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Abstract: Geophysical methods, and in particular electrical resistivity tomography (ERT), have proven to be
highly suitable for investigating tailings storage facilities (TSFs) and addressing a wide range of engineering—
geological problems. Their ability to delineate subsurface structures and identify zones with contrasting physical
properties makes them an effective tool for monitoring the internal stability and hydrogeological conditions of
such complex anthropogenic systems. A geophysical survey based on two-dimensional electrical resistivity
tomography (ERT) was carried out at the “Suludza Dere” tailings storage facility (TSF). The objective was to
determine the specific electrical resistivity distribution within a section of the TSF and to determine the spatial
distribution of materials with varying resistivity, reflecting differences in composition and structural
characteristics. Within this context, the 2D ERT survey was conducted to provide a detailed subsurface cross-
section and identify zones with contrasting resistivity properties. The results serve as a basis for better
understanding of the internal structure and hydrogeological conditions of the TSF, supporting its sustainable
monitoring and safe operation.
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Introduction

A shallow, non-destructive geophysical technique, electrical resistivity tomography (ERT), is one of the most
widely applied methods for subsurface imaging. Over the past three decades, it has been successfully employed
in mineral prospecting, hydrological exploration, environmental investigations, civil engineering, and
archaeological mapping. The popularity of ERT is due to its ability to generate high-resolution two-dimensional
and three-dimensional models of the subsurface by measuring the spatial variability of electrical resistivity, a
physical parameter that is highly sensitive to lithology, porosity, water content, and fluid chemistry.

In the broader context of Industry 4.0 and the digital transformation of mining and geotechnical systems, the
implementation of intelligent technologies for monitoring and risk management has become a fundamental
component of sustainable resource extraction (Nikolov, 2023; Nikolov & Koleva, 2025). The increasing use of
artificial intelligence (AI) and data-driven models in industrial and educational systems highlights both the
potential and the associated risks of automation and human—machine interaction (Koleva, 2024; Koleva &
Nikolov, 2025). These technological frameworks provide a valuable foundation for integrating advanced
geophysical monitoring tools, such as ERT, within smart decision-support systems for mine safety and stability
assessment (Nikolov & Koleva, 2025).

Numerous studies have documented the significant environmental impacts associated with mining activities,
particularly those resulting from leakages or failures of tailings storage facilities. As Dimitrov stated, the storage
of tailings always is one of the major challenges (Dimitrov et al., 2023). The extraction of valgenerateeral
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resources inevitably generates substantial quantities of waste material, most notably tailings-mixtures of finely
ground rock particles and residual process fluids produced by milling, washing, or concentration operations after
the recovery of economically important metals, minerals, or fuels (Yankova, 2021; Farjana et al., 2019; Kossoff
et al., 2014). These fine-grained residues are typically stored in large impoundments or tailing dams to prevent
their release into the environment. Efficient and safe disposal of the waste generated in the mining activity is
one of the most important things in the mining industry (Dimitrov & Grigorova, 2023). Keeping the tailings
pond safe and stable is the most challenging task in the entire mining process (Lyu et al., 2019).

Many authors highlighted that electrical resistivity tomography (ERT) is a promising technique for monitoring
various subsurface processes (Loke et al., 2013, Binley et al., 2015, Slater and Binley, 2021, Dimech et al.,
2022). In the field of waste management, ERT has emerged as a particularly valuable tool for investigating
tailings storage facilities (TSFs). It allows for the determination of the geometry of pond bases, the thickness
and distribution of tailings, and the delineation of zones with contrasting material properties. More importantly,
resistivity measurements can be used to detect early-stage processes such as anomalous seepage, internal
erosion, or preferential flow pathways. These features, if not properly identified and controlled, may
compromise the stability of tailings dams, leading to environmental hazards and severe socio-economic
consequences (Aleksandrova et al., 2017). Compared to conventional geotechnical methods, ERT offers the
advantages of being non-invasive, cost-effective, and capable of covering large areas with minimal disturbance
to the facility. Recent studies have demonstrated its utility in assessing the integrity of TSF embankments and
monitoring temporal changes in moisture and porewater distribution.

The Benkovski-2 TSF, located in Bulgaria, serves as a deposition site for flotation tailings generated by the
concentrator plant processing ore from the Elatsite porphyry copper deposit. Copper is the primary industrial
element, accompanied by gold and molybdenum as secondary components. The tailings are transported as slurry
through a hydro-transport system and separated via hydrocycloning, whereby coarse sands are used to build the
supporting dam walls, while the finer fractions are deposited in the impoundment basin. The facility is divided
into two sectors, “Ai Dere” and “Suludza Dere,” where dam walls are successively raised with hydrocycloned
sand. A combined drainage system beneath both sectors ensures overall structural stability by directing drainage
waters outside the dam walls and into a pumping station, from which they are returned to the concentrator plant
water cycle.

Description of the Technology

A geophysical survey employing 2D ERT was carried out in the Suludza Dere sector of the Benkovski-2 TSF.
The survey was conducted with the primary goal of characterizing the electrical resistivity distribution within a
section defined by predetermined coordinates. It aimed to generate a detailed subsurface cross-section,
highlighting zones of contrasting resistivity, and to outline the spatial variability of materials whose differing
responses reflect variations in composition, grain size, and structural characteristics. The measurements are
acquired using specific electrode configurations (e.g., Wenner, Schlumberger, or dipole—dipole), which
determine the depth of investigation and the sensitivity to lateral and vertical variations. By systematically
shifting and expanding the electrode spacing along a survey line, a dense dataset of apparent resistivity values is
obtained. These data are then processed through inversion algorithms that minimize the difference between
measured and calculated responses, producing two-dimensional resistivity models of the subsurface. Such
models allow the detection of zones with contrasting physical properties, which in tailings facilities may
correspond to variations in grain size, moisture content, saturation levels, or seepage pathways. As noted from
many authors, the potential of this method is higher when the contrast in resistivity between the objects is
important (Scapozza & Laigre, 2014, Baines et al., 2002). The results are expected to enhance understanding of
the internal structure and hydrogeological regime of the TSF, thereby supporting its effective monitoring, safe
operation, and sustainable management.

Electrical resistivity tomography (ERT) is a non-invasive geophysical method that images the subsurface by
measuring the apparent resistivity of the ground. The technique is based on the injection of a direct electrical
current into the subsurface through a pair of electrodes and the simultaneous measurement of the resulting
potential differences at other electrodes positioned along a survey line (Lesmes & Friedman, 2005). By
systematically varying the spacing and position of the current and potential electrodes, a large dataset of
apparent resistivity values is collected, reflecting the electrical properties of the subsurface at different depths
and lateral positions.
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The measured resistivity values are strongly influenced by factors such as lithology, porosity, water saturation,
and pore fluid chemistry. Through inversion algorithms, the apparent resistivity data are converted into two-
dimensional (or three-dimensional) models that represent the true resistivity distribution of the subsurface.
These models allow the identification of geological structures, stratigraphic variations, and zones of differing
material properties.

The method is widely recognized for its ability to resolve subsurface contrasts in a cost-effective and non-
destructive manner, making it particularly suitable for monitoring tailings storage facilities. In such
environments, ERT can provide information on dam wall construction materials, pond base geometry, tailings
thickness, seepage pathways, and internal erosion processes-critical factors for assessing structural stability and
hydrogeological conditions.

Field Measurements and Results

On the field survey at the Suludza Dere sector of the Benkovski-2 TSF, a multi-electrode resistivity system was
employed, consisting of ZZ Universal 96, with 96 stainless-steel electrodes connected via multicore cables and
an automatic switching unit. The electrode spacing was set to 10 m, allowing coverage of a profile length of 960
m. Position of the ERT line follows the drainage system on site, as it is presented in Figure 1.

Figure 1. Field situation

The resistivity measurements were carried out using the Schlumberger configuration (Figure 2), which provides
a balance between vertical resolution and depth penetration, making it suitable for imaging layered structures
and detecting lateral variations in tailings deposits.

Electrode (Blue) Layout + AB pair (Red) distribution
1 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96

Figure 2. 96 channel data-acquisition layout

The apparent resistivity dataset was processed using a standard least-squares inversion algorithm implemented
in RES2DINV (Loki, 2001), which iteratively minimized the difference between measured and calculated data.
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The resistivity model generated from the ERT survey was further refined and adjusted to reflect the site-specific
geological conditions of the study area. This process involved the integration of several complementary datasets.
First, general geological information, including the lithological, facies, tectonic, and hydrogeological framework
of the region, was considered to place the geophysical results into a broader geological context. Second,
reference values of the specific electrical resistivity for different rock types were used to constrain the
interpretation of zones with contrasting resistivity responses. The combined use of these datasets ensured that
the resulting resistivity sections were both geophysical consistent and geologically meaningful, thereby
improving the reliability of the interpretation (Figure 3). Upon completion of the inversion process, the resulting
resistivity model provides a distribution that best fits the observed data. This model is considered an
approximation of the true subsurface resistivity structure, while recognizing that it is influenced by inherent
limitations such as prior assumptions, data quality, modelling uncertainties, resolution constraints, and the non-
uniqueness of the inversion results (Whiteley et al., 2019).
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Figure 4. Comprehensive examination of the measured ERT profile and the location of the investigated drainage
system

The analysis of the ERT results provides several important insights into the subsurface conditions of the Suludza
Dere sector. The resistivity distribution along the geoelectrical profile is well defined, with values ranging
widely between approximately 2 Qm and more than 2000 Qm. The depth of investigation reached about 200 m,
allowing the identification of two main geoelectrical domains: a low-resistivity zone in the shallow section,
interpreted as hydrocycloned tailings deposits, and a high-resistivity zone at greater depths, corresponding to the
natural bedrock. Zones with elevated resistivity values in the range of 500-2000 Qm are most likely associated
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with the underlying natural terrain, whereas areas with lower resistivity, between 2 and 200 Qm, are indicative
of the tailing’s material. The contact between these two units is gradual rather than abrupt, reflecting the
penetration of tailings into surface irregularities of the natural terrain and their integration with the upper soil
layer as it is shown on Figure 4. The contact zones between the embankment and natural media, although not
sharply defined, provide valuable information on the embedding of tailings material in terrain and its interaction
with the surface soil layer.

The drainage system beneath the embankment is clearly distinguishable on the resistivity profile, where drained
material is characterized by very low resistivity values (2-30 Qm) compared to the overlying tailings (50—200
Qm) and the natural foundation (>200 Qm). At locations where the profile intersects the drainage system
transversely, round-shaped resistivity anomalies are observed, while elongated anomalies are recorded where
the profile runs parallel to the system. Additionally, detected resistivity anomalies that do not correspond to the
known drainage system indicate the presence of other underground installations or structural elements such as a
pipeline or auxiliary drain. (mark with red on the Figure 4). Particular attention should be paid to the low-
resistivity surface anomaly observed in the 560-640 m interval, which coincides with a subsidence detected in
the field. This finding highlights the significance of ERT methods not only for structural and lithological
interpretation but also for early detection of potential geotechnical issues.

Conclusion

The conducted 2D electrical resistivity tomography (ERT) survey in the “Suludja Dere” section of the
“Benkovski — 2” tailings storage facility (TSF) confirms the high effectiveness of electrical tomography as a
tool for geotechnical and engineering-geological applications. The results clearly demonstrate the differentiation
of geological media based on their electrical resistivity, enabling reliable discrimination between tailings
deposits and drainage systems (characterized by low resistivity values) and the bedrock of the natural terrain
(with high resistivity values). In a broader context, the results of this study demonstrate that electrical
tomography constitutes a reliable tool for integrated assessment of the stability and functionality of tailings
storage facilities. It provides complementary information to traditional engineering-geological investigations
and is applicable for developing strategies for sustainable management and monitoring of mining waste.
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