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Abstract. Even after the implementation of eco-protective measures, the Eleshnitsa tailings pond continues to con-
taminate the Quaternary aquifer, formed in the alluvial deposits of Mesta River. A three-dimensional model of mass 
transport of selected key pollutants is developed on the basis of hydrochemical studies, geophysical surveys, and 
processing and systematization of monitoring data. The spread and degree of contamination in the Quaternary aquifer 
are estimated.
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Introduction
The second half of the twentieth century in Bulgaria 
was marked by a very rapid development of the ura-
nium mining and processing industry, which is the 
reason for intensive water and soil contamination 
in the areas of the performed extraction activities. 
Subsequently, the cessation of this sector of nation-
al economy in 1992 did not solve the occurred envi-
ronmental problems. The closed uranium mines, the 
old geotechnical installations and facilities, the tail-
ings ponds, as well as the polluted production sites 
represent one very significant source of contamina-
tion, which will continue its negative impact in the 
coming decades. Such a hotspot and subject of our 
study is the tailings pond of one of the largest in the 
past uranium extraction industrial complexes in the 
area of Eleshnitsa deposit, falling within the catch-
ment area of the Mesta River.

Characteristics of the source of pollution
Uranium mining in the area of Eleshnitsa deposit 
was carried out in the period 1955/1992, and in 1965 
an ore processing plant was built in the region. The 

Eleshnitsa tailings pond has been exploited since 
1969. It is located at the upper course of Valche Dere 
River, a left tributary of Mesta River. According to 
Kolev (2019) in the tailings pond, besides radioac-
tive materials, various chemical wastes are deposited 
– sulfuric acid, carbonates, bicarbonates, manganese 
oxide, potassium permanganate, nitrites, kerosene 
and other reagents used in the process of crushing, 
reduction and leaching of uranium ore in order to 
obtain uranium concentrate, as well as the accompa-
nying heavy metals. Currently, the tailings contain 
about 9 million tons of hydrometallurgical waste, 
including about 730 tons of uranium. The long-term 
monitoring shows that tailings pond leachate con-
tains large amounts of sulphate ions (SO4), various 
natural radionuclides – 238U, 230Th, 226Ra, 222Rn, 218Ро, 
214Pb, 214Bi, 214Ро, 210Bi, and a number of heavy met-
als – Fе, Сu, Мо, Со, Ni, Zn, Сr, Аs, Hg, Мn, etc. 
In the period 2002/2005, the tailings pond is reha-
bilitated and a wastewater treatment plant is built for 
removal of heavy metals, the waters from which are 
discharged in the Valche Dere River. Data from sub-
sequent research activities (Kolev et al., 2014; Kolev, 
2016) show that even after the implementation of 
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eco-protective measures, the tailings pond continues 
to contaminate not only Valche Dere River, but also 
groundwater in the river terrace deposits, where high 
sulfate concentrations are observed.

Data on surface water and groundwater 
contamination

Main source of water pollution in the study area is 
the tailings pond. The heavily contaminated waters 
flowing out of it are completely drained in Valche 
Dere River, where waters coming out of the treat-
ment plant are also discharged. Data from the sys-
tematic observations of the composition and quality 
of water in the Valche Dere River at a monitoring 
point situated just before its confluence with the 
Mesta River (Kolev, 2019) show that in the peri-
od 1963/2019 increased concentrations of sulfate 
ions (SO4), uranium and radium (226Ra) are regis-
tered (Fig. 1). Their values, especially before the 
tailings pond reclamation, significantly exceed the 
natural background, as well as the standards defined 
in Regulation No. 9 that sets out the requirements 
for the quality of water intended for drinking and 
household purposes in Bulgaria. During this period, 
the concentration of radium most often varies from 
1.5 to 16 times above the limit, the concentration of 
uranium – from 1.3 to 12 times above the limit, and 
the concentration of sulfates – from 1.6 to 7.5 times 
above the limit. In the last 5–10 years, the concen-
trations of the three pollutants fall to values close to 

the drinking water standards but remain well above 
the natural background.

The first recipient of the polluted waters of Valche 
Dere River is the Quaternary aquifer, formed in the 
alluvial deposits of the Mesta River and its tributar-
ies. Over the last 50 years, Valche Dere River, in 
its lower course, represents a permanent and very 
intensive source of groundwater contamination, 
which is predetermined by the morphology of the 
terrain and the high permeability of the river bed. 
This concept is confirmed by data from non-system-
atic observations in a monitoring well, constructed 
in the river terrace (Fig. 1). In this monitoring well, 
located 20 m away from the river bank, in the pe-
riod 2002/2020 the registered concentrations of SO4 
are most often in the range from 100 to 1300 mg/L, 
average concentration around 460 mg/L, of U – 
from 29 to 435 μg/L, average concentration around  
217 μg/L, and of 226Ra – from 51 to 190 mBq/L, av-
erage concentration around 102 mBq/L. Additional 
data on groundwater contamination in the river ter-
race are not found.

According to the available information from the 
non-systematic monitoring performed in the period 
1992/2019, Eleshnitsa tailings pond causes a negli-
gible or completely nonexistent pollution to Mesta 
River. The concentrations of SO4 established after 
the confluence with Valche Dere River are most of-
ten in the range from 10.6 to 48.6 mg/L, average con-
centration around 30 mg/L, of U – from 6 to 56 μg/L,  
average concentration around 30 μg/L, and of 226Ra – 

Fig. 1. Left, hydrogeological map of the region of Eleshnitsa tailings pond; right, monitoring data on concentrations of selected key 
pollutants in Valche Dere River (the dotted lines show the maximum permissible limits set in Regulation No. 9); bottom, model 
solutions – maps illustrating the spread and degree of contamination in the Quaternary aquifer
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from 20 to 100 mBq/L, average concentration around 
50 mBq/L.

Methodology and tools for assessment of 
groundwater pollution in the river terrace
The quantitative assessment of the extent and degree 
of groundwater contamination in the river terrace is 
made on the basis of a detailed study conducted in 
the period 2020/2021 in the area of the Eleshnitsa 
tailings pond. The study includes: (i) processing 
and systematization of monitoring data on chang-
es in the composition of surface waters in Valche 
Dere River and Mesta River and of groundwater in 
the monitoring well; (ii) field and laboratory stud-
ies of the chemical composition of waters and soils;  
(iii) geophysical surveys, applying the ERT method, 
down to a depth of 40–45 m; (iv) mathematical three-
dimensional model of contamination in the Quater-
nary aquifer.

A general concept for the hydrogeological and 
technogenic conditions, the main factors, and the 
mechanism of groundwater pollution in the river ter-
race is developed. On this basis, using the computer 
programs Modflow and MT3D-MS (Anderson et al., 
2015; Stoyanov, 2019), a three-dimensional model of 
the mass transport of pollutants from the Valche Dere 
River into the potentially endangered part of the Qua-
ternary aquifer is developed. The model is utilized for 
studying the behavior of key pollutants – SO4, U and 
226Ra. The applied approach has been approbated in 
past studies evaluating the risk of pollution in the area 
of Kozlodui NPP, uranium deposit Momino, Ogosta 
River valley, etc. (Stoyanov, 2012, 2019; Stoyanov 
et al., 2018; Gerginov et al., 2020). The calculation 
scheme takes into account the processes of convection, 
reversible and irreversible elimination (sorption-des-
orption, ion exchange, precipitation and decay), dis-
persion, diffusion and mixing. The model area covers 
part of the right-bank terrace of Mesta River (Fig. 1).  
The Quaternary aquifer is composed of gravels and 
sands with a total thickness of 8–15 m and is modeled 
as a three-dimensional object. The hydraulic conduc-
tivity set in the model is determined in situ, and the dif-
fusion coefficient, the dispersivity and the distribution 
coefficients for each pollutant are accepted according 
to published data taking into account the lithological 
characteristics and the granulometric composition of 
the porous medium (Gelhar et al., 1992; Spitz, Moreno, 
1996; Stoyanov, 2019). The concentrations of pollut-
ants in Valche Dere River are set as independent vari-
ables according to the line charts presented in Fig. 1.

Results
The maps obtained with the mathematical model are 
presented in Fig. 1. They illustrate the spread and 

degree of contamination in the Quaternary aquifer 
by 2021. The SO4 map outlines the maximum range 
of the contaminated region, and the U and 226Ra 
maps mark the area with the most intense pollution, 
where the concentration of conventional, toxic and 
radioactive contaminants is highest.

With the developed model it is possible not only 
to trace in historical aspect the processes of pollu-
tion in the Quaternary aquifer caused by Eleshnitsa 
tailings pond, but also to predict their development 
taking into account the results of the performed wa-
ter quality monitoring.
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