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In this study, water quality variation in borehole groundwaters and surface leachate waters were investigated on a
seasonal sampling and remote monitoring basis within the waste impoundments at the Geopung mine site where
previous rehabilitation measures were unsuccessful to prevent acidic drainage. All groundwaters were typical acidic
drainage with acidic pH (3.3~4.6) and high TDS (338~3330 mg/L) values during the dry season, but increases in metal
contents (TDS 414~4890 mg/L) and decrease of pH (2.7~3.6) were observed during the rainy season. Surface leachate
waters showed a similar pattern in water quality variation. Surface runoff waters during rain events had acidic pH
(3.0~3.4) through direct reactions with waste rocks. Good correlations were found between major and trace elements
measured in water samples, but no significant seasonal variation in chemical compositions was shown except relative
changes in contents. It can be suggested that dissolution of soluble secondary salts caused by flushing of weathered
waste rocks and tailings directly influenced the water quality within the waste impoundments. Increases in acid and
metal concentrations and their loadings from mine wastes are anticipated in the rainy season. More appropriate
cover systems on waste rocks and tailings necessitate consideration of more extreme conditions in the study mine.
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— Surface leachate ditch
« = Subsurface leachate ditch

Fig. 1. Plan view of waste impoundments and sampling locations at the study mine.
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Fig. 2. Borehole logs of groundwater wells in the waste impoundments and well configurations.
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Fig. 3. Effects of daily precipitation to groundwater level and electrical conductivity (EC) of groundwater in the waste

impoundments.
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Table 104 A71EE AT A4 A, AR FE

g 2 HNG 7] AT F8 FARES] HaF
22 Askant. Bug 28 #golM pH2.71~3.91,
ZLZ=THEIHTDS) 1690~4890 mgl=A 73AHA
F aFEe] AFHA el EA4E BAFh
wpgdt ¥ 27 |ER)7F QAT Pad HES wjEs]
$712E71EZEE A8 EE 8)8 8319 Fe,
Mn, Cu, Zn, Pb, Cd 5ol 79 71EX@ 10, 10,
3, 5, 1, 0.1mgLyel ®la] A ZH3L Yo ol
H&Eo] A7AGY F8 72 LEYAE Jept)
Fo 1 2 #4333 BAHE TDS §Ee ta
zol7t YA GA] FHades JERG Mn, Cu,
Zn, Cd o) A3 B 095ES Bt A8I=
T & Y AR FYHE SW#1 AlE= pH56

Table 1. Summary of the chemical components (mean and range) of the water samples (unit in mg/L except pH)

GW#1 GW#2 GWH#3 SWi1 SW#2 RW
(n=6) (n=6) (n=6) (n=5) (n=5) (n=6)
3.84 3.30 3.68 5.56 411 3.17
pH (3.52-4.42) (2.71-3.91) (3.03-4.62) (4.37-6.91) (3.25-5.13) (3.02-3.43)
TDS 405 3050 1381 76.8 330 172
(338-493) (1690-4890) (1214-1619) (45.4-149) (134-722) (42.2-449)
Si 13.9 55.0 33.6 9.14 15.2 437
(20.3-17.5) (41.3-63.6) (26.5-43.6) (7.17-11.0) (10.6-22.9) (2.10-6.59)
Na 6.11 12.3 11.6 4.50 5.28 1.02
(7.95-6.91) (9.99-13.5) (6.76-14.7) (4.17-4.98) (4.30-6.90) (0.19-1.98)
K 1.65 3.83 5.79 0.62 145 0.62
(2.86-2.21) (3.38-4.61) (2.99-14.7) (0.50-0.95) (0.86-2.50) (0.21-1.39)
Mg 11.2 69.5 55.4 3.80 8.84 3.17
(15.8-14.4) (45.1-88.4) (24.9-79.7) (2.90-5.23) (4.10-18.3) (0.65-8.69)
Ca 447 210 192 10.2 382 16.0
(65.8-53.4) (166-263) (133-254) (4.80-19.9) (13.1-83.1) (3.51-38.0)
Fe 0.30 148 0.60 0.03 5.56 0.30
(0.08-0.58) (4.75-718) (0.09-1.83) (0.02-0.04) (3.31-7.50) (0.08-0.54)
Al 6.49 66.1 272 0.48 6.47 5.30
(4.51-0.04) (38.4-100) (3.97-53.9) (0.03-2.24) (1.11-17.6) (0.91-16.6)
Mn 3.92 444 7.93 0.29 3.82 1.78
(3.12-5.05) (21.4-63.2) (4.85-11.6) (0.03-0.92) (1.64-8.26) (0.35-3.89)
Cu 5.76 59.3 18.2 0.43 2.86 4.73
(3.93-8.40) (26.4-94.8) (3.55-34.8) (0.04-1.65) (0.47-8.29) (1.35-12.6)
7n 15.1 282 559 1.01 19.1 8.77
(11.2-19.8) (97.5-548) (46.7-65.1) (0.13-3.47) (6.85-41.0) (1.56-25.6)
Pb 0.05 0.51 0.12 <001 0.01 0.07
(0.03-0.10) (0.23-1.16) (0.06-0.20) (<0.01-0.05) (<0.01-0.10)
cd 0.25 10.1 0.82 0.01 0.18 0.14
(0.18-0.38) (1.32-29.7) (0.70-0.93) (<0.01-0.05) (0.06-0.37) (0.03-0.41)
S0, 277 2088 967 44 221 125
(226-336) (1180-3120) (838-1130) (23-96) (84-503) (31-334)
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Fig. 4. Seasonal variations in pH and metal concentrations in groundwater and surface leachate waters.
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2 594 ¥js) W& pHE B HEFTL AEKHe=
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20012 SPSS(Release 10.0.7) T2 o83}
Axksiack, 2 A3(Table 2 2 Fig. 5), RE AEE
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o] 4% AT A Jepta glok =3
o gk Al sk Hrisle o 749 &
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a3 ERE 9 AN 32 B BB 9AlF
Q1 gaukg-BTh= 7R84 231 dF &kl ¢
& 2o 2HEE AAg). Yo g A%
u] 2 {4 Fo| H7NEL E39] kgl o3 s
Eo] Ashks, Ak 2 g #Ee] FIkeat
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2002) 7R 2 FIE w2 HIE ARG
ol#|gh WAto] UehR] ok Zog it L
9712 88 P AFEE s HrER
WA ST AA AR FstkE A d7AY
o) 3} 2 A EH AGE 784 23 9RE
o] Rskr B HEPo FHHoE M R &= FTH
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Rimstidt, 2003)5} $-7]0] drjF o2 B2 ofo] &
o] FHAIE oIl e AR N
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SEM-EDS 418 AA519th. 2 34 31 Fele
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Table 2. Pierson correlation coefficients between chemical components in groundwaters, surface leachate and runoff waters

Cd Zn Pb Cu Mn Fe Al Si Na K Mg Ca SO,
Zn 0.844**
Pb 0.749** 0.966**
Cu 0.744** 0.720** (.627**
Mn  0.829%* 0.966%* (0.907** (0.855**
Fe 0.390* 0.746%* 0.834** (.133** 0.600**
Al 0.535** 0.654** 0.605** 0.944** 0.802** 0.183
Si 0.425** 0.626** 0.589** 0.829** 0.747** 0.237  0.920**

Na  0395% 0.560** 0.480** 0.566** 0.596** 0.241
K 0209 0336* 0319 0.331* 0325 0.151
Mg  0.560** 0.720** 0.643** 0.708** 0.751** 0.337*
Ca  0.435%* 0.649** 0.615%* 0.719** 0.701** 0.310

0.586%* 0.786%*

0.354*  0.526%* 0.739%*

0.697** 0.800** 0.927** 0,701**

0.786** 0.878** 0.892** 0.725** 0.941**

SO,  0.711%*% 0.927** 0.894** 0.822** 0.950** 0.603** 0.833** 0.841** 0.749** 0.511** 0.877** 0.872**
TDS  0.712%* 0.940%* 0.914*%* 0.794*%* 0.951** 0.647** 0.805** 0.820** 0.737** 0.506** 0.865** 0.856** 0.998**

*significant at the 0.05 level, **significant at the 0.01 level
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Fig. 5. Relationships between chemical components in groundwaters (GW), surface leachate (SW) and runoff waters (RW).
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