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Abstract. This study presents the results of a geophysical investigation carried out to assess the condition of the 
beach tailings and to define the minimum requirements for the foundation prior to the installation of a geosynthetic 
clay liner during the reclamation phase of the Chelopech tailings storage facility. Electrical Resistivity Tomography 
(ERT) was applied to characterize the spatial variability of the tailings material and to evaluate its relative strength 
and degree of water saturation. The obtained resistivity models provide valuable insights into the distribution of 
zones with contrasting geotechnical properties and potential areas of reduced stability. The interpretation of the 
geophysical data was supported and verified by complementary in situ geotechnical measurements, confirming the 
reliability of the ERT results.
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Introduction

The concept of sustainable development in the 
global economy aims to enhance the well-being of 
nations while preventing environmental pollution 
(Savov, Vatskicheva, 2023). The mining, mineral 
processing, power, and chemical industries are 
among the leading contributors to significant en-
vironmental damage and contamination (Yankova, 
2021). Efficient and safe disposal of waste gener-
ated during mining activities is a critical concern 
in the mining industry. The tailings produced from 
ore and coal processing consist of fine particulate 
matter, water, and chemicals used in the processing 
procedures. Proper management of these tailing’s 
is essential to minimize environmental impact and 
ensure the safety of surrounding ecosystems and 
communities (Tsvetkov, Kisyov, 2010; Aleksan-

drova, Koprev, 2020; Dimitrov, Grigorova, 2023; 
Kisyov, 2024).

The object of the conducted electrotomographic 
study is a section of the Chelopech mine tailings 
dam, representing a constructed approach extend-
ing 200 m into the tailings deposition area. Due to 
the need to monitor the behavior of the tailings im-
poundment over different periods, related to their 
water saturation and changes in their physical and 
mechanical parameters, various field studies have 
been carried out. The geophysical measurements 
conducted as part of this study were performed along 
a single geophysical profile, extending 190 meters 
along the constructed access route into the tailings 
pond. The method’s effectiveness is due to its abil-
ity to clearly distinguish the electrical properties of 
the environment, which depend on factors such as 
genesis, grain size composition, porosity, water sat-
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uration, and the chemical composition of the liquid 
phase within the architectural elements, highlight-
ing the suitability of electrical resistivity tomogra-
phy (ERT) for mapping the subsurface structure of 
the tailings facility (Kisyov et al., 2024a).

Description of the technology

The access path measures approximately 200 me-
ters in length and 4 meters in width. Its construc-
tion involves the use of GEO PP HP 150 geotextile 
(150  g/m²), which is placed over a biaxial geogrid 
with 40×40 mm mesh. Together, the geotextile and 
geogrid create a stable pathway over the tailings, en-
hancing safety for personnel conducting the research.

The starting point of the investigated profile is 
located on natural ground at the western edge of the 
Chelopech tailings storage facility. The ERT survey 
was carried out along a constructed access path ex-
tending approximately 190 m into the tailings depo-
sition area.

The survey employed two multi-core cables 
with an electrode spacing of 3 m, providing a to-
tal of 64 electrodes per array. Measurements were 
conducted using the four-electrode Schlumberger 
configuration. Data acquisition was performed with 
a ZZ Universal 96 resistivity system (ZZ Resistivity 
Imaging Pty Ltd., Australia), which operates with 
an output voltage of up to 400 V and a maximum 
current of 7.5 A. The system integrates a transmit-
ter, receiver, and microprocessor unit into a single 
body, enabling signal stacking and analogue filter-
ing during successive measurements.

ERT was selected as the primary investigation 
method due to its proven efficiency in delineating 
subsurface structures and characterizing variations 
in the physical condition of tailings materials based 
on resistivity contrasts (Dimovski et al., 2014; Di-
movski et al., 2017; Kisyov et al., 2024b). Field data 
were processed and inverted using the RES2DINV 
software package (Loke, 2001) to obtain two-dimen-
sional models of the apparent resistivity distribution.

The resulting resistivity cross-sections provided 
detailed information on the depth to the groundwa-
ter table, the degree of moisture saturation, and the 
delineation of the natural foundation beneath the 
deposited tailings. The average depth of investiga-
tion reached approximately 30 m below the surface, 
depending on the electrode configuration and data 
inversion parameters.

Given the necessity to monitor temporal varia-
tions in the condition of the tailings material par-
ticularly related to water saturation and the result-
ing changes in physical and mechanical properties 

field investigations were conducted in three con-
secutive stages: Stage 1 (19 June 2024), Stage 2 (23 
July 2024), and Stage 3 (27 August 2024). The me-
chanical parameters of the tailings were established 
through complementary geotechnical investigations 
(e.g., DPL and CPT tests) performed in parallel 
with the geophysical measurements, ensuring a reli-
able correlation between the datasets.

Results and analysis

It is determined that the tailings exhibit sufficient 
stability at depth to support the planned activities. 
Additionally, both the plasticity and resilience of 
the material are uniformly distributed, both verti-
cally and laterally, indicating consistent mechani-
cal behaviour throughout the investigated area. In 
all three stages, it was found that the studied area 
lacks domains with a sharp change in tailings stabil-
ity (Fig. 1).

The examined geoelectric section is character-
ized by three distinct electrical resistivity zones, 
each representing layers with varying compositions 
and different water saturation.

– Zone 1 (10–30 Ohm.m). The first electrical re-
sistivity zone (Zone 1) is located at the upper part 
of the section, characterized by electrical resistiv-
ity values ranging from 10 to 30 Ohm.m. This zone 
corresponds to the deposited tailings material and 
its thickness varying between 2 and 25 meters.

– Zone 1a (from 3 to 10 Ohm.m). The second re-
sistivity zone (Zone 1a) exhibits the lowest resistiv-
ity values in the studied section, ranging from 3 to 
10 Ohm.m. This zone likely corresponds to areas 
with increased water saturation and predominantly 
small fractions of tailings material. A higher con-
centration of finer, clayey materials is observed.

– Zone 2 (from 30 to 180 Ohm.m). The third 
electrical resistivity zone (Zone 2) exhibits the high-
est resistivity values in the studied section, ranging 
from 30 to 180 Ohm.m. This zone likely marks the 
boundary (or bottom) of the sedimentary lake, com-
posed of rock and soil materials.

Based on the analysis of the results obtained 
from the ERT survey, the following conclusions can 
be drawn:

– The geoelectrical section shows good consist-
ency in terms of the distribution of electrical resis-
tivity with depth.

– The electrical resistivity of the materials com-
posing the studied section varies significantly, rang-
ing from 3 to 200 Ohm.m. This variation is primar-
ily due to the substantial differences between the 
rock-fill base, which forms the sedimentary lake, 
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Fig. 1. Electrical resistivity tomography (ERT) profiles from the three stages of the study.

and the tailings deposited within it, the latter being 
characterized by a high degree of water saturation.

Based on the three measurements conducted at 
the test section of the sedimentary lake over three 
consecutive months, the following changes in the 
tailing’s material were observed: a reduction in 
both the number and size of water saturated zones 
was observed, with each subsequent measurement 
showing a shift of these zones to greater depths. This 
trend suggests the compaction and drying of the 
surface zones, particularly at depths up to 8–10 m. 
This fact is most clear in the ERT profile 3 from 
27 August 2024, where a zone at a depth between 
480 m and 487 m (approximately 7 m thick) shows 

a distinct increase in electrical resistivity, reaching 
around 20 Ohm.m.

Analysis of the processed data and resulting resis-
tivity profiles indicates a slight increase in electrical 
resistivity values beyond the 70–80 m along the pro-
file length. This observed change in resistivity may 
be interpreted as a reduction in water content within 
the tailings in that section. Such a trend is likely asso-
ciated with seasonal variations, suggesting a decrease 
in moisture content during the summer months.

Based on the obtained electrical resistivity val-
ues, an assumption can be made regarding the loca-
tion of the water level (Fig.  1, indicated by a red 
dotted line). A consistent deepening of the water 
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level is observed across all three measurements. In 
the first profile, it is identified at a depth of 5 m, in 
the second at 8 m, and in the third at 12 m.

Conclusion

The geophysical survey conducted in the sedimen-
tary lake has provided valuable insights into the 
subsurface conditions and behaviour of the tailing’s 
material. Through the analysis of electrical resistiv-
ity profiles, three distinct geoelectric zones were 
identified, each corresponding to variations in ma-
terial composition and water saturation. The study 
revealed that the tailings exhibit significant changes 
in water content over time, with a consistent deep-
ening of the water level observed across multiple 
measurements. This deepening, coupled with an in-
crease in resistivity in certain zones, suggests com-
paction and drying of surface materials, particularly 
at depths up to 8–10 m.

The findings from this study confirm that the 
geophysical approach, particularly electrical resis-
tivity tomography, is a useful tool for monitoring 
the stability and water saturation of tailings in the 
pond. It also highlights the potential of this meth-
od for detecting anomalous zones, determining the 
depth of the natural terrain, and assessing the depth 
of groundwater in areas with significant water satu-
ration. The geophysical survey conducted at the 
tailings pond demonstrates the method’s applica-
bility and effectiveness under the given site condi-
tions. The results provide valuable information for 
delineating the depth of the natural terrain, detect-
ing anomalous zones within the tailings material, 
and potentially identifying the groundwater level in 
areas where it lies at greater depths. Overall, the ap-
proach offers a non-invasive and informative means 
of characterizing the subsurface, supporting both 
safety assessments and further engineering-geolog-
ical and hydrogeological studies.

Reference

Aleksandrova, E., I. Koprev. 2020. Complex solutions for the 
construction of integrated facilities in stoped-out open-pit 
mining facilities. – Ann. Univ. Min. Geol. “St. Ivan Rilski”, 
63, 9–12.

Dimovski, S., N. Stoyanov, H. Tzankov, A. Kisyov. 2014. 
An integrated geophysical approach for locating water-
permeable zones in the embankment wall of a surface wa-
ter body. – Ann. Univ. Min. Geol. “St. Ivan Rilski”, 57, 1, 
89–95.

Dimovski, S., N. Stoyanov, Ch. Tzankov, A. Kisyov. 2017. Ap-
plication of electrical resistivity tomography for studying 
fissure-karst water-bearing complexes. – In: Proceedings 
of the 9th Congress of the Balkan Geophysical Society, 
Antalya, Turkey, 5–9 November 2017, Paper 44018, 5 p.; 
https://doi.org/10.3997/2214-4609.201702529.

Dimitrov, L., I. Grigorova. 2023. Improved tailings con-
solidation using dewatering agents: A step towards safer 
and sustainable mining waste management. – The Eura-
sia Proceedings of Science Technology Engineering and 
Mathematics, 23, 225–231; https://doi.org/10.55549/ep-
stem.1365798.

Kisyov, A. 2024. Risk assessment in integrated mining waste 
storage facility with geophysical methods. In: Dobrink-
ova, N., Fidanova, S. (Eds.), Environmental Protection 
and Disaster Risks (EnviroRisks 2024). Lecture Notes in 
Networks and Systems, 883. Springer, Cham; https://doi.
org/10.1007/978-3-031-74707-6_23.

Kisyov, A., B. Milenkovic, N. Stoyanov. 2024a. Application of 
the ERT method for mapping old landfills and the ground-
water pollution caused by them. – Rev. Bulg. Geol. Soc., 85, 
3, 293–296 (in Bulgarian with English abstract); https://doi.
org/10.52215/rev.bgs.2024.85.3.293.

Kisyov, A., M. Tomova, I. Koprev. 2024b. Geophysical meth-
ods for optimizing mining waste management. In: Dob
rinkova, N., Fidanova, S. (Eds.), Environmental protection 
and disaster risks (EnviroRisks 2024). Lecture Notes in 
Networks and Systems, 883. Springer, Cham; https://doi.
org/10.1007/978-3-031-74707-6_22.

Loke, M. H. 2001. Tutorial: 2-D and 3-D electrical imaging 
surveys. Course notes for USGS Workshop “2-D and 3-D 
Inversion and Modelling of Surface and Borehole Resistiv-
ity Data”.

Savov, P., M. Vatskicheva. 2023. Entropiya, vazobnovyaemi 
iztochnitsi na energiya i opazvane na okolnata sreda [En-
tropy, renewable energy sources and environmental protec-
tion]. – In: 51st National Conference on Physics Educa-
tion, Sofia, 10–13 April 2023, 136–141 (in Bulgarian with 
English abstract).

Tsvetkov, A., A. Kisyov. 2010. Geophysical surveying for 
studying the presence of dangerous cavities formed in the 
upper part of an old tailing pond. – In: Proceedings of the 
6th National Geophysical Conference: 20 Years Bulgarian 
Geophysical Society. ISSN 1314-2518.

Yankova, T. 2021. Mining damaged landscape reclamation 
study. – In: XXI International Multidisciplinary Scientific 
GeoConference SGEM. Albena, Bulgaria. 2021, 2 (1.1), 
383–390; https://doi.org/10.5593/sgem2021/1.1/s04.071.

The published material was presented at the National Conference
with international participation GEOSCIENCES 2025.

https://doi.org/10.3997/2214-4609.201702529
https://doi.org/10.55549/epstem.1365798
https://doi.org/10.55549/epstem.1365798
https://doi.org/10.1007/978-3-031-74707-6_23
https://doi.org/10.1007/978-3-031-74707-6_23
https://doi.org/10.52215/rev.bgs.2024.85.3.293
https://doi.org/10.52215/rev.bgs.2024.85.3.293
https://doi.org/10.1007/978-3-031-74707-6_22
https://doi.org/10.1007/978-3-031-74707-6_22
https://doi.org/10.5593/sgem2021/1.1/s04.071

