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ABSTRACT	 A	 geophysical	 study	 by	 means	 of	 electrical	 resistivity	 and	 induced	 polarization	
tomographies was carried out in the landfill site of Bellolampo (Palermo, Italy) to check 
the integrity of the landfill liner and to detect possible leachate plumes. Preliminarily, 
synthetic tests were performed, simulating acquisition data along profiles placed above 
resistivity distribution, suitable to represent landfills protected with an high-density 
polyethylene (HDPE) liner at the bottom or with possible leachate plumes. Optimized 
array	 data	 sets	 for	 parallel	 measurements	 have	 been	 tested	 in	 order	 to	 assess	 the	
resolution and the effectiveness of tomographic images, comparing inversions with and 
without the constraint of the HDPE liner position. Based on the obtained results, three 
electrical tomographies have been planned and carried out directly over the landfill and 
nearby. The results provided useful information for identifying the electrical properties 
of the rock, waste, and leachate; for identifying snags and disruption of the tank bottom 
liner; and for pointing out possible polluting leachate nearby and below the landfill.
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1. Introduction

The environmental characterization of landfill sites needs geometric location and characterization 
of the sources of contamination, in terms of lateral extent, depth, contaminant leakage, and waste 
type (metal, hypersaline fluids, leachate, debris, etc.). Although most modern landfill sites are 
built to minimize the contamination risks, in the past a large number of sites were built close 
to urban areas, without any environmental or geological risk consideration. Unfortunately, this 
is the case of the landfill area of Bellolampo (Fig. 1), near Palermo, which is built on fractured 
limestones and dolomites. 

A new sector of the Bellolampo landfill is currently being built and partially filled with waste 
material. This new addition highlighted the need to check the integrity and effectiveness of the 
high-density polyethylene (HDPE) liner at the bottom of the landfill, and to highlight the presence 
of any leaks of leachate in the underlying fractured sandstones.

The use of direct investigation methods is usually not possible, considering the cost, time 
needed, and possible HDPE liner damages. The application of indirect geophysical methods 
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(Carpenter et al., 1990; Porsani et al., 2004; Soupios et al., 2007), and in particular the use of 
electrical resistivity tomography (ERT) and induced polarization tomography (IPT), can represent 
a valid alternative in this respect. In landfills, variations in resistivity and chargeability can be 
related	to	the	characteristics	of	the	waste	and	they	can	be	abrupt	and	considerable	within	short	
distances. These physical properties are a function of generation, mobility, and degree of saturation 
of the leachate, gas content, compaction density, and variability. These relationships mean that 
it can be possible to get an overall image of the quantity and characteristics of the waste from 
surface electrical measurements over the landfill. 

Electrical resistivity tomography (ERT) is an established tool for environmental and 
engineering studies, and it is regularly applied for pollution detection (Daily et al., 1998; Goes 
and Meekes, 2004). ERT has proven to be particularly useful in landfill investigation, where 
it was used to map the geometry of the landfill (Reynolds and Taylor, 1996; Bernstone and 
Dahlin, 1997), the compositional variations (Yuval and Oldenburg, 1996; Bernstone et al., 2000; 
Guérin et al., 2004), and to detect contamination of the bedrock (Chambers et al., 2006). Most 
of the published studies refer to the application of 2D ERT surveys. However, given that the 
waste deposits are often highly heterogeneous, the complete 3D solutions are usually preferable 
(Chambers et al., 1999, 2005; Ogilvy et al., 1999; Dahlin et al., 2002; Ogilvy et al., 2002).

Various studies showed the combined use of ERT and IPT to characterize the structure of the 
waste landfill (Bernstone et al., 2000; Meju, 2000; Cossu et al., 2005), to study the contamination 
of groundwater by leachate (Olofsson et al., 2006; Mondelli et al., 2007), to map the geometry 
and monitor the movement of the plume (Guérin et al., 2004; Acworth and Jorstad, 2006), to 
evaluate the spatial and temporal variation of water content in the waste (Acworth and Jorstad, 

Fig. 1 - Aerial view of the Bellolampo landfill site (Palermo, Italy) with locations of the six landfills and of geophysical 
surveys performed.
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2006; Mondelli et al., 2007), and to measure the effect of induced polarization (IP) during the gas 
migration in the landfill (Cossu et al., 1990). 

In addition, the ERT method is becoming a common tool to study injection experiments of 
leachate in landfills (Moreau et al., 2003; Morris et al., 2003). During the injection process, if 
the content of leachate or gas migration creates variations of electrical resistivity, ERT surveys 
can be performed using a time-lapse approach. Time-lapse imaging can be a very efficient way to 
outline the variations in the subsurface resistivity (Clément et al., 2009). However, some studies 
have shown that time-lapse surveys are not always easy to interpret when they show unexpected 
variations in resistivity (Descloitres et al., 2008). Other authors note abnormal variations of 
resistivity estimated in areas close to the injection sources (Guérin et al., 2004). In most cases, 
these variations lead to an unexpected increase in resistivity with time that may be connected to 
a desaturation of the medium due to the migration of gas in some areas (Grellier et al., 2008). 
In fact, an injection of leachate could push the gas to the injection point (Moreau et al., 2003). 
Consequently, the decrease of the water content in the waste would cause an increase in electrical 
resistivity. On the other hand, some authors emphasize the difficulty of interpretation of these 
variations, which can also generate positive resistivity anomalies and lead to errors (Guérin et 
al., 2004).

The leachate is a highly polluting hypersaline fluid that is generated in landfills from a 
mineralization process of waste and degradation of organic matter. When the subsoil is subjected 
to an electric field, the high salt concentration of the leachate determines a sort of “battery 
effect” and a physical feature easily identified by the resistivity method. Several examples of the 
resistivity variations associated with injections of leachate were studied. Yoon and Park (2001) 
showed that injecting highly conductive leachate into the top soil layer causes a resistivity 
decrease from 60 to 70%, whereas in the waste layer the resistivity can decrease from 30 to 60% 
(Moreau et al., 2003).

2. Geological and historical outline of the waste site of Bellolampo

The landfill area known as “Bellolampo landfill” is located in the zone between Mt. Gibilforni 
and Badami Plain, NW of the city of Palermo. This area has been historically destinated as the 
landfill area of the city of Palermo. In addition to the historical landfill, actually reclaimed, five 
more landfills have been built in the last 25 years (Fig. 1).

The site is between 364 m a.s.l. at the foot of the historic reclaimed landfill and 536 m a.s.l. 
at the heads of the landfills #3 and #4. The nearest residential settlement is located about 1 km 
south of the area. This area is a natural watershed, the Celona Valley, which has deeply etched 
and extremely steep slopes; the valley section is in fact V-shaped and extremely narrow. From 
a geological-structural point of view, this sector belongs to the Monti di Palermo Unit (Abate 
et al., 2000). This is a portion of the Apennine-Maghrebian Chain and consists of a series of 
superimposed tectonic units (Catalano and Di Maggio, 1996). This setting is the result of the 
deformation (14 Ma) of rocks belonging to the Carbonate Panormide Platform (Upper Oligocene-
Lower Triassic) and the Imerese Basin (Upper Oligocene-Lower Triassic). 

The area is characterized by fault slopes, relict river-karst valleys and canyons, as well as a 
series of sub-horizontal surfaces at different heights, and karst depressions (Catalano et al., 2013). 
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The various lithological types, outcropping in the Monti di Palermo, are grouped in complexes 
with a proven spatial and depositional unit, a prevailing type of permeability, and a degree of 
relative permeability which is maintained in a fairly narrow range of variation. 

In the study area, a succession of calcareous and dolomitic limestones outcrops. These 
carbonate deposits mainly have a cracking type permeability which decreases downwards. The 
infiltration waters in the rock mass reach the saturation zones in the slopes of the mountains that 
sourround the Palermo Plane (Contino et al., 1998). 

The province of Palermo is one of the Sicilian provinces with a critical situation in relation to 
waste management, considering that the Bellolampo landfill area receives about one-third of the 
waste products from Sicily. The landfill does not have a disposal capacity proportionate to the 
population. This causes a very high amount of leachate accumulated, more than 100,000 m3, and 
its insufficient disposal. For this reason, the leachate may have polluted groundwater.

The Bellolampo treatment platform is divided into different systems. A historic “reclaimed” 
landfill in which waste was deposited without controls for about 30 years, reaches waste thicknesses 
of about 70-80 m. The more recent landfill facility consists of five landfills, controlled and closed, 
and by a sixth landfill, which is under costruction. Leachate storage and treatment plants, as well 
as a biogas recovery facility are present.

Landfills #1 and #2 were built between 1990 and 1992 on an area adjacent to the historic 
landfill, that barred the watershed of the Celona Valley, and exhausted in 1997. Both landfills have 
waterproofed bottoms and walls with HDPE sheaths. Landfill #3, located just north of #1 and #2, 
falls just within the natural impluvium of the Celona Valley; it is bordered to the south by landfills 
#1 and #2, to the north by the slope of the Celona Valley, and to the east by the upstream face of 
the uncontrolled landfill.

Between 2003 and 2004, landfill #4 was realized (west of #1 and #2). As a result of 
investigations	aimed	at	identifying	inert	materials	among	those	used	for	the	construction	of	the	
landfill foundation, a wide area of this landfill was seized. Surveys were then carried out and 
they established concentration values of pollutants in soil exceeding the limits permitted by law  
in the north zone adjacent to landfill #2. Subsequently, after hazardous materials treatment, the 
area affected by the presence of a leachate pond was reclaimed. The bottom of landfill #4 is 
waterproofed with a double composite system (bentonite geocomposite and 2 mm HDPE liner). 
Drainage and conveying networks for the percolate are present above the HDPE liner, and a 
monitoring network is installed below. Landfill #5, built in 2010, has similar characteristics to 
landfill #4.

Finally, since 2015, landfill #6 has been under construction, and is currently already in operation, 
divided into four sectors, two of which are already filled. Most of the geoelectric surveys have 
been carried out on these two sectors. Also, sealing of the latter landfill bottom was carried out 
with two HDPE sheets with intercalation of a clayey layer and another layer of draining material 
with a network of pipes for leachate collection. Fig. 2 shows the topographic planimetry of the 
four sectors of the landfill and nearby zones, with location of the ERT lines.
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3. Choice of the sets of the array configuration and synthetic tests 
with forward modelling

To obtain reliable interpretations, it is important to use an array data set that allows the 
optimization of the resolution and the efficiency of the inversion. Synthetic tests were performed on 
models simulating landfills of waste storage, waterproofed or with a loss of leachate. In particular, 
the models represent a hypothetical landfill characterized by a bottom covered with impermeable 
and electrically insulating HDPE liner (ρ = 100000 Ωm, M = 0 ms), and filled with heterogeneous 
material (ρ = 20-300 Ωm, M = 10-30 ms) where there are some contaminant pools characterized 
by low resistivity and high chargeability (ρ = 5 Ωm, M = 60 ms). The landfill is set on a substrate 
of high resitivity and negligible chargeability (ρ = 1000 Ωm, M = 0 ms). In model #1 (Figs. 3a and 
3b) the HDPE liner is hypothesized as intact, but in model #2 (Figs. 4a and 4b), a tear in the liner 
was simulated with a consequent diffusion of leachate in the substrate. Forward modelling was 

Fig. 2 - Planimetry of the area of landfill #6 in Bellolampo, showing the positions of the electrical tomographies.
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done with 60 electrodes, spaced 5 m, for a total length of 295 m. We have chosen two array data 
sets (Martorana et al., 2015), optimized for the acquisition of parallel measurements with multi-
channel resistivity meters: the first (DD) is characterized by 1305 dipole-dipole array measures, 
dipole length from 1 to 5 times the electrode step and the distance between dipoles from 1 to 
6 times the dipole length. The second sequence (MG) is characterized by 1296 measures with 
multiple gradient array (Dahlin and Zhou, 2006), the minimum length of the current dipoles equal 
to 8 times the electrode step, and a coverage factor of 4 (Martorana et al., 2015).

Predicted apparent resistivity values were calculated with the software Res2dmod (Loke, 
2014), simulating a noise by 10%. The data were inverted with Res2dinv software (Loke, 2013). 
Considering the presence in the ERT data sets of non-Gaussian noise characterized by a high 
number of outliers, an L1 norm, smoothness-constrained, iteratively reweighted least-squares 
method was used (Wolke and Schwetlick, 1988). Imaging results are shown in Figs. 3c, 3d, 3e, 
and 3f for model #1 and in Figs. 4c, 4d, 4e, and 4f for model #2. This method was modified (Ellis 
and Oldenburg, 1994) to include information obtained from the known position of the HDPE liner, 
thereby	constraining	in	the	inversion	the	vertical	gradient	of	electrical	resistivity	and	chargeability	
to fit the known surface. Imaging results of the constrained inversions are shown in Figs. 3g, 3h, 
3i, and 3j for model #1 and in Figs. 4g, 4 h, 4i, and 4j for model #2.

The bottom landfill liner strongly limits the current density below it, so the resolution in these 
areas is extremely low, with consequent considerable difficulty in identifying any heterogeneity. 
This does not exclude that the inverse models can show artefacts, as in the case of the DD model 

Fig. 3 - Results of simulations on model #1: a) resistivity model; b) chargeability model. Dipole-dipole data set: c) 
ERT; d) IPT; e) constrained ERT; f) constrained IPT. Multiple gradient data set: g) ERT; h) IPT; i) constrained ERT; j) 
constrained IPT. Black line indicates the position of the HDPE liner.
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(Fig. 3d), where high chargeability anomalies are shown below the leachate zones, which are not 
present in the model # 1 (Fig. 3b). The inversion constrained by the HDPE liner boundary more 
correctly resolves the geometries within the landfill, and eliminates the artefacts below the HDPE 
liner. However, if we analyse the results relating to model # 2 (Figs. 4a and 4b), which assumes 
a tear in the liner resulting in a leachate plume of high conductivity and chargeability, we note 
that the unconstrained inversions can highlight such leachate, though loosely and very vaguely 
because of very low resolution below the HDPE liner. The anomaly, however, is much clearer in 
the resistivity inverse models (Figs. 4c and 4e) and almost imperceptible for IP models (Figs. 4d 
and 4f). If we consider the constrained inversion, the anomalous zones above the HDPE liner are 
better defined. However, the resistivity anomaly below the HDPE liner becomes less noticeable 
(Figs. 4g and 4i) and the chargeability anomaly disappears completely (Figs. 4h and 4j). 

To accurately extimate the resolution of inverse models obtained by both simulated and field 
data, the relative sensitivity model has been evaluated for each inversion. This is calculated by 
the sum of the absolute values of the Jacobian values associated with the model cell (considering 
cells of equal size). The sensitivity value is a measure of the amount of information about the 
resistivity of a cell contained in the measured data set. The higher the sensitivity value, the more 
reliable the resistivity model value. Its distribution for model #2 (Fig. 5) shows a sharp decrease 
of the sensitivity values below the HDPE liner. This is even more evident for sharp boundary 
constrained inversions (Figs. 5b and 5d), considering the position of the HDPE liner. However, 
in correspondence with the tissue tearing, probably due to a higher current density, the sensitivity 

Fig. 4 - Results of simulations on the model #2: a) resistivity model; b) chargeability model. Dipole-dipole data set: c) 
ERT; d) IPT; e) constrained ERT; f) constrained IPT. Multiple gradient dataset: g) ERT; h) IPT; i) constrained ERT; j) 
constrained IPT. The black line indicates the position of the HDPE liner.
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increases, sometimes becoming sufficient to highlight the presence of leachate.
Both the dipole-dipole and the multiple gradient data sets provide sufficiently realistic and 

comparable tomographic images, but the multiple gradient potentially provides measurements on 
average higher compared to the dipole-dipole ones and, consequently, a better signal/noise ratio. 
The multiple gradient data set also provides a higher sensitivity in the deeper zones (Fig. 5c) and 
therefore, potentially, a lower tendency to produce artefacts in cases of noisy data.

Fig. 5 - Images of sensitivity for model #2, obtained respectively by: a) DD data set inversion; b) DD data set constrained 
inversion; c) MG data set inversion; d) MG data set constrained inversion. The black line indicates the position of the 
HDPE liner.



Electrical resistivity and induced polarization tomographies  Boll. Geof. Teor. Appl., 57, 313-327

321

4. Surveys and instrumentation

Three electrical tomographies carried out in the landfill site of Bellolampo are presented and 
discussed. A preliminary resistivity tomography (T-T’; Figs. 1 and 2) was acquired parallel to 
the axis of the karst valley of Piano Vurraine, NW of the landfill #6, in a topographically higher 
area where a side passage between dolomites and limestones is evident. This was done in order 
to	characterize	the	electrical	resistivity	of	the	successions	outcropping	in	the	area	and	to	obtain	
useful information to estimate the degree of fracture and porosity. The second line (A-A’; Figs. 
1 and 2) was carried out on sectors #1 and #2 of the landfill #6 in order to detect the presence 
of the leakage in and out of the landfill. The third line (B-B’-B’’; Figs. 1 and 2) was carried out 
downstream and parallel to the eastern edges of sectors #1 and #2 of the landfill, in order to 
identify any leachate plumes.

Measurements have been acquired using a resistivity meter, MAE X612-EM+. This instrument 
provides multi-electrode resistivity profiles using contemporary 96 integrated electrodes. This 
feature allows high-speed measurement, thus allowing investigations that were once impossible. 
To use the full potential of the equipment, it is still necessary to optimize electrode sequences 
of acquisition, using arrays with physically separated dipoles, such as the dipole-dipole, or 
specifically designed multi-electrode arrays, such as the multiple gradient array (Dahlin and 
Zhou, 2006). 

Ninety-six electrodes were placed along line T-T’, at regular distances of 10 m, for a total 
length of 950 m. To exploit the full potential of the multi-channel resistivity, a sequence of dipole-
dipole measures was used. The total sequence provided more than 3000 measurements of apparent 
resistivity. 

Dipole-dipole and multiple gradient arrays were used to perform ERT and IPT along line A-A’, 
in sectors #1 and #2 of landfill #6, which is to date in construction but already partially filled. The 
measurements were acquired using 60 electrodes equally spaced 5 m apart, for a total length of 
295 m on the topographic surface. The electrode sequence used are the same as those previously 
tested on synthetic models (DD and MG); a total of 2601 measurements have been carried out.

Tomography B-B’-B’’ was acquired downstream and parallel to the eastern edges of sectors 
#1 and #2 of the landfill. Even in this case, we used a mixed sequence comprising DD and MG 
sequences described above. The measurements were performed using 58 electrodes, spacing 5 m, 
for a total length of 285 m.

For each measurement, at least 6 repetitions were estimated, in order to obtain a high S/N 
ratio and to estimate the standard deviation. Nevertheless, the high heterogeneity of the waste, 
together with the high resistivity of the rocks, caused the presence of several outliers. Thus, only 
measurements that showed a standard deviation of less than 10% were considered in the inversion. 
The filtered data were processed and inverted with RES2DINV software, using an L1-norm least-
squares algorithm, smoothness constrained (Wolke and Schwetlick, 1988). 

The median of the standard deviations on validated measurements was generally between 2 and 
3%. Due to the heterogeneity of the investigated materials either in the landfill or in neighbouring 
areas, the data sets of apparent resistivity and chargeability had numerous outliers characterized 
by high standard deviation values. These were eliminated, and only the data with a standard 
deviation of less than 10% were considered. In this way, the median of the standard deviations 
was lowered to 0.5 - 1.5%. The electrical resistivity models obtained by inverting the validated 



322

Boll. Geof. Teor. Appl., 57, 313-327 Martorana et al.

data show misfits between the predicted and measured apparent resistivity values lower than 15% 
RMS for tomographies over the landfill, and lower than 10% for those performed on the ground 
in areas nearby.

5. Results

For the T-T’ tomography, the high heterogeneity of the near surface layer, together with the 
high resistivity of the outcropping rocks, caused the presence of numerous outliers. After their 
elimination, 2132 measures were selected for the inversion. Results (Fig. 6) show very high 
resistivity values of the formations, order of 103-104 Ωm, and a lateral variation of resistivity at the 
hypothetical side contact between the Triassic dolomites and the Jurassic limestones. Moreover, 
a near surface altered layer, with heterogeneous values of resistivity, is evident in the right part 
of the section, in proximity with the boundaries of landfill #5, probably due to the presence 
of backfill. The results show a good correspondence between the disposal of rocky formations 
detected on the surface and the resistivity tomography. 

The data set of the line A-A’ presented a median standard deviation equal to 2.4%. However, 
even in this case, the high heterogeneity of the material investigated and the high resistivity 
of the rock formations caused the presence of several outliers. After eliminating all data with 
a standard deviation greater than 10%, 1937 measurements resulted with a median standard 
deviation of 0.9%. Most of the eliminated data resulted in dipole-dipole arrays of a high order. For 
the inversion, the implementation suggested by Ellis and Oldenburg (1994) was used to include 
a priori information, consisting of the known position of the HDPE liner at	 the	bottom	of	 the	
landfill, to force the vertical resistivity gradient to fit this surface. The results were examined 
and compared with those obtained by inverting data without boundary conditions. The results 
(Fig. 7) show a misfit between measured and calculated equal to 13%. Electrical resistivity and 
induced polarization tomographies reproduce quite well the geometry of the landfill bottom 
and the position of the leachate, identified by very low resistivity values and high chargeability, 
corresponding to the lower regions of the landfill.

Fig. 6 - Line T-T’: ERT.
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It is emphasized that the protection liner of HDPE in the landfill bottom, when it is intact, 
does not allow the passage of electric current, preventing the investigation of the resistivity of the 
bottom rocks. Therefore, if the HDPE protection liner is intact, the model below the liner will show 
high and substantially homogeneous values of electrical resistivity, independently of the actual 
values of the resistivity of the rocks. In this regard, it is noted that the resistivity inverse models 
(Figs. 7a and 7b) have high and substantially homogeneous values below the bottom HDPE liner, 
with the exception of two zones: the first one at about 100-105 m from the beginning of the profile 
(point A), between sectors #1 and #2; the other one in sector #3, approximately 210-230 m from 

Fig. 7 - Line A-A’: a) ERT; b) constrained ERT; c) IPT; d) constrained IPT. The grey line indicates the position of the 
HDPE liner.
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point A. The first resistive anomaly is more extended in the unconstrained resistivity inversion 
(Fig. 7a) than in the boundary-constrained inversion (Fig. 7b). Correspondingly, the chargeability 
unconstrained inversion (Fig. 7c) shows an anomalous region (M>60 ms) that disappears in the 
corresponding constrained inversion (Fig. 7d). However, this may be due to the effects of the 
constrained inversion, as was already evidenced in the induced polarization simulations, which 
showed no anomalies below the HDPE liner (see Figs. 4h and 4j), although they were present in 
the forward model. For this reason, one cannot exclude the presence of a leachate plume right 
at the boundary between the first and second sectors of the landfill, which could be due to a 
discontinuity of the sheath. In the second zone, the chargeability, instead, shows values greater 
than 50 ms, both in unconstrained and in constrained IP inversion, which is potentially compatible 
with the presence of leachate. However, this area is located at the edge of sector #2, very close to 
the edge of the HDPE liner and the clay layer of protection on the tank bottom, which can have 
resistivity and chargeability values compatible with those obtained. The zone underlying the HDPE 
liner, starting at about 165 m from point A, shows inhomogeneous resistivity values, probably due 
to the arrays of the current dipoles, which in the final part of the line have been placed beyond 
the limit of the second sector. These arrays probably allowed current to flow partially below the 
HDPE liner and to reach the underlying materials in this zone of the tomography.

Low sensitivity values below the bottom of the landfill are evident (Fig. 8), confirming the 
assumptions of the simulated data. However, the lowest values (<0.05) are noticed in the central 
areas below sectors #1 and #2, while along the right border of the landfill, the sensitivity assumes 
values of up to 0.4, confirming that this area is primarily investigated thanks to electrodes placed to 
the right of the landfill. Below the boundary between the first and the second sector of the landfill, 
where a discontinuity of the sheath is supposed, sensitivity reaches values higher than 1. This 
supports the reliability of the previous interpretation regarding the presence of a leachate plume.

Fig. 8 - Images of sensitivity for the ERT AA’, obtained by:0 a) unconstrained inversion; b) constrained inversion. The 
grey line indicates the position of the HDPE liner.
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The data set of line B-B’-B’’ was filtered, eliminating all outliers with a standard deviation 
higher than 10%. 2396 measures resulted with a median standard deviation of 0.7%. The inverted 
electrical resistivity model shows an RMS misfit equal to 8.8%. The results of ERT and IPT are 
shown in Fig. 9. Electrical resistivity shows high values compatible with limestone lithologies 
outcropping in that area. The relative lateral heterogeneity of electrical resistivity (Fig. 9, top) is 
likeminded by the variations of fracturing and porosity of limestone, which cannot be highlighted 
by the chargeability (Fig. 9, bottom). There are also some near-surface anomalies of higher 
resistivity, according to data from the control room(s) and the HDPE collectors, located in Fig. 2. A 
small conductive area (resistivity less than 60 Ωm) is highlighted, corresponding to chargeability 
values of higher than 40 ms, located at about 230-240 m from point B (Fig. 9, bottom). These 
values could suggest the presence of leachate.

6. Conclusions

The application of the geoelectrical methods provided useful information to check the integrity 
of the HDPE liner at the base of the new landfill built in the waste site of Bellolampo, unfortunately 
built on fractured limestones, at high risk of causing pollution. The comparison between ERT 
and IPT, performed upstream, and downstream of the landfill, allowed the identification of the 
electrical properties of the rock, waste, and leachate, and investigate the possible presence of 
plumes of pollutant nearby and below the landfill, probably caused by the imperfect seal of the 
HDPE liner. The forward modelling has proved to be useful for choosing and testing the array 

Fig. 9 - Line B-B’-B’’: top) ERT; bottom) IPT.
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data sets optimized for a parallel acquisition with multi-channel resistivity meters, in order to 
obtain a sufficiently high number of reliable measures, after eliminating numerous outliers often 
present in such high-noise conditions.

Synthetic tests confirmed that the insulating HDPE liner protection at the bottom of the landfill, 
when it is intact, cause a very low current density below it. Consequently, the resolution of model 
cells in this area is much lower than that which would occur without the HDPE liner, thus making 
it difficult to identify anomalous zones.

The sharp boundary-constrained inversion proved to be helpful in correctly defining the 
geometries within the landfill in the zones above the HDPE liner shield. However, below this, 
it barely enhances the resistivity anomalies and fails to highlight any chargeability anomalies. 
Therefore, it must always be compared with the corresponding unconstrained inversion.
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