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Geochemistry of Acid Mine Water and Stream Sediment around the Donghae Coal Mine

Dae Gyun Oh*, Jung Youp Kim** and Hyo Taek Chon**

ABSTRACT: Geochemistry of stream water and sediment collected in the vicinity of the Donghae coal mine in the Samchuk
coalfield were investigated in order to evaluate the environmental impacts of acid mine drainage. The pH of stream
water ranges from 2.85(at 2 km away from the mine) to 7.92(at uncontaminated tributary). The main cation and anion
species in the upper streams are Ca’* and SO.*, respectively. The level of pH and the amount of HCO®™ in stream
water increase to the downstream and where uncontaminated small tributaries are joining, and in the area covered with
limestone. From the results of thermodynamic calculation, the main forms of iron in stream water are estimated as
Fe’* and FeSO.’, and most of them could be precipitated as FeO(OH) with increase of pH. The white precipitates
in stream sediments particularly found around the coal mine are proved to be AI(OH); by XRD and XRF analysis.
As a result of investigation for seasonal variation of AMD, the level of pH decreased and conductivity increased in

dry season,

M B

T AR A o)A ZHE o] S, 'k} s}ael
g A A5 A2} gREo gAY
A &Aooz 2950 e} 53] &t % 4% o] %
Hel2EE U3 A3} Hebga) dek oe2 e Jer
At 343 4 (acid mine drainage, AMD)F-Al& Al ZH8lA o)
FH7] A Al At ad o g dTE 9o M
on] Q4 A (wetland)S £ Aelupatel #8 777
= T XK Eger of al, 1994; Hellier et al, 1994) W
A e 712977 A3 FHHAE Polrh(AdF, 1988;
A%, Thornton, 1994). ¥ AFelME AHeA e 5
g4 FagFs o A4 *1 'Vd‘?ﬂ pH, Eh,
NAEES A4S A E 3 A 24
A}, 53 7“2 FEALLEY
gt 79 299 edrEa ‘%‘
obEe] AHd Rt o] Ao o] 4
A A skt e,

U3 AL ALAEHR & D Mana-
gement Center for Energy and Resources, Seoul 137-060, Korea)
A& st 281583} (Department of Mineral and Petroleum
Engineering, Seoul National University, Seoul 151-742, Korea)

213

L it o YYof o

Mee] PRt e dEA $33E FHA(FeS)Y A
he} ofoll we} aciditiy’t At3E %
He g9 uhgAle g

FeS, +% 0:+H:0~Fe" + 250, +2H" M

Fett + %02 TR »F@wéﬂzo @

FeS, +14Fe” +8H, 0~ 15Fe” + 250, +16H' 3)

P& 270 A4S 9ed B 42l A2 3
449 A3eb54 ) A 44T 97 ol u
o] Al 25 Fer o] Fe** 02 A3tE 2 (dHE4) (2), Fet' &
oA A oA FF oA (3) DA Fe?' 3 aci-
ditys WHEA "t

BN L A )= ASHA 2= Al 9} Fe'"o] Qlt}. Fe™
o S8 FHAY e T WEST A2 Fodel 2

e A ). thedel Fer'ol

ol o Merded (3
A4 Bed el 48 $AA sS4
Bo] 2o, mebA] g 27lelE A7) 39
S99 834550 Fe'o] 445RA Fe-ol



4o oF pHd 9B 249 430184 @)
4 2 W35 b et dad we @k 3
A4e] A8hslE GRS B A 184 .
A% & % ek, 20, S4B e 4ste] 2ok

25 37 dRe A4 AAE B2HE Feo) Ake
)£ W) B wact Adz HA gefela o4

1

>

=
d

J=to] @ Fe'd) AbstEE £x7b 22X A% pH7} 35
ujuke) wjo] HAe $%8 & thiobacillus ferrooxidans?}
2o S sef Fe'9 432 F21ete Ao 484 9
tHManahan, 1979; Sengupta, 1993).

HFRYe XE ¥ XF

A %’—Xl%'ﬂ 55 4A8 glek

FA9 A 0] Aol AR (Fg D
EELEFRETERE CERPRST DR

AR Arhe) ARAFE 24N A5 E
WA 9 FAY Mo A AFLE o FoA ek, Ae
A9 Aze 4Rrle) B3 F3%, 809 442

37°09' 30"

Donghae Coal Mine

L
ko] A 40~ mslﬁ’—oﬂ r&d

o
% 20~40ml FAHE AL LA oy

rl

3 ik %E&%° ke 9

e _1101

=2

ST S,
£ e iy
o\}:. = :10
B
ot s
it

Okt

2,
~Jau
2
2
. X2
lo
-3
et
%
=
_i_,’ﬂ

a ¥2 o 2 do

A Qo] k0] 2 gk 84
P

ot
o

" o ofk

tor
2
rir ;

NEXS 2 3ares
2 Atel e 19949 4% 149 ~15949] o
FATE WA ARelA, A EE 120 AFAA A3
stom AMFA e A Wt Has) 9

Gobhan formation
medium sandstone
Dosagok formation
coarse sandstone
Hambaegsan formation
sandstone, shale
Jangseong formation
sandstone, shale
Geumcheon formation
shale, li

]
=
=
=
B

aror 20" |

128° 54' 15"

128° 58' 00" R

Manhang formation
shale, sandstone
Maggol formation
limestone

Dumugol formation
shale, limestone
Hwajeol formation
state. limestone

Basic dike

Granite

Sampling site

Coal mine

1 km

Fig. 1. Geologic map in the vicinity of the Donghae coal mine and the location of sampling sites.

= o fu

o

au

= ofN 4z o St ox |o

el ofN i x0 ok o o

g

P Y

g

E7be AA



1200 = mmmmrmimrmme
€Y Enasl Tributary
[7] West Tributary
1000 & 4 While Precipttales
,A*72 A South Tributary
. '\4"'?‘0.0 A Clesn Tributary
800 . ~.\6\9m/ P
Yy
600
By Ak
s 497 i
£
w 200 -
0 -
-200
400 - 005
sy
-600 [ At S S B s B s
0.0 20 4.0 6.0 80 10.0 120 140

pH

Fig. 2. Eh-pH relationships of stream water samples. Shaded
area represents the limit of pH-Eh in surficial environments.
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Table 1. pH, Eh, temperature, conductivity and analytical concentration(mg/I) of ions in water samples around the Donghae.coal mine.

site

DH-E-l DH-E-2 DH-E-3 DH-W-1 DH-W-2 DH-W-3 DH-W<4 DH-WH DH-S-1 DH-S-2 DH-S-3 DH-C-1 DH-C-2 DH-C-3

pH 285 345 427 442 583 756 719 618 731 7.01 655 778 192 760
Eh (mV) 4488 4225 3899 3765 3732 3333 3582 3640 3597 3631 3684 3573 3383 3515
Temperature(C) 9.3 104 6.2 45 9.4 9.1 7.6 8.2 9.1 6.6 7.2 6.6 7.2 13
Conductivity(us/cm) 915 674 573 580 448 294 273 561 116 198 242 233 207 153
HCO; 0.0 0.0 0.0 23 58 5.7 729 509 451 63.6 370 1319 1272 428
Br n.d. n.d. nd. n.d. nd. nd. nd. nd. nd. nd. nd. n.d. nd. nd.

Cl 1.1 1.6 1.7 6.5 6.4 10.0 34 34 35 42 39 2.6 2.3 13

F nd. nd. nd. nd. nd. n.d. n.d. nd. nd. n.d. n.d. nd. nd. n.d.
NO. nd. nd. n.d. n.d. n.d. nd. n.d. nd. nd. nd. n.d. nd. n.d. nd.
NO; 24 3.7 49 0.0 2.8 71 10.1 1.7 16.3 143 13.2 33 35 4.3
PO, nd. n.d. nd. n.d. nd. n.d. nd. nd. nd. nd. n.d. nd. nd. n.d.
SO, S511.0 4357 2780 3942 251.8 995 682 3075 65 414 887 73 5.5 3.0
Al 2225 1113 1502 1051 2.76 1.84 1.66 332 062 126 145 1.33 1.38 098
As 0.18 018 014 016 006 005 004 013 000 001 002 002 002 002
Ba 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Ca 4789 5697 5824 80.75 7290 5075  46.89 9291 1947 3602 3995 3844 4054 29.80
Cr 006 006 005 005 003 000 000 005 000 000 000 000 000 0.00
Cu 007 006 005  0.03 000 000 000 000 000 000 000 000 000 0.00
Fe 1255 497 222 038 024 000 000 000 000 000 008 000 000 000

K 0.84 095 1.01 0.63 049 060 067 049 070 067 070 033 046  0.63
Mg 1564 1117 1473 1612 11.74 758 612 1602 156 387 539 793 514 291
Mn 2.59 1.52 1.84 22 079 027 o011 049 000 003 025 000 000 0.00
Na 1.23 1.38 1.55 1.39 1.15 1.03 1.07 119 1.20 L1I9 129 069 092 084
Ni 024 0.21 018 013 009 005 004 007 000 002 002 000 002 000

Pb 008 005 008 016 0.08 004 008 014 005 002 000 000 002 0.00

Si 6.13 57 5.03 S.11 2.88 1.50 .09 221 1.09 1.00 164 015 020 1.84

Sr 11.82 834 1062 1963 1375 749 517 16.68 186 426 529 289 474 332
Zn 048 042 036 025 0.4 001 000 010 000 000 003 000 000 000

n.d. : not determined

Table 2. Chemical composition of stream sediment collected around the Donghae coal mine.

DH-E-1  DH-E-2 DH-E3 DHW-1 DHW-2 DH-W-3 DH-W-4 DH-WH DH-S2 DH-S-3 DH-C2 DH-C3
Al 2.64 2.36 0 6.15 5.63 5.4 5.18 9.02 8.74 8.62 5.55 4.59
Fe 10.25 1891 20.92 14.74 577 379 3.33 7 4.15 4.98 2.84 3.06
Mn 0.02 0.02 0.02 0.01 0.03 0.09 0.09 0.05 0.18 0.21 0.07 0.06
Ca 0.05 0.08 0.08 0.06 0.19 0.63 1.30 0.19 3.78 4.79 3.66 199
Mg 0.17 0.12 0.13 0.08 0.26 0.59 0.47 0.20 0.42 0.38 1.09 0.85
Sr 35 15 9 16 4 46 52 44 54 53 97 47
Ba 86 55 45 46 126 150 159 120 127 122 140 106
Cu 54 96 119 142 86 73 73 179 122 130 46 47
In 75 97 111 114 21 24 270 268 843 941 98 90
p 153 238 285 280 181 173 161 302 288 in 153 181
As 304 184 21.6 16.0 19.6 25.2 19.6 21.6 19.6 21.6 328 51.6
Sb 1.06 34 .3 0.91 1.72 2.16 1.42 1.93 1.4 138 2.25 316
Bi 0.32 0.58 0.7 0.41 0.56 0.36 0.50 0.42 0.39 0.84 0.61 0.78
(unit : wt.% for major elements, wt.ppm for minor and trace elements)
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Fig. 3. Analytical concentration of ions in strean water,
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Tabie 3. Chemical composition of white precipitates, limestone and
shale.

West Tributary West Tributary East Tributary East Tributary

\hfh!le Limestone Limestone Shale
Precipitates
Si0, 9.97 8.11 4.00 62.51
TiO, 0.13 0.01 0.00 0.47
AlLO; 50.12 145 0.52 19.14
Fe:0; 1.14 0.46 0.13 522
MnO 0.01 0.01 0.00 0.01
MgO 0.45 0.82 2171 0.74
Ca0 0.49 47.58 27.40 0.35
Na;0 1.68 0.65 0.19 2.29
K:.0 0.36 0.70 0.20 4.65
Py0s 0.02 0.02 0.01 0.09
LOL 3564 40.19 45.82 4.52
Sulfur 4.28
(unit : wt.%)
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Fig. 5. Ton percentages of total equivalent per liter on the
Piper’s diagram. Symbols are the same as in Fig. 2.
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Table 4. Seasonal variation of acid mine drainage around the Donghae coal mine.
DH-E-1 DH-W-1 DH-W-3 DH-WH
Sampling 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 2.88 442 370 7.56 5.03 6.18 6.05
Eh(mV) 448.8 2348 3765 350.9 3333 436.5 364.1 3853
Temperature(C) 93 154 45 10.0 9.1 142 8.2 124
Conductivity(us/cm) 915 2340 580 1136 294 733 561 920
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