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Neutralization Processes of Acid Mine Drainage (AMD)
from the Abandoned Donghae Coal Mine
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Abstract : This study was carried out in order to provide basic information on neutralization processes of
acid mine drainage (AMD) from the abandoned Donghae coal mine in the Samchuk coalfield. The contents of
potentially toxic elements in stream water increase and the level of pH decreases during dry season. Hydrated
lime is turned out to be the best neutralizer of the acid mine water from a technical and economic viewpoint.
From the results of equilibrium calculation, Fe and Al could be precipitated as FeOOH, and Al(OH);,
respectively, in the neutralization process. The sites of holding basins necessary to equalize quantity and quality
of AMD are recommended by GIS analysis, and the capacities of holding basins are determined by

hydrological calculation.

AN B

S NERE 54 W o4 Apse) L, Bate) s}l
Aol BT BESI FRH] DA 2o
AsHoz odRol gt 53 A UFE AY olF B
g2 ekl st st Ak TiEl2Re o ALY B
#)4= (acid mine drainage, AMD)Z-A = 4218 o535 7] A
591,

A BatEgeel o A7
(wetland)Z S8 A 2otel] A3 Ao o| 27744 FHYHI
A2 9 (Eger et al, 1994; Hellier et al, 1994) Sujel A& M
3’*"}?‘“‘?94 o] th AT (LUlT F, 1994, 1995; B85
, 1994), AL Baw 4ol BEg AealalE el FA5A
AT (D 5, 1994) wol Saslo] gli= Awolch. 2+
Aol xelsh BRste] Y AP TYHLOL 3
S5s) EAsetel 92 e Aol A SA

1437, 1988), 374 ZHolH Fujol A837) YE

olga ajdete] AAIEEY ZAMALE T,
94). A A=A A Pt @A F At

(a4

E

§_
Es
&

ok
L.

232 oa 03: rl; o

S

Av (A
o‘:;}o

1

o

weetn ZaE 2Y-F8I  (Department of Mineral &
Petroleum Engineering, College of Engineering, Seoul National
University, Seoul 151-742, Korea)

oLy 2F iRl gHE] (R & D Management Center for
Energy and Resources, Seoul 130-060, Korea)

T YA E ojv] dFFAY

38

o B A7t FREHA KA R E SR, 1995) 7
A AR Gt o du HAILe Sofe)
aAE B Fel AT

o] AFoME e el sxsHe AT Ad= By
A AR 24 TSRS oz A B wsted
< BFIAAT, A BAAFY HeEE AT A FHAE
AAQstgon], AP - £E}H A8 E olgst] A A
24 92& MAslh olg o] ATAY A FAwae)
2785 B4 oulE § (1995)0 o3 wEd bl ok

Zatw$=2] x{2lol et YstEel nF

A BAARE A WS 2 BATRHL W5
A 344 Adste B2 s AFFA Y (wetand)E

AAehE FEA PR Projd.

27T Audel AR 9 A BAE S
(equalization), 3} (neutralization), %7] (aeration), H 7 (se
£ 128 (sludge disposal)o]t}t (Figure 1). «'51—/}}
HpE 2~39 Zoke] =S AAE 5 J= H4A (holding
basin)ol| A F#3} o) FAsME 7 A LR 7 o
pro om HAAAE 4y B FHE e
FAzA A3 ojggrh A4 FadH e AAAede
BE 271 S 37) F2 A7) 7] 98 F7) o] LY

Ry
3Kl

dimentation),



o AR Ao A4

Abshal3-& pH7L Fobd 5 waA Jydnt. T3k 271 A
o AtglE AR F9 ALASER JE FREEE FHA
(settling basin)ol] 1 E|HHch. F@x 9 2UE X 3}7] 9%

MINE PUMP

LIME
SLURRY
SYSTEM

SLUDGE REQUIRING DISPOSAL

DISCHARGE

Figure 1. Schematic representation of a conventional fime neutr-
alization process. (Sengupta, 1993)
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Figure 2. Schematic of the neutralization process through a wet-
land. (Sengupra, 1993)
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WE 49 149~1599) o|S7k] A 14 BNZAE AA 5
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Donghae Coal Mine
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ol L9HA ¥& AF (DH-C)Z BHstgch ©3 A%
T A2V H §EHA ¢ 4 AHES Hol: 2L A
279 5¢A A DH-WH= %9ttt (Figure 3).

S 2 NEThT ol& BAE, Sole BHES TR
o AAHGoH, Fol& BAE ARE NS Fhojel pHE
20l8tZ AN e EE AEE 045 ume] Nitrocellurose
Membrane FilwerE o] 8540) 24282 AASNAT. S0l
F= (pH), A3}l-89 A9 (Eh), L9} A7|Ax v dabdA
ZA3tct. 3td4% Al As, Ba, Ca, Cr, Cu, Fe (total), Mg,
Mn, Pb, Si, Sr, Zng ICP-AES®E E4{3l53om, K, Na, Nix
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Figure 3. Geologic map in the vicinity of the Donghac coal mine and the location of sampling sites.

Table 1. Comparison between the ficld measurement data of stream polluted by the acid mine drainage around the Donghae coal mine

(Oh et al., 1995).

DH-E-1 DH-W-1 DH-W-3 DH-WH
Measuring date
94/04/14  94/10/09 94/04/15 94/10/09 94/04/15 94/10/09 94/04/15 94/10/09
pH 2.85 2.88 4.42 3.70 7.56 5.03 6.18 6.05
Eh (mV) 448.8 234.8 376.5 3509 333.3 436.5 364.1 385.3
Temperature (°C) 9.3 154 4.5 10.0 9.1 14.2 8.2 124
Conductivity (gs/cm) 915 2340 580 1136 294 733 561 920
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Figure 4. Comparison between the chemical compositions of acid
mine drainage of April and October. The units of
concentrations of cations and anion are respectively mg/
1 and meq/1.

4mg/l 2 12 &3 A9 5.54), EPA 7)&X]¢] 60.7v, Mn&
10.8 mg/!I & 1z} A X9 4.28], EPA 7]5$X]2) 36u} 2 Z7}
8to] 2. o] AaA Y-S B tH(Figure 4).

DH-E-1o|A M43 349 acidiy® £33 27 1,260
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Environmental Resources®] Ihr|Fo] o3t (Table 2)
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H7tol| e A7 "ed e gAY,
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Table 3. Chemical composition of the neutralizers.

Limestone CaCO; CaO . CaO Ca(OH ).2

(pure) (commercial) (pure) (commercial)
Si0O, 8.11 - 7.59 - 7.10
TiO, 0.01 - 0.00 - 0.00
AL O, 1.45 - 0.45 - 0.39
Fe,0; 0.46 - 0.39 - 0.06
MnO 0.01 - 0.06 - 0.01
MgO 0.82 - 8.77 - 1.22
CaO 47.58 56.03 74.17 100.0 62.68
Na,0 0.65 - 0.83 - 0.39
K,0 0.70 - 0.05 - 0.04
P,04 0.02 - 0.02 - 0.01
LO.IL 40.19 43.97 7.66 - 28.09

(unit : %)

Table 2. Median comparative unit costs of conventional treatment and wetland (Hellier et al, 1994).

Conventional treatment removing

Wetland removing acid,

acid, Fe, and Mn Fe, and Mn
very acid seeps net acidity > 300 mg,/1 (as CaCos) $ 124 $ 418
moderately acid seeps 100 < net acidity < 300 mg/1 $ 556 $ 664
weakly acid seeps 0 < net acidity < 100 mg/1 $ 23.06 $ 1131
weakly alkaline seeps net alkalinity < 80 mg/1 $ 114.34 $ 28.38
strongly alkaline seeps ner alkalinity > 80 mg/1 $ 9599 $ 25.01

unit costs :

costs per kilogram of pollutant (acidity, Fe, Mn) removed.
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HClZ 838|414 ICP-AESE Al, Ca, Cd, Cr, Cu, Fe, Mg,
Mn, Ni, Zng, AASZ PbE B39t

Age] ALEE OA 7k FalAle] QRS XRF2 EA4 %
A7 Table 37} 2t} 0|58 5 wEA13 & 5~6% &<
pHE A4A1#A FUed (Figure 5) THE 4437 12719
Aokg s 2 ehbdEn Hed N ARE B FUL
o & WA= ojnd Ay} Gt @AM HHE
Azote 744 a7t AU FUE 243 AR A §
S Al2F 3 sA|Zbake) 99.7%2] £F Fed FAAAFHoU Al
70A)17¢ 3o 31.9%, Mne 19.0%%HS A A ZTE (Table 4).
Algl Mng ZAA7)7] SldiMe o 2L 49 S48 FY
sto] pHE 5~6 o]4o2 &ejo & o2 o e

AAEY] £FE AT A7 THE AN Mg 4
e e AL pHE F8A1Z] Y& 2430 vla] B2

HEL AN A oA L2z ALEEH7|E &

213 29g Boln gir} (Figure 6). o138 @42 T8 =
Mgl vlate] FUE AN P AlFg AN E HEEET}
=g7] ol AR} Bl fal=x] R A A=A e
g d@aoz AT AAE i 824 H Cd, Cu F
F54 Q459 FFo] A Ueht o]l &3 23 2. g9
Segluz A Fakue) AP FoRAEie FHES Y
g o f-ostedof & Aoz BHAT (Table 5).

A%H ezl A BAEE Fest Ale] RS HotEe ¢
22 AY A& F 5A7F, 20413, 7087k gt Eof oSt
o] WATEQ4E ©] 43 HE A4tg AAs4ch Feo] JdE
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Figure 5. Variations of pH and conductivity as a fuction of time.

& gutrlez Fe(OH); o2& a3l o (Sengupta,
1993; Kleinman, 1981) 4% A7 23t FeOOH (am) ¢]
A A ¥ 71 5 tHLapakko, 1994). Fed] IAE R o] Hiof
%= goethite, lepidocrosite, hematite, magnetite =29 o435 4
oyt olge FAwe Fuvt vhe =27 WEAHAY,
1995) s e} st AAE 7 & 33

Ale) AAEL 31H5Fo) S0Fo] ¥7] W mendozite
(NaAl(SO,), - 11H,0), ramarugite (NaAl(SO,),.6H,0),
alunite (KAl(SO,), - (OH)e)2} 2 3i31go] AAHR o
(Nordstorm, 1982) o|¢} & 244 2L YASHE7} =9
7] Wl 7rehgh v AA el AOH), (am) 7} A H 7=
sk (g e s e, 1995).

Brown ppt.

Limestone

V¥hite ppt.

CalC0, pure
Cal commercial
Ca0 pure

commercial

Ca {08) ,

Figure 6. Weight of precipitates produced from neutralization
process.

Table 5. Chemical compositions of  precipitates from neutralizing
process (mg/kg).

CaO commercial

Limestone CaCO;, Ca0  Ca(OH),
PUTe  Brown ppt. White ppt. pure  commercial
Fe 6.35 5.74 2.85 037 283 4.48
Al 6.72 7.68 5.60 3.78 5.95 7.65
Mn 0.06 0.10 0.31 0.05 0.30 0.42
Ca 20.15 17.02 15.92 2043 16.34 15.41
Mg 0.46 0.70 2.84 043 1.90 2.30
Ni 75 130 269 60 281 376
Cd 41 41 36 22 35 45
Cr 91 97 181 47 147 180
Cu 68 71 65 18 64 93
Pb 38 32 35 13 22 36
Zn 226 392 599 128 644 863
P 210 210 176 69 174 240

{(unit : % for major and minor clements. mg/kg for trace elements)
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WATEQ4E | 4% A1t A3} Fe(OH);& A7 BE
AgolA 08t} Ze HhH FeOOHE Aol 98 Ad
RE AZelA TYEE YeRAUTH (Figure 7). 571¢] F8}HA1
BT SAMES AlgoM A iR Feg FAHAIZ el
B2 Ferl AAHE gElE FeFOOHY S 4T + ith Alg)

< alunite7} A9 A A|FojA Esd ¥ A(OH); (am) =
3815 A eFgtet (Figure 8). £ &2 Al 2o 43.8% (A&
CaO 70A17h)Rte] JAW Aefolm2 Alo] AE He] Fej&
alunite7to 2 B7)olE A7} Q). ol AL alunited] 3
A&7} m)e 2g)7) o] 83 L3yt AT ZE Al
80| alunited] Fe2 JA= A Faig o pH7L o] <
A% we £58 A(OH), ¥His JA9 Ao wddr. 3
AHE R G2 FHPAEY 35S X XRD £4 2 &
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Figure 7. Fe(OH); and FeOOH saturation indices of treated
water samples plotted against pH. Symbols are the
same as in Figure 5.

10.0
i »?
_| o
50 alunite o A
ks o
_: o.o UV PO T » N e e
w
B . P
* ®
®
-5.0 — . A
® Al{OH) 4 (am)
.
-10.0 T I T l T
2.00 3.00 4.00 5.00
pH

Figure 8. Al(OH); and alunitc saturation indices of treated water
samples plotted against pH. Symbols are the same as in
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