
Study Site

The site is a former lube oil blending plant in
Mexico City, during the operation of which
spillage accidents and long-term releases of oil
led to severe soil contamination. The main
plume, as inferred from direct soil sampling, is
situated beneath the old industrial building.
Figure 1 shows the challenging shallow
subsurface setting found at the site. The
groundwater level is subject to seasonal
fluctuations with a magnitude of more than 1
m. During this study, the groundwater level
was at a depth of ca. 1.6 m. The main
hydrocarbon (HC) contamination was found in
the unsaturated zone between 1.2 m and 2 m
below ground surface.
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Introduction

Electrical Resistivity Tomography (ERT) is
widely used for environmental applications. In
recent years, Induced Polarization (IP) has
emerged as a promising tool for the
characterization of different organic and
inorganic contaminants and for the monitoring
of remediation processes. However, most
contaminations occur in urban areas or at
industrial sites, where the presence of cultural
noise (anthropogenic structures) can result in a
distortion of electrical measurements. Hence,
the main objective of this work is to
understand the effect of anthropogenic
structures, such as pipes and reinforced
concrete foundations, on ERT and IP imaging
results.

Fig. 1: Cross-section of the shallow subsurface at the 
study site.

Plume Geometry and Electromagnetic Induction (EMI) Survey

Initial ERT Results (Before Excavation)

Fig. 3: ERT imaging results for different setups.

Forward Modeling of Phase Response

Fig. 4: (a)-(d) Mea-
sured chargeability
pseudo sections and
inverted phase ima-
ges for DD and MG
data, respectively.
Modeled (e) DD and
(f) MG phase pseudo
sections and (g) the
phase model.

While resistivity images from dipole-dipole (DD) and multiple gradient (MG) data on short line
TDIP1 (0.5 m spacing) did not show any deviations (not shown here), the corresponding phase
images (from Time-Domain IP measurements) in the left panel of Fig. 4 present significant
differences between the two arrays. To better understand this, we modeled the forward phase
responses of both arrays for a simple block model, where two polarizable blocks (100 mrad),
represent the metallic structures located outside the electrode array. The modeled data in the
right panel of Fig. 2, which were generated using the forward modeling code CRMod1 prove
both datasets to be clearly affected by the highly polarizable anomalies. The anomalous phase
values at the edges of the modeled pseudo sections have different signs for the two array types.
A similar behavior can be observed in the measured pseudo sections.
1Kemna, A. 2000. Tomographic inversion of complex resistivity - theory and application, Ph.D., Ruhr-University of Bochum.

TDIP Results (After Excavation)

Discussion and Conclusions

Resistivity images of profiles avoiding the
columns proved not to be affected by metallic
structures associated with foundations and a
clear correlation was found between a
conductive anomaly and the extensions of the
HC plume. The low conductivities of this zone
are in agreement with the findings of studies
on other aged HC-contaminated soils. EMI
mapping of the study area previous to the
selection of possible ERT/IP profiles can help to
reduce the effect of anthropogenic structures
on the imaging results. Our field
measurements and the numerical study
indicate that this measure might not be
sufficient in the case of IP data, as highly
polarizable metallic structures outside the
electrode array can severely affect IP imaging
results. Our findings show the limitations of
the IP method for the study of sites with
metallic structures in the subsurface. Although
further improvement of the imaging process is
planned (inclusion of prior information, see
Future Work), up to now, the only successful
measure to reduce the effect of anthropogenic
noise is to remove metallic structures or
carefully design the layout of IP lines.
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Strip foundations

Fig. 2: Left: Hydrocarbon plume and geophysical survey lines. The study area was selected to cover
contaminated and clean sediments in order to assess the applicability of the geophysical methods to delineate
the plume. Right: Terrain conductivity map. Conductivities are apparent values measured with an CMD-2 by GF
Instruments (for a depth of investigation of approx. 3 m). Note the anomalously high conductivities between the
columns indicated by the black squares. Later, excavation activities revealed the presence of armoured concrete
strip foundations (see photo inlay).
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As the effect of the foundations at 9 and 29
m (along the profile) clearly disturbs the
resistivity images, no correlation between
resistivity and HC plume can be observed
(Fig. 3, top) – even with electrodes placed
beneath the 2nd concrete floor (middle).
The bottom panel of Fig. 3 shows the
results of a shorter line, for which data was
collected between 10 and 28 m with 0.5 m
spacing. This resistivity image shows a
conductive anomaly embedded in a
resistive background, the lateral extensions
of which coincide with the HC plume.
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ERT imaging results (Before and After Excavation)

After the initial measurements (TDIP1 and
2), a 1 m-deep trench was excavated and a
second set of Time-Domain IP data was
collected along tow two shorter lines (6.9
m) on the bottom of the trench. The
pseudo 3D plot (separate 2D-inversion of
single-line data) of the resistivity models of
the 4 lines shows a good agreement of the
initial lines and the less affected lines in the
trench at the intersections. Note the
different resolutions of the lines, which are
due to the varying electrode spacings.

Fig. 5: Pseudo 3D plot of ERT imaging results. TDIP1-short (0.5 m electrode spacing) and TDIP2 (1 m electrode 
spacing, only electrodes between columns) measured before the excavation of the trench (electrodes at 0.7  
depth beneath the 2nd concrete floor). TDIP3 and TDIP4 (both electrode spacing 0.3 m) measured at the bottom 
of the trench. 

Fig. 6: Electrical resistivity (top) and phase (bottom)
model of the TDIP data collected along line TDIP3.

Fig. 7: Electrical resistivity model of the TDIP data
collected along line TDIP4. The conductive anomaly
between 1.2 and 2 m depth is also present in this line.

As the exact geometry of the strip foundations
and the second concrete floor (primary sources
of anthropogenic noise) are known, we want to
use it as disconnection in the inversion.
Furthermore, soil and water samples have
been obtained from deeper trenching, which –
once analyzed - will allow to better understand
the TDIP imaging results within the trench.

Conductive anomalies between 1.2 and 2 m
depth were found along the two TDIP lines on
the bottom of the trench. Along line TDIP3, this
conductive anomaly roughly corresponds with
a zone characterized by low phase angles
(below 2 mrad), while the clean sediments are
characterized by slightly higher phase angles
(up to 5 mrad). Due to problems with the
contact between electrodes and the ground
along line TDIP4 (Fig. 7), measured
chargeabilities were too noisy to be inverted.
However, in the central part of line TDIP4,
between 3.5 and 4.5 m, the conductive
anomaly reaches the surface. At these
positions, the electrodes were covered by a
liquid HC film when they were removed from
the ground, which supports the interpretation
of the conductive anomaly as aged HC plume.
The resistive anomalies close to the surface (2-
3 m and 4.5-5.5 m) are due to the presence of
bricks and backfill material at the surface.

Aged HC at 
the surface 


