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Remediation Design of Acid Rock Drainage (ARD) from
Goro Abandoned Mine
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ABSTRACT

The purpose of this study is to evaluate a laboratory test on arsenic reduction efficiency for ARD (Acid Rock Drainage)
using limestone and apatite, and to design an apatite drain system. As a result of the laboratory test, results of this study
show that pH, arsenic removal ratio, and dissolution amount of limestone & apatite are inversely proportional to flow
rates, and apatite removes 100% of arsenic at 0.6 ml/min/kg flow rate. It is supposed that dissolution rate of apatite is ten
times higher than that of limestone. The arsenic compounds are assumed to be Johnbaumnite, and/or Ca-arsenic hydrate.
According to the results of the laboratory test, apatite drain system is designed as follow; Sixty two tons of apatite will be
needed per one year and six months, and the precipitates will be removed from the precipitation pond per 3 months.

Key words : laboratory test, ARD, limestone, apatite, precipitates

2 o =2

B A7) BAS M3 9 34 o83 AiARS A48l ARD Wi9] niaA 58498 Hrska 13y
Hig= AAE AAlsks Flolvh. AAd 23, pH, HIAAE E A3MRISAY] Gl fko ¥hle] sker
J134L <4 0.6 m/minkgollA BIAE 100% AASIATE Q13149 83§ MR} 108] B= %2 3o
AFEED HAEFEL HIAEASA TRlaas BeEhlikaaslEe] el Ao FEHET Aujagdd 2As)
o A3 wiFAAE AR 1 A ohed 2ok 1d olE vl 134 6288 AE FXAIAFC 3
o AL v i mch AHZAA AASFHF & Aot

FHO| : AEd, ARD, H34, A3, W=

1. M 2

LFEXE>

A Aol A% - AMIY T FAdFeR 15

TUlolle 90070 B34, 38047e] Mkt 2
1,20009709] BIEESARe F3sl] & 2500704 a1
z2ke Fakso] glom, ol FollA oF 80wt FE T
HEE FAro2A 23 FEEUAde] AXEA] go}
F AP e o B3] A5E53 e 3

*Corresponding author : jecchoi @pknu.ac.kr
A4 12003.10.13 ARSI 1 2004.2. 24
A2 7 B9l :2004.9. 30 7R

HiEE AR EEN, B, BHRE, B (AMD:
Acid Mine Drainage 5= ARD: Acid Rock Drainage)
7} FAE] adiz @R o} RF At 8
ofs) sk BAsl) AR FA% FA) 87
28E AEHez dog|x ot ojFA LEE EY0]
U sE 5280 Hols 99 v 3o



2 257 - ol03)

o1F dHsh= 7MY 1Al AZs BAIE o Ishd
BA, 2002). HiE QIHohre] HegEdN HEEe
AMDeI= Y} BY) dFuigo] o e} aLE Fe
F%: 4,600~8,900 mg/l, Fe** 5%: 0~80 mg/l, &F1| &
540~3,600 mg/l), pH7} =T (pH 2.1~4.1), 2L o=
HEEw](gob pileyE°] Hil 600 &< WA H| F3}
Zhgol] 93] MEER] el 7R84 g e e gt
Sko] AFAZ(acid formation)®] AAFEHS17] wjFo|c}.

o] AMDAl 3)AS HAAZ ARE-S Aol oJshd,
A3 salEg<) ofsle] ulgaid HERIHAES A
el AelEale g HEMdol glo] sl 1us
B3] a1, slsike & pHY) HASE JdlE fA5
A} ol thchoi and west, 1995/choi et al., 1997).
3L BAA 0] CagPO)eXo(s)FE XE YRIFoZ
OH 32 FE Uil Capgd dykzow UAX
¥y ARYes B3io). Hall(shallow sea)?}d 22 <l
FEo| THS ERHFAAME ek aE BEo] A4
Al Fchstumm and morgan, 1981). 2Tt} Q153
o) 2134 e TAIFEO)E(francolite)E 38R0l 2
g AR slshrle e At

Cal()—x»yNangy(Po4)6-z(C03)ZFOAZFZ

A a2HFAe] e e 74 F SIET
1S 2= AL vidolth 44 ppb 59 HlA
£ AAY] iMe &, 93, ¢ 2 288 &
2k, Fole W, TS 5o Y2 olgdlar gleH
BEE A2, AT eE 5)S o83t gRNkso]
v ARl AkelEel o3t §Ekgo] gt
g 4387 Hrf2 ZoPlAt (CaHAsO)S BA38HA
L}, Aol olitedel] olled nAtd?1E] A (arsenite apatite;
Cas(AsO,);OH(Johnbaumite) =X Z<B]4FE4=812(Ca-
arsenite hydrate; Ca,(OH),(AsO,),4H,0) FelZ 283}
HOQEE, 2000).

Ul &zl ARD 2 AMD AHZE 37| SJ3iA <)
TR WHS Wol ARE3IaL YA TuljgAREe] o)
R 2afEo)ar AR $AE) 7] whitel 8x8R7}
ofef Holt}. IFAHAPHS ARRE A T4 AA
FEL 2Hx] WAy 2o o] 7] WiEe] aFEe
ARD ¥ AMDE A A W FAE drsjof 3
Thhedin er al., 1994). WebA, Blwd e AFAIZE W
o] F& FZolA vkSEl SEES A A A

30

Journal of KoSSGE Vol. 9, No. 2, pp. 1~10, 2004

slo] AAAZAS] E&E vlasla MAES AP

Hal =TT
2. D2HEL dersg

AR 29T 129 Akl YR nzgake wHid
H7WHA] 19643014 19723 Ale] F=2 olHS B3R
ol thEFgdAEFA el KOMEPE LA (1969)0) 2J3Pd
A& BANEe] sPdgto] B xRkl dX £33
2$2 7] Aol dadhs @557 Agrez W
4, Aol RS SIS 4] s 4t
T} oA ER1E vlEE ARk BA N10°W
Fo= A% oF 600Muiell wiE-a) B, Ahka)k gA|
VN F8 FAL FEShe vl ole9] A% ZHt 70M
AxE Vehly wilge s3Adle Fd9E 97.5 cm, HT
F9 Pb9.76%, Zn546%, Ag 484 grit, AAVEIA = B
THE 748cm, HTES Pb 6.08%, Zn 5.64%, Ag
283 gr/tS YERAT}. 3 S5 AFAelME Wit
Yhze] AgHo] M2 2338l WEFlo] FRIHM ol
o] AQHQ F7F L A= N25W, 70NES UeRIH +
e FFEUE 372 cm, BTES Pb 11.85%, Zn 11.85%,
Zn 6.15% Ag 551.3grt A=S YepATh 2 sl
TRAR RS AAY, FoFH] AR T 40M/T
A AR AQEE Bl EUE HAL ghijolx
8 ARG A= dFellA] AERE 337l ), A
Rt Mg A9 35 MmE A 9, oA
2482 712} 90%, 80% AEE AYArEIATT.

A, B Fele HIo] 7Fsd A= A} B4t
71811 v 2 Fo o] 4= Ahe] B3l ot
Ao YA AES FAot WMoz FAET 3P|

A% F g Agd BdeEd B9 4 ARz
o) B2 AR IFE Sl AgE BEe A
A=lo] G ot A Aok dAl Fr) 2 #HEH o
F7} 7oA 500 m SOl A A o g A
FAZ AREEY oF 1,000 AEe] FA) el
%0] 4~5me] FFZE $HE X1 2] FeE &
2 vigEo] o 1m AER EES JHE A
Foko}; YRR vt 3 dHIE gol Jler,
LEENA HHTE Fig 139 2l 28 AAEH
ofalA At 7HIAL 7] A HYE AXA] &Y SR
95m S Al At 388 AX|sle] opAE] gd
BHA F ARE o] ol w3}t

At S AXs] 95k 89 AAFRIe| 239

e

o 2 ol N

of

4=

&

&,

o i

o\



AQ : ARD Qut let
CRW : Concrete Retaining Wall
RTP : Reclaimed Tailing Pond

MA : Main Adit
WOSP : Wasted Ore Stock Pile

Fig. 1. Plane view of the Goro abandoned mine site.
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TItem q cd Cu As Hg Pb Cr* Fe 7n
Location P (mg/kg) | (mg/kg) | (mg/ke) | (mgkg) | (mgke) | (mgkg) | (mgkg) | (mgkg
Tailing pond 1 3.8 1.320 5.130 917.50 0.0450 35.09 — - 94.500
Tailing pond 2 39 0.675 3.485 872.50 0.0290 31.61 - - 54.445
Tailing pond 2 53 0.650 2.307 24.33 0.0005 ©]3} 14.51 0.007 °}3} 954.2 —
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Table 2. Heavy metal concentration above soil contamination limits ( 273 5, 1998)
Sam_pling Depth Item(mg/kg)
site Cd Cu As Hg Pb Cr+6 CN
Tailing pond 1 Top sol — ~ = ~ — —
Subsurface soil 44.09 88.20 113.45 1.19 4610.00 0.71 ND
- Top soil - - - - — -
Tailing Pond 2 -
Subsurface soil 78.56 149.60 81.09 1.35 4540.00 0.53 ND
Tailing pond 3 Top soil - _ _ _ _ — — _
Subsurface soil 24.04 176.00 557.52 ND 4325.99 041 ND
Table 3. The result of soil contamination analysis collected at 12/Aug./2002 (unit : mg/kg)
Location Depth (m) Cd Cu Pb Hg Cr*t As pH
WOSP 1 0-0.1 4.00 53245 13,547.00 nd 0.65 170.00 541
WOSP 2 0-0.1 8.64 692.12 30,882.55 nd 0.78 105.00 517
WOSP 3 0-0.1 5.52 471.40 26,140.25 nd 0.76 52.00 5.24
WOSP 4 0-0.1 13.49 297.11 39,058.35 nd 1.85 15.00 537
WOSP 5 0-0.1 19.90 5.67 341.17 n.d 0.83 0.30 6.36
WOSP 6 0-0.1 3241 46.87 10,825.50 nd 1.93 0.10 538
Top Soil on WOSP 0.1-04 0.29 1.58 88.64 nd 1.55 0.60 5.67
Top Soil on WOSP 04-1.2 0.07 1.17 16.44 nd 1.37 1.05 5.83
TP 1-1 0-0.1 0.23 1.46 58.64 n.d 1.02 2.25 5.89
TP 1-2 0.1-0.3 021 1.25 18.43 nd 0.86 17.00 6.01
TP 1-3 0.3-0.6 0.20 1.19 17.75 nd 0.85 390.00 6.02
TP 14 0.6-1.0 18.58 50.55 1,835.30 nd 2.04 155.00 5.80
TP 3-1 0.0-0.1 1.89 12.33 15.12 n.d 1.06 4.60 354
TP 3-2 0.1-0.3 337 7.88 14.93 n.d 1.10 255.00 3.99
TP 3-3 0.3-0.6 1.89 339 14.86 nd 1.49 32.50 4.57
TP 3-4 0.6-1.0 11.60 26.24 278.60 nd 1.65 9.60 4.53
TP 4-1 0-0.1 0.91 4.02 79.93 nd 0.89 0.70 5.28
TP 4-2 0.1-0.3 0.29 3.10 79.15 nd 0.82 5.35 5.59
TP 4-3 0.3-0.6 1.72 4.55 192.09 nd 0.75 86.00 5.77
TP 44 0.6-1.0 0.09 0.96 13.92 n.d 0.60 1.65 597
TP 4-5 1.0-1.6 23.35 23.35 1,683.50 nd 0.58 1.25 6.52
TP 5-1 0.0-0.1 0.30 0.30 49.68 nd 0.61 0.05 6.97
TP 5-2 0.1-0.3 0.18 0.18 16.45 nd 0.67 3.75 7.12
TP 5-3 0.3-0.6 0.06 0.81 10.96 nd 0.68 13.50 6.99

*WOSP: Wasted Ore Stock Pile, TP: Tailing Pond.
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Fig. 2. Comparison of heavy metal concentration in the tailing
pond in 1998 and 2002.
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Fig. 3. The result of water quality between upstream and
downstream at Goro Abandoned mine collected at 10/July/2002
(1 : seepage from main adit, 2: wasted ore stock pile, 3: ARD
from tailing pond, 4: 500m downstream from 3, 1000 m
downstream from 4).
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Fig. 5. Rain fall distribution from 1/July/2002 and 31/Aug./2002.
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Table 4. Water quality of inlet water for the first laboratory test

Item Conc. Item Conc.
(mg/L) (mg/L)

As 0.234 Mn 0.006
Na 4.283 Zn 1.217
K 0.317 Cu 0.002
Ca 10.979 Cd 0.008
Mg 3.085 Pb 0.002
Fe 0.081 Cr 0.002
Al 0.016 P 0.031
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Fig. 10. Change of dissolution rates for limestone and apatite
according to different flow rates.

Fig. 11. SEM Photograph for the precipitate resulted from apatite
dissolution.

—ll-Large precipitates

g Small precipitates
p 8}

Weight {%)

Mg Al Si P Ca Fe
Cations

Fig. 12. Change of main cation portion for large precipitate and
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Fig. 13. Comparison of apatite and precipitate compositions
resulted from XRF analysis.
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Table 5. Soil Particle Size (Lyle, 1987)

Soil particle Diameter range(cm)
Very coarse sand 0.2~0.1
Coarse sand 0.1~0.05
Medium sand 0.05~0.025
Fine sand 0.025~0.010
Very fine sand 0.010~0.005
Silt 0.005~0.0002
Clay <0.0002

Table 6. Kinematic Viscosity (1) of Water at Various Fahrenheit
and Celsius Temperatures (Lyle, 1987)

Kinematic Kinematic
Temperature L Temperature Lo
CF) viscosity (L) ©C) viscosity (l)
(cm?/s) (cm?s)
32 0.0179396 0 0.01792
40 0.0154591 5 0.01519
50 0.0130993 10 0.01308
60 0.0113063 15 0.01141
70 0.0098384 20 0.01007
89 0.0086399 25 0.00897
100 0.0076738 30 0.00804
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