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ABSTRACT

To properly manage and remediate groundwater contaminated with chlorinated hydrocarbons such as trichloroethylene
(TCE), it is necessary to assess natural attenuation processes of contaminants in the aquifer along with investigation of
contamination history and aquifer characterization. This study evaluated natural attenuation processes of TCE at an
industrial site in Korea by delineating hydrogeochemical characteristics along the flow path of contaminated groundwater,
by calculating reaction rate constants for TCE and its degradation products, and by using geochemical and reactive
transport modeling. The monitoring data showed that TCE tended to be transformed to cis-1,2-dichloroethene (cis-1,2-
DCE) and further to vinyl chloride (VC) via microbial reductive dechlorination, although the degree was not too
significant. According to our modeling results, the temporal and spatial distribution of the TCE plume suggested the
dominant role of biodegradation in attenuation processes. This study can provide a useful method for assessing natural
attenuation processes in the aquifer contaminated with chlorinated hydrocarbons and can be applied to other sites with
similar hydrological, microbiological, and geochemical settings.
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and Gillham, 2008; McGuire et al., 2016).
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Fig. 1. (a) Location of monitoring wells and (b) TCE plume (in

mg L") in the study site.
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kinetics)© 2 3 HET}.

dc

-2

dt obSC (1)

o = LHEY] Ex(mol LS YERIL, A=
A 12} kS =734 (pseudo-first-order rate constant,
day™"), 18] r= AFAZH(dayys VERHT

CMM RS o] 83k Z7ggkell tigh =41 B (curve
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Table 1. Parameters used in the curve fitting for the CCM model

Parameter Value
Average groundwater velocity (m day ™) 34x10"
Diffusion coefficient (m? day™) 9.5%x107
Dispersivity (m) 3.0x 1072

Domain length (m) 526.92

- AgE - g8
AR ERIHEIA R ATl HAER(3.93x10°m s7)

tlo

ARESERTt. Asl e IsPIEIRES Eslsle
o, 2712102 0md] FFaks AR JHd A%
3Tt AAZRACEE XSl F-95A] second type
(specified flux) AAIZA3.93 x 107 m s, FE30lA
first type(specified head) AAIZA(0 myS Z+ 2+ A3}
Aok, olHe HAZRAL ZAKYGe T AEl 7<)
0.34m day "ol F&sh= A8k fra= ZHA St

e olF RoE 9 HIFEE 1.1x107m’ s
(Freeze and Cherry, 19798, SEAAG ()2 FHA}
AIEE Bl 2R ASW-19] FEAAS] 0.03 me
A oA el A-835k3ct. vES- ofFel gt 7] ¢
BAFRACZE AS-4TH ASDW-32] FEES 7M7)t ALSS)
Ack. 2oz 7HE3 ASDW-37F S8 4% (0 m)
ol A= third type(Cauchy) BAIZS, AS-477}F 9XIgh
23 (527 mpPllX= second type(free exit) HAIZS
AT, L¥9E T HEMEY B 2 U 7
$ol= TEZ 1.00x10mol LS YHs}A} vk
ool tigh 7] ¥ AAZAL Table 391 U} ot

TS aEe A, AFFTEE 2ds vPgsie] =
die] AuelA] dAle] Q@AR-o] e} HIsTg o] v
Q&= ZAA |G (retardation factor, RYS G4 sIH
olg SR AR} Hlsth. Aol ok
F71e9EY] geis)t S S A5, MM 2
oA} vizZEAE 100%2] TCE7F TCE — cis-1,2-DCE
— VCZ 7} 7} &ap¥ o2 gk 7Pgstant. A
ol &gt 7} QHEe] WS sk UM 2119
S AR YA BPETS tJoE I AHs
ALE-51A T (Table 2).

.2 o
3.1. 2 R7I23 X a4 TR0 BN et £
TCES} o]¢] Eaitese] w=8 Askr 55 Wl
w2t EAFe M ApA|elA olHd BEE wet @

Q2:5} 24go] VAT YEAS AR (Fig, 22). L
Yol ASDW-3AH0 2R e 2} BE7Ae) Al 3
F AT 45E olgale] olEAZo R FNSIT.

Table 2. Root mean squared errors(RMSEs) in the curve fitting for the CMM model using measured and simulated concentrations

Case TCE cis-1,2-DCE vC
For all monitoring wells 1.02 x 107 3.12x107° 1.32x 10
Excluding downgradient wells showing aerobic conditions 5.80 x 107 4,99 x 107 1.04 x 107
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Table 3. Initial and boundary conditions for the reactive transport modeling

Measured concentration Influent boundary condition Initial condition
Compound (mg L™ (mol L™ (mol L™)
ASDW-3 AS-47 ASDW-3 AS-47
TCE 7.5852 0.0346 5.77E-05 2.63E-07
cis-1,2-DCE 0.0808 0.0028 8.34E-07 2.92E-08
VvC ND ND 1.00E-10 1.00E-10

ND: not detected
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Fig. 2. Concentrations of (a) TCE, cis-1,2-DCE, and VC, (b) redox-sensitive elements (i.e., NO;, SOy, Fe, and Mn), and (c) dissolved
oxygen (DO) and Eh.
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Fig. 4. Curving fitting for the degradation of TCE to cis-1,2-DCE
and to VC using the CMM model (excluding downgradient wells
showing aerobic conditions). Symbols and lines represent the
measured and simulated concentrations, respectively. Concentra-
tions are normalized to the maximum TCE concentration at
ASDW-3 and are plotted against the distances from it.

Table 4. Degradation rate constants for TCE, cis-1,2-DCE, and VC calculated using the CMM model

Case TCE (day™) cis-1,2-DCE (day™) VC (day™)
For all monitoring wells 3.00x 107 1.40 x 107! 6.50 x 10"
Excluding downgradient wells showing aerobic conditions 430x 107 1.04 x 107! 8.50 x 107!
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Fig. 5. Simulated concentrations of TCE, cis-1,2-DCE, and VC along the distances from the contamination source after (a) 1 year, (b) 3
years, and (c) 5 years when no natural attenuation processes is considered.
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