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Environmental Pollution and Reclamation in the Abandoned Mines

in Korea

Young-Wook Cheong, Jeong-Sik Min
(Korea Institute of Geoscience and Mineral Resources)
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Abstract: There are 334 coal mines and about 900 metal mines abandoned. The
environmental problems such as acid mine drainage from adits etc. and the subsidence
has occurred in the abandoned mines. In addition, soil has been contaminated by tailings.
According to analysis of mine drainages, some of them from adits in the abandoned coal
and metallic mines were acidic and polluted by heavy metals. Especially, water quality
of coal mine drainages were different by areas. Treatment of mine drainage by
conventional chemical treatment has the drawback because the operating cost is very
expensive. The treatment system used in mine drainage is the natural treatment system
such as anoxic limestone drain in adits and the constructed wetland. The method of

reclamation for abandoned waste rocks and tailings impoundments are mainly landfilling.

Keywords: Abandoned mine, Mine drainage, Waste rocks and tailings, Heavy metals,
Natural treatment
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3 A9 599 AT RIE 2, 20

%%L % ol WA grke Hold (AUY 5, 2001). £
9 FARNA BALGUA BHL AT + A= ¥

A olg B WA - AEH Felold FA ARA AP $HL

97 grobd @AY AR BFF TAZ B4R B}

A s ALgel Barl, ATEB) G0elA 1 EAS2 o oI5 oA
F 83 F%e F Puvit e o e 2324 99 AYe Bk, @
499 AN AAH AT A & AL FU F-AE Ty A8
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2. F -4 23 393 87324
2.1. g3
211 A% 8%

Aeg Ad 89zt (1989~1996) A&l (H3) ANdez uFAY &3
334707F #FE AT g Ao 7hF Sdsidd g 1988d =9} Hlu Ed 7ty
gFTE o 96% 7t Fasdh A MYFY 232 A R AgeFE Fd F 110
ol (R ). A& AAA g8 YAl B @350 AAHAEAN FH29 £ A
st 5 GA FAC AVNHARG. AR JEdddggArgdd(elst FeSAdE)E A
Adete] FaET AFEAE T 199533 H AANCz &8 2, BT 7F, A4
o WA R HEI ALE B dE &7 vl AdE FAsT ok (HBAd 7 SAY
o, 1997).

Table 1. History of coal mine industry

34 = 1988 1993 1996
74 gt 345 70 11
BAF (8) 24,294,686 9,442,673 4,951,000
TEN 64,031 19,461 10,889
s g3 0 303 334
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212 ASF AU 2 A

Fol HAFd A

)= A A
AEF 54

35 A=A A+
AP HFAY a2y HF o) F

°ﬂ

E oo

Frag

2 Q2 =7 9 F9H X5 @A et e

Pz s XNyez ZAl HTE

AN 5ol TG

< Fdd A7t ZH%Z-*.% 3
FA7I GEZ AF vigdn o)¥A A wgEHE 78141 Fd& 48 7HA 214 @
A o3t 24 veldth (Table 2). @A A&t 33474F 136719 &3dA 14 6 ¢
&Y AT/t FE5HT
Table 2. Summary of water quality of coal mine drainages (Min et al.,, 1993; 1995)
Areas 45 g4 Clas 5 R 714
NBF 14 3 12 16 5
oH 3.54Y 3.7 5.81 6.48 6.24 59
241~6.00%|2.74~4.95| 2.36~79 | 3.19~7.96 |3.98~7.48
Conductivity 1.17 0.63 1.47 0.59 0.86 _
(mS/cm) 01 ~3 | 03~09 | 02~34 01~3 05~1.6
Al 53 25 13 6.77 13 _
(mg/ £) 321~261 | 11~34 | 0.05~64 0.06~93 | 0.03~45
Fe 123 20 27 2 4 10
(mg/ ) 012~724 | 3~49 | 0.02~194 0.05—~8 (0.12~9.89
Mn 4.46 3 8 1.8 1.91 10
(mg/ €) 059~1059| 1~4 0.06~29 0.01—-6 1(0.03~3.25
Zn 0.35 0.69 0.43 0.26 0.23 5
(mg/ £) 0.03~0.99 [0.26~0.97| 0.00~2.25 | 0.01~1.38 {0.02~0.45
Ca 76 45 256 82 134 _
(mg/ 2) 6.64~322 | 38~b1 37~807 25~257 | 49~305
Mg 47 22 ) 39 54 _
(mg/ 2) 4~260 11~33 4~392 3~245 19~109
S04” 915 306 736 259 293 B
(mg/ 2) 42~3113 | 118~432 | 87~2407 | 30~2274 | 161562
®©: HF, @ 84,
@ wFe FAVNE
A APl Ask AF L AT HPAA 2AY AN AP Y o F A
Fe 37 AN BE S9 2H/ AELh B AdFeR 4 F9o #S1sHEs)
e Xots 53 AEH Y259 BAho) sk AR AP AHLEAN §25
T AESE BN A H, ¢FvE, 90 2 Fo2 ASA 2dH pH 2594 48 A=
9 2 @7 #JAHZE g} (Table 3)



Table 3. Water quality of drainages from the coal mine waste rocks

B pH (mg/em (mQIQ) (mlg%> (i&e)
3% 259 900 820 88 7290
“ 2.53 519 255 10.6 3470
24 o 345 207 10.1 2660
kA 2.82 84 330 339 2550
59 481 003 4 057 70

Fu Agde Aus R A4 25 FAL g AWHH 57 Hol, A% ¥F
% 9 87 S g8 Aoz gE 3l 3
GNP, ARG B NSt FHEDAY 222
oz g Aguct edel A FA2 £ 44 AUF L AEFAE BE
Fe, Al, Mn, Ca, Mg, SO 5o 9% NE/Ash5ol vs) n¥=2 F45o Ak olF
ARE7E $99 S §E L ALA/AMN9 FAgo] 44H AAABS AEAI D
Atk ZUE WA Adel FAY FAGEZ FAF FUANA HEHA BF Juis o
9 stolrt.

22. 5534

221. 9% 8%

—

19009 E HAAAY F4E FITAFS 2Y 19849 7HY F& BAST UG OG
1999l 2678 A} W (Table 4. 22U 670E ©A %
HREA FEFHe S BIHe Aqolth AA FU F, AR F& FUFE 3T 5

5o FEAS Az o 900942 FAHT Yot

Table 4. Changes in numbers of metal mines

d = 1984 1986 1983 1990 1992 1993 1995 | 1996 | 1999

33 A

[ IR EX

151 107 33 61 36 RY! 29 33 26

i

222. 9 25% AU 2 P25 52

A5 # FEFdAA FTES] FHE AUE, FAAVEA AF FEF Tl #EH
I ew Fu Fo] $AA Fo2 FUdH EFedol $eH Itk (Table 5. AFH
2 3 R

F Al 2 HEF £ FEY
As, Cd, Pb, Zn, Cu 5 3 F2&
1995; 1996; 1997; 1998; 1999). &< #3arel AUSET %
gobe HolA Aebgd AUl zto)7t Aok (Table 6).

H A3 A 40x EF 11H ¥lusd B2y

z3elel HFHDL Aok (AP 5,
&
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223. 3AA7 29 sty 54

A 2ERA B0 E A2 §2 AW AYE A3 (pH 58-63, AR LEw 10)
84 5o 4290 (VA4 £, 1006). Table 7 oA B 4 Axol 4R, 4, £, F
4, 48, A 2 43 B2 FuSOA As, Cd, Zn, Fe, Al Mn 4 %o £2HUTh =8 2
o Fels A4EA ¢ #2dol Al ¢4 BAA AY Fude @, A=F, T,
Ma 5 3% 4 ppm oA F4 % A= 744 FEH A (IS 5, 199). 2
gt ol FRge AAAA v A5F glo] F2E Aol YRRnE FeHA Y 53
2R HF F5ol AF A5 o sHsAol Ak

T+ A pH Fe Zn Cu Cd Pb Mn As
A 5~9 | 10 | 5 3 | 01| 1 10 | 050
EEEEES
2 ®
R R R
45
49 H7B= ®
_;g_oo’k " .
o5 " o o o o
oé‘}\l ” .
D : ° °
(;:]‘ % " .
24 otdl g o o o o o o
A g H 7= o o
ST EF " o ® o o
43 " ® @ ® o o o

@ 7FA 27, 49 mg/l, pH A9

Table 6. General comparisons of mine drainages from abandoned coal and
metal mines

F o® A ol & A
wdils e WMsd e _ _
° ° e o 3 A W3 AFuF Fo|
== O o Xz
° Hﬂff—%k _{\_%}: ‘T‘—S- o232
e B Cd, As, Cu, Zn 2 Pb S ~
= =1 2 L /\\_Ac')] -~ '6‘*6] pH
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FEY A2 2L HelAAAA FsgFES AL F B o AFAES
AEHEAM A9 Ao FF£o2 2d4E 5 A (Fig. . FFFE x4 82 234
27 EAE RAAAE AdAY shEes 53 Astey AFEee wEske) AHgEAt
£ 3488 4 U (Fig. 2,3, 4. 34 & 5& HE UYLz o]§8 + s &
o} (Thiobacillus ferrooxidans 2 T. thiooxidans) <& ©|@% #3F &9 AL S
AlA 33 E A 7IE 8oz gt oled B s E FE ASE
, =- AZA, AAA a8z AAGe] T2 FeAXG FHEAgA AL

Table 7. Contents of soluble metals in some tailings{unit in mg/D.

o =

B As Cd Pb Zn Cu Fe Al Mn
714 0.04 | <0.001 0.029 0.029 0.01 0.015 0.89 0.26
% 0.052 050 2 55 0.550 <0.01 0.87 0.250
=74 0039 | 0016 | 0075 0.790 0.017 0.01 1.03 5
== 0.020 | 0.050 | 0.050 8 0.280 0.14 12 3
FA 6 0.16 2.35 43 3 332 14 0.21
2 47 | <0.001 0.17 0.13 0.21 42 0.94 0.055
<X 0.035 | <0.001 2 0.760 0.084 22 5 1.450
24 3 1.73 1.73 156 0.78 043 0.55 12

A2 3} 0.092 | 0.042 | 0.200 4.100 0.010 0.04 1.08 15

BB RS Qs offe o

2FeS; + 2HO + 702 — 2FeSO4 + 2HSOy —-—————-==———- (1

A1 o #3gkgo] oA 2718 R Abo] @A @rh

4FeSQ4 + 2HS04 + Oy — 2Fex(S04)s + 2H0 ~-———--—-—~- 2

Fex(S04)3 + 6H0 — 2Fe(OH)3 | + 3H:504 ———-—------- (3)

£E8 WHE o2& T (4 2)d sty 37tE 2 gsEdEA F FAER APH

Aol AT (acidity) & F7H2 F3stA Aok (A3). old APE H FARELS FAu)
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#o) Szl w2 5L F49 2IL AA

ok

=3
TFex(S04)3 + FeSe + 8H20 — 15FeSO4 + 8HaSOy ————~-- (4)

37h B 2 AT AsAclZz (4 9o s q A ] dgd & vk wepA L
© AR wAE Aavt gl BEEE AZHRH)ANNE FHH AAsgol
AYd & Yk oo FAMe) taiRgoz B Fe R SOt w38 A 2
ASA Bk duHow F&FL AT FHFBo) REYY Frolm2 FHF WSl
E old, leF, B, Wi 5 F350] ¥580 (Table 8).

dHE FANE AFAA B A F& s FANEEL BT Fao) FA
Hed, 271 g & FF&S0 &/t FHIZ Wsley A4S
4), :LEJL} A FAMD FA o Ful 2L HA FAXA ude A&S
& 7 gl A5 Alado] Qlo]l A Ao RE M HAC E=F HF Fo
AHE RES BEE 5 Y A
ARG 3

2= A
T R
2470 $AY £ AT B35 v o6 AaRSE 294 & Aok

¢

o

rlo m{n ;
& o —l>

A3/3EA 2

gst3E

pyrite, pyrotite, chalcopyrite, bornite, arsenopyrite, sphalerite, galena %

4

REEE]

B/ /v e 2 ot/ 3 83

Fe*', Cu”', Cd, Zn®, Pb*" ,AsOs, SOS MnY, AP, A=(H)

4

7 9%
(£, 33, A5H)

Fig. 1. Emission process of pollutants from the mining activity.
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OXIDIZED MINERALIZED
MATERIAL

INFILTRATION THROUGH
SUDSIOENCE-INDUCED
_ GRACKING

POSTAHNING
PRE-MINING T
GROUND WATER TABLE f GRouND WATER

RESIDUAL SULEIDES OR
SUFIDKS BACHFILL

MINE SHAFT ~———and

Fig. 2. Occurrence of acid mine drainage from underground (Hutchison and Ellsion,
1992).

Table 8. Sulphide mineral and by products from oxidation

" 38 z 4 A E ZnFd
pyrite FeSq Fe*', SO, H' Igifzzonlgzr;d
Fe marcasite FeS» g ”
pyrrhotite Fe) xS " ”
chalcopyrite CuFeS2 Cu”, Fe*', SO, H' "
Cu chalcocite CusS Cu”, S04, H' "
bornite CusFeS, Cu”, Fe¥', SO, H' "
arsenopyrite FeAsS Fe*, AsOs, SO, H' "
As orpiment AssSs3 AsOs, SO, H' "
Zn sphalerite 7ZnS Zn”, SO, H' . "
Pb galena PbS Pb*’, SO, H' "
C | (o st [onists m o] CF+ S04 H "
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‘ e I

WATER THAT COLLECTS I THE BOTTOM OF JME
PIY 15 LOST BY A COMBINATION OF SEEPAGE,
EVARORATION AND SURFACE DISCHARGE.

Fig. 3. Occurrence of acid mine drainage from the open pit (Hutchison and Ellsion,
1992).

TEEE )]

. RANFALL INFLTRATION

Fig. 4. Occurrence of acid rock drainage from waste rock piles on the slope (Hutchison
and Ellsion, 1992).

4. 873294 A ¥y 2 A
4.1. 33 WA g Ty

4.1.1. =7 353 AUy

X
N
off )
o

o =
B AsAE A2de BE PR, TR, P, AF2 L AA2F A5AY 3
& TAHHA v Adedul 2 BFFEN a3 AMFe] A&YoE W U
A eAN BAZ AAY FAHSF Ao 4494 25n Aok
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4.1.2. AdAQstA Y

4.121. 29xy

Pl AEe] Agtety g oA FAuiFE Astste AAAHY AY 7le2M A
Aoz 29A(A)E A AEHA R A5 S TN FAwsE A5
o 2 e BYsed A Wy WM Asase 2ol odu YL ALHY

o 22y 838 A e8] 2 Bl SR 4
AR L AL FAH &) 22822 A HAZFAGAN FEHL Y &
g2 g AT7e 93 A7AEd o8 wady &ws] F85H 4o (Cohen and Staub,

1992; Cevaal and Whiting, 1994; Dietz et al, 1994; Diebold et al, 1995; Cheong et al.,
1997).

41.22. W54

B oUyE dFe Aoz A 32 FAuF F2d AFELD F, H3Y F
oz Wig3s AXsd FAuSLE 324 FHA FI L LEEHS AAGE Uy o
o B e HPFAA Al Fo] tdshy Ajzte] AAEHUA HASE Fo AT wisF:
& wid H3ago] ozl do] ok FA oI dH-g RASGHA AHAYY
Rz AHoz d85e ¥714 434 w4y (ALD: Anoxic Limestone Drain) F°l 7§#

833 Utk (Hedin et al, 1994). $-2jveel = U5 #AgF A7 £ W] AL
R

413. 3794

AMEZRE ¢&5E W5 AAS Qdzes Fystus e
Boe HAsFE Foled 5o v HARAA AUFrt fEHE
NA dzel #3 H Fugozd FBE Ase AAG Fus FEFLS
HA3A7) e Bolth. T UHA AUsd AT FAFIIE FAFHY 2 A A
A F47t HA FEF AU xukzALe A AAT Al Fo] HQst)

221383 HEAY Jlee A3 &AM AT RIS e H#EA G
A ghoigk A7 A8 F o2 dA Zudide AdA s He & Aok UM Al
=8 ARN EAYE 25 AdR4 Aol dage Fs AV FF
74U ZolM pH 7} 50 o8, & ¥% 10 mg/ ¢ ©14, f& %ol 50 mY/Y, s3] 200
ol HM P Wy FWER FWL 04N AWFE FAYAAAo2 s £HR
HA= 34 FAPEFE)E BT APgrdel 2678 AlF @ vt Aok dAS5 33
$ ATRAN AR 28A AAGAAC) 127t AAHJT FABGA AFR
o 287k HXE ) Hol ek

rr

> oo wa B

42. A3 A7E AL By

BN FA BAAZE (WA, Fn) AXNGL d8Hez dAvie AFS Ad A



E AT FARA AFdofA B 2 BElol grh wEA g #$8gEe] 9F i
%3 & HE fido] glugte vidl: 2 BEE Fol nivjsie 4HEaeS ¥A
§ &5/t 24, T AR 5L ARTE 2982 F A% (BB F
1999). Fig. 5 = 3%

=2
i
71
=3

T2 M

-

[
ol gfElol g AES4r AT £ d' AZIERYYY A
E RWe BE 5 A5 HA, T2 gty B2 ER S
T WdAH Mg L¥stn gl

RLNKE-] =]
Fa AEFE AQse AR A FAA7RA AP APPer AEAHY 4
W, 2R}/E 8y, EGAAY, 42 FAL, dANEXNAZLE o)F Wt 58 1Y
g & o

Enginasred Covar

'Il.l,//// ,,'#( 77 ;
._-._ ‘‘‘‘‘ JAt).b:;-'“ Lop/. Caver |

O R I I R Com
0t e S et 2l AT O 0 00 v v v T D
SRR
ol aetelels!
XX

ALK A KA

Fig. 5. Disposal concept for preventing occwrrence of acid mine drainage from mine
wastes (Orava, 1997).
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of 773,

Table 9. Cases of treatments of tailings impoundments

3 4

I I

94 (F 1), AA(H),

T () B o oy
hw %“1
Ty FH 7 BA F AFU/BE AFAL S
A TR A FEA FEAT T/ B 3 Y BE 94

Cyprus Copper stone
A (3%), (=,

olg] Zu, Parker)

fd
i
>,
ok
o &
=
ol
=
4z
=2
é -
N
>
i
i)
i
_}i',
o
=B
ox
o
4
Ir
&

Westmin Resources
Limited
(79,0, 5,234
(Fhioh, A Myra
Falls)

Ful R WMoz RY AAAAESF TA EL
3l31 Shotcrete & ¥R S A, 39 FHL §-
AXg RAE AL

Health Steel Mine
(d,01d 342
(714t} New Brunswick)

3 =
Ty A7,
P ST

s}

o Jir o
2 fm =

Waker Mine(7 2] %4H)
("=, Plumas County,
Calilfornia)

Fol Z2F H2e AYd FAHE WHELRE o] F.
liner(2ft) k=24 3z, Fojgel 1t FEZ FHE 29
TAAMNF A4, FuF FEE 3% T FoF FH
Fuj A Al

o #m o
4 o2 Hu rfn

Grey Eagle Mine
(7834
(Siskiyou County
California,
Central Washington)

M4 4RE AW g F¥E A9, A4, dEyolE
EG oz W% oy #ug Fave S5 BE
23
=2

2 NE ot

Kjoli mine(72)34})
r2gol])

A4 Qe A5 TH 29 2F 7%

Skorowas FAF
(=29 °])

Pz A4 AME FA 556 oF FFAY F F
W oz WEF 5549 B Fol FiE AR

City Resource
Ltd(5 34
(Z}v+t} Graham Island)

AAstE FAHVIES Wi Al&"ol 9

Double Rainbow
FAHE, S SE 3
(7] =, Blackhills South
Dakota)

A4 R PEAE Hds AA FUFA ARPER olF
o

7}2] Fly ash<} 43
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423. EGA{Y

424. A22 FAY

H3i FEd EAsts FAAVES HAZH 2 AAE A olFsd HIE AA

g Al AAZ o) FAIIE Wtolth B U E HIIE AAE AokAA gldve A, E

o &7 Ededtes A, A& 24 S0 gl ¥ 5 8 FHE Adn. 19
s & 2

g A2H Assel ¢ IS §F AT 2% LGBA S AZH R A=A B
Aurt REY A4S ATA AARAL SAT £ domz AT A% AW 54 5

AR zARL Dasio
425 9% vgF olF I

H7E AAE A2 G A2 nfAslg AL 7 TL JE PFoz
o] Fdte W ZA AR FAHIES BE i Wed Aot Y giRRe £
A7t HE FAANELS A4 FA HANE A AFE JA olFsE A AAU ul§ o
250 3 o] A EXG Foo NEZE NS HAY F oA @A At

Table 994 & & JAXo] diFF9 FAHIIE XA BE 2 X9 223 wjgA
A AAZ B9 AFEE Gt T A& LAH 535 TAsE Yol FFE o
FI Uk 2 o FAATIEY LolE] EFE EF MHIEs F& I R ASFHeE
olF A s Wy Fo] Ut

43. FF AT AT Bok

gxe] ZAgol g A7 A FE0) I AAA I
1,000€ °]/del Fiuls NYE

A W AZL UG HAFEY, S F fU1EES 434 52 FRNA &
92 Feje] AARFSAYANE S AT F3 wiFE ASAAT 2y AT 29A7
FaujeE AYsdr TASE €A AW To2 FF 29Ae EFAFH] =R
Aoz dZdo wdA FF 4
<

T AEre] HABAd BAAVELS F3FEo] St AXFAAA AFEAEE Po}
o

RS Wk wetA FAAHIE A Y BAA FAANEERE A4 AEF 2AS Jd
T A7 A3 At BEAAE ZE Egold4], Hu] 5& o] &% BEEA MEH M3IH
T BEAE o83 AAVE o] o o HAHY. EF ST I3 A
7b 294E 7150 AE UTE FAHINE AXNY BdAlde B FAMHEo] 28FH
g ug A AI2"8S AX3E7)7F A9 EVbssit. WA Asy 2F A AET
s A A 4 JdE 93 weHA (Permeable reactive barrier) /2= ¥Q 3ttt
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