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The Contamination of Groundwater by Acid Mine Drainage
in the Vicinity of the Hanchang Coal Mine and the Efficiency
of the Passive Treatment System
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ABSTRACT

Sampling of waters from each stage of treatment system (Successive Alkalinity Producing System; SAPS), tailings
seepage, and spring near the Hanchang coal mine of Kangwon Province were carried out seasonally and analyzed to
evaluate the source and possible path of groundwater contamination by acid mine drainage (AMD). Sulfur isotope
compositions were measured to identify the origin of groundwater contaminations and the sulfate reduction processes in
the SAPS. Low pH and high metal concentration of spring water indicates possibility of the groundwater contamination by
AMD. Removal efficiency of acidity of the SAPS was 18.17 g/m’/day on an average and the metal removal efficiency
was almost 100%, which was higher than those of other treatment systems. However, no appreciable decrease of sulfur
content and almost similar sulfur isotope compositions of water from each stage of the treatment system may suggest
incomplete or very poor sulfate reduction by sulfate reducing bacteria. Chemical and sulfur isotope compositions showed
that spring water was contaminated by seepage from mine tailings. And seepage of stonewall, a part of treatment system
was affected by both tailings seepage and mine adit drainage. In this study site, the treatment system was constructed for
the only AMD from mine adit not for tailings seepages, which resulted in the groundwater contamination from tailing
seepages. Similar situation is expected in other abandoned coal mine areas.
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Fig. 1. Map showing operating process for AMD and sampling locations in the Hanchang coal mine.

Table 1. The removal efficiency of each operating process for passive treatment system in the Hanchang Coal Mine

Removal Efficiency per Unit Area (g/m*/day)
. Area HRT —
Operating Process (m?) (day)* Fe Acidity
Y Avg. Sept.** Avg. Sept.
280.3 2.8
SAPS 11.05 31.87 18.17 59.02
2 508.5 5.1
Oxidation Pond 260.8 0.87 0.28 0.58 7.39 —0.68
Oxic Wetland 316.73 0.5 - - 0.68 1.07
Pond 7 - - - - -

*Hydraulic retention time assuming AMD flux about 300 m’/day.
**in September, Fe loading was maximum at mine adit drainage.
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Temp pH Eh Cond TDS DO [ Alkalinity | Acidity

O (mV) (1S/cm) (ppm) (%) (mg/l, as CaCOs)
February
Mine Adit HCl1-1 10.9 6.6 375 903.0 632.0 445 1533 25.9
after SAPS HC2-1 6.9 72 7.0 879.0 617.0 15.0 150.0 0.9
Tailing seepage HC4-1 11.8 6.0 67.5 728.0 650.0 58.8 60.0 45
spring HCS-1 12.0 33 195.0 862.0 603.0 60.0 0.0 88.4
after Oxidation pond HCé6-1 7.0 7.9 214 888.0 621.0 70.8 150.0 1.0
seepage from stone wall HC7-1 9.5 24 2340 1760.0 1233.0 61.3 0.0 291.7
after wetland HCS8-1 5.8 83 —41.9 877.0 614.0 26.0 154.0 0.6
June
Mine Adit HCI1-2 13.9 6.7 338 852.0 596.0 523 193.0 352
after SAPS HC2-2 203 6.9 21.8 867.0 607.0 23 213.0 14
SAPS overflow HC3-2 27.1 7.3 154 77.60 543.0 64.5 155.0 1.6
Tailing seepage HC4-2 16.5 6.1 65.8 732.0 512.0 86.1 6.3 1.4
spring HC5-2 16.1 39 182.6 563.0 394.0 70.0 0.0 48.0
after Oxidation pond HC6-2 23.6 8.0 —41.2 834.0 584.0 69.8 200.1 0.7
seeppage from stonewall HC7-2 19.1 25 265.8 5630.0 3940.0 67.9 0.0 1624.4
after wetland HCS8-2 254 7.6 -14.8 842.0 590.0 26.0 2023 1.1
July
Mine Adit HC1-3 14.0 6.8 24.7 650.0 457.0 47.0 155.8 6.3
after SAPS HC2-3 19.1 7.1 114 801.0 560.0 83 220.0 36.2
SAPS overflow HC3-3 23.2 6.7 303 669.0 468.0 49.1 1328 7.9
Tailing seepage HC4-3 16.0 6.9 23.1 440.0 308.0 60.8 14.3 1.2
spring HCS-3 16.3 36 1834 487.0 341.0 67.1 0.0 97.6
after Oxidation pond HC6-3 227 8.0 -34.0 736.0 515.0 61.1 173.8 29
seepage from stone wall HC7-3 19.6 2.0 262.8 5270.0 2640.0 59.0 0.0 870.6
after wetland HC8-3 24.0 7.6 -12.9 735.0 515.0 38.0 173.0 1.6
Effluent HC9-3 24.2 8.0 -34.6 744.0 521.0 57.1 173.0 0.7
Stream water HCI10-3 239 4.6 1382 938.0 637.0 56.9 0.0 15.6
October
Mine Adit HC1-4 119 6.5 25.1 738.0 369.0 163.0 156.1
after SAPS HC2-4 14.2 6.9 33 724.0 363.0 176.0 0.9
SAPS overflow HC3-4 214 6.8 12.6 706.0 353.0 78.0 10.0
Tailing seepage HC4-4 12.3 43 152.0 665.0 3330 0.0 29.9
spring HC5-4 14.3 37 186.5 590.0 295.0 0.0 1144
after Oxidation pond HC6-4 18.2 7.6 -37.8 927.0 463.0 142.0 1.5
seepage from stonewall HC7-4 16.2 2.7 243.6 2210.0 1105.0 0.0 402.4
after wetland HC8-4 18.2 7.2 -11.9 926.0 463.0 154.0 0.4
Dffluent HC9-4 17.8 7.5 -283 938.0 468.0 145.0 0.5
Stream water HC10-4 18.0 6.9 5.6 985.0 492.0 102.0 1.8
Drinking Water HCI1-4 14.1 6.3 379 24.2 12.1 7.0 0.1
November
Mine Adit HCI1-5 10.5 6.6 255 1305.0 659.0 165.0 34
after SAPS HC2-5 7.1 7.1 -1.7 1225.0 612.0 124.0 3.5
SAPS overflow HC3-5 84 6.8 16.4 1163.0 581.0 43 5.1
Tailing seepage HC4-5 8.7 45 136.6 885.0 443.0 0.0 238
spring HC5-5 93 3.9 168.9 604.0 302.0 0.0 8.2
after Oxidation pond HC6-5 7.2 7.1 =35 1151.0 574.0 74.0 25.7
seepage from stonewall HC7-5 9.0 2.7 2351 2434.0 1217.0 0.0 101.1
after wetland HCS8-5 10.4 6.9 12.5 1200.0 600.0 76.0 187.3
Effluent HC9-5 12.2 7.2 -6.4 1162.0 581.0 77.0 4.4
Stream water HC10-5 5.5 6.4 349 1246.0 621.0 18.0 58.1
Drinking Water HCI11-5 8.1 6.5 284 24.6 12.3 5.0 19.7
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Fig. 6. Oxygen and hydrogen isotope compositions of Hanchang
coal mine waters with the Global Meteoric Water Line (GMWL)
and the Local Meteoric Water Line (LMWL).
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