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ABSTRACT

Managed aquifer recharge (MAR) is a promising water management strategy for securing stable water resources to
overcome water shortage and water quality deterioration caused by global environmental changes. A MAR demonstration
site was selected at Imgok-ri, Sangju-si, Korea, based on screening for the frequency of drought events and local water
supply situations. The abundant groundwater discharging from a nearby abandoned coal mine is one of the potential
recharge water sources for the MAR implementation. However, it has elevated levels of arsenic (~12 pg/L). In this study,
the potential of the natural attenuation of arsenic by the field geological media was investigated using batch and column
experiments. The adsorption and desorption parameters were obtained for two drill core samples (GM1; 21.8~22.8 m and
GM2; 26.0~27.8 m depth) recovered from the potentially water-conducting fracture-zones in the injection well. The
effluent arsenic concentrations were monitored during the continuous flow of the mine drainage water through the
columns packed with the core samples. GM2 removed about 60% of arsenic in the influent (0.1 mg-As/L) while GM1
removed about 20%. The results suggest that natural attenuation is an acitive process occurring during the MAR operation,
potentially lowering the arsenic level in the mine drainage water below the regulatory standard for drinking water. This
study hence demonstrates that using the mine drainage water as the recharge water source is a viable option at the MAR
demonstration site.
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FEHRAol= ] FAS (infiltration pond)dF -2 BRrEd
12 (spreading method), 732 (bank filtration)2}
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AR FESAS UEROH, A SR Ca(63.348.7
mg/L), HCO;(176+24 mg/L), SO4(94.9+4.8 mg/L) ©]-&
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S Alde Ay}, HIAE AlQg 0 9EEL V)
W51A] Fkom, TA] B4 FE(12 pg/L)F He
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Fig. 1. The geological media samples obtained from the drill core (a) GM1, 22.1~22.8 m section and (b) GM2, 26.0~27.8 m section.
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Table 1. Chemical composition of the artificial groundwater
used in this study

Chemicals Concentration (mM)
NaHCO; 3.594
KCl 0.056
Na,SO;4 0.199
MgClL,.6H20 0.414
CaCl, 1.446
pH 8.0

(b)

Fig. 2. (a) Column experimental setup and (b) the columns packed with the geological media from the study site to evaluate the natural

attenuation of arsenic.
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Fig. 3. XRD patterns of the geological media samples (a) GM1, 22.1~22.8 m section and (b) GM 2, 26.0~27.8 m section.
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Table 2. Chemical composition of the geological media samples obtained by the XRF analysis

SIOQ A1203 FezO3 CaO MgO

GMI1 (wt.%) 75.8 12.5 1.95 1.43 0.67
GM2 (wt.%) 68.8 14.3 4.41 1.27 1.67

(quartz), AFZH(albite), W+ (muscovite), =14 (clino-
chlore), ®a X (calcite) 5°], GM2 AlFNM= Y
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Fig. 4. The As isothermal adsorption curves of the geological
media samples.
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Fig. 5. The Langmuir and Freundlich plots for the As adsorption on the geological media samples.

Table 3. The isotherm parameters of the Langmuir and Freundlich models for the As adsorption on the geological media samples

Freundlich model

Core Langmuir model
Media Br® K;° R? K © n R?
GM1 1.58 3.81 0.998 1.02 2.26 0912
GM2 8.24 1.92 0.998 4.58 1.59 0.945
?maximum sorption capacity (mg/kg);
®Langmuir constant (L/mg); “Freundlich constant (L/kg)
Aol F2 i BEe) A Pdo] £ A F & A NS 52 Kol Langmuir 93 54 2
Aol ARE AL FRIGH vl v} & AFolM ARgSE & Z0E HRITE Langmuir 52 2 o3 Hol &
A 7 F5 T H gl o =2 AW om2 5o Z¥zF 136 I 9.65 mgkglE GM2 A|E9] BlA
o 350 B 27 Uehbe A 0@t /1E A7 b @ 2] St 202 Uehior(Tible 4), okt
of F-gHett, GM2 AAmfd A58 HlA F2Fso] o $eite 2
o} AR},
322, ARl WA GHEA B}
0] Alge] vla g3 EAS I8 218l Langmuir 3.3. X|ZojEe| H|A Xloix{Zt EAM BT}
593} Frendlich 295 83l 22 =E H7I6I0 33.1. HlA 827V W7t
thFig. 6). @354 T3 Langmuir 9] R? Fho] th T el Aol thgk wla A3 54 7t
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Fig. 6. The Langmuir and Freundlich plots for the As desorption on the geological media samples.

Table 4. The isotherm parameters of the Langmuir and Freundlich models for the As desorption from the GM1 and GM2 samples

Core Langmuir model Freundlich model

Media B ° K,* R’ Ky © n R’
GM1 1.36 17.6 0.911 1.82 2.55 0.927
GM2 9.65 6.09 0.971 20.98 1.14 0.901

*maximum desorption capacity (mg/kg);
®Langmuir constant (L/mg); ‘Freundlich constant (L/kg)

sl VREZr £ pH, & H¥E, HlA 55 2
YEE skt Fig 72 AZvjd=RE v 85 7k
€ 04‘:' S Bk Aeltt. 27] GMI} GM2AEolA

F 0.010~0.015 mg/Le] H]A7} 742Q°401/} ol FA|s}
o) A2 590 12 ool AY) BETA 4O,
= Yept, Mgt 19 o xﬂ% A Aeh A
A ulavt gE5e] 1e 7Pse ghe A0 Alag,
3k, QA B FYes T 74340111\-] 2= A 0.1
mg/Le] o] 8= HJ}. Guo 5(2007y 58] (siderite)
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SEMoERE 8§59 Ho| Hlie} I FHHEH L)
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<= gRIg v} QUok. £ Aqelde AEnjdemRE &
=9 Ho] 8 Y AA FFS = o= Alsd
o} 3B 259 pHe 8 AEE FAEHATH
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Fig. 7. Column experiment results showing the potential of As
release from the geological media samples.
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Fig. 8. As natural attenuation characteristics of the geological
media samples.
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