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ABSTRACT

A field investigation was conducted on an aquifer contaminated with trichloroethylene (TCE) for application of in situ
reactive zone treatment using nanosized zero-valent iron (NZVI). The aquifer was an unconfined aquifer with a mean
hydraulic conductivity of 5.14 x 10~ cm/sec, which would be favorable for NZVI injection. Seasonal monitoring of TCE
concentration revealed a presence of non-aqueous phase liquid form of TCE near IW (injection well). The hydrochemical
data characterized the site groundwater to be a Ca-HCO; type. The average value of Langelier Saturation Index of the
groundwater was -1.33, which implied that the site was favorable for corrosion of NZVI. Dissolved oxygen (DO)
concentration varied between 2.5~11.5 mg/L, which indicated that DO would greatly compete with TCE as an electron
acceptor. The hydrogeological and hydrochemical characterization reveals that the time around November would be
appropriate for NZVI injection when water level and temperature are relatively high and DO concentration is low.
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Fig. 1. (a) Satellite photograph of the pilot test area, (b)
Configuration of injection and monitoring wells.

£ 2% TCE} AEHh 53], A== 2d2Ay]
ZoME A28 DNAPLY Q4¢do] EAjsle] =&
2og wEEe] TCE} HEse A0E AR UK Yang
et al, 2012). o]F ANS ¥4} 2003 SEAEF
ol oJalf AAE ZAF ZiellA TCE AR 5 54
LAl EAEHA] FetlE BTkl alEEe
TCEZ’} AEE 90 AldA W] ofTEAF Ao A
ARESE HF718A1] FAEE A7 821 F shuE
A HEATH(Yu et al, 2006; Baek and Lee, 2010; Jo
et al,, 2010; Yang et al., 2012; Yang and Lee, 2012;
Lee et al., 2013).
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Fig. 2. (a) Specifications for injection and monitoring wells. (b)
Simplified geologic section constructed from the logging data of
wells.

4m Aol whe] BEZHMW-1~9)S Mo = =3
Ac(Fig. 1(b)). IW 2 MW-1~89] AL AL a3
A= 0-1.5my} 3 F3BAE 1.5~6m)e= M35
3, MW-9= el o 54 rishr] sl A4
FEHAE 0~6 mpF} 3 F3HAHE 6~30m)C=E A
A&t (Fig 2(a)).
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ZE FE, Ajeh 98ston, dol AlEE 045 um
ARz o3t 3 FEEZ 60 mL HDPE(high density
polyelthylene) A|EH0) Eil 5524kS 0]-83) pH 2
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7Fsgt ZdAtol] BRasie] AdAE Rk
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FZE31] FAAEZZZE 7] (electron capture detector, ECD)
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FE EZol&3}7Z7](flame ionization detector, FIDY}
AzE TteaEetET s et dolS
ShimadzuAlo] F=AEek=r W335 7] (ICP-AES,
Japan)E ©]-83}4 1L, 2022 DionexA] olaZrlE
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SA= A
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£ Aol ShA BF A £ 7] FE ssist
A1E Al oJshH A EEE 1.98 x 10°9~2.76 x 107
cm/sec HHO|aL HHL 514 x 10 cm/secE 4F FEHO|
ARG Aol Blal Hlad v S BTHLee et al,
2013; Table 1).

TAHQ] Al el Telsl] fal A=
FHEHFE 98 FAEer 1 AHE Fig 39 Y
Siei= Xi m AEANMNE HAE MW-13} MW-39]
A& ARl MW-2, MW-4, MW-57} X3} 352
o2 A7t feshe AoE ASFHUGY 4me] A=
M= 3R 2me] Ao} FARSE HES HHor, s
mollAE KDMW-304 2me] 2o} thh f5aE9]
WERdel zpol7h ot ARtH o 7= A FARRE 7

Table 1. Hydraulic conductivity (K) of test wells estimated from
slug tests (Lee et al., 2013) and water level above mean sea level
(AMSL) of test wells

Hydraulic conductivity Water levels

Test wells (K, cm/sec) (m, AMSL)
W 576 x 107 136.73
MW-1 451 %107 136.76
MW-2 6.89 x 107 136.62
MW-3 2.76 x 1073 136.82
MW-4 851x107° 136.53
MW-5 3.51x 107 136.72
MW-6 6.81x107° 136.76
MW-7 5.68 x 107 136.71
MW-8 3.93%x 107 136.49
MW-9 433 %107 136.67
KDMW-3 1.92 x 107 136.67
Mean 514 x 107 136.68
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Fig. 3. Groundwater flow directions in the wells with respect to the depth: (a) 2 m, (b) 4 m, (¢) 5 m, and (d) 5.5 m.
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Fig. 5. Monthly variations of (a) pH, (b) EC, (c) temperature, (d) DO, and (¢) ORP monitored from groundwater in each well.
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Table 2. Hydrochemical parameters and Langelier Saturation Index (LSI) for groundwater from IW

Sampling month

Mean
Nov-11 Mar-12 May-12 Sept-12 Nov-12

pH 6.45 7.19 7.5 7.90 7.26 7.32
Temperature (°C) 13.9 6.3 7.0 16.5 12.0 11.1
Ca (mg/L as CaCOs) 117 722 60.0 65.1 51.9 3.6
Total alkalinity (mg/L as CaCOs3) 26.0 37.1 243 38.1 26.1 25.0
Total dissolved solid (TDS) 241 370 129 123 121 197
Langelier Saturation Index (LSI) -1.94 -1.46 -1.47 -0.81 -1.59 -1.33
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Fig. 7. Distribution of TCE concentration in the groundwater on (a) October, 2011, (b) March, 2012, (c) April, 2012, (d) May, 2012, (e)
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Fig. 8. (a) TCE concentration monitored from groundwater in
MW-9 and (b) bromide ion concentration obtained from MW-9
well by tracer test.
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