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Characteristics of Groundwater Quality in Bedrock and Tailing
Dumps at the Abandoned Dalcheon Mine Area
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pH and Eh were measured at 25 points in the abandoned Dalcheon mine. And, major ion components (Na*, K*,
Ca?*, Mg?, CI, SO,*, CO,%, HCO3) were analyzed through groundwater sampling at 41 points. pH and Eh were
measured the highest concentration in serpentinite area. And, pH was between weak alkaline and intermediate val-
ues in study area. Groundwater in study area was dominated oxidation-reduction environment caused by reaction
with carbonate rock. Because sulfur components contained in carbonate, serpentinite, arsenopyrite and pyrite was
dissolved by groundwater, SO,> component was high in study area. And Ca®*, Mg?* of cations were high. Correla-
tion coefficients of ion components in tailing dumps were 0.95 between Ca?* and SO,”, 0.86 between Ca** and
Mg%, 0.85 between Mg?* and SO,*. Correlation coefficients of ion components in bedrock were 0.86 between
Mg and SO,7, 0.68 betweem Ca®* and $0O,>. Concentration range of Ca®* in tailing dumps was 6.85~323.58 mg/
L, and 3.18~207.20 mg/L in bedrock. Concentration range of SO,* in tailing dumps was 21.54~1673.17 mg/L, and
2.04~1024.64 mg/L in bedrock. By the resuit of Piper diagram analysis with aquifer material, groundwater in tail-
ing dumps was Ca-SO, type. Groundwater quality types with bedrock material were Mg-SO4 and Mg-HCO; types
in serpentinite area, Ca-HCO; type in carbonate area, Na-K and CO;+HCOj; types in hornfels, respectively. As a
result of this study, groundwater in tailing dumps were dissolved Ca®*, Mg** and SO,> components with high con-
centration. Also, these ion components were transported into bedrock aquifer.

Key words : Tailing dumps, Bedrock, Oxidation-reduction environment, Major ion component analysis
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Fig. 1. Geologic map in study area.
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Fig. 2. Location map of groundwater sampling points in
study area.
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o7 Ao A sHacidification)’t W EA] 3471
wj FolthKim et al., 1995). Ha pHe 34 A9
oM 83002 7MY =UA, BIEY A KA 7
2 pH ol YeldthAppello and Postma, 2006).
7419 Ul Ehe] ¥9e -316.5~202.1 mvelw, 33
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7t A >ehakgd A9 o g Yepth ol £ I
A gk YA w2 pHell o# Ehvt @
Al Vel wiEo]thBenjamin, 2002). 71E2] A
o 2J3pH Zueke Eh WY 5 WEld-ERv|E g
I3 FEAY Jgof TgEHtE HIH Y vHBass
Becking et al., 1960). wetr] B ApExjdex gt
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Table 1. General statistic for pH and Eh with aquifer materials

Component Aquifer material Number Minimum Maximum Mean Variance
Total 25 7.06 8.54 7.72 0.20
Tailing dumps 6 7.30 8.18 7.60 0.11
- Serpentinite 9 7.18 8.52 797 0.17
P Carbonate 6 7.25 8.54 7,61 023
Hornfels 3 7.06 7.36 7.21 0.02
Granite 1 8.30 8.30 8.30 -
Total 25 -316.5 202.1 874 26753.4
Tailing dumps 6 -146.3 187. 101.7 16478.7
Eh Serpentinite 9 -195.2 202.1 131.6 15693.2
(mV) Carbonate 6 -316.5 189.7 4.7 57363.3
Hornfels 3 -1654 180.0 59.9 38136.1
Granite 1 1819 181.9 181.9 -
14
12 A Tailing dumps @ Serpentinite {1 Carbonate 4p Hornfels M Granite
1.0
0.8
0.6
o~ 04 (A) Transitional environments
= "
0

8 10 12 14
pH

Fig. 3. Eh-pH diagram with aquifer materials in study area.
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Table 2. General statistic for major ion components with aquifer materials (unit : mg/L)
Component Aquifer material Number Minimum Maximum Mean Variance
Total 41 3.76 51.14 18.81 116.12
Tailing dumps 15 10.28 51.14 25.37 135.16
Serpentinite 9 7.54 29.69 14.76 58.34
Na* Carbonate 8 8.47 37.80 18.93 127.01
Shale 2 10.15 11.35 10.75 0.72
Hornfels 5 8.30 16.19 12.38 9.86
Granite 2 3.76 19.19 11.48 119.04
Total 41 022 28.55 3.07 19.49
Tailing dumps 15 2.08 28.55 5.40 42.66
Serpentinite 9 0.80 8.02 221 5.44
K* Carbonate 8 0.89 251 1.97 0.30
Shale 2 0.88 1.57 1.23 024
Hornfels 5 0.77 1.57 1.09 0.10
Granite 2 0.22 1.28 0.75 0.56
Total 41 3.18 323.85 92.14 6555.48
Tailing dumps 15 46.85 323.85 154.84 7433.25
Serpentinite 9 11.83 157.00 58.12 2658.02
Ca” Carbonate 8 2432 207.20 84.27 3457.49
Shale 2 13.62 19.82 16.72 19.22
Homnfels 5 3.18 96.02 34.05 1303.18
Granite 2 5.90 48.60 27.25 911.65
Total 41 1.29 128.30 40.71 1072.99
Tailing dumps 15 19.85 115.80 52.86 924.30
Serpentinite 9 22.60 128.30 54.92 1237.04
Mg* Carbonate 8 3.07 48.07 23.05 291.90
Shale 2 1.93 13.51 772 67.05
Homfels 5 3.59 41.61 16.03 267.60
Granite 2 1.29 100.70 51.00 4941.17
Total 41 477 61.27 18.67 139.81
Tailing dumps 15 6.92 61.27 24.18 261.99
Serpentinite 9 10.79 21.54 17.25 10.63
Cr Carbonate 8 6.37 20.25 12.04 30.83
Shale 2 10.12 29.95 20.04 196.61
Homnfels 5 8.01 32.88 16.60 90.11
Granite 2 477 23.57 14.17 176.72
Total 41 2.04 1673.17 342.63 174533.57
Tailing dumps 15 21.54 1673.17 639.88 247578.78
Serpentinite 9 4.53 1024.64 287.94 95473.15
SO* Carbonate 8 12.54 502.40 146.68 25451.25
Shale 2 2.67 3.53 3.10 0.37
Homnfels 5 2.80 56.19 21.86 600.86
Granite 2 2.04 567.17 284.61 159685.96
Total 41 0.00 3.96 0.23 0.69
Tailing dumps 15 0.00 0.00 0.00 0.00
Serpentinite 9 0.00 3.96 0.73 2.23
CO,* Carbonate 8 0.00 2.64 0.33 0.87
Shale 2 0.00 0.00 0.00 0.00
Homfels 5 0.00 0.00 0.00 0.00
Granite 2 0.00 0.00 0.00 0.00
Total 41 18.30 353.80 166.81 7757.32
Tailing dumps 15 54.90 283.04 188.45 4346.74
Serpentinite 9 73.20 195.20 125.39 1915.49
HCOy Carbonate 8 68.32 353.80 235.16 11792.70
Shale 2 45.14 52.46 48.80 26.79
Homfels 5 18.30 290.36 143.96 12062.74
Granite 2 61.00 124.44 92.72 2012.32
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AR ool 2ol F ClI9 SO AEL 372
FHIR AT FA) Ao B on, COs%
¢} HCOs A2 E3ola ¢ZEE Agd o) 2
AHA ol AR FTEE U5E i FFd o
2 ARGARA S HAAEIE e, 2 A3 Table 2
o A= ik

FrAAR 9] Ca?*t AH9] HFL 154.84 mg/LEA
718Kt 5598 mg/lL Bt} Egtou} Mgt AR i
& Fm AR N 5286 mgLE 7]¥Ht 33.7 mglL
B} yigith, 3 Fu|FAR| ) SO AR e
639.88 mg/LZ w9 ko, 7|k 171.14 mg/L
2 Jeldth HCOy A8 Ha-e 4udAx)eA
18345 mg/L °|Rem, 7|9kl 154.33 mg/LE e
et

Fu| AR 7L 716t vl ol Fole H
@ $E7F =7 JeRgen, ol Bn|FAAoa
AE dkgo] WEA BAEI] witeld). 53], 9+
AeM EA Uehd ol AEe Calt, Mg, &
ol AE-2 S0,%, HCOy ©Idt}. Ca?t, Mg A&
& =2 A og FE 439 it XelA
dlape] Jgkoz ¢ls) FEo) HolA L, SO2 AR
Az WollA FsldEe] Aslag 2 gajol <

7F3CH(Lee, 2001). AREG= 3 Aol &
2 ZF 507 AEo) B HEE Yepided), ole
Fu)HAR] Al Yol g 2oz dAadn) 3
) HAA 4= Nat, K+, Ca2* & SO2> HEo] &=
A vepsith wbde] Mg?ts} CO% AR AHES A
Aol EA vehgstl, Mg?t AR AHEYY] 2o
MgO gavje] <8 Rolm, COs* AES pH 830
olF Aol 2l A EAY37] wjFo]th(Koh e al,
2006). B8+ HCO5 A3+-2 gty A gellx] =4 v
ERgth

& oo e

of¥
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4.1. 3N Y

A3 Uloll g35e] gl o] AR Alole] #d
4 A5-E Fotslr] fste] AdHA E4(correlation
analysis)o] FHEReH, Axx1G9] FrH)=) (1571
)% 7A@ F)elA Fol AR AR Alo)9]
3B-A s> (correlation coefficient)”} Table 3o A&
o] ik

Ful AR A FRAGE Caltet SOF Aol
0.95, Ca’*9} Mg?* A¥o] 0.86 Mg>*el SO A&
o] 0.85241 EA vehdt). ol R AR A ehak
A, AR B fulEA s o] o A o4y

Table 3. Correlation coefficients between major ion com-
ponents with aquifer materials

Tailing dumps Bedrock
Na-Cl 0.55% 0.27
Na-CO, - -0.26
Na-SO, 0.54* 0.48*
Na-HCO; -0.35 0.66**
K-Cl 0.21 0.1
K-CO; - -0.19
K-SO, 0.27 0.23
K-HCO;, -0.26 0.26
K-Na 0.18 0.29
Ca-Cl 0.28 -0.13
Ca-CO; - -0.22
Ca-SO4 0.95%* 0.68**
Ca-HCO; -0.01 0.61%*
Ca-Na 051 0.57**
Ca-K 0.16 0.30
Mg-Cl 0.15 0.12
Mg—CO3 - -
Mg-SO, 0.85% 0.86%*
Mg-HCO;4 0.13 0.21
Mg-Na 0.47 0.35
Mg-K 0.17 0.18
Mg-Ca 0.86** 0.37
CO3-Cl - 0.04
S04-Cl 0.28 -0.12
S504-CO4 - -0.10
HCO;-Cl -0.49 -0.11
HCO3-CO; - -0.27
HCO,;-80, -0.17 0.21

- : CO; was not exist
* : significant at 5% level
** : significant at 1% level

o2 HAH 749 f9o= A Ca¥t, Mg,
SOZ AEo] &30} Xalg= oM =& F=E U
ERfL7] g &elth. ZInketellM el AAAIE Mgte)
SOZ Aol 086, Ca2*el SOF o] 06884 =
Al Vebsth ofs AHEY A93) 317et Aedo] g
AR} 28t FHAA AN FEEe ATt
USR] WZo|tt. T3 7idellA] Na* ¢ HCOy
A2 A4 066 FEE I w3kom, ol A
Al W Nat AEIm, 2004+ 24+ W HCOy A&
o jgt Zejr},

Fu AR 6 ) ZTIHAPE FelH SHE
A7VAEZ(EC)S Fol A Atele] HaAF7t
Table 4 A2 =] gio}. ArjArsE o dE84e] o
+7%(on strengthys UYehlle FRAJAZA &
B3l=lo] = 29 THE vEith(Lee, 2001). F



S AR Aol Bl T Asiee) 45y 9T 53

Table 4. Correlation coefficients of major ion components
versus hydraulic conductivity with aquifer materials

Aquifer material Tailing dumps Bedrock
EC-Cl -0.47 -0.17
EC-CO, - -0.35
EC-SO, 0.96%* 0.79%
EC-HCO;3 0.29 0.68**
EC-Na 0.57 0.68**
EC-K 0.79 0.21
EC-Ca 0.98** 0.78%x
EC-Mg 0.98+* 0.67%*

- CO; was not exist
**: significant at 1% level

AR NN A7 A=} ol Ca?te} Mg?trt
0.982X FY3HA =okom, K, Natel o2 Ao
BAE BEon, 2ol ALdE SOL>Cr
>HCOy¢] o2 ey}, T3 7Hkto)A 2714
T9) okolel Ca?t>Nat>Mgit>Ktel 02 A
HHAE B, Fol9 Zgole SO, >HCOs
>CO>Cl 02 velsith, 2 A7 dels 27
Aemol 7k & FFE vHE o] AR Cat
Mg?*s} SO,29) Aoz vepgon, Autdo g 3
AR A A He] WE whEo g Qs A7|AE
=9} o] Rk o] A vEhkdt) 3
AR = Baraet, AFRYE 9 fu1EN T A
o] F+2 A FAoz A o] 7] Wi, Fu
AR 73] fdeZ Ca’t, Mg?t, SOZ AHo] &

2000
| (a) Tailing dumps
1600 —
a i
o0
& 1200
=]
2
g i
g 800
S
400 —
0L mm 4 i I == i

[ I N [ [

Na K Ca Mg Cl SO, CO, HCO,

Major ion component

o] Atz FUE Al Ul w& F=E
UERHA e}, 71Rkeh Alslroll i Nat AdE-e] 4a7d
0.68= HERET), ol APEA] 2=l 0¥ Na*
7giEe] 83EU7] wEolth(Im, 2004).

4.2. Box-whisker plot

B AR AN F)et 71N 3 Fole A
S o)gsie] A3l FASAS vlashy] S8 A
A28 (box-whisker plots)o] ZAEAHFig. 4).
AR N o)) TS Ca?t AE 151.90 mg/
L, Mg®* 4% 51.32mgL, Na* A% 2478mg/L ¥
K2 A8 3.77mgll o102 m, &0l FYge C
AE 1870 mg/L, SO A& 55524 mgL, COZ A
¥ 000mgL ¥ HCOy A 19520mgl= vjehyt
ok 7igkel W o)) FUYghe Ca?t AE 3740
mgL, Mg* A% 3255mglL, Na* 4% 11.95mgL
2 K AE 133mgl o1ien, gole FUgke
Cl A% 1580 mg/L, SO A& 71.67mgL, CO*
A4E 000mgL % HCOy A% 131.76 mg/L® e}
stk

Fol& F Ca?t A¥o] FuHAR A 46.85~
323.85 mg/L, 7]¥ktol A 3.18~207.20 mg/LEA 71
He T H9E vepislEn, ol FvlelA s
Ao] 70%2 2 TS Uepl7] ojEol(Park e
al., 2005), BatAte] Ca** AE-o] RA3leol B &
o] Ca* AdEe Fxr =4 vehdrh Koh e

1200
(b) Bedrock

800 —

Concentration (mg/L)

=! |
. so

, CO, HCO,

°¥r;;
Na K

Ca Mg

Major ion component

Fig. 4. Box-whisker plots of major ion components with aquifer materials.



54 DA 12 s I e L

al.(2006)°] oJ5tH AREge] 31skEA-e Si0, 37~41
wt%(HF 40wt%), AlO; 02~08 wt%(B T 0.5
wt%), Fe,03 7.7~89 wt% (B 8.2 wt%), Ca0 0.1
~25wt% (B 09wit%), MgO 36~39 wt%(8
B wt%)e s12E HolE AoE Byt w
2] QA GelA] ARERte] Mgt AEe] A3l
£3)=0] 22.60~12830 mgLE =& T=E JehlY
th ol & SO AE-o] FuAAR A 2154~
167317 mg/L, 71¥rehe 2.04~1024.64 mgLE 714
B T HAE JERIAT. ol FuAAx|e &
H AN Zro] HIAE 343 F3FE(sulfide
mineral)o] A|3krol] B3jEo] 7Nt X34 Fke
u37] wEolt}. Lee001)e] ©J8Fd HCO; ARL
TAIE H e FEe] wilel ols gsiEH, pH
8.3 oelM T CO> HElZ EAgt). s, 2 o
TFAGAAN 20 AFE AT o] 29 pHIL
8.30 olslo|lg CO& 8L A9 EAslA] gt

4.3. o[ Clojofz

Fol& RS T epm 2 E sl 4% vl
o wWe o]y tholola@-g AAIIATHFig. 5). &
ATR|GoA ol 28 Ca?t, Mgt A¥o] R A
(GW1D2 A|Agt 407] A8olA 60 %emeq/L oV
= veled, 2oje2 50,29 HCO+CO; AdEo]

I ARe Ae 390 AN 70 Tomeg/L &2
2 #A YEsith

FulFAA] 1570 AH F 1270 AFe] Ca-SO
&3P, 3l AFL Ca-HCOFo) E3=e Zlez
elgtth. Fv|e] FAAFEL WA (caldte), HFA
(garnet), AE X (megnetite) 2 2=7+E FE(skarn
mineral)e]™, REEHE W14 (70%), 7S A9
g A 2718 FEQ0%), AFA6%), THIEA, &
AN og pAE UTkPak e al, 2005). o1}
7ho] Fu|g PSR AYEAE FEY SO FRE
HO) AHo] Xskol gal=lo] SO 019 Fgol
=3, BRYE ke I AR el dEe
2 Ca-HCOs¥o] S-AIsHA bttt
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Fig. 5. Piper diagram with aquifer materials in study area.
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