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Abstract. Цел на изследването е да се установи по какъв начин се осъществява проникването на вода в руд-
нични отвали. Използвани са 4D геофизични изследвания по метода на електрическото съпротивление, които 
позволяват да се установи разсейването на водата във времето. Получените резултати могат да се използват 
за прогнозиране процесите на взаимодействие на водата с насипните материали.
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Introduction

Geophysical methods are often applied in hydro-
geological investigations (Kirsch, 2006). Electrical 
resistivity is one of the most widely-used methods. 
Some applications allow to investigate groundwater 
flow, usually related to contaminated groundwater 
(e.g. Ustra et al., 2012), but also related to sea wa-
ter intrusions or mine water. In Bulgaria, such in-
vestigations have been carried out as well (Gyurov, 
Stoya nov, 2004; Dimovski et al., 2017; Stoyanov et 
al., 2017). The purpose of the present study is, by ap-
plying electrical resistivity methods, to understand 
how water infiltrating from the surface advances in 
the mine waste dumps. The investigated site is in 
the eastern waste dumps at Elatsite open-cast mine. 
The dumps contain various rock types: granodiorite, 
hornfels, phyllite, porphyrites.

Methods 

The method consisted of electrical resistivity imag-
ing in three dimensions as the main technique with 
the time of process advancement representing the 
fourth dimension. The experimental setup included 

one 2x2x1 m trial pit in the center of an electrode 
grid over an area of 70x30 m and 10x5 m spacing 
between the electrodes. The setup allowed for com-
plete coverage of the subsurface volume in which 
the water solution infiltrated from the trial pit. The 
resistivity measurements were carried out in pole-
pole, pole-dipole and dipole-dipole arrays (Loke, 
2002). The data were processed using RES3DINV 
software, which is capable of evaluating the spatial 
distribution of electrical resistivity (Li, Oldenburg, 
1992; White et al., 2001). The water solution was 
prepared by dissolving 40kg NaCl in 4 m3 of water 
and released in the trial pit. Preliminary calculations 
indicated that the electrical resistivity in the wa-
ter solution would drop almost three times, which 
would cause significant decrease in the electrical 
resistivity of the saturated volumes in depth. The 
results were produced by calculating anomalous 
values in space and time after comparing electri-
cal resistivity measurements to baseline conditions, 
which were recorded before the release of the water 
solution. The first measurement was undertaken 20 
min after the release of water solution and it was 
followed by further 6 measurements with reducing 
frequency over 40 hrs.
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Results
The data from the electrical resistivity measure-
ments were processed to obtain 3D results for differ-
ent times of the infiltrating saline solution (Fig. 1).  
It was established that after infiltrating from the sur-
face, the water dispersed and was retained within the 
dump materials. Maximum velocity of infiltration 
was also estimated.

Conclusions
The results indicate that the applied method pro-
vides very clear understanding of how water infil-
trates unsaturated material in waste dumps. It makes 
it possible to obtain quantitative parameters for pre-
dicting the interaction between water and porous 
medium.
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Fig. 1. Spatial dispersal of the infiltrating saline solution at different times (A) and advancement in depth of the infiltrating saline 
solution below the trial pit (B)


