17 ] B 2 F) T Ml R R AE . XK T B R O 5 b
FHESC R . KA TS Je B0k L 32 S Y IR (AR
JE ) B 43 AT AR, Sy 4 BT R M K SR TR RT3 T
PR 58 4 (L LBl B R
2.3 Wik

FEENEIEE A TI2E 0 KR 0T BB
FE AT I v 1 1 e ) A, 493 G A A 5 I
(I e N = ¥ b = 20 0 VI RELNE (= AT 1 WA Y- )
FBT R 5 R0 B 5 B, SR AR A A AR 1R 7K ] B4y
Br 48 5 45 K'. Na', Ca™, Mg™, Al CI', SO,
HCO, . CO,™ | itk RMUE A . pH., SLA B 45, HOoR 4R
IKHEE 49 {5 BRBERE 53 BT 46 i 6L 46 5 2 43 BT (pH., TDS,
K'. Na", Ca”", Mg”", CI', SO, HCO, . CO,"). H 4>
JRICE (k46 BFL M. BRL RER L AL B B
PRPE T (pH. A LT ) o 5 P 73 Fr R & 40 7 45, 7 F
IRV A 7K 30 2 301 R S R M R K RE 26 1 (4% 13 1, R
B UL 2 A 3), I R KRR 16 4~ CRAER A5
P 4) 5 PR i 11 T 1 6 500 R FH A 1R v R K T 7% 35 1
Paw DD == | E e R T INE = N I IN s g B
Frov i, R4 1 SRR 2 5 B A R RE S A 11,

1 1203&1)&#&.1 1230
1145 (e B

a. B SA T AT TR 5 b, SRR T8 -5 25 v i 43 A T
E2 #@WosmRKE
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Fig. 5 The plot of the current situation yellow water in the adit andwaste residue
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Tab. 1 The statistical table of water sample analysis data (mg/L)
TR K t&%%kjl% 1070 1006 1006 AT IR BRW-5 556
7K J5T b 1M - i F Ik R JE B K JE 5 7K BHBIK  EHEB K
pH 6~9 4.17 3.02 2.96 5.4 6.42 3.32 7.12
BE 1 1.54 0.61 2.92 0.05L 0.05L 0.11 0.05L
kil 1 0.05L 0.05L 0.05L 0.05L 0.05L 0.05L 0.05L
L 0.1 533 1.98 74 5.36 1.84 0.66 0.34
7S 03 0.91 27.8 48 19.7 0.96 1.18 0.72
i 0.005 0.0025 0.0008 0.002 1 0.000 6 0.000 8 0.0015 0.001
B O ) 0.05 0.004 L 0.005 0.004 0.004 L 0.004 L 0.004 L 0.004 L
fif 0.05 0.0003 0.000 4 0.0003 L 0.0003L  0.0003L  0.0003L  0.0003L
B 0.02 0.21 0.09 0.28 0.05L 0.05L 0.05L 0.05L
KA K M3 B 24 B 74 R4 5255 BHEMW-8  BH-1
b 25 KEARME EHEVEOMNE K AR MIB K MR W K 5 HE T U K WHEB K MBS K
pH 6-9 3.21 7.22 3.22 7.43 2.94 4.64
B 1 0.19 0.05L 0.29 0.05L 1.67 0.05L
il 1 0.05L 0.05L 0.05L 0.05L 0.05L 0.05L
1§ 0.01 0.000 6 0.000 8 0.000 7 0.000 8 0.001 1 0.000 6
B 0.3 9.39 3.44 13.6 0.84 450 0.14
R 0.000 05 0.000 11 0.000 14 0.000 08 0.000 11 0.000 13 0.0002
i 0.005 0.0009 0.001 0.0007 0.000 4 0.003 6 0.0012
ps¥ii / 0.005 0.004 L 0.009 0.004 L 0.017 0.004 L
i 0.05 0.0003 L 0.0003 L 0.0003 0.0003 L 0.000 6 0.000 5
B 0.02 0.07 0.05L 0.1 0.05L 0.57 0.05L
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R AT B W WA E 1) ) b b TR P R 9
Ib (32 2), EB AT G 5 =l —f7, e A TR
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Fig. 6 (a) The distribution graph of geological hazard and (b~f) real-time 3D/dairborne LiDAR image
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Tab. 2 The table of subsidence statistics

g5 WA(m®)  EE(m) BB FRAE
W-TX1 89.33 0.7 i[5 1
W-TX2 79.63 13 pitipiA
W-TX3 590.63 0.5 WEIE , KA 2ALR AR m
W-TX4 574.22 22 ik 8 B
W-TX5 716.53 2.5 AN Y 34
W-TX6  1201.81 0.6 WEIRJE , KB 2l m
W-TX7 667.76 25 I 5%
W-TX8 545.35 04  MHEDE, K4h&EvEdedm
W-TX9 365.62 2.1 ik 5 B

&it 4830.88

i, AR EIE . B (K 6b~ [ 6e); 4 kb A FaseE
R Ol 24°~33°, 1258 23.9~69.4 m, FLELLL/IN
Ak = (F 6f) .

4 MRIEIKIE BEHLEE 73 B

4.1 FKEIRILK

L ELIET L TR R 5 B WA | R TE £, SR A5 T R
K, EFEIAR L RAS | RSN ABAE LT K 1Y 12 B8
A dR At 1 R AT A s (8], Bl e il R oK A2 T B, B

R Vi U 2k, 25V S KU T T K R RD 4 R TR SRR
S, MU T IX L R KRN | AR R S A, BlAE
THXH T KGR RSG . KBTS T H R K
R 48 30 5 L AT A5 K AL 27 A5 A, 4T 3 B0 T AR B
W KA A 7= 1R o B X MR K R 45 32220 [ R TR AR
o5, BT E A b 2% /K 5 8 2 39 B 2B L A T 2B
JAFEFL 1SR 280 R Wi 25 S 0 2 R K 3 B T #b
25 B I HE KORON, SEIIN T UMK . B R OK E
B 1006 P . 1006 #H . 1070 P S 5 28 | Ml
il ¥ R R AT HEHE, 20 AR T (E 7)o
42 KRS

R A5 7K 1 BRI 7K SC Hi o 38 £ B9} Al L 5 X
MR P HEZK 3B PR T 1006 F1 1070 4 A 7K, 13X
AWK N EZRIE TS 2N SR IR L
T8 B AT R0 SO b R AR T IR BB AN .

(1) 3 = {EHE MR TR A B

Pt A GERE, 7E 5 2500 (1070 0 220 b 2%
SR S AGIE K A i B B 9.6 m/d, {EZE T i 20 m
PREE KA b B R AR T 2%, 43 B T 2R 7K a2
1070 -l 6 /K (1 2B VE . H 1070 - i 7K 478 i
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Fig. 7 The model graph of the groundwater circulation in mining area
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m/d, 4% A B AR T K Bk #1604 mY/d.

(2) BRGNS A B

ok W 10 ) 2 00 0 2 5 9 I K Ml B 5 it I 48
TR 8 b BE R A 22 30 m/d, HiZ B K 5 (€ sh5) B
B AT, YR AT T i AR TR 2 1006
i, S KA B B AE 30~50 mY/d, MR 4 0K 1A AR A
Pk W RAR TR0 1100 m’/d, e KT K Bk
# 132 m’/d.

(3) & R I G SRR TRA S

PR A GORL, LERWTE ST Z 00, Al SRS SR I i
KEYTE 350~ 580 m'/d, ZHRERT TR, Al 44 2013
AEFFRETT 1006 B HL K EA 3 600 m'/d, 1% SR 3R 42
A B B R F A TR S K2, B TR A K

G, 8 ATH 1006 5 R /K B 3 600 m'/d,

P T BB A 5 A K T K 2 100 mY/d.
43 FRHLE
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