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Abstract — In recent years, geophysical technology has been
widely wused in soil and groundwater investigation and
remediation of contaminated sites assessments in Taiwan, such
technology can securely work in either small or large sampler
areas, and collect data from the traditional one-dimensional data
to two-dimensional and three-dimensional data. In other words,
geophysical technology helps provide more information to assist
the data interpretation, and improves the overall effectiveness of
soil and groundwater contamination surveys.

Electrical Resistivity Tomography (ERT) is one of useful
geophysical technology to the soil and groundwater contaminated
sites. By estimating the groundwater flow direction and
distribution of contaminations, we could establish monitoring or
sampling wells in potential pollution areas. ERT survey could
delineate the contaminated areas with high concentrations in
relatively simple sites. Even in the seriously DNAPL leakage
cases, it is possible to directly detect the DNAPL pool.

In this study, we presented the investigation outcomes of
electrical resistivity tomography (ERT) and ground-penetrating
radar (GPR) at the DNAPLs-impacted site. Evaluation of
ERT/GPR technique deployment in detecting buried DNAPLs
and assessment of remediation efforts are also discussed.

Results indicated zones with anomalously high resistivity to be
associated with contaminated DNAPLs presence. Resistivity
maps clearly outlined the

subsurface distribution and the possible migration path of
DNAPLs.
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[.INTRODUCTION

Recently, non-invasive technologies such as geophysical
technology have been introduced to provide information
regarding the “plane and space” of pollution in subsurface by
integrating limited boreholes data. The most commonly used
geophysical technologies are ground-penetrating radar method
(GPR) and electrical resistivity tomography (ERT, also called
resistivity imaging profiling, RIP). For pollution investigation,
both methods have their limitations in presence of
interferences such as building structure or heavy pavement.
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Electrical resistivity tomography (ERT) surveying is a popular
geophysical exploration technique because of its simple
physical principle and efficient data acquisition. Traditional
resistivity measurements are carried out on the earth’s surface
with a specified array in order to obtain apparent-resistivity
sounding curves, apparent-resistivity profiling data or
apparent resistivity pseudo-sections. All of which qualitatively
reflects the vertical or horizontal variations in subsurface
resistivity. This technique is widely used in groundwater field,
civil engineering, and environmental investigations. In the last
decade, there have been great improvements in computerized
data acquisition systems and 2D and 3D inversion software.
Hence, resistivity imaging or resistivity tomography has
become an increasingly attractive exploration technique.
Many geophysicists have shown that it is possible to
reconstruct an accurate resistivity image of the subsurface
using a large number of measured data (with enough spatial
samples and coverage) and employing 2D or 3D inversion
schemes.

The typical high electrical resistivity properties of DNAPLs
are useful for DNAPL investigation using geoelectrical
methods MU The ERT method provides an effective
method for characterizing and monitoring contaminant
DNAPL plume in the soil and groundwater. Using ERT
technique helped us to outline a leaking of DNAPLs from a
waste disposal site!'. The electrical contrast between DNAPL
and host rock may allow a contaminant target to be easily
imaged. This fact is important in delineating DNAPL
contaminants. In addition, non-invasive geoelectrical methods
are relative easy to implement, time efficient, and economical
in site assessments. Soil and rock resistivity (or conductivity)
measurements have been used in the mining industry for many
years, and more recently used to monitor remediation of
contaminate plumes”!. The electrical resistivity of most soils
and rocks depends on the conduction paths afforded by fluids
in the pore spaces. The porosity, saturation, pore fluid salinity,
and clay content determine resistivity. Because the dissolved



solids in groundwater influence resistivity, mapping it may be
the only direct detection method for high concentrations of
contaminants that form ionic species.

Ground penetrating radar (GPR) has been used for over thirty
years at chemical and nuclear waste disposal sites as a non-
invasive technique for site characterization®”). Standard GPR
surveys are conducted from the surface of the ground
providing geotechnical information and underground or
unknown pipes or sump from the surface to depths of 1 to 10
m, depending on GPR frequency of operation and soil
conductivity. Changes in the radar waves, which result from
the geology and the pore fluids, are used to establish
inferences about the geology and the
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Fig.1 Time-lapse processing is conducted on the data to understand the
changes in the underground materials before and after remediation. Time-
lapse processing is frequently applied during monitoring to determine changes
in strata over time

pore fluids. As the radar pulse propagates, it is attenuated due
to conductivity and slowed due to the

dielectric constant. Therefore, GPR tomography maps
variations in conductivity and velocity from which it is
possible to estimate soil characteristics, such as water content,
density and contamination.

Detection of organic contaminants, such as
DNAPLsplumes, in the subsurface using geophysical methods
has been a subject of considerable research interests among
geophysicists in recent years! PN - Their researches have
provided valuable information regarding to DNAPLs
detection.In this study, we presented the investigation
outcomes of electrical resistivity tomography (ERT) and
ground-penetrating radar (GPR) at the DNAPLs-impacted
site.Evaluation of ERT/GPR technique deployment in
detecting buried DNAPLs and assessment of remediation
efforts are also discussed.

The study area is in Toufan, northwestern Taiwan. The
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site encompasses about 11025 sq. m. It is bounded by the
Chung Shan Freeway in the south, the Taitai Chemical factory
in the north and the Chungs Chemical factory of Toufan in the
east. The topography of the site is quite flat. Based on the
logs of wells, the subsurface consists of three to four layers.
The top layer is a brown or dark soil with a thickness ranging
from surface down to a depth of 2.2 m. The second layer is
muddy sand layer embedded with gravel and has a depth from
surface to 14.2 m. The third layer is a thin gray sandy clay
layer with a thickness ranging from 20 to 30 cm. The
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last layer is gray siltstone. The groundwater flows in the
southwest with a water level around 4 m. The water table kept
a depth of 5.6 to 8.6 m during pumping and rose to a depth of
2.5 m after a heavy rain or a long period of precipitation.
Following the successful of previous test surveys, more survey
lines were deployed around the pool. The Line was
completely on a contaminated subsurface, the inter-electrode
spacing was 1 m. Fig. 1 shows the 2003 and 2013 inversion
model section of ERT data, it shows that the 2013 resistivity
of the model is less than 2003 result except that the resisitivity
would be reduce from the EOS , the former is interpreted to be
a polluted result and the later is DNAPLs remediation result.

Figure 2 shows the map of the study area, an old waste dump
site of abandoned factory located in Hsinchu, Taiwan. In July
2007, the soil and groundwater in the factory was reported to
be contaminated by high concentration of dichloromethane,
chlorobenzene and other hazardous solvents. The
contaminated area was around 10000 m*. No remediation was
performed until the Environmental Protection Agency (EPA)
of Hsinchu ordered the company to remediate the site in 2008.
This included continuous pumping and treatment on



contaminated groundwater from wells. The DNAPLs existed
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Fig. 4GPR maps for different depth
operation were available. Therefore, significant
quantity of DNAPLSs remained in the subsurface and
infiltrated downwards from the topsoil to lower bedding of
fine sand embedded with gravel and siltstone.
This ERT-detected anomaly confirmed the elliptical shallow
anomaly (Fig. 3) detected by the GPR survey (Fig. 4). Areas
which are measured high resistance using the ERT method
have better stratum permeability than other areas and it will
enhance plumes to flow to those areas. Also, areas with high
resistance may display contamination signals. The resistivity
value of high-resistance areas on each measure line is
between 10~800 Q-m. The resistivity value changed because
weathering influenced the oil quality. Areas with LNAPL
pollution can be defined according to the results of geophysics
ERT/GPR and the soil sampling results of studied areas. The
first place is colored purple. Oil contamination areas are from
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the surface to the depth of 6 meters underground. The
contamination is relatively deep. We judged that it was caused
by leaks during the manufacturing process in the early years.
In accordance with the resistivity value of oil, we judged that
the contamination happened many years ago. The second oil
contamination place distributes in the blue section in front of
the pool. The contamination is also relatively deep. Its range is
between 1 ~ 5 meters underground. The source of
contamination was the leaking storage tanks. The third
contamination place is located on the southeast corner of the
pool. The contamination distributes over 0.75 ~ 2 meters
underground (red section). We judged that it was caused by
leaks of another process area.

II.CONCLUSION

ERT time-lapse data processing can be performed to
evaluate detailed changes in the properties of materials within
strata and whether areas require further remediation.
Effectively employing geophysical exploration techniques to
investigate and remediate contaminated sites is beneficial in
regard to time, cost, and results. Comparison of the detection
results before and after remediation verified that the
remediation of the site was complete. The application of
geophysical exploration techniques were expanded at sites
with soil and groundwater pollution from investigations
performed before remediation to examining the effectiveness
after remediation. However, the implementation of
geophysical profile techniques needs to have relevant
expertise and experience to ensure the data quality in order to
obtain solid and trustworthy results. No matter it is used at
fieldwork or data processing in the laboratories.

The ERT/GPR method provides an effective method for
characterizing and monitoring contaminant DNAPL plume in
the soil and groundwater. ERT/GPR technique assisted in
outlining leakage of DNAPLs from a waste disposal site.
Although the unequivocal relationship between modeled
resistivity and DNAPLs is difficult to be determined, there are
some relationship between the high resistivity zone and
DNAPLSs for this site.
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