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THE CONNECTION BETWEEN BUSINESS AND EDUCATION  IMPLEMENTED IN THE 

PRACTICAL TRAINING IN MINE SURVEYING IN UNDERGROUND MINING OF DEPOSITS 
 

Milena Begnovska 
 

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, milena.begnovska@mgu.bg 
 
ABSTRACT. ne surveying service depends 
on providing a suitable learning environment for future mining specialists. The second-year students, taking a degree in the course of studies in Mine Surveying and 
Geodesy at the University of Mining and Geology "St. Ivan Rilski", annually undergo practical training in the course unit of Mine Surveying in Underground Mining of 
Deposits in an operating mining enterprise. This way, the knowledge obtained during the lecture course is consolidated, and new knowledge and skills are acquired in 
real conditions. The cooperation between the mining companies and the University of Mining and Geology "St. Ivan Rilski" provides opportunities for contact with real 
production conditions and accumulation of rich and varied experience in mining technologies and mine surveying. The connection between business and education 
facilitates the provision of a learning environment that reflects the realities of modern mining and prepares students for successful careers in this dynamically 
developing branch of industry. 
 
Keywords: education, business, practical training, mine surveying 
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DETERIORATION OF THE QUALITY OF REINFORCED CONCRETE STRUCTURES  

AS A RESULT OF ALKALI-SILICA REACTION  
 

Borislav Borisov 

 
University of Mining and Geology . , 1700 Sofia, 

Email: bborisov32@yahoo.com 
 

ABSTRACT. The process of concrete quality deterioration due to alkali-silica reaction of aggregates is briefly discussed. The main factors causing the reaction are 
outlined, along with the prevention measures for newly-built facilities, and the repair and protection of already built ones.  
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SPATIAL AND TEMPORAL DISTRIBUTION OF FINE PARTICULATE MATTER AND  

ITS CORRELATION WITH METEOROLOGICAL PARAMETERS IN THE ATMOSPHERE  
IN THE AREA OF A THERMAL POWER PLANT 

 
Maya Vatzkitcheva, Plamen Savov, Nikolay Kolev, Kalinka Velichkova, Dimitar Dimitrov 

 
, 1700 Sofia  

Corresponding author: mayavack@gmail.com 
 

ABSTRACT. Under certain critical meteorological conditions, emissions of harmful substances from production gas and dust flows, released into the atmospheric air 
in an organised manner, can lead to higher concentrations in the ground atmospheric layer and are a major factor determining air quality. One of the main and 
powerful sources of atmospheric air pollution is the burning of solid fuels in an industrial installation - a coal-fired thermal power plant. The paper presents the results 
of the spatial and temporal distribution of fine particulate matter (PM) in the atmosphere in the area of a coal-fired thermal power station. In parallel, the main 
meteorological parameters were measured: temperature, relative humidity, wind direction and speed. Based on the correlation dependences between the 
concentration of particulate matter in the atmosphere and the meteorological parameters, analyses were made for the degree of dependence between these 
parameters and the type and intensity of the dispersion of pollutants. The aim is to obtain information on how different meteorological situations affect the aerosol 
concentration levels around the source and which of the situations pose the most serious risk of reaching health hazardous concentrations. 

 
Key words: particulate matter, atmospheric boundary layer, aerosol dispersion, industrial installations, meteorological parameters. 
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APPLIED METHODS FOR ESTABLISHING RADON EXPOSURE  

IN UNDERGROUND SITES 
 

Blagovesta Vladkova, Dimitar Dimitrov, Nadezhda Kostadinova, Zahari Dinchev, Diana Makedonska, 
Alexander Krilchev 

 
-mail: blagovesta.vladkova@mgu.bg; ph001@mgu.bg; 

nadezhda.kostadinova@mgu.bg; dinchev@mgu.bg; diana.makedonska@mgu.bg; krilchev@mgu.bg 
Corresponding author: nadezhda.kostadinova@mgu.bg 

 
ABSTRACT: Radon is a member of the uranium-radium decay family, it is distributed everywhere on Earth  in soils, rocks, minerals, water and air. Part of the radon 
emitted in the volume of earth mass migrates through air pores and crevices, reaches its surface and is released (exhaled) into the surface air. Radon is the dominant 
factor for the Earth's population exposure from the natural radioactive sources. Irradiation in buildings is considerably greater than outdoor irradiation because it 
penetrates freely into them as earth gases through defects in the outer tiling and small cracks in the foundations; the deemanation of radon from water; exhalation from 
building materials with an increased content of 226Ra. The seepage of radon from the Earth's bowels can be observed in any closed ground spaces, tunnels, 
underground garages, basements. Radon entry into buildings depends on many factors, such as changes in atmospheric pressure, wind speed and precipitation, etc. 
Monitoring of radon concentration is relevant to human health if indoor radon concentration is high. The present study presents experimental measurements for radon 
content in four underground sites on the territory of the Sofia city, performed by means of two methods - numerical and analytical. 
 
Key words: radon, thoron, exposure, safety, monitoring  
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Introduction 
 

Radon is a radioactive gas discovered by the French 
chemist Friedrich Dorn in 1900. As early as the 16th century, the 
Swiss physician and naturalist Paracelsus mentioned in his 
book a mysterious Schneeberg miner's disease . This is 
considered one of the oldest written pieces of evidence for the 
existence of the so-called radon problem , which led to the 
deaths of miners in the Schneeberg mines of Saxony and 

remarkable mining book of that era, De Re Metalica , by 
Agricola (Dimitrov, 2020).  

After the discovery of radon, it was listed as a probable 
cause of lung cancer. This opinion was reinforced after 1924, 
when high levels of radon-222 were first measured in the 
Schneeberg mines. In 1951, Bale found the real cause of lung 
cancer in miners, namely internal exposure from short-lived 
decay products of radon, also called daughter products  of 
radon  these are 218Po, 214Pb, 214Bi and 214Po, (as 214Po 
is always in equilibrium with 214Bi and this fact is the reason 
why 214Po is not considered alone). The natural radiation 
background affects humans, and half of the effective dose 
received is due to radon. 

Each year, around 1.8 million people worldwide develop 
lung cancer, making it one of the cancers with the worst 
prognosis  most patients die within a few years. According to 
the World Health Organisation (WHO) data from 2014, between 
3% and 14% (about 230,000 people) of these cases are linked 
to radon. It is the second highest risk factor after smoking, and 
for non-smokers, it is the number one risk factor (WHO, 2009). 

The only way to assess the levels of exposure due to various 
radon isotopes is through measurement. The majority of human 
exposure comes from radon decay products. Their 
measurement is directly related to the absorbed dose. Currently, 
measurements of radon alone can be conducted widely and 
over long durations, as recommended by WHO. Reference 
levels for buildings and workplaces in the European Union and 
in this country are given in terms of the annual average 
volumetric activities of 222Rn. For Bulgaria, the reference levels 
are 300 Bq/m3 for buildings and workplaces (Directive 
2013/59/Euratom; Ordinance on Radiation Protection 2018).  

 
 

Variations of Radon 
 
Radon is heavier than air and has no stable isotopes. It is an 
isotope from the uranium-radium series, originating from 
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uranium-238 (238U) (Mezovska V. 2018). In the natural 
environment, there are three radioactive isotopes of radon that 
are part of the natural radioactive series: actinon (219Rn) (T1/2 
= 3.96s) from the 235U series; thoron (220Rn) (T1/2 = 55.6s) 
from the 232Th series; and radon (222Rn) (T1/2 = 3.82d) from 
the 238U series (Dimitrov, 2020) (Fig. 1). 
 

 
 

Fig. 1. Decay chains of the uranium-radium series  
 

Spreading and impact 
 

-particles, 
causing internal irradiation of the lungs. Radon inhaled into the 
body is further decomposed into hereditary nuclides, which then 
migrate from the lungs and oesophagus to the digestive organs 
along with body fluids, causing additional internal exposure. 

 
The main sources of radon in closed spaces (buildings) (Fig. 

2) are: 
 Soil gas penetrating through the foundations of the 

building; 
The demanation of radon from; 

 Exhalation from building materials with an increased 
content of 226Ra; 

 Intake through ambient air from the environment. This 
source is secondary, but it can become essential if 
there are sites and facilities, such as mining sites, 
tunnels for highway pipes, boreholes, etc., nearby. 
(Fig. 3). 

 

  
Fig. 2. The main sources of radon in closed spaces 

 
 

Fig. 3. Radon impact in underground mining sites  
 
In underground mining sites, the concentration of radon may 

increase as a result of release from the rock massif during 
blasting operations or through groundwater (Shishkov and 
Stoycheva, 2021; Hristova et al., 2023). 

 
Methodology 

 
Selected Radon Measurement Methods 

For the present study, experimental measurements have 
been carried out using two methods for measuring radon 
content in underground objects - digital and analytical. The aim 
is to monitor the processes of accumulation of hazardous gases 
in confined spaces, and accordingly to prepare models to 
ensure the health and safety of the working and living 
environment. 

The analytical method for cumulative measurements of 
radon (222Rn) and thoron (220Rn): consists of placing CD/DVD 
plates for measuring radon/thoron in underground spaces and 
mine workings (mining galleries, caves, etc.). This includes 
specifying the influence of underground conditions on the 
readings of these detectors and comparing them with other 
methods (Dimitrov and Pressyanov, 2018). 

In 2011, the capacity of the CD/DVD method was expanded 
(Pressyanov et al. 2014, 2015, 2018) with the possibility of 
differential measurements of thoron 220Rn, using a 
development of the CD-disk method. This also makes it possible 
to clarify the contribution of thoron to the irradiation of miners 
and over ground personnel. 

The principle of the CD/DVD method: combines the high 
absorbency of the polycarbonate material of the discs with its 
track properties (Fig.4 and Fig. 5). 

 

 
Fig. 4. The principle of the CD/DVD method for measuring radon 

and thoron. Signal formation. 
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Fig. 5. Relationship between the density of the tracks at two 
depths below the surface of the polycarbonate and the time-

integrated concentration of 222Rn (CF-calibration factor). 
 
The calibration factor depends on the temperature at the 

time of irradiation. The temperature influence can be reported, 
incl. If it is not known, a posteriori correction can be applied. 
Other factors (pressure, dust, smoke, blast waves) do not affect 
the CD/DVD method. The CD/DVD method is sensitive and 
accurate enough to measure 222Rn and 220Rn in underground 
spaces and mines. 

The digital method was applied using the Radon Scout 
PLUS radiometer (Fig. 6; Table 1), which carried out continuous 
monitoring of the concentration (volume activity) of radon in 
various underground sites (Gorbounov and Chen, 2019). 

 

 
 

Fig. 6. The Radon Scout PLUS radiometer 
 
 

Table 1. Technical data of the Radon Scout PLUS radiometer 
Measurement range 0  10 MBq/m3 
Increased sensitivity 1,8 impulse/min @ 1000 Bq/ m3 
Built-in sensors for:  
- Relative humidity  (0 ... 100%) 
- Temperature  (-  
- Pressure sensor  800 - 1200 mbar 
2G Sensor detecting movements/ hits 
Measurement interval 1 hour or 3 hours can be adjusted  

Measuring Measuring chamber with HV 
collection and Si detector 

Memory 672 Records 
Display Characters 
Dimensions 175 x 135 x 55 mm 
Weight 800g batteries incl. 
Software included  Radon Vision 

 
Other measurement methods 

In addition to the methods chosen for this study, the most 
commonly used devices for determining the concentration of 
radon are: Alpha detectors, Activated carbon detectors, Electret 
ion chambers, Electronic sensors. Table 2 compares these 
methods. 

Table 2. Radon Measurement Methods 

Detector Passive
/ Active 

Uncer-
tainty 
(%) 

Duration of 
measure-
ment 

Price Moisture 
resistance  

Tracks Passive 10-25 1-12 
months low Depp. on 

application 

Activated 
carbon Passive 10-30 1-7 days low no 

Electret ion 
chambers Passive 8-15 5 days  1 

year average no 

Electronic 
sensors Active  25 2 days  

year (s) average no 

Monitors for 
continuous 
measurements 

Active  10 2 days  
year (s) high no 

CD/DVD Passive 10-20 year (s) low yes 
 
Selection of underground sites for measurement 
 

Four underground objects described in Table 3 were 
selected for the study. Figure 7 shows the location of the 
underground sites on the territory of the city of Sofia.  

 

 
 

Fig. 7. Location of the sites on the territory of the city of Sofia.  
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Table 3. Location and characteristics of the sites 
Ob

jec
t

Ar
ea

 

Ty
pe

 o
f 

lo
ca

tio
n 

El
ev

at
io

n 

Pe
rio

d 

Me
as

ur
em

en
t d

ur
at

io
n 

1 
Sofia, 

Studentski 
grad 

basement -1,5 m 03.06. 23 - 
13.11. 23 

5 months  
Analytical 
method; 

7 days Radon 
Scout PLUS 

2 
Sofia, 
Hadzhi 
Dimitar 

res. area  

Under-
ground 
garage  

-2 m, 
20-

 

03.06.2023
-

08.11.2023 

5 months  
Analytical 
method  

3 
Sofia, 

Nadezhda 
res. area  

basement - 2 m 03.06.2023 
07.11.2023 

5 months  
Analytical 
method; 
20 days 

Radon Scout 
PLUS 

4 region 
Sofia  

Under-
ground 
mine  

810, -
760 

03.07.2023 
08.11.2023 

4 months  
Analytical 
method; 
20 days 

Radon Scout 
PLUS 

 
OBJECT I  Sofia, Studentski grad   
Position 1  Basement  elevation [  1.5 m], Area 2.5 m2 
 

 
Fig. 8. Locations of the disks and radiometer at object I  

position 1 
 
Position 2  Basement corridor 
 

 
Fig. 9. Location of a disc in object I  pos. 2 

 
The measurement data in the basement site Studentski 

Grad are summarised in Table 4. Figure 10 shows the report 
obtained after measuring with a Radon Scout PLUS device. 
 

Table 4: Reporting data from CD plates for object I: 
CD / No Ca, Bq/m3 

Bq/m3 
Object 

7 45.95555 21.0% basement 
8 14.38977 19.7% 

 
 

 
 

Fig. 10. Radon Scout PLUS measuring report for Object I 
 

OBJECT II /Position 1  Sofia, Hadzhi Dimitar res. area, 
Underground garage near the front door, elevation [  2 m], 
Area 900m2;  Analytical method of measurements  
 

  
 

Fig. 11. Locations of the disks at object II  position 1  
 
OBJECT II /Position 2 - Unventilated corner in an 
underground garage (Fig. 12)  
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Fig. 12. Location of a disc in object II  position 2  

 
Due to lack of access control at object II, no measurement 

with a Radon Scout Plus radiometer was carried out in it. The 
results obtained from the measurement by the analytical method 
are summarised in Table 5. 
 

Table 5: Reporting data from CD plates for object II: 
CD / 
No 

Ca, Bq/m3 3 Object 

3 94.72281 14.3% Underground 
garage 4 123.3058 11.5% 

 
OBJECT III  Sofia, Nadezhda res. area  
Basement  elevation [  2 m], area 3,2 m2 

Position 1  Basement (Fig. 13). 
 

  
Fig. 13. Locations of the disks and radiometer at object III   

position 1 
 

 
 

Fig. 14. Location of a disc in object III   position 2 
 

In object III, both measurement methods were applied. The 
results obtained by the analytical method are presented in Table 
6, and Figure 15 visualises the measurement report with Radon 
Scout Plus. 
 

Table 6: Reporting data from CD plates for object III: 
 

CD / 
No Ca, Bq/m3 3 Object 

5 68.72841 13.9% 
Basement 

6 56.72616 12.1% 
 

 
Fig. 15. Radon Scout PLUS measuring report for Object III 

 
OBJECT IV  Underground mine   
elevation [  810; - 760 m], Area 25 m2 
 

  
Fig. 16. Locations of the disks and radiometer at object IV - 

position 1 
 

 
Fig. 17. Radon Scout PLUS measuring report for Object IV 
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Table 7: Reporting data from CD plates for object IV: 
CD No Ca, Bq/m3 3 Object 

1 128.2615 13.2% Underground 
mine 2 125.1702 18.5% 

9 306.0969 13.0% 

Underground 
mine 

10 25.74966 18.0% 
11 110 15.9% 
12 66.45911 15.1% 

13 69.12988 11.7% 

14 129.0014 15.9% 

15 72.13144 15.6% 
16 84 22.0% 
17 69.51581 15.7% 

18 28.56191 15.7% 

19 53.71669 9.8% 

20 56.97182 9.3% 

21 68.14635 16.1% 

22 113.9955 16.1% 

23 245.0859 18.6% 

24 121.0355 11.7% 

CD 96.79723 19.3% 
 
 
Result and analysis  
 

The emanation of radon into buildings depends on many 
climatic factors, such as changes in barometric pressure, soil 
and air humidity, wind speed and direction, precipitation, etc. As 
a consequence of these influences, in addition to daily 
fluctuations, indoor radon concentrations show significant 
seasonal variations. Therefore, long-term (from three months to 
one year, according to WHO requirements) radon 
measurements in homes, educational, working and public 
buildings are needed. Monitoring radon concentrations is 
important for human health. Prolonged exposure to 
environments with high radon concentrations can lead to a 
significant increase in the risk of developing lung cancer (Fig. 
18). 

 

 
 

Fig. 18. Relative risk for lung cancer vs. the average residential 
radon concentration (WHO) 

Specialised radon measurement is the only way to detect 
increased concentrations of radioactive gas in residential or 
public buildings. It is important to mention that during the winter 
months, there is an increase of about 4 times compared to the 
warmer ones. The concentration of radon is also influenced by 
the structure of the building and its ventilation. This also 
determines the complexity of forecasting. 

It is important to note that within a day, variations in 
concentration are possible on the order of tens of times, 
depending on atmospheric changes. Therefore, the short-term 
measurement is not sufficiently representative.  

Various underground objects have been selected for the 
study. The aim of the authors is to cover sites of different depth 
and purpose  residential buildings, industrial zones, and 
underground mines, where the expectations are for an 
increased radon emanation and different ventilation conditions. 
A continuous measurement was carried out using the passive 
method within 5 months. Using an active method (with an 
electronic device), the duration of the study is indicated for each 
object in Table 3. The challenge in these measurements was the 
low levels of radon and, as a consequence, the low density of 
the tracks. This low signal density results in a higher relative 
error (Table 8). 

 
Table 8. Comparison of data reported by CD-plates for all 

objects 
CD / 
No 

Vol. 
Concentration: 

Ca, Bq/m3 
Deviation: 

 Object 

1 128.2615 13.2% Underground 
mine 2 125.1702 18.5% 

3 94.72281 14.3% Underground 
garage 4 123.3058 11.5% 

5 68.72841 13.9% Basement 6 56.72616 12.1% 
7 45.95555 21.0% Basement 8 14.38977 19.7% 
9 306.0969 13.0% 

Underground 
mine 

10 25.74966 18.0% 
11 110 15.9% 
12 66.45911 15.1% 
13 69.12988 11.7% 
14 129.0014 15.9% 
15 72.13144 15.6% 
16 84 22.0% 
17 69.51581 15.7% 
18 28.56191 15.7% 
19 53.71669 9.8% 
20 56.97182 9.3% 
21 68.14635 16.1% 
22 113.9955 16.1% 
23 245.0859 18.6% 
24 121.0355 11.7% 
CD 96.79723 19.3% 

 
 
Conclusion 
 

In recent decades, the attention of the economy and society 
has been increasingly turned to the future, with a certain 
amount of anxiety caused by the consequences of our current 
actions for future generations. Undoubtedly, the development 
of technology in all aspects of human life brings with it many 
positives. Unfortunately, rapid leaps in development are 
accompanied by harm, leaving a lasting imprint on human 
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development and the environment. Improving the environment 
is also related to the creation of healthy and safe living and 
working conditions. 

According to the Basic Standards of Radiation Protection 
included in National action plan (2018) and Strategy for 
Reducing the Risk of Radon Exposure (2018) recommended 
levels are accepted for the concentration of radon. If levels 
above the recommended ones are found, measures are taken 
to improve ventilation, reduce the entry of radon on the 
premises, etc. 

According to the measured radon values in buildings, these 
are classified into three levels of risk  low, medium, and high. 
For each type, there are regulated specific measures that are 
evaluated at the design stage. In addition to the protection of 
new buildings, regulatory documents also describe in detail the 
technical requirements for radon protection in existing 
buildings. 

Bulgaria has been present on the European map of natural 
radionuclides for several years. The purpose of the radon map 
is to outline the regions where high levels of radon are likely to 
be detected. The measurements carried out so far have 
covered some larger cities, cities with an increased incidence 
of lung cancer, as well as settlements influenced by the former 
uranium mining industry. The studies are not systematic and do 
not show the overall picture of exposure of the Bulgarian 
population. 
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UTILISATION OF GREEN WASTE FROM MINE OVERBURDEN THROUGH  

BIO-ELECTROCHEMICAL SYSTEMS 
 

Rosen Ivanov 
 

, 1700 Sofia; E-mail: r.ivanov@mgu.bg 
  

ABSTRACT. Proper management of overburden materials can reduce the environmental impact and increase the benefits of mining activities. It is important to consider 
the specific composition of the overburden and local needs when selecting the most appropriate recovery method. And while much of the overburden material can be 
used in construction, reclamation, cement production and more, the green waste problem has not been sufficiently solved. The present publication examines the 
possibilities of generating energy from the green waste from the overburden through bio-electrochemical systems. The possibilities of generating energy from grass, 
wood chips, and leaves have been investigated. The best results were achieved in grass utilisation, generating a power density of 107,58 mW/m2. 
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Introduction  
 

Underground mining of mineral ore requires the removal of 
an earth mass. In open pit mining, in particular, the volume of 
overburden generated during ore extraction can be very high. 
An overburden is a layer of soil, vegetation, and rock mass that 
must be removed to reach the ore being mined. Unlike the 
tailings, the overburden in most cases does not contain toxic 
components (Adibi et al., 2013). 

The overburden material often finds direct application as 
sub-ballast in railway tracks, underlayment for asphalt 
pavements, aggregates (Mahamaya and Das, 2017), 
reclamation of terrains (Jambhulkar and Kumar, 2019), and 
others. Apart from those applications that have only focused on 
the direct use of mine overburden in various fields, overburden 
materials offer a high potential for conversion into a value-added 
product (Adibi et al., 2013). 

In addition to soil and rock mass, the mine overburden also 
contains a large amount of vegetation. And unlike the mineral 
part of the overburden, the problem with the utilisation of green 
waste has not been solved to a sufficient extent (Spargo et al. 
2016). Green waste is plant-based organic materials typically 
generated from lawn clippings, cut branches, fallen trees, 
leaves, plants, soil, and mulch. Green waste typically contains 
seeds, weeds and invasive plants that can enter and disrupt 
other ecosystems if disposed of inappropriately. These plants 
compete with native plants and degrade habitat quality, 
impacting biodiversity. Large piles of green waste can also 
suffocate small native plants and ground cover, affecting wildlife 
that rely on them for food and shelter. As green waste dries out, 
it creates a fire hazard, endangering neighbouring properties, 
infrastructure, and the environment. Green waste dumped into 

rivers or stormwater ditches affects water quality. 
Decomposition of organic material consumes oxygen and 
releases nutrients, which can lead to aquatic eutrophication and 
disruption of aquatic ecosystems. Green waste disposed of in 
this way can clog sewers and contribute to localised flooding 
(Smith and Aber, 2018). Piles of green waste threaten the 
landscape and affect the values and amenities of natural areas. 
The material can also serve as a breeding ground for pests. The 
costs associated with the removal and disposal of green waste 
can be a considerable problem (Chiu et al., 2016). 

Recently, renewable bioenergy has been seen as one of the 
ways to ease future fuel needs and overcome the global 
warming crisis. Microbial fuel cell-assisted bioelectricity 
generation through the degradation of organic matter has 
attracted considerable interest in both fundamental and applied 
research in recent years (Utomo et al., 2017). 

A microbial fuel cell (MFC) is a device that uses bacteria to 
directly convert chemical energy stored in organic matter into 
electricity through electrochemical processes. MFCs can be fed 
with liquid-phase substrates, such as domestic wastewater and 
industrial wastewater. Solid-phase microbial fuel cells 
(SPMFCs) can be fuelled with solid-phase organic wastes such 
as sludge, sediments, and vegetation. (Song and Aber, 2018) In 
this configuration, the cathode is usually exposed to the ambient 
oxygen in the air or immersed in water, while the anode is placed 
under anaerobic conditions in the solid-phase organic matter at 
the bottom of the cell. SPMFCs can be used as power sources 
for long-term environmental monitoring devices due to their 
simple design and solid organic matter providing a long-term 
power source (Venkata and Chandrasekhar, 2011). 

Biodegradable organic matter present in green waste can 
be efficiently used to generate energy in the form of bioelectricity 
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by the utilisation in solid phase microbial fuel cells. If properly 
designed, an SPMFC can facilitate the direct conversion of solid 
waste to energy and, therefore, make the process sustainable 
for waste management and recovery (Logrono et al., 2015). 

In recent years, SPMFCs have emerged as a promising but 
challenging waste-to-energy technology, besides their 
treatment, gaining increasing importance due to their 
sustainable nature. This process offers the dual benefits of 
waste treatment and providing access to cheap and 
environmentally friendly energy (Mochamad et al., 2021). 

This research aims to optimise the use of mine overburden 
waste by transforming it into value-added products and ensuring 
comprehensive and sustainable utilisation of green overburden 
waste. 
 
Materials and methods 
 

Construction of a solid-phase microbial fuel cell 
The construction of the bio-electrochemical system for the 

experiment shown in Figure 1 is based on a single-chamber 
solid-phase microbial fuel cell (SPMFC). The solid-phase 
microbial fuel cell is a plastic container with a volume of 800 cm3. 
At the bottom of the vessel is a graphite electrode with an area 
of 30 cm2. The vessel was filled with organic green waste with a 
volume of 600 cm3. The cell was then filled with pure water and 
a second 30 cm2 graphite electrode was placed in the surface 
layer of the water. Graphite electrodes were chosen due to their 
higher porosity and specific surface area, an advantage for the 
adherence and growth of electroactive microorganisms. 

 

 
Fig. 1 Solid phase microbial fuel cell schematic diagram 

A  anode, C - cathode 
 

Solid-phase waste matter composition 
Three identical solid-phase microbial fuel cells were made. 

The first one was filled with grass, the second was filled with 
leaves, and the third was filled with shredded wood (wood 
chips). 50 cm2 of soil was added to each of the three cells. In 
this way, the cells were inoculated with an additional amount of 
electroactive microorganisms, naturally living in the soil 
(Geobacter, Clostridium, Bacillus,  Pseudomonas, and others) 
(Bratkova et al., 2018). 

 
Measuring of cell electrical parameters 

For the polarisation curve test, the anode and cathode in the 
SPMFC were connected to a varied resistance box MCP lab 
electronics BXR-04 ResistorBox, and the stable voltages were 
recorded under varying external resistances (Wang et al., 2013) 
sequentially from 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1.5, 1.3, 1, 0.7, 

. Voltages produced from the SMFCs during 
the experiments were recorded at 60-min intervals using a 
Vernier LabQuest Mini and Logger Lite software. 

Power was calculated according to P=IU. Current density 
and power density were calculated based on the anode area. 
The Ag/AgCl reference electrode was positioned near the 
cathode in order to measure the cathode potential. Anode redox 
potentials were approximated by subtracting the cell potential 
from cathode potentials (Song and Jiang, 2011). 
 
Results 

 
The goal of this study is to integrate a microbial fuel cell with 

solid-phase plant organics using the composting process to 
generate energy. As seen in Figure 2, the voltage of all SPMFCs 
was low during the first 3 days of the experiment, but then 
increased rapidly. This may be due to the formation of an active 
biofilm on the surface of the electrodes (Venkata and 
Chandrasekhar, 2011). 

 

 
 

Fig. 2 Open-circuit voltage generation from SPMFCs containing 
green waste 

 
SPMFCs reached their maximum voltage between day 8 

and 14, remaining constant with slight fluctuations until day 65 
of the experiment. The highest open-circuit voltage is generated 
by the SPMFC with grass. The cell reaches a maximum voltage 
on the 15th day (679 mV), then drops to 600 mV 
remains within these limits until the end of the experiment. The 
SPMFC with leaves generated a slightly lower open-circuit 
voltage and after the 20th da  
until the end of the experiment. The lowest open-circuit voltage 
was generated by the SPMFC with wood chips. After 
stabilisation, the voltage during the experiment was in the range 

. 
Figure 3 shows the polarisation curves of the three solid- 

phase microbial fuel cells. 
 

 
 

Fig. 3 Polarisation curves of SPMFCs containing green waste 
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The obtained graphs show close electrical parameters of 
SPMFCs with grass and of that with leaves. However, the solid- 
phase microbial fuel cell with grass shows the best results in 
terms of generated voltage and current density. A SPMFC with 
wood chips is characterised by the lowest value of the measured 
electrical parameters. 

The power density curves of the SPMFCs were obtained on 
day 28 and are presented in Figure 4. 

 

 
 

Fig. 4 Power density (data from polarisation curves) of SPMFCs 
containing green waste 

 
The results in Figure 4 show that different organic substrates 

have different electrical characteristics in a solid-phase 
microbial fuel cell. This is most likely due to the different 
carbon/nitrogen ratio (Khudzari et al., 2016). The highest power 
density was achieved in the SPMFC with grass. A maximum 
power density of 107.58 mW/m2 was obtained with this cell. A 
lower maximum power density was achieved for the SPMFC 
with leaves:  83.51 mW/m2. In the SPMFC with wood chips, the 
lowest power density of 51.21 mW/m2 was obtained. 
 

 
Fig. 5 Working potential of cathodes and anodes of SMFCs 

containing green waste 
 

The results for the anodic and cathodic potentials relative to 
the Ag/AgCl reference electrode are presented in Figure 5. The 
cathodic potentials in the SPMFCs remained relatively constant 
throughout the experiment after cell stabilisation. The different 
patterns of cathode potentials of SPMFCs may be due to the 
rate of biofilm formation on cathodes, which resulted in different 
electrochemical characteristics of cathodes in SPMFCs. The 
SPMFC with grass maintained the highest cathodic potential of 
300 mV  throughout the experiment. A slightly lower 
cathode potential was maintained in the leaf SPMFC. In this 
variant, the cathodic potential after stabilisation of the cell was 
in the range of 270 mV tential was 
measured in the SPMFC with wood chips. During the 
experiment, it moved in the range of 210 mV . 

Anodic potentials in all SMFCs varied only slightly, ranging 
around from -280 to -330 mV, whereas the cathode potentials 
showed significant differences. The initial anodic potentials of 
the SPMFCs containing the green waste were negative (about -
300 mV) and remained stable throughout the experiment. 
 
Conclusion 

 
Materials from mine overburden can seriously disturb the 

balance in the ecosystems where they are deposited. The 
mineral part containing in overburden can be widely used, and 
a number of studies have been carried out on its utilisation and 
on the reduction of its harmful impact on the environment. This 
is not the case with vegetation that is removed from the terrain 
prior to the commencement of mining or construction activities. 
Improper disposal can lead to disruption of natural biodiversity 
and ecosystems and to pollution of environmental components. 

The present study showed the possibility of utilising the 
green waste from the overburden by generating energy from it 
in solid-phase microbial fuel cells. All three investigated organic 
substrates  grass, leaves, and wood chips  showed that they 
can be a long-term source of energy. However, the SPMFC with 
grass showed the highest electrical performance in terms of 
generated voltage   107.58 
mW/m2. The lowest values of the electrical parameters were 
measured for the solid-phase microbial fuel cell with wood chips 

 a voltage of 521 mV 
mW/m2. Between 8 and 14 days were required to reach the full 
potential of SPMFCs, due to processes related to biofilm 
formation of electroactive microorganisms on the electrodes and 
degradation of organic matter. After stabilising the SPMFCs, the 
cells maintained a constant voltage throughout the experiment. 

The results obtained are an advance in research for the 
development of bioenergy sources. Further research is needed 
on various factors influencing the energy generated from green 
waste, such as the optimal carbon/nitrogen ratio, the use of 
cellulose-degrading enzymes, inoculation with electroactive 
organisms, and others (Wang et al., 2015). It is also necessary 
to conduct additional experiments related to the possibilities of 
storing and converting the generated energy. 
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NEW TECHNOLOGY FOR AGRICULTURAL WASTE PYROLYSIS 

 
Dimitar Kolev 
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ABSTRACT. The presence of large quantities of agricultural waste raises the issue of their utilisation. Direct incineration in specialised combustion plants is possible, 
but only in the vicinity of their reception. The relative weight of the straw is 300-400 kg/m3 and transport is therefore very expensive. The proposed method makes it 
possible to pyrolyse the straw and process the charcoal into briquettes. 1 kg of charcoal is obtained from 2,5-3 kg of straw. The weight of the resulting briquettes is 
700-900 kg/m3. Thus, they can be transported more cheaply and used as energy raw material. 
 
Key words: gasification, energy efficiency, CO2 reduction 
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ANALYSIS OF THE ATMOSPHERIC AIR QUALITY  

OVER THE SOFIA  EAST THERMAL POWER PLANT 
 

Nikolay Kolev, Maya Vatzkitcheva, Kalinka Velichkova, Dimitar Dimitrov, Ava Gogureva, 
 Atanas Atanasov 

 
University of Mining and Geology "St. Ivan Rilski", 1700 Sofia; E-mail: nic_k@abv.bg 

 
ABSTRACT. There are many sources of urban air pollution: transport, domestic heating, agriculture and industry (thermal power plants and others). Without an 
analysis of the relative share of each source, its weight in pollution cannot be calculated with certainty. In October 2019, Sofia was the dirtiest city in the world for 4 
successive days. Thermal power plants in Sofia contributed largely therein. To study the processes of dispersion of aerosol impurities in the atmosphere, an ever 
increasing number of large-scale and in-depth experimental studies of these processes have been organised in recent decades. Correlation dependences between 
the spatial and temporal distribution of aerosol and major meteorological parameters, such as atmospheric stability, wind direction and speed, air humidity, and the 
presence of temperature inversions, are sought. The aim of this work is to study the distribution of particulate matter and its connection with meteorological data in the 
atmosphere above a thermal power plant in the city of Sofia 
. 
Key words: particulate matter, ABL, dispersion, thermal power plant, meteorological parameters. 
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DEVELOPMENT OF A PROTOTYPE DRONE FOR UNDERGROUND CONDITIONS 

 
Alexander Krilchev 

 

-mail: krilchev@mgu.bg  
 
ABSTRACT. Health and safety risk management in underground work is of paramount importance. The application of inherently different methods to eliminate or limit 
the identified risk reduces the likelihood of creating conditions for incidents and accidents to occur. In this regard, the use of unmanned aircraft to control the 
parameters of the working environment, measure gas concentrations, control the state of the array and the working environment, etc. makes it possible to obtain 
accurate and reliable information about the conditions of the working environment and the dangers associated with the activities performed in underground conditions. 
On the basis of the information obtained, correct and appropriate decisions can be taken to reduce and limit the impact of the risk. In addition, the use of drones in 
emergency situations allows quick and accurate measures to be taken to eliminate accidents and their consequences. 
 
Key words: risk, drone, power, design, motors, blades 
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CRUSHED STONE STORAGE USING GEOINFORMATION SYSTEMS 
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ABSTRACT. Mineral reserve accounting is a key and responsible procedure that completes a comprehensive study of a deposit and determines its industrial value. At 
the same time, an important task of surveying support for mining operations is the determination of the volumes of mining operations and conducting drilling and blasting 
operations, as well as control over the volumes of crushed stone storages. Careful accounting of natural resources, their rational and integrated use is the main task of 
surveying works. Determining the volumes of crushed stone storages is an urgent scientific and practical task. Increasing the accuracy of determining the volume, the 
efficiency of this process, and the possibility of its automation make it possible to significantly increase the efficiency of the stone mining enterprise. 
 
Key words: digitisation, crushed stone raw materials, volumes of crushed stone storage, tacheometric surveying, photogrammetric surveying. 
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Introduction 
 

Recently, there has been an increase in the demand for 
building materials in Ukraine. The economic development of 
Ukraine and EU countries has led to increased construction of 
roads, overpasses, residential buildings, structures, and other 
objects. This increases the demand for crushed stone, the 
primary building material among the natural stone materials 
used in construction (Cherniaiev et al., 2023). Natural crushed 
stone is a natural material formed by crushing rocks, gravel, and 
boulders, mining waste from ores, and processing non-ore 
minerals. Natural stone, from which crushed stone is obtained, 
is mined in quarries, crushed in crushers, and screened into 
different fractions. The most common rock for the production of 
crushed stone is granite (Bozhyk et al., 2022). 

An essential factor in sustainable mining is high-quality 
surveying support for the mining and processing rocks to obtain 
high-quality crushed stone. Engineering support for the process 
of mining and processing crushed raw materials includes the 
performance of relevant work at all stages of the development 
of the deposit, namely: discovery of the deposit, calculation of 
explored reserves, implementation of elements of the technical 
project in the area, surveying support for drilling and blasting 
works, operational calculation of the volume of mining works, 
control over compliance with technical solutions, etc. In addition 
to the accuracy of surveying work, production processes require 
timely receiving of survey results (Saik et al., 2023). 

The modern geodetic and surveying equipment market 
offers a wide selection of universal high-precision electronic 
tachometers, which can be used for various geodetic tasks. 
Many geoinformation systems allow you to process geodetic 

measurement data and solve several tasks to extract crushed 
stone (Kunytska et al., 2023). Therefore, the performance of 
surveying works with the help of modern technical means of 
measurement, and processing of results with the help of special 
computer programs for determining the volumes of crushed 
stone storages is an urgent scientific and practical task. 

 
Theoretical part 

 
Among the mining and surveying tasks, one of the most 

important is the calculation of mineral reserves, in particular, the 
choice of the most optimal method. Mineral reserves are the 
number of minerals discovered and estimated at the place of 
occurrence based on geological survey data of open deposits. 
(Armands et al., 2020). 

The process of counting stocks includes the main stages: 
contouring of the deposit; 
distribution of reserves by economic value, degree of 

exploration, categories of occurrence, and mining conditions; 
determining the calculation parameters; 
quantitative calculation; 
assessment of the accuracy of the results. 

Depending on the shape and conditions of the deposit, the 
nature of the change in the content of valuable components, the 
reconnaissance system and the density of reconnaissance 
points, and the goals and purpose of the calculation, different 
calculation methods are used. In practice, there are more than 
20 such methods (Mantey and Aduah., 2021). In modern 
conditions, effectively controlling crushed stone raw materials in 
storages of crushed stone becomes an essential element for 
optimising production processes and resource management 
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(Mykhailov, 2024). Growing competition, requirements for 
product quality, and the need for efficient use of resources, all 
make the issue of accurate control of crushed stone volumes 
significant in order to ensure the stable operation of the 
enterprise (Levytsky and Tolkach, 2017). 

In each mining enterprise, a surveyor needs to measure the 
volumes of warehouses of finished products or waste rock 
dumps. For this, they can use several methods, depending on 
the conditions in which the object of the shooting is located. The 
main types of measurement include tacheometric surveying and 
modern photogrammetric surveying using specialised software 
(Fomychov et al., 2018). Tacheometric surveying is the most 
common method for determining the volume of quarry mining 
operations. It is used for one-off and repeated surveys in all 
types of open-pit mining, especially in large quarries with a great 
depth of development. 

To calculate the volume of crushed stone storage in the 
survey area, a storage of 20-40 mm of crushed stone fractions 
was selected. A Nikon NPL-332 total station was placed near it 
to perform measurements and obtain values from the surface of 
the storage. The Nikon NPL-332 total station provides high 
reliability and performance. The increase in productivity is 
achieved due to the ability to make high-precision distance 
measurements directly to objects without using reflective 
prisms. Tacheometric surveying is the most common method of 
surveying for quarries. Surveying is carried out by optical 
tacheometers with an accuracy of reading in a vertical circle of  
no less than 1 minute or automatic tacheometers with a vertical 
rail (Kovani  et al., 2024). 

In the case of a control survey of the volume of crushed 
stone storage, the difference between the primary and control 
determinations of the volume should not exceed the values 
given in Table 1 below. 

 
Table 1. The difference between the primary and control 
definitions of the volume of the crushed stone storage 
 

Volume of the crushed stone 
storage, m3 

Up
 to

 20
0 

20
0

50
0 

50
0

20
00

 

Ov
er

 20
00

 

The relative difference 
between the two independent 
definitions is permissible, % 

12 8 4 3 

 
During the measurements, the total station's location was 

changed three times to remove the barrier from all sides. Fifty 
points were measured to enter them into the AutoCAD Civil 3D 
software.  

Most points are located near the lower edge of the barrier to 
specify the contour of the barrier, and the rest are on the surface 
to determine the height in space. The location of points in the 
simulation space is shown in the figure (Fig. 1).   

The next stage was the creation of two surfaces, which form 
the surface of the crushed stone storage and the surface of the 
area on which it is located. 

Figures 2 and 3 show the simulation in space with different 
views and angles. 

 

 
 

Fig. 1. Location of capture points in Civil 3D 
 

 
Fig. 2. Crushed stone storage surface 

 

 
Fig. 3. Located area of crushed stone storage 
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As a result of the calculation, the storage volume is  
793.91 m3. 

One of the modern methods of determining the volumes of 
crushed stone compositions is photogrammetric surveying. 

To create the surface of the crushed stone barrier, the barrier 
was photographed from all sides using a hand-held 3D laser 
scanner, AlphaGEO SLAM R100. 

SLAM R100 is a portable real-time 3D reconstruction device 
developed by AlphaGEO, which integrates a LiDAR module, a 
high-precision inertial navigation module, and high-performance 
computer modules. Thanks to the integrated system and simple 
management, built-in AlphaGEO Multi-SLAM reconstruction 
algorithm, the laser scanner can be used to directly acquire point 
clouds in true colors and create 3D models. 

In the Agisoft Metashape software, modelling was 
performed using the built-in optimiser of the positions of the 
shooting cameras in space. One hundred and fifty-four photos 
taken around the warehouse were used for modelling. Figure 4 
shows the location of the removal positions  and the constructed 
cloud of points that form the storage.  

 

 
Fig.4. Dense cloud of points and positions of photographing 

centres 
 
The next stage was creating a digital model of the height 

and contouring of the barrier according to the visual contour to 
automatically calculate the volume of the dam above the contour 
to be created. Automatic calculation determines the volume in 
and above the contour line drawn on the digital model (Fig. 4.).  

As a result of the calculation, the storage volume is  
794,24  m3. 

Figure 5 shows the results of measuring the volume of 
crushed stone storage with fractions 24-40 mm by different 
methods. 

 

 
Fig.5 The results of measuring the volume of crushed stone 

storage 
 
 

Results and discussion 
 
It was determined that tacheometric surveying has been well 

established over a long period of its use. However, determining 
the coordinates of points with the help of laser scanners has 
gained popularity and accuracy for performing any 
measurements that will provide the necessary conditions and 
accuracy. 

In modern conditions, effectively controlling the volumes of 
crushed stone raw materials in the warehouse of finished 
products is a key element of optimising production processes 
and resource management. Increasing competition, 
requirements for product quality, and the need for efficient use 
of resources all make the issue of accurate control of the 
volumes of crushed raw materials urgent to ensure the stable 
operation of the mining enterprise. Two measuring methods 
were used to calculate the volume of crushed stone products: 
total station and photogrammetric. 
 
 
Conclusion 

 
The measurements by the two methods showed that the 

volumes were almost the same, and the difference was 0.04%, 
which completely met the requirements of the survey for 
determining the volumes of crushed stone warehouses. It was 
determined that the measurement accuracy was ensured by 
high-quality surveying for each method. Each method can be 
used at mining enterprises that extract crushed stone. 
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Abstract. The article presents the main scientific and practical results during the creation of prerequisites for solving regional environmental challenges for balanced 
resource conservation during the extraction and processing of mineral resources. In particular, the properties of materials were investigated during the activation of 
industrial waste, such as binder (granulated blast furnace slag), inert aggregates (a product of the rumbling of substandard materials) and mixing water (mine water) 
during the manufacture and transportation of hardening mixtures to the place of their stacking. Technologies and technical means for transporting hardening backfill 
mixtures have been studied and an algorithm has been developed for calculating schemes for their pipeline transport into underground developed spaces containing 
0.10-0.35 dispersed particles with a concentration of solid particles in water of 0.10-0.85 and a standard cone settlement of 10-13 cm. It has been proven that the 
optimal coarseness of waste, taking into account grinding, transportation and stacking of mixtures in man-made cavities, is in the range of 25 35 mm. At the same time, 
the optimal fineness of grinding additives to the binder is 50-60% of particles with a size of 0.074 mm. With the same amount of binder, the strength of the control 
samples, in which the fineness of grinding the additive was 88% of the coarseness class  0.074 mm, is 5 times greater than the fineness of 50%. The application of 
methods of activation of the components of the hardening mixture increases their activity as a whole by 10-40%. The use of beneficiation waste processed in 
disintegrators increases the strength of the embedded massif by 25-30% or reduces the consumption of cement by 40-50% while maintaining the required strength 
characteristics. The use of beneficiation wastes as an inert aggregate in the foundation mixture allows them to be disposed of, which leads to a reduction in laying costs, 
a reduction in cost, environmental safety and labor protection, and mineral resources during ore mining and beneficiation. It is recommended to continue research and 
provide funds (at the expense of enterprises, local and central authorities) to minimize the negative effects on human health from exposure to heavy metals and 
environmental protection, taking into account the peculiarities of their combined impact on the population and workers of the mining and metallurgical industry.The so 
far rare experience of strengthening the radiation and social protection of the population of Zhovti Vody, Ukraine, which has been forced to live for more than 70 years 
in the zone of influence of uranium industry facilities, is presented.  
 
Keywords: mineral resources, extraction and processing, separation and activation, ecology and resource conservation, efficiency 
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Introduction 
      Currently, in developed mining countries of the world, 5-8% 
of all produced electricity is spent on mechanical methods of 

mineral processing. Approximately 80% of this value is energy 
consumption for grinding. The main operation associated with 
the preparation of waste from mining and metallurgical 
production for use as a hardening mixture for filling the mined-
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out space of mines is grinding and activation (Aben et al., 2019, 
Antonelli et al., 2020).  
      Therefore, increasing the efficiency of activation of the 
components of the hardening filling mixture using waste from 
mining and metallurgical production by grinding them and 
reparing them at filling complexes, as well as transporting them 
to the place of their placement, ensuring a reduction in the 
energy intensity of the technological process for preparing the 
hardening mixture and increasing environmental safety is an 
urgent task that requires urgent solutions (Beiyuan et al., 2017, 
Basarir et al., 2018). 
      Vibro-gravity transport installations deliver hardening 
mixtures to a distance significantly exceeding the height of the 
vertical stack. At the Wismut mine (Germany), the hardening 
mixture with the Budtsnilu cone slump of 8.0 cm was fed to a 
distance 3 times greater than the height of the vertical line of the 
filling pipeline. 
    The works of domestic and foreign scientists formulated the 
global problem of the accumulation of mining waste due to the 
lagging behind the possibilities of processing mineral raw 
materials from the possibilities of  their mining (Chernov et al., 
2001, Chetveryk et al., 2017).   
      This problem is characterised by the accumulation of 
processing tailings on the earth's surface and the alienation of 
significant areas of fertile land from secondary products. 
Scientific and practical results were obtained by the  research  
on the development of hardening mixtures with reduced 
consumption of binder for laying the produced space of 
chambers and technology and recipes of hardening mixtures 
from tailings for filling maps of surface storage facilities  
(Franchuk et al.,2000, Dereviahina et al., 2019). The problem of 
searching for alternative and complex binders and inert 
aggregates based on non-traditional production waste is an 
important scientific, practical, and social task that requires an 
urgent solution. 
      This work is a continuation of research, the main scientific 
and practical results of which are most fully presented in the 
works with the participation of the authors (Radiation et al., 
2015, Onika et al., 2020). 
      Research Object.The object of the research is technologies 
and technical means for the extraction and processing of 
mineral resources by recycling mining and metallurgical waste 
into underground mined-out spaces as components of 
hardening backfill mixtures, taking into account the 
technological processes of activating the binder and 
substandard inert filler during their manufacture and 
transportation to the place of placement. 
      Purpose of the study. The objective of the research is to 
create prerequisites for solving regional environmental 
challenges for balanced resource conservation during the 
extraction and processing of mineral resources. This will allow 
us to justify technologies and technical means for recycling 
mining and metallurgical waste into underground mined-out 
spaces as components of hardening backfill mixtures, taking 
into account the technological processes of activating the binder 
and substandard inert filler during their manufacture and 
transportation to the location of their placement. 
  The following tasks were set and solved for the study: 
1. To perform mathematical and physical modeling, as well as 
to calculate the parameters of vibratory gravity transport of 
hardening backfill mixtures. 

2. To recommend vibratory transport units to increase the 
activity of solid components (binder and inert filler) of the 
hardening backfill mixture. 
3. To offer a new set of technical means for activating the binder 
(granulated blast furnace slag), inert fillers (screening product of 
substandard materials), and mixing water during the production 
and transportation of hardening backfill mixtures. 
4. To show promising research for conducting scientific 
substantiation and development of preventive measures to 
minimise negative consequences on human health and the 
environment in the zone of influence of the mining and 
metallurgical industry. 
      Research methods. The analysis of literary sources, 
methods of theoretical research and generalisations was 
performed using the study of dynamics (in the resonance zone, 
the Volterra principle and the concept of the complex modulus 
of elasticity introduced by E. S. Sorokin were used), 
mathematical statistics, physical and mathematical modelling, 
calculations, laboratory and full-scale experimental studies, 
industrial tests in the conditions of operating enterprises using 
standard and new methods with the participation of the authors, 
by special programs, such as GIS K-
Their implementation, in particular with the help of GIS K-

, showed positive results and contributes to the solution 
of applied issues during the development of reserves of mineral 
deposits (Rudko G.I., Netskiy O.V., et al., 2018). Dependencies 
were obtained on the basis of analytical, experimental studies 
and experience in the operation of installations for pipeline 
transport of hardening mixtures to mines (Rudko G.I., 
Lovinyukov V.I. 2015). 
      Theory of the issue. Determination of the parameters of the 
horizontal section of the pipeline vibration gravity transport of 
hardening mixtures. The pipeline is subjected to vibration action 
of alternating force, which reduces the resistance to 
transportation. The main parameters of the vibration delivery 
are: the length of transportation (L), the height of the vertical 
pipeline (H), the length of the sections (l1) and the location of the 
vibration exciter within the section (l2) (Figure 1). 

Fig. 1. Installation diagram of vibratory gravity transport (other 
designations in the text) 

       
      The effect of vibration ensures thixotropic liquefaction of the 
dispersed medium and movement of particles of the mixture in 
contact with the walls of the pipeline. The effect of vibration on 
the hardening backfill mixture is manifested by the acceleration 
of pipeline oscillations, which is characterised by the coefficient 
of the vibration transport mode 

  ,      (1)  
 
where A and  are the amplitude and frequency of oscillations,  
respectively, Hz and s and g is the acceleration of gravity, m/s2. 
      At 
and stratification of the hardening mixture is excluded (for a 
mixture located in a container with a free surface, for a pipeline, 
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the value of  can be chosen somewhat larger). Focusing on the 
value of  from expression (1), specifying the value of A, the 
frequency of forced vibrations  is found (for inertial vibration 
exciters with an asynchronous drive or motor-vibrators,  is 
usually selected and the amplitude A is determined). Effective 
vibration impact on the mixture is ensured by oscillating the 
pipeline with a minimum value of the vibration transport mode 
coefficient 
 

,      (2) 
 
where r,  are the densities of the aggregate particles and the 
dispersed medium, respectively, kg/m3. 
      Calculation of the process parameters of the pipeline. The 
peculiarity of the movement of the hardening backfill mixture in 
the vibration gravity transport units is the presence of the main 
flow, in which the viscous-plastic properties of the mixture are 
preserved, and the near-wall layer, which is characterised by 
low viscosity. The stratification of the mixture is excluded at the 
speed of its longitudinal movement of 0.5-0.7 m/s - for mixtures 
with aggregate of up to 5.0 mm in size and 0.7-1.0 m/s - for 
mixtures with aggregate of 5.0-40.0 mm in size. The internal 
diameter of the pipeline (minimum) is determined from the 
expression: 

,   (3) 
 
where  is the average transportation speed, m/s;  is the 
average size of the transported material, mm;  is the density of 
the filling mixture, kg/m3;  is the ultimate shear stress of the 
mixture, Pa.  
      The pipeline capacity (the unit's capacity, m3/s) is 
determined from the expression: 

                    (4) 
 
where D is the internal diameter of the pipeline, m; V is the 
speed of movement of the mixture, m/s. 

The most effective vibration effect on the hardening mixture 

pipeline diameter is specified according to the expression is 
specified according to the expression: 

   (5) 

 
      The specific pressure loss in the horizontal section of the 
pipeline is determined from the expression: 
 

  Pa/m                                   (6) 

 
where  is the shear stress of the wall layer, Pa; 

 is the viscosity of the filling mixture, Pa/s; 
 is the is the viscosity of the thixotropically liquefied 

wall layer, Pa*s: 
      The maximum range of supply of the hardening mixture by 
the installation is determined from the expression: 

               (7) 
      Dynamic parameters of the pipeline section. To ensure 
effective vibration impact on the hardening backfill mixture, it is 

necessary to provide the horizontal section of the pipeline in the 
transverse direction with vibration parameters that ensure the 
required vibration displacement coefficient. For this purpose, the 
horizontal pipeline section is divided into a number of sections 
driven by a separate vibration exciter. The length of the pipeline 
section l, serviced by one locally installed vibration exciter, is 
selected in such a manner that the transverse vibrations of the 
pipe along its entire length are within the limits o
Each section is installed on a number of elastic supports; under 
the influence of the vibration exciter, the pipe with the filler 
(hardening mixture) performs bending vibrations in the 
horizontal and vertical planes. The calculation scheme of the 
section is shown in Figure 2. 

 
Fig.2. Scheme for determining bending vibrations of a horizontal 
pipeline section: l is the transportation length, m; lo, l1, l2 are the 
distance between the vibration exciter supports, the length of the 
sections between the vibration exciters, and the length to the 
vibration exciter location within the section, respectively, m; m is 
the distributed mass of the section, kg/m; P is the disturbing force 
of the motor-vibrator, N; J is the moment of inertia of the section 
section, m4; x, z are the horizontal and vertical coordinates of the 
section, respectively, m; Cz, Cy, are the rigidity of the elastic 
support along axes z and y, respectively, N/m. 
 
      When the vibration exciter is located in the center, the 
section oscillations will be symmetrical, and only oscillations 
with odd harmonics will be excited. The general picture of 
oscillations of a section of sufficiently long length (when its 
bending oscillations appear) taking into account seven 
harmonics is shown in Figure 3. 

 
Fig. 3. Bending the pipe along the length of the section 

 
       As follows from the graph, in the steady state, the greatest 
amplitude of deviation occurs in the middle of the pipe, and the 
amplitude of oscillations decreases towards the periphery. 
      Calculation of elastic support parameters. The total rigidity 
of the support shock absorbers is determined based on the 
gravity of the pipeline with the process load. Gravity of the 
pipeline: 
 

,                                      (8) 
 
where  is the transportation length, m;  is the is the motor-
vibrator mass motor-vibrator mass, N;  is the distributed mass 
of the section, N, which is determined from the expression:  
 

,kg/m,  (9) 
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 respectively, the density of the pipe material and the 
hardening filler, kg/m3;   the modulus of elasticity of the pipe 
material, Pa;     

 , m2/s.  ;    (10) 

  parameter characterising elastic supports:  
 

, 1/m.                                              (11) 
 

  linear rigidity of elastic foundation, equal: 
 

  ,       (12) 
 

  rigidity of elastic support, n  number of supports. 
Rigidity of one shock absorber, taking into account their 

paired arrangement in the support:  
 .                         (13) 

 
Considering that it is possible to start the motor-vibrators in 

the absence of a process load, a higher value of the coefficient 
should be selected. The height of the elastic element is selected 
based on the permissible settlement [kh], or on the value of the 
permissible load [ ]. Usually (depending on the brand of rubber) 
[kh] = 0.1 ... 0.2 is selected. Considering the intensity of 
vibrations and possible heating of the element, we take [kh] = 
0.1. As a result, we obtain 

 
.                                    (14) 

 
Massive rubber support elements are made cylindrical with 

a central ventilation hole. Knowing the elastic modulus for 
shock-absorbing rubber , the diameter of the elastic element 
is determined as: 

 

.                                                          (15) 
 

Next, the dimensions of the elastic elements and the length 
of the section are adjusted, and it is checked that they do not go 
beyond the permissible limits. 
 
 
Materials and methods 
 

The installation of vibration-gravity transport of hardening 
filling mixtures at the Shokpak-Kamyshovoye ore deposit 
(Republic of Kazakhstan) included a vertical riser and a 
horizontal pipeline (Figure 4). The supply of hardening filling 
mixtures was carried out in portions of up to 400 m3. 

 

 
  
Fig. 4. Scheme of vibration-gravity pipeline transport of hardening 
mixtures: 1  filling complex; 2  well; 3  cross-cut; 4  man-made 
voids; H  ho  
height of rise of hardening mixtures to man-made voids, m 

The sectioned section of the pipeline was installed on rubber 
shock-absorbing supports, and sections of the pipeline 200 m 
long were equipped with vibration exciters. Under the influence 
of vibration, the mixture acquired a state of increased fluidity 
(Paul et al., 2018). 

In the problem being solved, along with the required energy 
intensity, the required granular composition of the final product 
must be ensured. For example, the optimal size of waste is 
determined taking into account the costs of crushing, pipeline 
transport, and the density of their placement in waste chambers 
should be in the range of 25 35 mm. Thus, the grinding process 
must also be characterised by grinding efficiency. This 
parameter is selected as a controlling parameter. At the mines 
of the State Enterprise "SchidGZK", Ukraine, the most widely 
used technological schemes for preparing a hardening backfill 
mixture on surface stationary backfill complexes are based on a 
binder made from granulated blast furnace slag and low-grade 
sand (Figure 5). 

 
 
      Fig. 5. Technological diagram of the filling complex: 1  slag; 
2  sand; 3  receiving bunker; 4  feeder; 5  conveyor; 6  
storage hopper; 7  dispenser; 8  ball mill; 9  mixer; 10  
receiving funnel; 11  container for mixing water 
 

To separate lumps of clay and other impurities, the sand 
passes through a screening grid installed above the 
intermediate hopper. After dosing, the slag in a certain ratio with 
water enters a ball mill, and then in the form of a pulp into a 
mixer, where it is mixed with sand. Water is also supplied to the 
mixer to give the filling mixture the required mobility. The 
finished mixture enters the receiving funnel and is then 
transported through pipes in a gravity-pneumatic mode into the 
mined-out space. 

At the enterprises of Tselinny Mining and Chemical 
Combine JSC and TsGKH JSC (Republic of Kazakhstan), 
vibration, mechanical and lectrochemical activation devices 
were used to obtain a hardening backfill mixture with a strength 
of 0.2 1.2 MPa. 

Increased activity was achieved through vibration activation 
of inert materials, mechanical activation of the binder 
components of the mixture during its transportation, and 
electrochemical activation of water. The activation efficiency 
was determined indirectly by the ratio of binders. 

Activity equivalent: the amount of activated binder material 
from waste, equivalent in binder properties to cement, was 
determined by the rational ratio of binder materials (Poturaev et 
al. 1989). Mechanical activation of binding materials is carried 
out in a ball mill with central unloading CBM 3200 4500 
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(Ukraine). This mill is designed for crushing and fine grinding of 
ferrous, non-ferrous, and rare metal ores, granulated blast 
furnace slag, limestone, dolomite, and other materials. It has a 
productivity of 42 121 tons per hour, with a relatively low weight 
of 160 tons (Table 1).  
 

Table 1. Characteristics of the ball mill CBM   
The name of indicators Indicators 
Drum diameter, mm 3200 
Drum length, mm 4500 
Nominal volume, m3 32 
Electric motor power, kW 800 
Operating voltage, V 6000 
Drum rotation frequency, s-1 0,33 
Productivity, t/h 42 121 
 Weight with electrical equipment, t 160 
Maximum mass of grinding media, t 61 

 
The industrial use of a disintegrator in mining practice was 

first carried out at the Shokpak deposit (Northern Kazakhstan) 
(Ghorbani et al. 2016). For 10 years, the DU-65 industrial 
installation was in operation, making it possible to simulate the 
material processing mode, change rotors from 4 to 3 rows, and 
engines with a power of 200 to 250 kW. The material was 
activated by rotors with a protective layer. The installation was 
located in a separate building next to the backfill complex on 
three levels with a base area of 5 7 m. 

The equivalent of 1 kg of standard M-400 cement was 4 kg 
of activated acid blast furnace tailings. Fast-acting devices are 
more effective, for example, disintegrator-activators type DU-65 
(Disintegrator company, Estonia) and a vertical vibration mill 
type MVV-0.7 (Figure 6) (Ukraine).  

 
Fig.6. Vertical vibration mill  MVV-0.7: 1  housing, 2  grinding 
chamber with grinding bodies; 3  loading section, 4  unloading 
section; 5  drive section, 6  unbalanced drive, 7  electric motor; 
8  gear-synchroniser; 9  elastic coupling; 10  elastic supports  
 

The DU-65 type disintegrator-activator provided productivity 
when crushing material with a density of 2 3 g/cm3, at rotor 
speeds of 12000 min 1 10 kg/h, the maximum initial particle 
size of the processed material was 2.5 mm, the maximum 
humidity of the crushed material was 2%. Activity equivalent is 
the amount of activated binder material from waste that is 
equivalent to cement in binder properties. It is determined by an 
indirect method based on the rational ratio of binding materials. 

The feasibility of using the simplex planning method has 
been proven, which allows one to search for the optimum taking 

into account several criteria. This leads to a slight increase in 
the number of experiments, because the movement towards the 
optimum in simplex planning occurs in a zigzag, and not along 
a gradient, as, for example, in the Box-Wilson method (Iordanov 
et al., 2020). 

Mechanical activation of binding materials is carried out in 
grinders, for example, a ball mill with central unloading CBM 
3200 4500 (Ukraine). However, the most effective are high-
speed devices, for example, disintegrator-activators type DU-65 
(Disintegrator company, Estonia) and a vertical vibration mill 
type MVV-0.7 (Ukraine) (Figure 7).  

 

 
 

 
 

Fig. 7. Vibration activation of the components of hardening filling 
mixtures: a  vertical vibration mill: 1  slag; 2  water; 3  
chopper; 4  sieve; 5  vibrator; 6  vibration dampers; 7  
activated slag; b  vibrating screen: 8  teeth; 9  vibrator; 10  
insulating supports 
     

At the same time, the design becomes more complicated. 
For a hardening backfill mixture, the fineness of the slag grinding 
has a significant impact on the strength of the artificial mass. 
With the same consumption of binder material, the strength of 
the control samples, in which the fineness of grinding granulated 
blast furnace slag was 88% of the class - 0.074 mm, is 5 times 
greater than with a fineness of the formation of artificial masses. 
 
 
Results and discussion 

 
The energy consumption for activation during the process of 

delivering mixtures in the installation was 0.15-0.22 kW/m3 of 
the mixture when supplied over a distance of 2.0 km. The 
average speed of the mixture through the pipeline was 2.5-3.0 
m/s. The mixture was transported without adding water with a 
cone settlement of 9 cm. In the presence of elastic supports and 
vibration exciters, a dynamic calculation of the structure is also 
required (Figure 8).  

 
Fig.8. Pipeline section 1 with vibration exciters 2 and shock 

absorbers 3 
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At the same consumption of binder, as a result of vibration, 
the strength of the backfill mass increased by 20-25%. The 
driving force of the exciter was 2-5 kN, the vibration amplitude 
of the pipeline was 0.5-2.0 mm, and the vibration frequency was 
10-20 Hz. One pathogen affected a section of the pipeline 200-
220 m long. Gravity and vibro-gravity pipeline transport of 
hardening filling mixtures are close in the calculation of 
technological parameters. The advantage and difference is that 
with vibrating gravity transport, the resistance to the movement 
of the mixture through the pipeline is reduced and the strength 
of the filling is increased.   

Deviations for these reasons from the mode of preparation, 
transportation and placement of the mixture cause delamination 
in the pipeline (Kucha et al., 2013).        

Research has established that heap leaching tailings or 
crushed rocks can be used as an additive to the hardening filler. 
Moreover, the strength of the artificial massif with the addition of 
heap leaching tailings is higher than with the use of crushed 
rocks at the same slag consumption per 1 m3 of backfill. After 
leaching and washing, the tailings are transported to the 
stowage complex. At the same time, crushed rock is fed.  

The dosage is carried out in a certain ratio with sand and 
enters the mixer, into which ground blast furnace slag and 
mixing water are supplied in the required quantity. Technical and 
economic calculations have shown that, taking into account the 
existing technology for production and delivery of backfill 
material to the place of laying, the most rational is the scheme 
with crushing rock waste and transporting it through pipelines to 
underground man-made voids. This scheme is characterised by 
ease of organisation and maintenance, high performance, and 
operational reliability (Figure 9). 

 

 
 
Fig.9. Technological diagram of the backfill complex for preparing 
a hardening backfill mixture using crushed rocks and heap 
leaching tailings: 1  blast furnace slag; 2  loams; 3  breed with 
DSC; 4  receiving bunker; 5  feeder-dispenser; 6  conveyor; 7 
 consumable hopper; 8  dispenser; 9, 10  ball and rod mills, 

respectively; 11  receiving funnel; 12  water container  
 

To stabilise the strength of hardening filling mixtures based 
on slag binder, the authors determined the optimal fineness of 
its grinding, which for the conditions under consideration is 50  
60%, containing particles (n, %) with a particle size of 0.074 mm. 
The maximum strength of the artificial massif using the vibration-
gravity method of its transportation is achieved at a 
concentration of solid inert filler and binder K = 0.80 0.85. The 
most effective tool for activating the ingredients of a hardening 
mixture is a disintegrator, which provides an increase in the 
activity of binders by up to 40%. 

Complex activation includes vibration activation on the 
vibrating screen, mechanical activation in the mill, 
electrochemical water treatment, and vibration of the hardening 
filling mixture during transportation  
(Figure 10). 
 

 
 
Fig. 10. Scheme of activation of the components of hardening 
mixtures during their production and transportation: 1 - cement 
bunker; 2  vibrating screen of inert aggregates; 3  blast furnace 
slag; 4  disintegrator-activator DU-65 (Disintegrator company, 
Estonia); 5  activated mixing water; 6  vertical vibrating mill 
MVV-0.7 (Ukraine); 7  conveyor; 8  mixer; 9  vibrators; 10  man-
made void (spent chamber) 
 

Activation in a disintegrator provided an increase in strength 
25 30% greater than treatment in a ball mill. Yield up to 55% 
active grade in combination with a vibrating mill increased yield 
to 70%, allowing the activated local binder to compete with 
cement.  

The disintegrator simultaneously crushed, dispersed and 
activated blast furnace acid metallurgical slag in order to reveal 
its astringent properties in the process of preparing hardening 
mixtures during the development of a deposit with the filling of 
technological voids. It is installed in the technological chain after 
the disintegrator.  Due to the high oscillation frequency, the 
crushed material experiences one to two orders of magnitude 
more impacts per unit time than in ball mills. The research 
results for an initial material size of 0 10 mm are given below. 
Vibration parameters: vibration amplitude  6.5 mm; the 
magnitude of the driving force is 190.8 kN. Mill productivity for 
the initial product is 9.0 10.0 t/h. The rational mode of the 
vibrating mill is determined by the interconnection of the modes 
that make up the technological chain of the filling complex. The 
results of grinding the material at different grinding sizes and the 
yield of the active fraction are given in Table 2.  

The activation coefficient for the disintegrator-activator in 
comparison with the ball mill used at the deposits of the Joint 
Stock Company "Virgin Mining and Chemical Combine" (JSC 
"Tselinny Mining and Chemical Combine", Republic of 
Kazakhstan) is equal to 1.25.  
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Table 2. Material grinding results  
 

Gr
in

di
ng

 
st

ag
e Residue on the sieve, % at grinding coarseness, 

mm 

Ac
tiv

e 
fa

ct
io

n 

1,60 1,00 0,63 0,40 0,315 0,20 0,10 0,10 0,074 
I 8,69 3,81 3,10 2,35 1,16 1,84 1,27 3,23 3,90 70,65 
II 0,77 1,50 2,53 3,05 2,15 3,67 2,05 2,05 6,79 71,58 
III 0,26 0,82 1,32 2,10 1,85 3,63 2,11 2,11 6,28 75,58 

 
The MVV-0.7 vertical vibratory mill for grinding granulated 

slag is used in the technological chain after the disintegrator. In 
it, the crushed material experiences one to two orders of 
magnitude more impacts per unit time than in ball mills. 

The vibration amplitude of the mill is 6.5 mm, and the 
magnitude of the driving force is 190.0 kN. Impact loading of the 
crushed material in this mill with minimal abrasion allows for 
deep activation, which leads to an increase in the period the 
material remains in the active state (Lysychenko et al., 2011, 
Lyashenko, et al., 2021).  Disintegrators are very effective at 
finely grinding soft rocks. At the mining enterprises of Central 
Mining and Chemical Plant JSC, the Republic of Kazakhstan, 
devices for vibration, mechanical and electrochemical activation 
of mine water are used to obtain a hardening backfill mixture 
with a strength of 0.2 1.2 MPa using local materials. 

When producing a low-strength filler, it is necessary to 
ensure fine grinding, destruction of loosely bound pieces of filler 

and a stable transportation mode. This is carried out by vibration 
activation of inert materials, mechanical activation of binders 
before mixing, vibration activation of the hardening filling mixture 
during its transportation, and electrochemical activation of 
water.  

It is advisable to carry out vibration activation of the 
hardening filling mixture during its transportation through 
pipelines. The rational mode of the vibrating mill is determined 
by the interconnection of the modes that make up the 
technological chain of the filling complex (Mac Carthy et al., 
2016, Lyashenko, et al., 2022).  Vibration activation of inert fillers 
during screening is possible in the case when stress 
concentrations are created in a piece of material sufficient for its 
destruction. The activation efficiency is determined by an 
indirect method based on the rational ratio of binders (Table 3). 
       It is advisable to carry out vibration activation of the 
hardening filling mixture during its transportation through 
pipelines. The rational mode of the vibrating mill is determined 
by the interconnection of the modes that make up the 
technological chain of the filling complex (Mac Carthy et al., 
2016, Lyashenko, et al., 2022). The formula for determining the 
activation coefficient, for example, of a disintegrator is: 

1 ,                                 (16) 

where ,   are the equivalent of the activity of the material 
during grinding in mills and a disintegrator, respectively. 

 
Table 3. Slag activity indicators 

Mining enterprises Activation 
devices 

Binders, kg/m3 Water, 
l/m3 Filler, kg/m3 Activity 

equivalent slag activator 
Pervomaisky GOK LLC (Ukraine) Mill 400 Plaster 20 320 Sand 1200 20 
PJSC "Zaporozhye Iron Ore Plant" (Ukraine) Mill 400 Cement 50 380 Sand 1270 8 

JSC "TsGKhK" (Republic of Kazakhstan) 
Mill 400 Cement 50 360 PGS+breed 1350 8 
Disintegrato
r DU-65 

190 220 Cement 60 380 Sand 1360 6.6 10.0 
220 300 Cement 30 380 Sand 1350 4.0 4.6 

 
Note: ASG is a sand-gravel mixture 
  

In comparison with the ball mill used at the uranium deposits 
of JSC Central Mining and Chemical Plant, this coefficient 
according to formula (16) is equal to: 

 

8 6
1 1,25.

8
 

Implementation results. The amount of costs for 
environmentally friendly technology depends on the achieved 
preparation and transportation of hardening filling mixtures; they 
can be recommended for mining enterprises in developed 
mining countries of the world. The rational mode of the vibrating 
mill is determined by the interconnection of the modes that make 
up the technological chain of the filling complex. The use of 
vibration, mechanical and electrical activation of the 
components of the hardening backfill mixture at mining 
enterprises leads to an increase in the activity of binders and 
substandard materials by up to 10 40% for each apparatus 
(Naduty et al., 2012, Reiter et al., 2014). The authors proposed 
and implemented new technological schemes of backfill 
complexes for the disposal of waste from mining and 
metallurgical production into the underground goaf as 
components of hardening backfill mixtures, which gave positive 
results in the underground development of ore deposits of 
complex structure in Ukraine, Northern Kazakhstan, Germany, 

and other developed mining countries (Serdyuk et al., 2011, 
Rysbekov et al., 2019).  

Effectiveness of developments. And finally, based on the 
research carried out by the authors, a theoretical generalisation 
was carried out and a solution was offered to the scientific 
problem of developing the theory of interaction of grinding 
bodies in the grinding chambers of mills and increasing the 
efficiency of equipment for fine grinding of rocks, which is of 
great importance for the mining industry (Stupnik et al., 2022, 
Zelinsky et al., 2022). Prerequisites are also being created for 
solving regional environmental challenges for balanced 
resource conservation during the extraction and processing of 
mineral resources (Sotskov et al., 2019). 

The efficiency of choosing parameters and areas of 
application of nature- and resource-saving technologies for 
underground mining of ore deposits based on process 
intensification is carried out according to the criterion of reduced 
profit, taking into account the preservation of the earth's surface, 
as well as the damage caused (or prevented) (economic 
consequences) to the environment and the costs of protecting 
the population, living in the zone of influence of mining 
enterprises (mining and processing), according to the Golik-
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Lyashenko analytical model (Serdyuk et al.,2011, Report et al., 
2023).   

The analytical model consists of two blocks: geomechanical 
and economic. The model is built on the basis of the results of 
many years of research on conducting a complex of research 
works on the underground development of complex ore deposits 
in energetically disturbed massifs (Stupnik et al., 2018, Stupnik 
et al., 2022).The model provides basic calculation formulae for 
substantiating the safe and effective parameters of the 
chambers, taking into account the stability of their outcrops 
(Table 4). 

 
           Table 4.Safe parameters of chambers for ore deposits 
 

Name of parameters Calculation formulae 
1.Equivalent spans at outcrops, m: 

correct shape;  

irregular shape  

2. Outcrop stability 
criterion, m  

3. Stable spans, m: 

horizontal  

vertical  

4. Equivalent span 
( , 
account the existence 
time of outcrops ( , 
months) 

 

5. Equivalent spans for laying, m 

horizontal;  

vertical  

6. Stability of outcrops, m: 

length ( );  

width ( );  

height ( )  

 
Note. The formulae indicate:    area and perimeter of the 

outcrop, m2 and m, respectively; A is a constant value, the value of 
which depends on the properties of the rock mass and is determined 
from experience, units (for complex-structured ore deposits of the State 
Enterprise   , Ukraine in energy-disturbed massifs, the 
value A varies from 26800 (highly fractured massif) to 220000 (weakly 
fractured massif) with horizontal when the massif is exposed and from 
75000 (highly fractured massif) to 1060000 (weakly fractured massif)  
when hanging wall rocks are exposed);   is the bending strength 
of the fill, t/m2;   thickness of the lower monolithic layer of the fill (in 
calculations it was assumed    filling density, t/m3;   
safety factor (in calculations it is assumed  = 3);   coefficients of 
adhesion between the backfill and ore, t/m2;   angle of internal friction 
(in calculations it was assumed  = 320). 

For the safety of mining operations in the zone of influence 
of the voids of the spent chambers, the following is performed: 

 forecast of the stressed-strained state (STS) of the 
mountain massif and assessment of the conditions for the 
dynamic manifestation of mountain pressure; 

 organisation of the system of geomechanical monitoring 
of the VAT of the mountain massif and the stability of open 
chambers; 

 equipping mines with equipment and devices for safe 
operation of mines; 

 training of mine staff for monitoring and control of VAT 
of the mountain massif. 

The economic block of the analytical model takes into 
account the costs of protecting the population (including costs 
of environmental protection, rehabilitation of polluted and 
disturbed areas, human health, etc.) living in the zone of 
influence of mountain objects: 

 
    (17) 

 
where  is profit from obtaining final products from metal-
containing ores, money. unit;    total extracted value of final 
products from metal-bearing ores, UAH. unit;   total costs 
of mining and obtaining final products, money. unit;   total 
damages (economic consequences) caused ( ) to the 
environment or preventing its pollution (+) taking into account 
the costs of protecting the population living in the zone of 
influence of mining enterprises ( ), gros. unit;  is the cost and 
profit discount factor in time t of the application of the evaluated 
technology, fractions of units. 

A distinctive feature of the proposed model is the accounting 
of costs for the protection of the population living in the zone of 
influence of mining enterprises. Taking into account the national 
importance of the extraction of uranium raw materials, the 
government of Ukraine adopted a number of special resolutions 
aimed at strengthening radiation and social protection of the 
population with a total budget funding of over UAH 200 million. 
The main scientific and practical results of the mentioned 
accounting are most fully explained on the example of the city 
of Zhovti Vody, Ukraine (Serdyuk et al., 2011;      Dudar, 2023). 

In our opinion, the following new scientific and 
methodological provisions deserve attention: 

It has been shown that when the crushed material is 
exposed to shock pulses with amplitudes greater than 250 and 
durations less than 0.01 s, the walls of cracks contained in 
particles can be considered as thin homogeneous plates with 
elastic and dissipative properties, while the crack wall motion is 
described by the Lagrange equation of the second kind for a 
system with one degree of freedom. 

It has been established that the use of the developed UVT 
design allows: to reduce the energy intensity of transportation to 
0.25 0.30 kW h per 1 m3 of mixture; to increase the length of 
the pipeline section to 150 200 m, productivity by 1.8 2.0 times, 
and the strength of the artificial massif by 20 25%; to ensure 
reliable delivery of mixtures with a standard cone slump of 10
13 cm, containing 0.10 0.35 dispersed particles by weight and 
having a solid concentration of K = 0.80 0.85, over a distance 
20 times greater than the filling height of the vertical column. 

It was determined that the rational solid concentration in 
the hardening filling mixture is 0.80 0.85, vibratory gravity 
transport eliminates stratification of the mixture during its 
transportation, and allows to increase the strength of the artificial 
massif by 20 25%. It is substantiated that a decrease in the 
frequency of forced oscillations of motor-vibrators with a 
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increase in the length of the section served by one (pair of) 
vibration exciter (an increase from 150 to 200 m with a decrease 
in frequency from 150 to 100 rad/s). The efficiency of the impact 
of elliptical oscillations of the pipeline on reducing the resistance 
to movement of the hardening backfill mixture with an increase 
in the maximum length of the horizontal section of the pipeline 
compared to gravity transport is noted. The optimal size of the 
waste is established taking into account the costs of crushing, 
pipeline transport, and the density of their placement in the 
spent chambers and it is within 25-35 mm. To stabilise the 
strength of hardening backfill mixtures on a slag binder, the 
authors determined the optimal fineness of its grinding, which 
for the conditions under consideration is 50 - 60%, containing 
particles with a size of 0.074 mm. 
 
 
Conclusions 
 

Mathematical and physical modeling was performed, and 
the parameters of the installation of vibratory gravity transport 
(VGT) of hardening backfill mixtures were calculated. Taking 
into account the obtained dependencies, the following were 
determined, performed in the order given below: the frequency 
and minimum amplitude of forced oscillations of the pipeline; the 
diameter of the pipeline and specific pressure losses; the 
delivery range; the length of the section and their number; the 
parameters of the elastic element of the support; their number; 
the magnitude of the forcing force of the vibration exciter; and 
the power of the drive (motor-vibrator).  

Vibratory transport units are recommended to increase the 
activity of solid components (binder and inert filler) of the 
hardening backfill mixture. It is shown that when using sand-slag 
hardening backfill mixture, the rational slag consumption is 
about 400 kg/m3. When using crushed rock additives, slag 
consumption can be reduced to 300 kg/m3, and taking into 
account the use of GMZ tailings  to 200 kg/m3. The use of UVT 
increases the activity of solid components of the hardening 
backfill mixture by 10-15% and ensures the supply of the backfill 
mixture to a distance 15-20 times greater than the height of the 
vertical stack. In accordance with the calculation method, UVT 
was created and introduced into production at JSC Tselinny 
Mining and Chemical Plant, Northern Kazakhstan.  

A new set of technical means is proposed for activating a 
binder (granulated blast furnace slag), inert fillers (screening 
product of substandard materials) and mixing water in the 
manufacture and transportation of hardening backfill mixtures. 
The use of vibration, mechanical and electrical activation of the 
components of the hardening backfill mixture at mining 
enterprises leads to an increase in the activity of substandard 
materials by up to 10 40% for each device. In particular, 
enrichment of inert materials on the GV-1.2/3.2 vibrating screen 
(Ukraine) increases the activity by 15 20%. Activation of binders 
(granulated blast furnace slag) in the MVV-0.7 vertical vibrating 
mill (Ukraine) and the DU-65 disintegrator (Dezintegrator, 
Estonia) increases the activity of the binder by 20 25%, with the 
output of the active class of fractions with a size of 0.074 mm  
by 55% versus 40% in ball mills. 

It is proposed to continue prospective research and provide 
funds (at the expense of enterprises, local and central 
government bodies) for conducting scientific substantiation and 
developing preventive measures to minimise the negative 
consequences on human health from exposure to heavy metals 
and environmental protection, taking into account the 

characteristics of their combined impact on the population and 
workers in the mining and metallurgical industry. 
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COMPLEX POLYMETALLIC ORE BENEFICIATION INVESTIGATION  

 
 Georgi Merazchiev1  ,  Natasha Troshanova1, Nikolay Nestorov2  

 
1GEOTECHCOPPER LTD, Bulgaria, Sofia 

2DIAL LTD, Bulgaria, Sofia-Buhovo, 1830, office@dial-ltd.com 
 

ABSTRACT. The report presents the results obtained when determining the beneficiation of an ore sample from a vein quartz-polymetallic deposit of ours. The 
material composition of the ore from the technological sample was studied through chemical, phase and mineralogical analyses. The quantity of the main beneficial 
components  Pb, Zn, Mo, Au, and Ag  was determined and their mineral carriers, as well as the relationships between them, were established. The grinding of the 
ore (class  0.08 mm) depending on the duration of the operation was determined. Given the complex nature of the ore and the relatively low contents of the useful 
components in it, , a collective scheme of flotation was adopted as the most suitable for flotation testing with subsequent selective operations for extracting the useful 
components in individual products. The technological parameters of flotation were determined by open-cycle experiments. Technological indicators of the flotation 
process in the collective cycle have been achieved with closed-cycle experiments. Due to the high recovery of the valuable components, it was not necessary to carry 
out gravity extraction of gold and silver from the ore or from the tailings of collective flotation. Further separation of the collective concentrate goes through several 
successive cycles: Molybdenum flotation; Pyrite flotation; Lead flotation; Zinc flotation. Recommendations are made for further development of flotation research on 
the various types of ore from the deposit. 

 
Key words: gold, silver, molybdenum, flotation, laboratory. 
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PECULIARITES OF THE MAJOR GENETIC TYPES  

OF ECONOMICALLY IMPORTANT LEAD AND ZINC DEPOSITS 
 

Mihail Petrov  
 

, 1700 Sofia; E-mail: misho_mgu@abv.bg 
 

ABSTRACT. Lead and zinc deposits have a complex nature and are the main source of the metals Pb and Zn, as well as of valuable accompanying components, 
such as Cu, Ag, Au, Cd, In, Sn, Sb, Bi, Se, Te, etc. Depending on the genetic type, the deposits differ significantly in size, ore bodies morphology, ore mineral and 
metal content, trace element type and concentrations, etc. This article focuses on the main characteristics and worldwide distribution of the major genetic types of 
sulphide and non-sulphide Pb-Zn deposits  sediment-hosted deposits: sedimentary exhalative (SEDEX) and Mississippi type (MVT); volcanogenic massive sulphide 
deposits (MVS); skarns; vein type hydrothermal deposits and non-sulphide Zn-Pb deposits: supergene and hypogene. 
 
Key words: Pb-Zn deposits, genetic types, distribution 
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INCREASING THE EFFICIENCY OF PB-ZN ORE COMMINUTION BY OPTIMISING THE 

CRUSHING PROCESS 
 

Mihail Petrov, Teodora Yankova, Irena Grigorova 
 

, 1700 Sofia; E-mail: misho_mgu@abv.bg 
 

ABSTRACT. Ore comminution is important for high-grade concentrates production and has a significant impact on the production costs of beneficiation plants, due to 
the high electricity consumption in the crushing and grinding processes. This paper examines the implementation results of a new two-stage ore crushing and 
screening circuit which replaces the three-stage crushing circuit with outdated equipment in a concentrator. The new two-stage crushing circuit includes modern high-
performance equipment with low energy consumption: a Nordberg C116 jaw crusher  for coarse crushing, a Nordberg GP 220 cone crusher  for fine crushing, and 
a Nordberg TS 4.2 screening machine. Optimising the crushing technological mode in the mineral processing plant results in an increased production capacity and 
efficiency of the downstream processes along the chain: grinding and flotation, and a lower cost of the produced concentrates. 
 
Key words: ore comminution, crushing circuit, optimisation. 
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STRUCTURAL ANALYSIS OF ORIENTED DRILL CORE DATA BY A STEREOGRAPHIC 

METHOD FOR UNDERGROUND MINING PURPOSES 
 

Dian Strahilov 
 

-mail: d.strahilov@mgu.bg 
 

ABSTRACT. Before starting the progress of any underground works, it is of utmost importance to reliably assess the characteristics of the massif, namely the 
lithological varieties, the strength of the rocks, hydrogeological conditions, the nature of the discontinued structures, etc. An essential part of this assessment is the 
study of the discontinuities because, depending on their character and orientation in space in relation to the future mine working, they could pose a direct risk to 
human life and health and be a significant complication for the work progress. In the current work, this problem is solved by collecting information via a directional 
drillhole and processing the information by a stereographic method that combines data obtained from surface observations. The data were obtained from an inclined 
borehole that followed the future capital mine working using the method of measuring auxiliary angles in an oriented core (e.g. Marjoribanks, 2010) and were 
subsequently processed with the GEOrient software freely available on the Internet. The decline will be used as the main mine opening. The mine working is an 
inclined shaft that will act as a capital work (with a long working life) in an underground mine. 

 
Key words: Structural analysis, oriented core, inclined mine workings, stereographic projection. 
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ADVANCED OPTIMISATION STRATEGIES FOR ROAD CONSTRUCTION IN OPEN PITS: 

AN APPROACH FOCUSING ON GEOTECHNICAL STABILITY 
 

Danail Terziyski, Simeon Asenovski, Ivaylo Koprev 
 

-mail: d.terziyski@mgu.bg 
 

Abstract. The construction and maintenance of mine roads are critical to ensuring the efficiency, safety, and cost-effectiveness of mining operations. This paper 
presents an advanced mathematical framework that integrates effective stress principles, dynamic loading conditions, soil anisotropy, non-linear behavior, and time-
dependent changes to provide a comprehensive assessment of soil stability during the construction of these facilities. 
By combining effective stress with the Mohr-Coulomb failure criterion, the framework accounts for both inherent soil properties and the influence of pore water pressure, 
leading to more precise shear strength calculations. The Modified Cam Clay model addresses soil anisotropy and nonlinear behavior, enhancing the prediction accuracy 
of soil responses under different loading conditions. Incorporating a dynamic factor (Df) allows for realistic assessments of stress due to heavy machinery, improving 
the evaluation of long-term stability and safety.  
 
Key words. Mine roads construction, Efficiency and safety, Non-linear behavior 
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Introduction 
 

Open mine road construction is a crucial element in the 
mining industry, playing a pivotal role in ensuring the efficient 
and safe transportation of heavy machinery, personnel, and 
extracted materials. The quality and durability of these roads 
directly impact operational efficiency, safety standards, and 
overall productivity. As mining operations continue to expand, 
there is a pressing need to develop and implement advanced 
optimisation strategies that can enhance the construction and 
maintenance of this essential infrastructure. This paper focuses 
on a single strategy: comprehensive geotechnical stability 
analysis, presenting new mathematical models to support this 
approach. 

The geotechnical stability of open mine roads involves 
understanding and managing the complex interactions between 
soil and rock properties, loading conditions, and environmental 
factors. Traditional approaches to geotechnical analysis have 
relied on empirical methods and basic theoretical models, such 
as the effective stress principle and the Mohr-Coulomb failure 
criterion. While these methods provide a foundation, they often 
fall short in addressing the dynamic and time-dependent 
behaviours encountered in real-world mining scenarios. 

To address these challenges, we propose an enhanced 
mathematical framework that integrates several advanced 
concepts: 

1. Dynamic Loading Conditions: Mining operations involve 
significant dynamic loads from heavy machinery and 
equipment. Traditional static models do not adequately 
account for these effects. By incorporating a dynamic load 

factor (Df), we can better predict the stresses and potential 
failure modes under operational conditions. 

2. Soil Anisotropy and Nonlinear Behavior: Soils often exhibit 
anisotropic and non-linear behaviour, particularly under 
varying load conditions. Using advanced models, such as 
the Modified Cam Clay model, allows us to capture these 
complex behaviors more accurately. 

3. Time-Dependent Behaviour (Creep and Consolidation): 
Soil properties and stability can change over time due to 
consolidation and creep. Traditional models often ignore 
these effects, leading to inaccurate long-term predictions. 
Our framework includes equations for primary 
consolidation and secondary creep, providing a more 
comprehensive analysis of long-term stability. 

4. Integration of Effective Stress and Dynamic Factors: By 
combining the effective stress principle with dynamic 
loading conditions, we create a more robust model for 
evaluating the stability of mine roads. This integrated 
approach allows for more accurate predictions of failure 
under both static and dynamic conditions. 

 
The novelty of this approach lies in its comprehensive 

integration of these advanced concepts into a single 
mathematical framework tailored specifically for open mine road 
construction. By leveraging numerical simulations and finite 
element methods (FEM), we can simulate stress distributions 
and deformations under various conditions, providing more 
reliable and actionable insights for road design and 
maintenance. 
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Comprehensive Geotechnical Stability Analysis  

 
A detailed site investigation is crucial to understanding the 

geotechnical properties of the soil and rock in the mining area. 
This involves the following: 

Geotechnical investigations begin with conducting surveys 
and sampling to collect data on soil composition, rock 
properties, and groundwater conditions. This information forms 
the foundation of any geotechnical analysis and is critical for 
understanding the site-specific challenges that might affect road 
stability. The next step involves performing laboratory tests to 
determine essential soil parameters such as cohesion (c), 
internal friction angle ( ), and unit weight ( ). These parameters 
are crucial for assessing the shear strength and compressibility 
of the soil. Additionally, field tests, like Standard Penetration 
Tests (SPT) and Cone Penetration Tests (CPT), are employed 
to obtain in-situ soil strength parameters, providing a more 
accurate representation of the soil's behavior under actual field 
conditions. 

To evaluate the stability of open mine roads, we use 
established mathematical models that incorporate effective 
stress, dynamic loading conditions, soil anisotropy, non-linear 
behaviour, and time-dependent changes. 

 
Effective Stress Principle:  
 

The effective stress principle is fundamental in soil 
mechanics and plays a vital role in determining soil strength. The 
effective stress ( between total 
stress ( ) and pore water pressure (u) (Lade & Boer, 1997): 

 
    (1) 

 

deformation and failure is directly influenced by the pore water 
pressure. Higher pore water pressures can reduce the effective 
stress, leading to potential instability. 

 
Mohr-Coulomb Failure Criterion: 
 

 The Mohr-Coulomb failure criterion is used to describe the 
failure condition of soils under shear stress. It combines the 
effects of cohesion and internal friction angle to define the shear 

 (Heyman, 1972; Labuz and Zang, 2012): 
 

           (2) 
 

Anisotropy and Non-Linear Soil Behaviour:  
Soils often exhibit anisotropic and non-linear behaviour, 

particularly under varying load conditions. The Modified Cam 
Clay model is an advanced soil model that accounts for this 
complex behaviour. The yield function for this model is given by 
Foriero et al. (2015): 

 
                          (3) 

where: 
 q is Deviatoric stress,  
M - Slope of the critical state line,  
p - Mean effective stress,  
pc - Preconsolidation pressure.  

This equation provides a more accurate representation of 
considering 

both anisotropic and non-linear properties. 
 

Dynamic Loading Conditions: 
 
In mining operations, roads are subjected to dynamic loads 

from heavy machinery. These dynamic loads can significantly 
impact the stress distribution within the soil. To account for this, 
a dynamic factor (Df) is introduced into the stress calculations 
(Kansake et al., 2023):  

 
                                    (4) 

 
where  is the dynamic stress.  

The dynamic Factor of Safety (FoS) can then be expressed 
as: 

 
                            (5) 

 
This equation helps in assessing the stability of the road 

under operational conditions by incorporating the effects of 
dynamic loading. 

 
Time-Dependent Behaviour (Creep and Consolidation):  

 
Soil properties and stability can change over time due to 

consolidation and creep. This time-dependent behaviour is 
crucial for long-term stability analysis. 

 
Primary Consolidation:  

 
The settlement due to primary consolidation is given by: 
 

                               (6) 
 

where: 
 is settlement due to consolidation,  

H - Thickness of the compressible layer,  
 - Change in effective stress, 

 is consolidation modulus. 
 

Secondary Creep:  
 

The strain due to secondary creep is given by: 
 

                               (7) 
 

where: 
 is Creep strain, 

  - Creep coefficient, 
  - Time, 
  is reference time.  
 
These equations provide a framework for predicting long-

term changes in soil properties and their impact on road stability. 
 
 

Conclusion 
 

This paper presents a mathematical framework for the 
geotechnical stability analysis of open mine roads by integrating 
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effective stress principles, dynamic loading conditions, soil 
anisotropy, non-linear behaviour, and time-dependent changes.  

The effective stress principle, combined with the Mohr-
Coulomb failure criterion, allows for precise calculations of shear 
strength, accounting for variations in pore water pressure. The 
Modified Cam Clay model addresses the limitations of traditional 
isotropic assumptions by considering the anisotropic and non-
linear behavior of soils. This leads to more accurate predictions 
of soil response under different loading conditions and better 
identification of potential failure mechanisms. 

Incorporating dynamic loading conditions through a dynamic 
factor (Df) provides a realistic assessment of stresses from 
heavy machinery operations. The dynamic Factor of Safety 
(FoS) model enhances the prediction of failures under 
operational conditions. Additionally, modeling time-dependent 
behaviour, such as primary consolidation and secondary creep, 
offers a framework for evaluating long-term changes in soil 
properties and their impact on road stability.  

The proposed framework marks an improvement over 
traditional methods by offering a detailed and accurate 
understanding of soil behaviour. This leads to safer and more 
efficient designs for open mine roads, enhancing operational 
efficiency and safety. Future research can refine these models 
further and explore new factors that may impact soil stability, 

ensuring continued advancements in the field of geotechnical 
engineering for mining operations. 
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ON STRESSES AROUND A TUNNEL PASSING THROUGH TWO ROCK LAYERS 
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ABSTRACT: The article deals with the issue of determining the stresses around a circular tunnel. It passes through two rock layers. Each of them has an arbitrarily 
located plane of isotropy. The boundary plane between them is inclined to the axis of the tunnel. Furthermore, the plane is parallel to the horizontal axis of the circular 
cross-section of the tunnel. The specified class of tasks is solved with the complex potential theory and an approach from the mechanics of layered media. The 
expressions for the stresses in the two layers have been derived.  
The results are applied to a real rock mass consisting of two transversely isotropic layers. The stresses at points of the circular section of the tunnel in the two layers 
were obtained. Two tangential normal stress diagrams are given.  
 
Key words: complex potential theory, mechanics of layered media, tunnel. 
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Introduction 
 

In general, the earth mass is an environment consisting of 
different layers. Each of them has different physical and 
technical properties. They are different in the layering plane and 
in a direction perpendicular to it. The stresses in the vicinity of a 
tunnel driven into the rock mass are determined by the methods 
of mechanics of layered media and the complex potential theory 
(Mishkelishvili, 1953; Lu et al., 2024).  

Solutions to problems in which the boundary planes 
between layers are parallel to the tunnel axis are described in 
(Tifonova-Genova et al., 2023). These tasks are of two types. 
The first type covers tasks in which the rock mass consists of 
thin and parallel layers. In the second type of task, the layers 
around the tunnel are steep and thick. In the article cited above, 
a method for determining the stresses in a rock mass consisting 
of two isotropic layers is proposed. The boundary plane between 
them is inclined to the axis of the tunnel and parallel to the 
horizontal axis of its cross section.  

The present work aims to extend the method described 
above. Each layer has a plane of isotropy arbitrarily located 
relative to the boundary plane. 
 
 
Methods 
 
1. Formulation of the problem 

A horizontal circular tunnel with a radius R  is driven at a 
great depth H . It goes through two layers.  

Part of the rock massif around the tunnel is considered, 
which has the shape of a cube (Fig.1). The stresses on the walls 
of the cube are equal to the stresses in the undisturbed rock 
mass. The boundary plane between the layers is inclined to the 

axis of the tunnel. Moreover, it is parallel to the horizontal axis 
of the tunnel cross-section. This plane divides the cube into two 
parts. Each part has a plane of isotropy that is randomly located 
relative to the sides of the cube. 
 
2. Method for determination of stresses 

The following three-stage approach is used to determine the 
stresses in each layer: 

During the first stage, layers with different characteristics in 
the plane of isotropy and in a direction perpendicular to it are 
replaced by layers that are isotropic.  

 

 
 

Fig. 1. A tunnel passing through two layers 
 

The mechanical characteristics of these layers are 
determined in two ways. According to the first way (Kurleniya et 
al., 1983), these characteristics are: 

  



7/2024 7/2024 

88 

3
211

mmmm EEEE ; 3
211

mmmm .  (1) 
 
Here m

1   m
1  is Poison s ratio in 

the plane of isotropy by layer m (m=1,2). In a plane 
perpendicular to this plane the characteristics are m
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m

2 . 
The second way to determine the mechanical 

characteristics in isotropic layers is given in (Marino et al., 1972):  
 

1

21

11

2

1
mm

m

EE
E ; mm

1 .  (2)  

 
These formulae are applied for a specific rock mass in (Tonon 
et al., 2003).  

In the second stage, the isotropic layers are replaced by an 
equivalent uniform homogeneous isotropic layer. It has the 
following characteristics rifonova-Genova, 1991): 
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The characteristics involved in these expressions are  
for layer m : m -  volumetric weight; 

m  - : 
m  - ; 

in the uniform medium: o  - volumetric weight; 

      - ; 
     - ; 

    o - side pressure coefficient. 
In dependencies (3), the volumes of the layers are 

determined by the following expression:  
 

2

21
72 rllV mm

m ; 21m .  (4) 
 

To determine the stresses in the uniform layer, the 
calculation scheme is drawn up. It is a square with a side R12  
(Fig. 2). The vertical load on the square is HQ o , but 

Qo  is the horizontal load. The stresses in the medium are 
plotted in a polar coordinate system (Or ). Angle  is 
measured from axis z  to axis x . The radius vector of a point 
from the center is r .  

 

 
 

 
 

Fig. 2. Calculation scheme 
 

In the third stage, the uniform isotropic medium is replaced 
by a layered medium. The stresses in each layer are determined 
by two conditions. The first condition describes the balance of 
forces, and the second equalises the relative deformations of 
the contact between the two layers. This results in a system of 
four equations (Trifonova-Genova et al., 2023). Along the 
contour of the opening, this system acquires the form: 
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From the solution of (5), the stresses in the two layers are 
obtained: 

 
oVe21 ; oVe12 ,  (6) 

 
where 
 

1221 eVeV . 
 
The tangential normal stresses in the generalised isotropic 

medium have the form: 
 

2cos2,1,Qo ,   (7) 
 
where 
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3. Numerical example 

A tunnel with a circular cross-section ( mR 5,1 ) crosses 
two transversely isotropic layers (Fig. 1). It was driven to a depth 
of mH 300 . The   
in the layers are given in table 1.  
 

Table 1. Characteristics of transversely isotropic layers 
m m

1  m
2  m

1
 m

2
 

multiplier 103 103   
unit MPa MPa   
1 0.17 0.113 0.1091 0.2834 
2 0.8601 0.2867 0.1623 0.502 

 
Characteristics of the uniform isotropic layers according to 

(1) and characteristics of the uniform medium according to (3) 
were calculated. These parameters and bulk weights are listed 
in Table 2.   
 

Table 2. Characteristics of uniform layers and uniform media 
m m  m  m  

multiplier 103  10-2 
unit MPa  MN/m3 

1 0.148 0.15 0.28 
2 0.595 0.237 0.25 

 0.416 0.202 0.262 
 

The dimensions of the layers are given in Table 3. 
 

Table 3. Layer sizes 
i  

1
l  2l  

multiplier   
Unit  m m 

1 5.4 9.0 
2 12.6 9.0 

 
The normal tangential stresses in two layers, 1  and 
2 , are determined according to (6). The diagrams of these 

stresses are symmetrical around the vertical and horizontal axis 
of the circular cross-section of the tunnel. The results are 
referred to the stress in the undisturbed mediumQ . These 
stresses are calculated for seven first quadrant points and are 
listed in Table 4.  

Figure 3 shows the normal tangential stress diagrams 
around the hole. Number 1 indicates the stresses diagram in 
layer 1, and number 2 - those in layer 2. 

From the graphs obtained, the maximum difference between 
the stresses in the layers can be seen. For points on the 
horizontal axis, this difference is 2.955 or 3, and for points on 
the vertical axis, it is 0.143. This is related to the larger values 
of the modulus of linear deformation in the second layer 

the layers in the plane of isotropy is 5.06, and in the direction 
perpendicular to it, it is 2.54. 

 
Table 4. Normal tangential stresses in layers 

n  Q/1  Q/2  
1 0 0.0452 0.1881 
2 15 -0.0205 -0.0854 
3 30 -0.1999 -0.8324 
4 45 -0.4450 -1.8528 
5 60 -0.6901 -2.8733 
6 75 -0.8695 -3.6202 
7 90 -0.9352 -3.8937 

 
 

 
 
Fig. 3. Diagrams of normal tangential stresses for layers 1 and 2 

 
4. Key findings 

The approach described in the work is applied to rock mass 
with randomly located planes of isotropy relative to the boundary 
plane. The method is easy to apply and requires the use of 
popular computing tools such as spreadsheets (Harvey, 2018). 

The analytical expressions for the stresses in each layer (6) 
are applied when the ratio of Young's moduli in the layers is less 
than or equal to 2. For a ratio greater than 2, it is recommended 
to use the finite element numerical method . 
The task is spatial and a tetrahedral element is used.  

This method is recommended to be used by engineers in 
pre-project design.  
 
 
Conclusion 
 

The research carried out can be extended in the following 
directions: 

1. The method for determining the stresses in an array 
consisting of two layers can be generalised for more layers 

2. The solution for the described class of problems can be 
applied to layers with time-varying deformations.  

3. This method can be applied to a tunnel with a square, 
rectangular, and non-circular cross-section passing through two 
layers. The analytical expressions for the stresses in each layer 
are expressed by the known expressions for the stresses at 
points in the vicinity of the tunnel with different cross-sections 
(Kargar et al., 2014; Lu et al., 2014; Zhao et al., 2015).  
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PORPHYRY-COPPER DEPOSITS  
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ABSTRACT. This article focuses on the results obtained from laboratory technological studies carried out for the beneficiation of mixed (sulphide-oxide) ores from a 
porphyry-copper deposit. A selective-bulk flotation flowsheet is developed and presented for the sulphide-oxide copper ores from the porphyry-copper deposit. The 
technological study results show that the utilisation of useful components is possible and copper and pyrite concentrate production is effective. Finally, conclusions 
and summaries are presented. 
 
Key words: beneficiation, sulphide-oxide ores, porphyry-copper deposits. 
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Cu 
S 

Mo 
Zn 
Pb 

 
Sb 

Fe2O3 
SiO2 
Al2O3 
CaO 
MgO 
Na2O 
K2O 
C 
Ag 
Au 

 

0.554  
1.27  

0.0029  
0.0051  
0.0005  
0.0003  

<0.0005  
2.80  

75.75  
11.78  
0.89  
0.95  
2.35  
3.55  
0.02  

<1 g/t 
<0.05 g/t 

3.16 
 

 
0.554  

 1.27 %. 

Mo  Au - g/t. 

55.40  
 

 

 
 

 

-
 

- 1   
-  

  
 

 

 
-  

 

 
 

-
-  

 

 

  
  

% 
  

    

 1.81 24.64 28.20 80.21 40.19 

 1.32 0.27 45.26 0.64 47.10 

 96.87 0.11 0.167 19.15 12.71 
 100 0.556 1.27 100 100 
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 0.21 0.65 0.45 6.52 
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 TiO2, % Fe2O3, %  % 
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ABSTRACT. The report presents a methodology for determining the compressibility factor at different hydrogen contents in gas mixtures. Based on the presented 
methodology, the change of the compressibility coefficient of gas pipeline mixtures, with different hydrogen content, under different thermobaric conditions and the 
characteristics of gas distribution networks, is determined. Attention is paid to the influence of the exact determination of the compressibility factor when considering the 
consumption of gas hydrogen mixtures by consumers, as well as to the hydraulic dimensioning of the gas distribution networks, through which the gas-hydrogen mixture 
will be transported. 
 
Key words: hydrogen, gas mixtures, compressibility factor. 
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Introduction 
 

Natural gas is a mixture of hydrocarbons of light 
components from methane to propane (Nikolov, 2007; 
Boyadjiev, 2023). With the advent of decarbonisation and low 
carbon footprint requirements, the deployment of hydrogen in 
natural gas distribution and delivery systems is increasingly 
coming. The requirements are 
for an energy transition to climate neutrality by 2050. The 
ambitious goal set by 2030 is to reduce CO2 emissions in the 
EU by 55% (Metalova, n.d.). This will reflect that in future, similar 
requirements will also be set in the Bulgarian legislation as part 
of the European legislation and as a party to the GREEN DEAL. 

The world is changing and more countries are taking action 
to implement hydrogen in their energy sector. The share of 
renewable energy sources (RES) occupies an increasing 
percentage of the total energy distribution (Alhorr et al., 2014; 
Mitkov et al., 2022). The development of new technologies and 
facilities becomes a key factor for the development of 
enterprises in the new era. Production is becoming more and 
more financially intensive and innovative (Basu et al., 2023).  

Successful implementation of technologies for the 
production of electricity and heat from solar, wind, and water 
sources is one of the factors of development (Georgiev and 
Lakov, 2011; Karadjov, 2021), with the trends of replacing 
natural gas with hydrogen fuel increasingly being imposed.  

The use of hydrogen is increasingly being introduced by the 
European institutions and short deadlines oblige companies to 
apply programs for the implementation of RES, hydrogen, and 
other technologies that reduce the release of carbon dioxide into 
the atmosphere. Hydrogen is introduced into the natural gas 
supply networks, being generated by electrolysis using green 

energy (photovoltaic, wind generators, etc.) and/or injected in 
different concentrations into the gas supply network, in different 
concentrations within the proven possibility for operation without 
change in the system and users' devices - between 5 and 20% 
depending on the system in which it is injected (
the repower EU action plan: investment needs, hydrogen 
accelerator and achieving the bio-methane targets, 2022). 

Gas supply networks in combination with hydrogen 
generated by RES are already being considered for use by 
Bulgarian energy companies or households, and such a practice 
is gaining popularity (Karadjov, Hristova (2023), 

.   
There are tendencies to increase the share of research to 

achieve improvement of the energy efficiency of gas supply 
networks by using hydrogen generated by RES and its 
application in the existing constructed network infrastructure 
(Gondal et al., 2018; The European Green Deal, 2019).  

The requirement of the European Union for the use of 
hydrogen in gas supply networks sets tasks related to the 
accounting of the passed energy, and this is directly related to 
the digital tracking of the flows of mixtures of hydrogen and 
natural gas (Directive 2009/73/EC of the European Parliament 
and of the Council of 13 July 2009 concerning common rules for 
the internal market in natural gas and repealing Directive 

; Hristov P, Hristova T, 2019).  
More and more European programs are being implemented, 

such as hydrogen deployment projects, and scientific research 
on the safety and reliability of cogeneration technology is carried 
out . That is why the 
share of hydrogen use in gas supply networks in many 
European countries through the construction of mixed 
hydrogen-gas supply systems is steadily increasing. 
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The purpose of the study is to present the variation of the 
compressibility factor devitiation from an ideal gas z factor, at 
different input data of the systems. The parameters: pressure, 
hydrogen concentration and temperature are important when 
consider the consumption of gas-hydrogen mixtures by 
consumers, as well as for the hydraulic dimensioning of the 
distribution networks. The test for compressibility factoris done 
according to the Standing-Katz method. The research done 
gives a clear idea of the changes of the compressibility 
parameter, as an important factor for the correct accounting of 
the change in the behavior of the gases from the ideal case and 
their accounting, as a flow in the networks.  

 
 

Specifics of the compressibility coefficient for 
hydrogen in gas mixtures 
 

The injection of hydrogen into networks is technically carried 
out by creating "mixed systems". They aim to improve or replace 
existing gas supply systems with ones using a mixture of 
hydrogen and natural gas. Therefore, hydrogen can feed the 
existing gas supply networks, in different concentrations, so that 
a substantial reconstruction of the networks leading to 
significant resources is not required. 

The state of gases is defined primarily by the volume, 
temperature, and pressure of the system. Accounting for the 
deviation from the state of ideal gases from real gases requires 
the determination of the dimensionless value of the coefficient 
of compressibility Z, under different thermobaric conditions. 

Here, the following equation is in force: 
 

PV=z.n.R.T,      (1) 
 

where:  
P is the pressure in Pa; 
T  temperature in  oC; 
R  universal gas constant in J/kmol.K; 
V  volume in  m3; 
Z - compressibility factor; 
n  number of molls in kmol.  
 
According to the Standing Katz diagrams, the reduced and 

critical values of the thermobaric conditions under which the gas 
is present play a role in determining the z factor. 

 
pr  ;     (2) 
pr  ;     (3) 

 
where cr and cr are pseudocritical pressure and temperature, 
in and respectively, and and are the pressure and 
the temperature in and  

 
Tcr ;    (4) 
Pcr ;    (5) 

 
For a real estimate of the coefficient of overcompressibility, 

the Standing-Katz plots give a certain accuracy of about 5% 
under certain conditions of the gas mixture as follows  12 

oC 2S and 2 < 5% mol, content of N2 ip to 10% 
mol (Nikolov, 2007). 

 

To calculate the coefficient of deviation from ideal gases, an 
approximation of the graphs can be used the Latonov-Gurevich 
dependence (Nikolov, 2007), according to the formula:  
 
z   (6) 
 

where: 
z is the compressibility factor; 

pr  brought down temperature in  
pr  brought down pressure in  

 
The composition of the gas is essential in determining the 

reduced and critical temperatures, and pressures. Therefore, 
calculations were made at different composition ratios in terms 
of the percentage of hydrogen to methane, varying from 0 to 
100%. 

The analysis of the variation of the compressibility 
coefficient, in relation to the different hydrogen content, aims to 
show indirectly what would be the variation of the volume in 
relation to the composition of the gas under the different thermo-
baric conditions. The goal is to investigate and predict the 
possible changes that occur when the content of methane in the 
mixture is changed, as well as to perform the necessary 
recalculations with a view to the accurate digital measurement 
of the flows in the networks and their main parameters. 

.  
The main problem here is the properties of hydrogen and its 

specifics. Safety makes serious demands to achieve this goal. 
From the resulting new hydrogen injection mixtures, the 
strengths of the implementation of hydrogen in gas supply and 
gas transport networks can be shown, but the weaknesses of 
the system can also be seen, which at the same time are the 
dangers that could arise. The reason is that hydrogen injection 
is related to a number of factors changing the working conditions 
of urban distribution networks where a low risk to the population 
is sought. To achieve this, it is necessary to analyse the gas-
dynamic changes resulting from changes in the system 
parameters, such as temperature, flow, and pressure, as well as 
fluid composition, due to an increase in the concentration of 
hydrogen in the network. 

 
 

Methodology for determining the coefficient of 
compressibility of gas-hydrogen mixtures 
 

Calculation of compressibility coefficients and gas law 
deviation coefficients is performed using a modified Equition  
SGERG-mod-H2 (Report PK 1-5-3 Dr. Peter Schley, 2021).  

When choosing a option in relation to the main operating 
conditions, technical parameters of the gas distribution systems 
and networks in Bulgaria, as subdivided in the Ordinance on the 
device and safe operation of transmission and distribution gas 
pipelines and natural gas facilities, installations and appliances, 
were selected according to the pressure, 

7.2004, n.d.). That is why high, medium and 
low pressure was considered, and taken as characteristics of 
the pipelines.  

Another parameter is the temperature. Natural gas in the 
country is traded under standard conditions, which means at 

 = 200 and atm = 101 325 Pa, while in Europe standard 
conditions are set at  0  
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For the compressibility coefficient, another important 
parameter is the critical pressure and temperature Pcr (Pa) and 
Tcr (K), according to formulae 4 and 5.  

The SGERG-88 equation was developed by Jaeschke et al. 
described in the international standard ISO 12213-3 "pipeline 
quality gas". For the application of hydrogen in the systems, it is 
necessary to ensure against the corrosive effects on the 
material, as with the increase in the mole fraction of hydrogen, 
the replacement of the material of the pipelines and the 
equipment to them is also required. In view of the safety of 
applying higher concentrations of hydrogen in the systems and 
providing protection against corrosion activity, the following 
measures are recommended, with up to 17% not requiring 
replacement of the types of pipes used according to the authors 
(Clegg and Mancarella, 2016):  

The limit for the hydrogen content was set at 20 mol %, as an 
acceptable content for safety reasons from the point of view of 
the immutability of the pipe material. The density is in the range 
of 

(Technical report PK 1-
5-3 Dr. Peter Schley, 2021). Therefore, the calculations 
performed are based on hydrogen percentage, pressure, and 
temperature. 

The flowchart of the methodology for determining the 
coefficient of compressibility factor of gas-hydrogen mixtures is 
shown in Figure 1. 

 

 
 

Fig. 1. Flowchart for calculating the coefficient of the 
compressibility factor 

 
 
Results 
 
The results obtained from the calculations at pressures of 

50, 10, and 5 bar for the five options at different temperatures 
20 0  0 , and 0 0  and content in the gas of 2 2=5%, 

2 2=15%, and 2=20%, are given in Table 1 below. In 
view of the fact that gas distribution and supply networks of high 
density polyethylene exhibits activity in relation to the 
concentration of hydrogen in the H2G mix, there is no major 
corrosion hazard within up to 20% presence of hydrogen in the 
system. Rather, in networks, the risk is of diffusion, migration, 

and leakage of gas into the atmosphere (Gondal, 2019; Gondal 
et al., 2018).  

 
Table 1. Change in the coefficient of compressibility 
 

Option % % bar 
0C 

Z 
0C 

Z 
0C 

Z 
I ~100 ~0  50 0,9117 0,9055 0,8835 
   10 0,9817 0,9806 0,9765 
   5 0,9909 0,9903 0,9880 
II ~95 ~5 50 0,9228 0,9172 0,8976 
   10 0,9838 0,9827 0,9790 
   5 0,9919 0,9913 0,9895 
III ~90 ~10 50 0,9332 0,9282 0,9108 
   10 0,9858 0,9848 0,9814 
   5 0,9929 0,9924 0,9907 
IV ~85 ~15 50 0,94295 0,9385 0,9231 
   10 0,9877 0,9868 0,9838 
   5 0,9938 0,9934 0,9918 
V ~80 ~20 50 0,95205 0,9481 0,9345 
   10 0,9895 0,9887 0,9860 
   5 0,9947 0,9943 0,9929 

 
Figure 2 shows the variation of the coefficient of 

compressibility factor for option I, at pressure from 5 to 50 bar 
and temperature from 0 0 t 0  Correlation dependences 
have been derived for express stepwise determination of the 
coefficient of compressibility factor in the analysed thermobaric 
range, with content of 100% of methane in the gas. 

 

 
 

Fig. 2. Variation of the coefficient of compressibility for option I 
 

Figure 3 shows the variation of the coefficient of 
compressibility factor z for option II, at pressure from 5 to 50 bar 
and temperature from 0 0 to 20 0 Correlation dependences 
have been derived for express stepwise determination of the 
compressibility coefficient in the analysed thermobaric range, 
with a content of 95% of methane and 5% of hydrogen in the 
gas mixture. 

 

Z 20 = 2E-06.P2 - 0,0019. P + 1,0002

Z 15 = 1E-06. P2 - 0,002. P+ 1,0001

Z 0 = -6E-07. P2 - 0,0023. P + 0,9995
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Fig. 3. Variation of the coefficient of compressibility for option II 
 

Figure 4 shows the variation of the coefficient of 
compressibility factor for option III, at pressure from 5 to 50 bar 
and temperature from 0 0 t 0 Correlation dependences 
have been derived for express stepwise determination of the 
coefficient of compressibility factor z in the analysed 
thermobaric range when the gas mixture contains 90% of 
methane and 10% of hydrogen. 
 

 
 

Fig. 4. Variation of the compressibility factor for option III 
 
Figure 5 shows the variation of the coefficient of 

compressibility factor for option IV at pressure from 5 to 50 bar 
and temperature from 0 0 t 0 Correlation dependences 
have been derived to express stepwise determination of the 
compressibility coefficient in the analysed thermobaric range 
with a content of 85% of methane and 15% of hydrogen in the 
gas mixture. 
Figure 6 shows the variation of the coefficient of compressibility 
for option V at pressure from 5 to 50 bar and temperature from 
0 0C to 20 0C. Correlation dependences have been derived for 
express stepwise determination of the compressibility coefficient 
in the analysed thermobaric range with a content of 80% of 
methane and 20% of hydrogen in the gas mixture. 

 
 

 
 

Fig. 5. Variation of the coefficient of compressibility factor for 
option IV 

 

 
 

Fig. 6. Variation of the coefficient of compressibility factor for 
option V 

 
 
Conclusions  
 

From the calculations made according to the presented 
methodology, it was established that the coefficient of the 
compressibility factor for a gas-hydrogen mixture in the 
analysed thermobaric range and with a hydrogen content of 5 to 
15% hydrogen in the gas-hydrogen mixture changes 
significantly. 

In the developed methodology, the use of the GERG-2008 
equation for calculating the coefficient of compressibility for a 
gas-hydrogen mixture, %; and 

 
The derived correlation dependences to express step-by-

step determination of the coefficient of the compressibility factor 
in the analysed thermobaric range at a hydrogen content of 5 to 
15% in a gas-hydrogen mixture are applicable when considering 
the consumption of gas-hydrogen mixtures by consumers, as 
well as for the hydraulic dimensioning of gas distribution 
networks. 
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COMMISSIONING, AND MAINTENANCE OF BUILDING GAS INSTALLATIONS FOR 

NATURAL GAS AND PROPOSALS FOR THEIR UPDATING 
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ABSTRACT: The article analyses the main standards in force in the field of natural gas supply to public, administrative, and household consumers and related 
activities for designing, construction, commissioning, and maintenance of building gas systems and proposals for update. The European practice in this sector has 
been studied. The necessary administrative approaches and changes in the current legislation are proposed for a clearer regulation of the described activities to 
ensure the reliability and safe operation of building gas installations. 
 
Key words: natural gas, government regulations, standards, technical supervision, high-risk equipment 
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RESEARCH AND EXPERIMENTAL DETERMINATION OF THE OXYGEN  

MASS TRANSFER COEFFICIENT KLA OF A NEW TYPE  
OF STIRRING DEVICE WITH A PLANETARY MECHANISM 

 
Evgeni Kraychev, Sotir Plochev, Anatoliy Angelov, Svetlozar Grozdanov 

 
-mail: evgeni.kraychev@mgu.bg 

 
ABSTRACT. The article presents the results regarding a research work and the experimental determining of the coefficient of mass transfer of oxygen KLa, for a new 
type of stirring device with a planetary mechanism. The stirring device is implemented in a laboratory reactor with a horizontal copper coil and a construction representing 
a planetary mechanism on which three energy-saving stirring KS 3.1 PM devices are mounted. Three different stirring and aeration modes were studied in a bioreactor 
for deep cultivation of aerobic microorganisms. The results obtained for the KLa value showed the highest values under combined aeration. The application of the 
studied stirrer is expected to be in the field of wastewater treatment and in aerobic bioreactors for the biotechnology industry. 
 
Keywords: Oxygen mass transfer coefficient, bioreactor, stirring planetary mechanism, combined aeration. 
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Introduction 
 

One of the main factors for the successful operation of gas-
liquid reactors is mass transfer in the gas-liquid system, which 
in turn depends on the hydrodynamic picture in the reactors, the 
mixing of phases, and the physicochemical properties of the 
medium. Determining the volumetric coefficient KLa in gas-liquid 
bioreactors is essential in order to establish the efficiency of 
aeration and to assess the influence of operating parameters on 

 
A major challenge is to develop a model that accurately 

describes the physical nature of mixing in two-phase reactors, 
takes into account the influence of multiple parameters, and is 
consistent with a wide range of experimental data. The contact 
between the two phases (liquid and gas) in the bioreactor 
primarily depends on its type, the stirring speed, and the gas 
bubble formation. Additionally, a third phase (solid particles) can 
be added, forming various suspensions that are stirred and, in 
some cases, form emulsions, depending on the solubility of the 
solid phase in different fluids. 

The stirring is carried out by an agitator, which is an 
improved model of an energy-saving blade agitator with radial, 
axial, and tangential movements during mixing. 

The mixing process is carried out by an innovative stirring 
device, which consists of a planetary mechanism mounted in an 
aluminium housing with three working elements. The three 
propeller stirrers also have a specific geometry and 
simultaneously perform rotational movement around their own 
axis and along an external gear ring (Fig. 1). In this way, radial, 
axial, and tangential velocity components are superimposed 

(Kraychev, 2023). Due to the special shape of the blades, the 
stirred medium is attacked with the so-called "cutting edge". 

 

 
 

Fig. 1. Picture of the new stirring device with three working 
bodies. 

 
Experimental studies and test results regarding the 

hydrodynamic characteristics of the KS 3.1 PM device have 
been compared with classic stirrers, such as the six-blade 
Rushton turbine, the Interprop, Intermig, Eleron-1 and 2, and 
NRE-KM (Kraychev, 2014). 
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Typically, the rate of oxygen mass transfer occurs across 
the entire contact surface and relates to the working volume of 
the bioreactor. The driving force of this process is the difference 
between the equilibrium concentration and the current 
concentration of oxygen in the liquid phase: 

 

*L
L L L

dC k a C C
dt

    (1) 

 
The proportionality coefficient kLa is called the volumetric 

mass transfer coefficient of oxygen and plays a significant role 
in aerobic processes, where C* and CL are the equilibrium and 
current oxygen concentrations, respectively. Several authors 
(Law et al., 2004; Vandu & Krishna, 2004) highlight the so-called 
"start-up dynamic method" as one of the most effective for 
determining KLa. 

The main objective of the current study is to determine 
the influence on the value of the oxygen mass transfer 
coefficient (KLa) under different aeration and mixing conditions 
using a new type of propeller stirrer with a planetary mechanism. 
 
Materials and methods 
 

To achieve the objectives, the experiments were conducted 
in a laboratory installation (Fig. 1) including a laboratory semi-

industrial reactor (1) with a volume of VR=14.3 dm3, made of 
plexiglass for better visualisation of the processes. The internal 
diameter of the reactor is 260 mm. It is standardly equipped with 
four baffle plates (deflectors) and a horizontally coiled copper 
coil with a length of Lcoil = 7.94 m. The baffles serve to avoid the 
"funnel effect" (liquid vortex), and a sparger is installed at the 
bottom of the reactor to saturate the medium with oxygen using 
an air pump (3) with a maximum flow rate of 3.5 dm3/60s. 

To determine the volumetric mass transfer coefficient KLa in 
the reactor, a variant of the dynamic method ("start-up dynamic 
method") based on the oxygen balance in the liquid phase was 
used (Vandu & Krishna, 2004). For the purposes of the 
measurement, different aeration conditions were maintained, 
under which the concentration of dissolved oxygen reached a 
steady-state value. 

The method was carried out as follows: initially, the 
dissolved oxygen in the liquid phase was removed by purging 
with N2 (2) until the dissolved oxygen content reached 0.1  0.05 
mg/l O2. Then, the system was re-aerated, and the 
concentration of dissolved oxygen CL was immediately 
measured using an oxygen optical sensor  VernierR DO-BTA 
(7) and the Logger ProTM and LabQuest interface. The data are 
were recorded on a computer equipped with the Logger ProTM 
software (6). 

 

 

 
 

Fig.2. . 1  bioreactor with  the stirrer- type KS 3.1 PM; 2  nitrogen bottle; 3  air pump;  
4  direct current motor; 5  adjustable DC power supply, 6- temperature sensor, 7  Vernier DO-BTA oxygen optical sensor;  

8  LabQuest interface, 9  computer with the Logger Pro data recording software  
 
The stirring speed was regulated by an autotransformer (5) 

and ranged from 340 to 360 rpm, while the design of the KS 3.1 
PM stirrer included three stirring shafts mounted on a planetary 
mechanism (8). The blades of the stirring propellers (with a 
diameter of 40 mm) transferred the liquid to each other, with 

movement in radial, axial, and tangential directions (Fig. 3 and 
4). The diameter of the external gear (crown) was 90 mm, the 
planetary gears had a diameter of 35 mm, and the diameter of 
the gear on the input shaft was 20 mm. The actual stirring power 
was 26.2 W. 
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Fig. 3. Picture of the experimental setup. 
 

 
 

 
 

The three-blade propeller, conditionally called the "three-
leaf clover" (Fig.5), was made of high-quality stainless steel, and 
the blades were cut and processed with high precision using a 
state-of-the-art laser (HARIS-1000). 

  

 
 

Fig. 5. Propeller of the KS 3.1 PM stirrer. 
 
The mechanics of the stirrer, as well as the hydrodynamics, 

were presented in a previous publication (Kraychev, 2023). 
Measurements continued until the equilibrium concentration of 
oxygen was reached. The process is described by equation (1), 
and after its integration at t=0, CL*=const, and CL=CL,0, 
assuming that initially there was no oxygen in the liquid phase 
CL,0 = 0, we obtain: 

 

    (2) 

 
A graph of as a function of the time t was plotted, and from 

the slope of the resulting line, the volumetric mass transfer 
coefficient kLa was calculated. The optimal stirring speed in 
stationary mode was chosen in the range of 340-360 rpm from 
a hydrodynamic perspective. The temperature of the fluid during 
the experiments was in the range of 16.9 - 
of water was 
and vegetable oil in different ratios with varying viscosities were 
also conducted. 

 
The application of the stirring device is very broad, for 

example, for aeration in wastewater Aerated Basin, or for 
suspending and aerating nutrient media in bioreactors for deep 
cultivation of microorganisms. Another application is in the 
pharmaceutical industry, specifically in the production of 
antibiotics, where the stirring time can reach up to 260 hours. 
 
 
Results and Discussion 
 

The obtained results are presented in Figs. 6, 7, 8, 9, 10 
and Table 1. They show the highest values of the mass 
transfer coefficient for the variant with a maximum air flow rate 

 

 
Fig. 4. Planetary mechanism of the KS 3.1 PM stirrer. 
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Fig. 6. The change in the dissolved oxygen concentration under different aeration conditions. 1 - values of dissolved oxygen for 
the variant with stirring and an ; 2 - values of dissolved oxygen for the variant with stirring and an air flow rate of 1.75 

; 3 - ; 4 - values of dissolved oxygen for 
the variant without stirring and an ; 5 - values of dissolved oxygen for the variant with stirring and without additional 

air supply. 
 

 
 

Fig. 7. Time values of dissolved oxygen and KLa for the variant 
with stirring, without additional air supply. 

 

 
 

Fig. 9. Time values of dissolved oxygen and KLa for the variant 
 

 
 

Fig. 8. Time values of dissolved oxygen and KLa for the variant 
 

 
 
Fig. 10. Time values of dissolved oxygen and KLa for the variant 
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The results obtained from the four variants of energy input 
through the gas and liquid phases in the bioreactor show 
significant differences in terms of the time required to reach the 
equilibrium concentration of oxygen in the medium (Fig. 6). 
Specifically, in the variant without air supply (stirring only), it was 
found that the potential for air injection into the medium by the 
tested stirrer was not sufficiently high, and within the standard 
measurement time of 2000 s, the experimentally established 
equilibrium oxygen saturation concentration of 8.1-8.6 
was not reached. This variant also showed the lowest value of 
kLa= 0.0004 s  (Fig. 7). 

In the variant without stirring and with an air flow rate of 1.75 
8), the equilibrium concentration of oxygen was 

reached after 901 s, with a kLa value of 0.0024 s . In the 
identical variant with stirring and an air flow rate of 1.75 dm /60s 
(Table 1), the kLa value reached 0.0027 s . 

 
Table 1. Values of KLa for different stirring and aeration variants. 
 

Aeration mode Without 
aeration 

Aeration 
1,75 dm3/60s 

Aeration 
3,5 dm3/60s 

KLa, s-1 
With stirring 0,0004 0,0027 0,0052 
Without stirring - 0,0024 0,0047 

 
The best results were obtained in the variants with stirring 

and two different air flow rates. The equilibrium concentration of 

827 s, whereas 
reached after 725 s. These two variants also showed the highest 
KLa values, respectively 0.0047 s  and 0.0052 s  (Figs. 9 and 
10, and Table 1). 

In similar studies conducted with a column-type 
photobioreactor (Angelov et al., 2019), similar results were 
obtained for the oxygen mass transfer coefficient in the range of 
0.0060-0.0067 s , which can be explained by the longer 
residence time of the gas phase in the column-type bioreactor. 

 
 

Conclusion 
 

A new stirring device with a planetary mechanism and three 
working elements (propeller stirrers) with specific, modified 

blade geometry has been designed, developed, and put into 
operation. The oxygen mass transfer coefficient, KLa, s , was 
experimentally determined and tested. According to the results 
from the experimental studies, the KS 3.1 PM propeller stirrer 
belongs to the category of energy-saving stirrers due to its 
power coefficient and dimensionless Reynolds number. 

In general, its application is in the chemical, pharmaceutical, 
food, and biotechnological industries. 
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ABSTRACT. The article analyses the prospects and opportunities for storing gas-hydrogen mixtures in underground gas storage facilities. The main processes occurring 
in the wellbore-productive reservoir system during storage of gas-hydrocarbon mixtures are presented. The main processes occurring in the borehole-productive 
reservoir system depend on the amount of hydrogen in the natural gas. The challenges associated with the feasibility of storing gas-hydrogen mixtures in porous rock 
are discussed. The storage of gas-hydrogen mixtures in constructed underground gas storage facilities is necessary in connection with the compensation of consumption 
irregularities of gas-hydrogen mixtures. 
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Introduction  
 

The continuous growth of the world's population and 
economy, combined with rapid urbanisation, has led to a huge 
increase in energy consumption. The classical trend of energy 
consumption depends on hydrocarbon energy resources, which 
are depletable and limited by geographical distribution and 
techno-economic and environmental production. The ways in 
which we have used fossil fuels as our main source of energy 
since the industrial revolution have led to a huge increase in the 
levels of CO2 and other greenhouse gases in the atmosphere, 
which is one of the main causes of global warming. Renewable 
energy resources are likely to play a key role in the transition to 
a clean and sustainable energy system and global energy 
security. The innovative idea of storing renewable energy in an 
energy source such as hydrogen, which can be produced, 
transported, stored in underground gas reservoirs, and used 
alone or as gas-hydrogen mixtures, is a major solution to a 
range of environmental, energy, and geopolitical problems. The 
main prospects and opportunities for storing gas-hydrogen 
mixtures are in underground gas reservoirs created in depleted 
gas fields, aquifers, and salt domes. 
 
 
Physicochemical properties of hydrogen 
 

Hydrogen (H2) is the most abundant element in the universe, 
occurring on our planet Earth mainly in water and organic 
compounds. At standard temperature and pressure, hydrogen is 
a colourless, odourless, non-toxic, non-metallic, and flammable 
diatomic gas. The atomic mass of hydrogen is 1.00794 [u], it is 
the lightest chemical element. Hydrogen is characterised by 
being extremely flammable. Hydrogen is non-toxic and is much 
lighter than air, dissipating quickly when released, allowing the 
fuel to dissipate relatively quickly in the event of a leak, making 

it relatively safer than other fuels. The main safety concern is 
that if the leak is not detected and the gas collects in a confined 
space, it could ignite and cause an explosion. Some of the 
properties of hydrogen require additional engineering controls to 
ensure its safe use, such as the wide range of flammable 
concentrations in air (4 - 75%) and the lower ignition energy 
(only a tenth of the ignition energy compared to gasoline). 
Hydrogen has the ability to pass through materials due to the 
small size of its molecules and has a destructive capability 
(hydrogen embrittlement) that can lead to mechanical 
degradation and failure to the point of leakage in some 
materials. 

Hydrogen has a higher energy density mass (~120 MJ kg-1) 
compared to hydrocarbons. However, its low density (0.084 
kg.m-3 
storage capacity will be needed compared to natural gas to 
provide the same energy output. Large quantities of hydrogen 
will therefore need to be stored and the most suitable options 
are underground geological structures. Underground hydrogen 
storage can be a safe and long-term solution to store large 
amounts of energy during peaks in consumption, and can be 
quickly produced during irregular energy use. Underground 
storage of gas-hydrogen will be developed prosperously in the 
long term, which is expected to reach 20-100 million tons by 
2050. 

 
 

Processes occurring in the wellbore-productive 
horizon system during storage of gas-
hydrocarbon mixtures 
 

The main processes occurring in the wellbore-productive 
horizon system depend on the amount of hydrogen in the natural 
gas. The main negative processes associated with underground 
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storage of hydrogen in porous rock/bedrock (in depleted gas 
fields) are: 

- contamination due to the contact of hydrogen with solids 
and liquids in the productive horizon;  

- formation of hydrogen sulphide (H2S), which is a corrosive 
and poisonous gas; this is due to the activity of 
microorganisms inside the productive horizon, resulting in 
the loss of hydrogen reserves; 

- loss of hydrogen-gas mixture due to the low density and 
high diffusivity of hydrogen. It is therefore possible for 
hydrogen to migrate from the productive horizon through 
the caprock screen, which would be significantly less if we 
were pumping natural gas in this case.  

The main processes occurring in the wellbore-productive 
horizon system during the storage of gas-hydrocarbon 
mixtures are shown in Figure 1. 
Hydrogen has very different physical and chemical properties 
compared to other fluids stored in geological objects, such as 
CH4, air, or CO2. Hydrogen can react with the rock formation and 
formation fluids, which can affect technological storage 
operations. The presence of hydrogen in the reservoir can 
cause the development of hydrogen-consuming 
microorganisms. Due to the cyclic injection and production of 
hydrogen from the underground storage, it is possible that this 
could compromise the integrity of the caprock. Therefore, in the 
context of these complex technological processes taking place 
in underground hydrogen storage facilities, it is necessary to 
define specific geological and technical characteristics. This is 
related to ensuring the safe and economical injection and 
production of hydrogen stored in underground gas storage 
facilities. Uncertainties associated with potential hydrogen 
leakage, as well as other risks, such as induced seismicity and 
hydrogen loss due to microbial activity, should be studied and 
assessed specifically for each underground gas storage facility. 
 

 
 
Fig. 1 Processes occurring in the borehole-productive reservoir 

system during storage of gas-hydrogen mixtures in an 
underground gas storage facility. (Heinemann N., Alcalde J., et 

al. Energy Environ. Sci., 2021,14, 853) 
 

Microbial growth is known to be critical for hydrocarbon 
reservoirs, and is also thought to be important for the ability to 
store hydrogen. Although several studies have examined the 
use of hydrogen at natural concentrations, little is known about 
the impact that the high hydrogen pressures expected in 
underground hydrogen storage will have on the underground 
microbial system. A number of classes of microorganisms, 
including methanogens, sulfate-reducers, homoacetogenic 

bacteria, and iron (III)-reducers, are considered to be major 
consumers of hydrogen and are commonly present in bedrock 
formations and their saturating formation waters. The potential 
impact of microorganisms is controlled by parameters, such as 
temperature, salt concentration, pH, and substrate supply, and 
there are optimal and critical values of these parameters for 
each class of microorganisms. However, the composition of the 
microbial diversity presents great uncertainty due to the 
uncultivability of many subsurface microorganisms and the risk 
of accidental introduction of allochthonous organisms from the 
surface or surface gas and/or drilling fluid during storage. 
(Allochthonous Organisms - Describing an organism that 
originated in a place other than where it is found. An organism 
is usually a transient member of an environment). Other 
uncertainties include the nutrient requirements of bacteria in 
mixed cultures and the supply of nutrients to the subsurface, as 
well as the effects of pressure on microbial metabolism, 
including the toxicity of high hydrogen pressure to some 
microorganisms. Studying these issues is critical to determining 
the potential loss of hydrogen from underground gas reservoirs. 
The main impact of microorganisms on hydrogen storage is the 
permanent loss of hydrogen due to the conversion of hydrogen 
to products such as CH4 or H2S. As microbial population 
densities increase, the biofilm or mineral precipitates formed by 
microorganisms can lead to blockage of pore space and, 
therefore, reduce the ability to inject and produce hydrogen. 
Loss of injectivity or reduction in yield due to biological activity 
is an issue that will need to be analysed for each specific 
underground gas reservoir. 

Cyclic hydrogen injection and production leads to cyclic 
changes in pressure and on reservoir rock and fracture zone 
behavior, short- and long-term chemical interaction of hydrogen 
on the reservoir, and stress-strain-absorption on mechanical 
and transport behavior, all of which can have critical impacts on 
reservoir integrity. Hydrogen injection under pressure directly 
leads to chemical, temperature and barometric changes in the 
productive horizon, in nearby fracture zones and in the 
downhole zone of injection wells. The sorption of hydrogen to 
(swelling) clay minerals in clay reservoirs, caprocks, and faults 
can cause problems associated with the swelling of reservoir 
rocks and these changes will increase the stress inside the 
reservoir. During the lifetime of a hydrogen gas storage 
reservoir, repeated cycles of dry hydrogen injection can lead to 
widespread reservoir "drying", especially in the case of depleted 
hydrocarbon reservoirs containing mostly formation water. 

Unwanted loss of hydrogen during storage is an economic, 
safety, and environmental concern for all gas storage. To 
minimise this risk during hydrogen storage, underground 
storage sites must be carefully selected and their integrity 
evaluated, and technological storage operations must be 
accompanied by continuous monitoring and control systems. 
Although hydrogen has been safely produced, stored, 
transported, and used in limited industrial operations for 
decades, extensive scientific experimental work on containment 
and destruction processes, as well as on risks known from other 
gas storage operations, is needed to provide accurate data for 
quantitative risk assessments of hydrogen storage. Within the 
gas transmission system, a number of projects, such as the H21 
Spadeadam and HyHouse, have shown that hydrogen does not 
carry increased safety risks. 

To ensure rapid detection of loss of containment from gas 
storage, it is imperative that underground hydrogen storage 
operations include a continuous management, measurement, 
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monitoring, and control system. The continuous monitoring and 
control system for underground storage of gaseous-
hydrocarbon mixtures must have unlimited capability of: 

- ensuring safe controlled operations during hydrogen 
injection and production; 

- computer modelling of the eventual hydrogen migration in 
the reservoir rock; 

- computer modelling and control of formation water 
displacement as a result of pore space pressure changes; 

- identification of possible hydrogen leakage areas. 
A continuous management, measurement, monitoring, and 

control system for hydrogen storage in porous rock is based on 
proven multidisciplinary concepts applied in other fluid storage 
facilities, such as underground natural gas storage or 
underground CO2 storage, incorporating geophysical, 
geological, hydro-gas-dynamic, geochemical and 
microbiological models. These models allow controlling and 
managing the processes occurring in the downhole zone of the 
well, the productive horizon, and the surface facilities in the 
process of injection and production of gas-hydrocarbon mixtures 
in and from an underground gas reservoir. 

 
 

Main site selection criteria and description of 
criteria 
 
The main criteria for selecting a site for underground hydrogen 
storage are: 

- conditions to prevent negative processes in the 
downhole zone of the well and the productive horizon; 

- sufficient injection capacity and extraction capability; 
- low risk of loss of tightness or seismic activity; 
- low production costs. 

The rational selection of sites for underground storage is divided 
into three main stages:  

1. Inspection of the sites. 
2. Ranking (classification) of the sites. 
3. Characterisation of the sites. 

Fig. 2 presents the site selection process for underground 
hydrogen storage. 
 

 
 

Fig.2 Underground hydrogen storage site selection process 
(Okoroafor E. R., T. W. Kim, et al. Assessing the Underground 

Hydrogen Storage Potential of Depleted Gas Fields in Northern 
California 2022) 

 
The workflow involves the use and analysis of databases 

consisting of geological surveys, geophysical surveys, 
geochemical surveys, information from drilled boreholes, 

laboratory studies of core and formation fluids, hydro-gas-
dynamic studies conducted in boreholes, reservoir performance 
data in the production and injection cycle. The data required at 
each stage and the complexity of the analysis increases as the 
number of underground gas reservoirs assessed decreases. 

1. Screening (Verification) of underground gas reservoirs is 
the first stage in which many potential sites are eliminated 
because they do not meet the thresholds for capacity, 
production, and injection performance, geological, 
economic, and planning considerations. Sites that meet 
these qualification criteria proceed to Stage 2. 

2. The ranking of the sites that met the thresholds at the 
verification stage receive a score between 1 and 5 for 
each criterion. Each site receives a technical assessment 
that combines the assessments of the capacity and surge 
optimisation and geomechanical risk minimisation criteria, 
an assessment of location and economic constraints, and 
a combined overall assessment. The investor determines 
the weight of each criterion based on the most important 
parameters for their project. The sites with the highest 
rating proceed to the site characterisation stage. 

3. The site characterisation is the final stage, where the 
highest-ranking sites from Stage 2 are analysed in detail 
in order to enable the investor to identify the most 
appropriate underground gas storage facilities. At this 
stage, it may be necessary to carry out additional hydraulic 
and gas dynamic studies in the boreholes.  

 
 

Conclusion 
 
Hydrogen is an emerging energy carrier to help decarbonise 

the world's energy and industrial sectors. Underground 
hydrogen storage has strong long-term growth potential, 
expected to reach 20-100 million tons by 2050. Salt caverns 
(domes) and depleted gas fields, if properly selected, can offer 
a feasible solution for long-term and safe storage of large 
quantities of hydrogen. The main challenges in hydrogen 
storage include the cost and loss of hydrogen when it is 
recovered from underground storage. Hydrogen losses are 
mainly due to geochemical and biochemical reactions as well as 
leakage and diffusion and the need for buffer gas; hydrogen 
injection and storage in aquifers shows that the main challenges 
are losses due to microbiological biochemical losses. 
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ABSTRACT. Under laboratory conditions, samples of the Silpan-P  cement slurries (the Ramsinks  2  group) have been tested to improve the quality of delineation 
of water and gas bearing strata by improving the technology of cementing production strings of oil and gas wells in the drilling department of Ukrburgaz  (for intermediate 
and production casing), especially in the presence of closely located productive formations and aquifers with different coefficients of anomalies. The use of the Silpan-
P  hydrophobic plugging solution was proven to be reasonable. Physical, chemical, and mechanical properties of the Silpan-P  plugging hydrophobic solution 
significantly improve the isolation of productive formations at the stages of well completion. 
 

Key words: reservoir column, well, cement, hydrophobic solution, hydrophobic addendum 
 

   
     

  
 1,  2,  3,  4 

1,3   ,   
2,4 -   

 
-   2 ) 

 -    
 

 -  . 
 -  

  . 
 

:   
 
 

Introduction  
 

The analysis of special literature sources and production 
and construction data show that in various fields from 10% to 
50% of oil and up to 60% of gas wells have mutinous flows and 
are therefore partially or completely unsuitable for effective 
operation, so the success of well cementing operations is 
determined by the technique and technology of cementing 
processes, the quality of preparatory work, cementing material, 
and the completeness of replacement of drilling mud with 
cementing material. 

The relevance of developing new cements for cementing is 
caused by the need to improve the quality of productive 
formations insulation at different stages of well commissioning 
and operation. As the depth of oil and gas wells increases, 
formation temperatures and pressures rise, making it more 
difficult to separate formations in wells. 
 
Literature Analysis 
 

and gas wells production strings with hydrophobic materials of 
-

characteristics of the introduction of a new hydrophobic 

cementing solution with the following composition: 
nitrilotrimethyl phosphonic acid (NTFPA), -
hydrophobising additive, and PCT 1 100 grouting cement 
(further - reagent), (Nalyvaiko, 2005; 2021). 

A wide variety of geological and technological conditions for 
drilling and cementing wells necessitated the development of 
special cementing cements. Among them are slag-sand 
cements, which are used for cementing oil and gas wells at 
elevated temperatures, UShTS weighted slag cement plugging 
cements, used in conditions of abnormally high reservoir 
pressures (AHRP
grouting cements for moderate temperatures WGC, which are 
used for cementing casing strings at a temperature of 50-
in the conditions of the AHRP and intervals of salt deposits 
(Gleeson et al., 2010; Oreshkin, 2010). 

Ukrainian scientists M. A. Myslyuk, I. Y. Rybchych, Y. 
S. Kotskulych, V. M. Svitlytsky, and D. V.Oreshkin made a 
significant contribution to the development of such issues as 
accident prevention, fastening, cementing, and plugging 
materials (Oreshkin, 2010). 

At the same time, due to their physical-mechanical and 
physical-chemical properties, the existing grouting solutions (for 
example PCT 1-100) do not fully meet the quality requirements 
for the cementing of production wells. 
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Previous experience with various grouting materials 
Nowadays, in order to improve the quality of grouting 

cement mortars, various additives are added to their production 
to improve their properties. We have proposed the latest cement 
mortar containing the hydrophobic additive Ramsinks-2 . This 
cement morta -
mixtures) is intended to be used when passing through intervals 
of productive formations, taking into account specific geological 
and technological conditions, and to prevent intercasing flows 
during cement hardening. The mechanism of action is to 
regulate the technological parameters of the cementing mud 
with silicon- -
which leads to an overall improvement in the quality of the well 
cementing technology (Nalyvaiko, 2005). 

Previous experience with various grouting materials allows 
us to foresee the possibility of creating a wide range of 
formulations with differentiated strength gain rates. The grouting 
cement must be well wettable and at the same time 
hygroscopically low. 

The properties of hydrophobic cement that determine its 
technical and economic efficiency are as follows: 

- hydrophobising properties facilitate the grinding of cement 
clinker, i.e., they intensify the grinding of cement, which 
increases the productivity of grinding plants at factories; 

-hydrophobised cement powder is practically non-
hygroscopic, so it is able to retain its activity during long-term 
storage even in humid conditions.  

The hydrophobic additive should not reduce the strength of 
the cement stone, increase its permeability, or increase the 
viscosity of the mortar; it should prolong the preservation of 
cement by reducing its hygroscopicity (Iken et al., 2003). 

The physical and mechanical properties of existing grouting 
cements and the - hydrophobic grouting compound 
were studied in the laboratory and it was proven that the strength 

- -5 times and the 
water separation by up to 10 times. 

The scientific novelty of the proposed technical solution is 
that, in comparison with the existing ones, it is proposed to 
produce and use hydrophobic grouting fluids with lower grouting 
fluid density ranges, high stability, improved pumpability, and 
high strength of the hardened stone, which guarantees the 
reliability of isolation of productive horizons.  

The use of PTC 1-100 cement is widely recognised. 
Additionally, there is some experience with the Ramsinks-2M  
hydrophobic material. This material has successfully undergone 
industry laboratory tests at Ukrburgaz in Poltava, as well as in 
the physical research sector of the rock research department at 
UkrNDIGas reserves in Kharkiv, followed by pilot tests at 
Ukrnafta's fields. The material exhibited insulating effects on the 
pore surfaces of the reservoir rock. According to the authors, 
this physicochemical mechanism, when combined with PTC 1-
100 cement, is expected to significantly enhance the properties 
of cementing materials, ultimately preventing formation flows. 

The use of the Ramsinks-2  hydrophobic material in the 
manufacture of the Silpan-P grouting cement mixture 
( Ramsinks-2 hydrophobic additive + PCT-1-100 + NTFPA) 
helps to increase the elasticity of PCT-1-100, prevents uneven 
concentration of fillers, and also prevents delamination of the 
mixture, increases resistance to aggressive factors, and 
increases their durability. High water resistance is achieved 
through the fine decomposition of hydrophobic particles in the 
SMN-20 mixer (Klymenko, 2016; Nalyvaiko, 2021). 

These advantages of the newest - hydrophobic 
cementing material will allow the use of these hydrophobic 
cements for cementing oil and gas wells in the AHRP zones, 
which meets the criterion of industrial use. 

 
Laboratory tests 

Laboratory tests were conducted using a mixture of PTC 1-
-  

Test conditions: 
  
 atmospheric pressure 742 mm Hg; air humidity 78 %; 
 pressure in the autoclave unit - 450 atm, temperature 75 

 
 The main indicators of the quality and effective use of the 

-
absorption of cements and mortars; strength; water resistance; 
plasticity, etc. 

-
mixture, the A-2.00.000.IE autoclave unit was used in 
combination with a special device for installing metal molds with 
samples, whose function is to prevent sample destruction. 

-
39.5~1.0 mm long and 26~1.0 mm in diameter were previously 
formed in specially made metal molds in an autoclave unit.    
VLC-500 electronic scales were used to weigh the samples with 
the molds. 

The selection of optimal ratios of PTC 1-100 and the 
-  hydrophobic material in laboratory conditions 

was 1:0.001, 1:0.002, 1:0.003, 1:0.005, 1:0.008, which ensures 
the required density of the grouting solution and the rate of 
strength gain with high operational parameters of the stone. 

 
Object, subject, and methods of research  
 

The theoretical principles of the research are based on the 
ability of - hydrophobic substances from the 

-  group of materials to influence the physical, 
mechanical and physicochemical properties of existing grouting 
cement mortars (e.g., PCT 1-100). 

Object of research. Samples of cement mortars of the 
- -quality 

contact of cement stone with casing and rocks, and the 
technology of their use in well casing. 

Subject of research. The effect of hydrophobic cementing 
-

technological properties of cement mortars, which significantly 
affects the quality of cementing production wells. 

Research methods. The well-known methods of 
processing and analysing industrial data, methods of planning 
experiments and statistical methods of processing and 
analysing the results of experimental studies were used in the 
work. Experimental studies of the samples were carried out in 
the laboratory of Poltava Drilling Division of Ukrburgaz. 

The hydrophobic effect was determined by laboratory 
testing for the degree of hydrophobicity of PCT 1-100 cement 

- cement weighing 
200 g were poured with the volume of water required to obtain 
a normal density of cement dough, left to rest, and the time of 
water absorption by the cement was noted. 

-
depending on reservoir thermobaric conditions, is 0.02-0.03% 
by weight of the binder. Further increase in the additive content 
leads to a decrease in the strength of the cement stone, which, 
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in our opinion, is due to the pronounced hydrophobic properties 
-  

The data obtained during the test with different values of 
-

%) are given below in Table 1. 
 

Table 1. Effect of the amount of hydrophobic additive on cement 
properties 
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PCT1-100 200 g - - 95 ml 8 

PCT1-100 200 g    0,02 95 ml 11 

PCT1-100 200 g    0,025 95 ml 14 

PCT1-100 200 g    0,03 95 ml 17 
 
According to the results of laboratory tests of the degree of 

hydrophobicity of PCT1-100 grouting cement with the 
-  hydrophobic additive, it was found that the 

degree of hydrophobicity of the cement depends on the amount 
-

cement. 
The scheme for selecting formulations with the required 

parameters and studying the physical and mechanical 
properties of the grouting stone is standard and is performed at 

pressures by equalising the proportions of PTC 1-100 cement 
and Ramsinks-2  hydrophobic material for these conditions. 
When mixed, a uniform grouting solution is formed. The samples 
are stored under hydrobarothermal conditions for 1, 7, and 28 
days. 

T -  used directly during 
cementing operations to prevent reservoir fluid migration (inter- 
and inter-conveyance flows).  

When completing wells, the following reservoir parameters 
are of the greatest interest: formation (or pore) pressure, 
fracturing pressure, porosity, geostatic pressure, as they, in turn, 
allow us to identify such important technological parameters as 
drilling mud density, permissible speeds of the strings in the 
open hole, string sizes, well design, etc. 

Based on the laboratory studies of the technological 
parameters of the cement slurry and cement stone, it is 
recommended to use the Ramsinks-2M  admixture to the 
cement slurry with Portland cement for cementing oil and gas 
wells (for intermediate and production casing) at Ukrburgaz in 
order to prevent the formation fluids migration (interstitial and 
formation flows), as well as another direction of implementation, 
namely, for the purpose of repair and insulation works at 
Ukrburgaz wells, which in turn will ensure a significant 
technological and economic effect from the implementation.  

Depending on reservoir thermobaric conditions, the optimal 
- -0.03% by 

weight of the binder. Further increase in the additive content 

leads to a decrease in the strength of the cement stone, which, 
in our opinion, is due to the pronounced hydrophobic properties 

-  
In our work, we selected grouting fluid formulations based 

on PCT 1-100 and ST, taking into account the actual 
temperature, and utilising cements, chemicals, and mud for use 
on this drill. 

In order to exclude the possibility of premature thickening of 
the grouting solution before it is washed off during the analysis, 
it is necessary to stop the stirrer of the KC-3 consistometer after 
3 hours for 0.5 hours with a sequential continuation of the 
analysis. The time of the thickening of the plugging solution 
should correspond to the calculated one plus 1 hour of reserve 
for the possibility of accelerating the setting and thickening of 
the solution in contact with bischofite. The required amount of 
hydrophobic grouting mixture was made by dry mixing PTC 1-
100 cement and NTFPA additive to the Ramsinks-2  
hydrophobic material. 

-
operations in the well. When mixed, a uniform grouting solution 
is formed. 

Below are the results of laboratory tests on samples of PCT-
I-100 cement stone with - hydrophobic admixture. 

 
Conditions for conducting research: 
 PCT-I-100 grouting cement; 
 W:C=0.50. 
 The specific gravity of cement is 1.83. 
 Temperature in the autoclave -  

 
Study No. 1 (PCT-I-100+0.03% NTFPA + 0.2% Ramsinks-2 ) 

Water separation: 
 PCT-I-100 + 0.03% NTFC - after 2 hours = 6.8%; 
 PCT-I-100 + 0.03% NTFC + 0.2% Ramsinks-2  = 4.7%. 
 The specific gravity of Ramsinks-2M  is 1.82. 
 Thickening time up to 30 UOC = 56 minutes. 

 
Study No. 2 (PCT-I- -  
        Water separation: 
 PCT-I-100 + 0.06% NTFC - after 2 hours = 6.8%. 
 PCT-I- nks-  
 The specific gravity of Ramsinks-2  is 1.82. 
 Thickening time up to 30 UOC = 1 h 40 min (during the 

analysis in the autoclave, the mixing paddle separated) 
 

Study No. 3 (PCT-I- -  
      Water separation: 
 PCT-I-100 + 0.03% NTFC - after 2 hours = 6.8%. 
 PCT- Ramsinks-  
 The share of Ramsinks-2  is 1.82. 
 Thickening time up to 30 UOC = 40 min. 

 
Study No. 4 (P T- -  
      Water separation: 
 PCT-I-100 + 0.03% NTFPA - after 2 hours = 6.8%; 
 PCT- Ramsinks-  
 -  
 Thickening time to 30 UOC = 2 h 30 min. 

 
Flexural strength of PCT-I-100 + NTFPA according to DSTU 

B V 2.7.86-99 = 3.5 MPa. 
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Flexural strength of PCT-I-100 + 0.06% NTFPA + 0.3% 
Ramsinks-2  = 9 MPa. 

Rheological parameters are an important characteristic of 
the cementing mud. They largely determine the amount of 
hydraulic resistance during well cementing, and affect the 
completeness of the displacement of the mud and the annulus. 

The very purpose of the two-part complexes is to maintain 
the required pressure on fluid-saturated formations during the 
process of cement hardening. The formation of a coagulation-
crystallisation cement structure is accompanied by a decrease 
in pressure at the wellbore. Therefore, it is necessary to select 
the grouting slurry column so that the upper part of the column 
is in a liquid state before the start of hardening and the lower 
part reaches the required strength. The value of such strength, 
when the body of the cement ring becomes impermeable to the 
fluid, reaches about 1.5 MPa. 

The technical parameters of the latest hydrophobic grouting 
solutions (mobility, density, water separation, pumpability, etc.) 
were confirmed in the laboratory in accordance with the 
standard requirements of the relevant devices. 

The strength value was measured on a PSU-2 hydraulic 
press. The rheological properties of grouting solutions were 
studied on a Reotest-2 rotational viscometer. The corrosion 
resistance of cements in various aggressive environments was 

 
In laboratory conditions, research was conducted to 

determine the absolute gas permeability of cement stone 
samples with PCT-1-100 and - hydrophobic 
additive. The analyses were performed in accordance with 
GOST 26450.0-85 - GOST 26450.2-85. 

 
Table 2. Results of determining the absolute gas permeability 
of cement stone samples with PCT-1-100 and Ramsinks-2

hydrophobic  

 
Laboratory studies of the permeability of cement stone 

samples conducted at the Department of Rock Research and 
Gas Reserves Estimation of the Ukrainian Research Institute of 

-
the cementing mud significantly reduces the permeability of 
cement stone to gas, which also allows for increased oil and gas 
well cementation. 

Laboratory tests of the grout and cement stone carried out 
in the laboratory of grouting solutions of the Poltava Grouting 
Department established that the -

is made of PCT1-100 grouting cement and an admixture of 
-  

a) does not significantly reduce the technological 
parameters of grouting mortar and cement stone, which are 
determined by the current standards: Grouting cements. Test 
methods. DSTU B.V. -2.7-86-99 (GOS 26798.1-  

b) improves the strength characteristics of cement stone, in 
particular the flexural strength, which increases the durability 
and manufacturability of the well construction. 

T -
significantly reduce the migration of reservoir fluids. The use of 
various types of cements with the -  hydrophobic 
additive will increase the success and efficiency of Ukrburgaz 's 
operations. 

Laboratory analysis of the technological parameters of the 
cement slurry and cement stone suggests the use of the 

-
cementing oil and gas wells (intermediate and production 
casing) at Ukrburgaz. This approach helps prevent the migration 
of formation fluids, including interstitial and formation flows, and 
can be utilized for repair and insulation work, delivering notable 
technological and economic benefits. 

- additive in 
the grouting fluid ranges from 0.02% to 0.03% by weight of the 
binder, based on the reservoir's thermobaric conditions. 
Increasing the additive content beyond this range may decrease 
the strength of the cement stone, likely due to the pronounced 

-  
The selection of grouting fluid formulations based on PCT 1-

100 and ST was carried out considering the actual temperature, 
using cements, chemicals, and mud specific to the drilling 
operations. To avoid premature thickening of the grouting 
solution before it is fully washed off during analysis, the stirrer of 
the KC-3 consistometer should be stopped for 0.5 hours after 3 
hours of operation, with the analysis then continuing 
sequentially. The thickening time of the plugging solution should 
match the calculated time plus a 1-hour reserve, allowing for 
potential acceleration of setting and thickening when in contact 
with bischofite. 

The required amount of hydrophobic grouting mixture was 
prepared by dry mixing PTC 1-100 cement with the NTFPA 

-  
The technological parameters of the PCT 1-100 cementing 

-
-

be used for cementing oil and gas wells (intermediate and 
production casing) at Ukrburgaz. This approach effectively 
prevents the migration of formation fluids (both interstitial and 
formation flows) and is also suitable for repair and insulation 
work at Ukrburgaz wells, offering substantial technological and 
economic benefits. 

For our study, we developed grouting fluid formulations 
using PCT 1-100 and ST, considering the actual temperature 
and incorporating suitable cements, chemicals, and mud for the 
drilling process. To avoid premature thickening of the grouting 
solution during analysis, the stirrer of the KC-3 consistometer 
was paused after 3 hours for 0.5 hours before resuming 
analysis. The necessary hydrophobic grouting mixture was 
prepared by dry mixing PTC 1-100 cement with the NTFPA 

- aterial. 
Ramsinks-

effective life of depleted fields. For the technological 

Lab. 
no. of 

the 
sample 

Sample formulation 
Gas 

permeability, 
-15 m2 

40443 cement stone from PCT-1-100 0,15 

40444 cement stone from PCT-1-100, 
-   

40445 
cement stone from PCT-1-100, 

-
additive 

0,10 

40446 cement stone from PCT-1-100, 
-  0,05 

40447 
cement stone from PCT-1-100, 

-
additive 

0,04 

40448 cement stone from PCT-1-100, 
-  0,04 
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implementation of such a solution, the equipment that will 
initially be used for the production and injection of the proposed 
grouting solutions can be mainly used (Nalyvaiko, 2021). 

Previous experimental studies conducted at the laboratory 
of the Central Ukrainian National Technical University also 
evaluated the impac -
kinetics of gas hydrate formation (Klymenko, 2016). It has been 

-
behaves as a surface active substance that does not dissolve in 
water, but remains on its s

area between gas and water and no hydrate formation occurs. 
However, when oscillating the crystalliser, the onset of the 

hydrate formation process when using Ramsinks-2M  began 
much earlier compared to the experiment in which only distilled 
water was used. The most significant effect on the acceleration 
of the hydrate formation process was the concentration of 

Ramsinks-2M  of 50 ppm, and at concentrations above 200 
ppm, the time of the onset of the hydrate formation process 
increased significantly. 

In other words -
can be a promoter of hydrate formation, and under other 
conditions, an inhibitor, which should be taken into account 
when using it in hydrocarbon production systems. 

In the course of a series of experiments, a clouding of the 
observation window was also noticed, and after removing the 

-
microparticles was found on it. 

 
 

Results 
 
1. In comparison with the existing solutions, the proposed 

technical one will allow to obtain - hydrophobic 
grouting fluids with lower ranges of grouting fluid density, high 
stability, good pumpability, and high strength of the hardened 
stone, and which guarantees the reliability of isolation of 
productive horizons. 

2. The conditions are determined for the use of -
hydrophobic cement mortars of various compositions to reduce 
the migration of reservoir fluids in various mining and geological 
conditions.  

3. For the specific conditions of cementing production 
strings of well No. 101 of the Hadiach field, a -

-
developed and produced, which provides high quality separation 
of water and gas bearing formations (Nalyvaiko, 2021). 

4. The technology of application of - hydrophobic 
-

water and gas bearing formations was developed. These 
cementing materials were used in deep wells at Ukrburgaz in 
difficult mining and geological conditions of the DZ, which 
provided a significant technological, economic and 
environmental effect (Nalyvaiko, 2021). 
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ABSTRACT. The geochemical characteristics and association of elements in the Obichnik ore deposit, as well as their spatial distribution, have been investigated in 
this study. The Obichnik deposit is located in the northern part of the Zvezdel-Pcheloyad ore field, which includes hydrothermal Pb-Zn and Au-Pb-Zn mineral 
occurrences associated with the Zvezdel volcano. The geochemical dataset obtained during the exploration drilling program of the deposit was used to determine the 
spatial correlation between the chemical elements and their geochemical associations. A total of 40 elements were included for the statistical data processing of more 
than 13,000 samples from 74 drillholes. A range of statistical processing methods were employed in a systematic sequence. The proposed methodology includes 
preliminary data preparation, univariate statistical analysis, and Principal component analysis (PCA) as a variety of factor analysis. The groups of elements with the 
highest loadings in each factor represent the geochemical associations. The associations that include ([Zn, Cd, Pb] S, Au, Cu) from factor 3 and ([As, Sb] Mo, Ag, K) 
from factor 4 represents the spatial distribution of the main ore zones. These two associations show similar directions of distribution. 
. 
Key words: Obichnik ore deposit, geochemical associations, multivariate statistical analysis. 
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Introduction 

 
Multivariate statistical analysis encompasses a variety of 

methods, such as cluster analysis and factor analysis, which 
can identify geochemical features in ore mineralisation, 
hydrothermal alterations, and characteristics of the host rock 
within an ore system. This would assist in the interpretation of 
ore deposit models and supporting exploration programs of 
these deposits. Principal component analysis is one of the 
most popular multivariate statistical techniques. Several case 
studies focus on the statistical analysis of geochemical data 
and applying factor analysis to map geochemical associations 
in an individual ore deposit (Popov 2002, 2016, Marinov et al. 
2019, Klimentov et al. 2024). 

The Obichnik ore deposit is situated in the northern part of 
the Zvezdel-Pcheloyad ore field which includes hydrothermal 
lead-zinc and gold-lead-zinc mineral occurrences associated 
with the Oligocene Zvezdel volcano-plutonic complex 
(Georgiev, 2012; Popov & Popov, 2022). The deposit is 
situated immediately to the north of the village of Obichnik and 
to the east of the village of Drumche. The Obichnik gold 
mineralisation is associated mainly with pyrite, sphalerite, 
galena, chalcopyrite, tennantite-tetrahedrite, and enargite, with 
gold variably distributed within these sulphides and quartz, 

sericite, kaolinite, illite/smectite, and adularia (Petrova and 
Stanchev, 1994). 

The ore bodies come in two types - isometric (unclearly 
tubular) and sub-horizontal stratiform, according to their 
deposition format and conditions. The ore-forming process in 
the Obichnik area is in two-stages: gold-bearing quartz-
sulphide and carbonate (Dragiev et al., 2010).  
 
 
Geological settings 
 

The Obichnik deposits is located in the South of Bulgaria 
(Fig. 1). It is situated in the Morava-Rhodope zone and its East 
Rhodope tectonic unit, according to the tectonic scheme of 
Dabovski et al. (2002). It is part of the Alpine-Himalayan belt. 
During the Late Cretaceous-Eocene times, it experienced 
subduction-collision events (Marchev et al., 2007). Late 
Cretaceous-Palaeocene magmatism is represented exclusively 
by plutons composed of amphibole-biotite granodiorite and 
biotite- and two-mica granites. In contrast, Late Eocene-
Oligocene magmatism is represented by volcano-plutonic 
suites and intrusives with largely variable in K and Si. 
Epithermal deposits are associated with the magmatic rocks.  
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Fig. 1. Geological map in scale 1: 50 000 (after Cekova, V., 1965, Dragiev et al., 2010) 

 
The most important Intermediate Sulphidation epithermal 

deposits (Chala, Madjarovo, and Zvezdel-Pcheloyad) are 
hosted in the shoshonotic and high K-Ca alkaline magmatic 
rocks of the Borovitsa, Madjarovo, and Zvezdel 
paleovolcanoes (Marchev et al., 2007). Occasional 
occurrences of Cu-Mo porphyry mineralisation have been 
identified in close spatial proximity. Intermediate rocks 
predominate in all three volcanic areas, with felsic varieties 
being voluminous in Borovitsa and subordinate in Madjarovo 
and Zvezdel. 

The primary rocks comprising the Obichnik area are 
volcanics with andesitic composition, along with their 
pyroclastics, such as diverse breccia and tuffs, as well as 
diorite dykes (Fig. 1). Metasomatic and supergene alterations 
are observed in the area.  

The Obichnik deposit can be considered as epithermal 
adularia-sericite type Au mineralisation with quartz-sulphidic 
gold-bearing and carbonate phases in the hypogenic stage 
(Kunov, Mandova, 1997). The mineralisation occurs within 
quartz-sericite-pyrite altered epiclastic breccias within an east-
west trending zone of hydrothermal alteration (Abbott, 2021). 

Ore mineralisation is associated with several types of 
alteration. The following are distinguished: propylitic, argillic 
(locally occurring), and quartz-adularia-sericite, which is the 
most distinct and to which the gold mineralisation is 
associated. 

Materials and methods 
 
The data obtained during the exploration drilling program of 

the deposit were used to determine the spatial correlation 
between the chemical elements and their geochemical 
associations. A total of 13 462 core samples from 74 drill holes 
were analysed to study the primary geochemical haloes of the 
Obichnik deposit area. The chemical content of the drilling 
samples was determined for gold by fire assay and by 
Inductively Coupled Mass Spectrometry (ICPMS) analysis for 
40 chemical elements. 

A total of 29 elements were included for the preliminary 
statistical data processing (Au, Ag, Pb, Zn, Al, As, Ba, Be, Ca, 
Cd, Co, Cr, Cu, Fe, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, S, Sb, 
Sc, Sr, Ti, V). Those of the analysed elements which are not 
typical of the ore-forming processes, or their contents are 
below the detection limit of the analysis or have constant 
values, are excluded from further statistical processing. 

A range of statistical processing methods were employed 
in a systematic sequence (Popov 2002, 2016, Marinov et al. 
2019, Klimentov et al. 2023) in this study. The methodology 
used for assessing the spatial correlation of elements and 
creating 3D models of factor loadings includes preliminary data 
preparation, univariate statistical analysis, as well as 
correlation and regression analyses. This part of the 
methodology enables the identification and rectification of 
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errors in the data. The next step encompasses multivariate 
statistical techniques such as cluster and factor analysis. 
Sophisticated 3D modelling techniques were applied to 
visualise the resulting geochemical associations. Principal 
component analysis (PCA), as a variety of factor analysis, 
represents a statistical procedure that allows the information 
content in a large dataset to be summarised by means of a 
smaller set of factors, which can be more easily visualised and 
analysed. 

Principal component analysis with varimax rotation was 
executed to calculate the factors. The statistical processing 
was conducted using the Jamovi software, ensuring robust 

analysis. Subsequently, the outcomes underwent further 
refinement using the Leapfrog 3D modelling software. This 
involved employing the Radial Basis Function (RBF) as an 
interpolant to effectively visualise the spatial distribution of the 
identified geochemical associations.  

The Cluster analysis method represents another data 

clusters (groups). Hierarchical approach is used and the 
distance between two clusters is defined to be the average 
distance between data points in the first cluster and data points 
in the second cluster. 

 
Table 1. Results of Principal Component Analysis (PCA). Only the factor loadings larger than 0.3 are shown. 

Component Loadings 
  Component   
  1 2 3 4 5 6 7 Uniqueness 

Fe 0.82 0.266 
Co 0.78 0.342 
Mn 0.779 0.289 
Sc 0.655 0.538 0.223 
P 0.446 0.445 0.53 
Ca 0.834 0.257 
Sr 0.734 0.386 
Mg 0.726 0.273 
Be 0.672 0.41 
Zn 0.884 0.186 
Cd 0.845 0.271 
Pb 0.810 0.313 
Au 0.501 0.688 
Cu 0.485 0.609 
S 0.398 0.576 
As 0.813 0.315 
Sb 0.79 0.342 
Mo 0.654 0.521 
Ag 0.392 0.815 
K 0.304 0.352 0.647 
Ti 0.622 0.596 
V 0.614 0.621 0.159 
Al 0.473 0.618 0.344 
Na 0.39 0.593 0.437 
Cr 0.832 0.242 
Ni 0.374 0.722 0.266 
La -0.308 0.654 
Ba 0.626 0.55 
Hg             -0.336 0.796 
Note. 'Varimax' rotation was used  

 
Results and discussion  
 

The results of the factor analysis using principal 
component analysis for 29 elements are shown in Table 1, 
where the total variation is decomposed on 7 factor axes. 

The goal of PCA analysis is to extract the important 
information from the data and to express this information as a 
set of summary indices called factors. Varimax rotation 
procedure is used for additional adjustments of the factor axes. 
The purpose of this rotation is taking the factor pattern plot and 
rotating the axes in such a way that the points fall close to the 
axes. The groups of elements with the highest loadings in each 
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factor represent the geochemical associations. Thus, the 
obtained geochemical associations of elements with similar 
spatial distribution presented by each factor are as follows:  

Factor 1: ([Fe, Co, Mn] Sc, P, V, Ni) 
Factor 2: ([Ca, Sr, Mg] Be, K, Al, Na) 
Factor 3: ([Zn, Cd, Pb] S, Au, Cu) 
Factor 4: ([As, Sb] Mo, Ag, K) 
Factor 5: (Sc, Ti, V, Al, Na) 
Factor 6: ([Cr, Ni] -La) 
Factor 7: ((P, Ba)-Hg) 
The results of the hierarchical cluster analysis are shown in 

Figure 2. The distinct groups are similar to those of the factor 
analysis, with elements from factors 6 and 7 exhibiting weaker 
correlations and being attached to other groups. 

 

 
Fig. 2. Hierarchical cluster dendrogram 

 
Based on the factor analysis, the scores for each sample in 

the given factor can be calculated (Popov, 2002, 2016). This 
approach allows to perform further 3D modelling or to plot PCA 
loadings of the first two principal components comparing 
geochemical associations considering that the factor scores 
represent the spatial relationship between elements (Fig. 3). 

 
Fig. 3. PCA loading plot of the first two principal components 

comparing geochemical associations 
 

The first factor represents the association of Fe, Co and 
Mn, as well as Sc, P, V and Ni but with lower loadings (less 
than 0.7). The elements comprising this factor may be 
associated with the carbonate stage of mineral formation, 
which involves various iron and manganese minerals (Dragiev 
et al., 2010). 

The second factor considers the behavior of the group of 
elements with the core of Ca, Sr and Mg which have a high 
correlation with each other. The elements Be, K, Al, and Na 
also join this group but with lower weights. 

The third factor represents the distribution of the main ore 
elements in the Obichnik deposit, which are joined in an 
association of Zn, Cd and Pb, as well as S, Au and Cu with 
lower loadings. The spatial distribution of this factor overlaps 
the main ore zone and probably follows the Quartz-sulphide 
stage of mineral formation (Dragiev et al., 2010). This is 
supported by the microscopic observations made so far, where 
gold is found in close association with galena, pyrite, 
sphalerite, and chalcopyrite (Fig. 4). 

 

 
Fig. 4. Photomicrograph in reflected light, parallel Nickols. 

(a) Gold grain (bright yellow) located in galena and three smaller 
Au grains among pyrite. 

(b) Gold grains included in pyrite. To the left of them galena 
crystals (light grey). 
 

The fourth factor represents the association of As and Sb 
which show high correlation with each other and elements Mo, 
Ag and K joined with lower weights. This factor can also be 
associated with the quartz-sulphide stage and the spread of 
tennantite-tetrahedrite. Additional mineralogical studies are 
needed to explain this connection. 

The fifth factor groups Sc, Ti, V, Al and Na and shows 
some weak relation to them with no factor loading more than 
0.7.  

The sixth factor describes the association between Cr and 
Ni and negative correlation with La. 

The seventh factor shows a weak correlation between P 
and Ba and some negative correlation with Hg. 

Figure 3 displays the score plot of the first two principal 
components. These scores are called Dim1 and Dim2. The 
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score plot is a map of 29 elements. The chemical elements 
close to each other have similar spatial distribution profiles, 
whereas those far from each other are dissimilar. From the 
figure, it can be seen that the elements involved in factors 3 
([Zn, Cd, Pb] S, Au, Cu) and factor 4 ([As, Sb] Mo, Ag, K) 
exhibit similar spatial behaviour. Other two factors with similar 
behaviour are factor 1 ([Fe,Co, Mn] Sc, P, V, Ni) and factor 6 
([Cr, Ni] -La). Also, it can be noticed that the elements 
participating in factor 2 ([Ca, Sr, Mg] Be, K, Al, Na) have an 
opposite direction of propagation compared to those 
participating in factors 3 and 4. 

Incorporating mineralogical data can be crucial for further 
understanding of the geochemical associations. Observation of 
the polished preparations with a microscope identified the most 
common ore minerals and their relationships. Pyrite was the 
most abundant, followed by sphalerite, galena, and 
chalcopyrite. In addition, hematite, which is both primary and 
the result of secondary alteration of primary ore minerals, is 
observed in nearly all specimens. Specific areas have been 
targeted for investigation by X-ray spectral microanalysis to 
resolve the chemistry and type of minerals. Detailed 
microscopic studies and sample descriptions will be the subject 
of a separate article.  

 
 

Conclusion 
 
The results of the multivariate statistical analysis of 

geochemical data in the Obichnik ore deposit and graphical 
plots of the factor scores allow to map the geochemical 
associations of these elements characterised by a certain 
similarity. The association of ([Zn, Cd, Pb] S, Au, Cu) from 
factor 3 and ([As, Sb] Mo, Ag, K) from factor 4 represents the 
spatial distribution of the main ore occurrences.  

The results in this study show that geochemical clusters, 
defining primary lithology, alteration, and ore assemblage that 
share comparable geochemistry, can be discriminated by 
different statistical methods, like the joining or tree clustering 
method, and factor analysis, like PCA. The observed good 
correlation between the results from these two methods is 
proof of the robustness of the approach.  
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STRENGTHENING OF A DEEP EXCAVATION UNDER COMPLEX ENGINEERING AND 

GEOLOGICAL CONDITIONS 
 

Ina Bozhinova-Popova, Emanuela Malinkova 
 

-mail: ina_popova@abv.bg; emanuela.malinkova@mgu.bg 
 
SUMMARY. The article presents a solution for the reinforcement of a 12.5-metre-deep excavation with high groundwater level located in a densely built-up area, with 
facilities like a nearby Sofia Metrpoliten tunnel, a sewage collecting tunnel, as well as the Perlovska River. The reinforcement is 60 cm thick and includes slurry walls 
with joint pipes between the wall sections. The anchors are of limited length due to the closely located structures. The groundwater drawing was carried out with five 
pumps from deep pumping wells. After the reinforcement construction was completed, the excavation works were successfully executed. 
 
Keywords: lowering ground water level, weak soils, small diameter vertical drains, ground water, pile foundation. 
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HYDROTHERMAL ALTERATIONS  A POWERFUL TOOL FOR THE EXPLORATION OF 

ORE DEPOSITS: A CASE STUDY FROM THE ZLATUSHA ORE OCCURRENCE, 
THE WESTERN SREDNOGORIE METALLOGENIC REGION, BULGARIA 
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ABSTRACT. Hydrothermal alteration of host rock has always been one of the most powerful tools in mineral exploration. Each type of deposit presents particular 
configurations of alteration assemblages in time and space. The correct interpretations of hydrothermal events give information about ore genesis and the location of 

e of deposits, but occur in different space 
configurations and, the particularities of each single deposit pose additional challenges in data interpretation and exploration endeavors. The Zlatusha ore occurrence 
is situated in the Western Srednogorie metallogenic region, part of the Late Cretaceous Apuseni-Banat-Timok-Srednogorie magmatic and metallogenic belt. The 
occurrence is epithermal, in particular of a low sulphidation, and gold-bearing type. Genetically and spatially, it assembles to the volcanic structure of the Zlatusha 
paleovolcanic centre. This study presents new field, petrographic, and XRD data about hydrothermally altered host rocks. Several styles of peri-ore alteration are 
distinguished  propylitic, quartz-sericite-pyrite (phyllic), argillic  as well as some transitional subtype assemblages. The hydrothermal processes are complex and 
possibly overprinting one above the other. Based on the interpretation of the hydrothermal alterations, potential ore zones and bodies have been located. 
 
Key words: hydrothermal alteration, mineral exploration, epithermal deposit 
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Introduction 
 

Hydrothermal alterations are powerful tools for the 
exploration of ore deposits; they provide critical clues about the 
processes and conditions that formed ore mineralisations. 

The Zlatousha ore occurrence is situated in the Western 
Srednogorie zone in Bulgaria, which in a regional aspect 
belongs to the Late Cretaceous Apuseni-Banat-Timok-
Srednogorie magmatic and metallogenic belt (Popov et al., 
2002). The belt hosts a lot of economic Cu- and Au-rich porphyry 
and epithermal deposits. 

Previous work concerning the Zlatousha ore occurrence 
presents data about host rocks, hydrothermal alterations, and 
some genetic aspects (Ferdov and Kunov, 2002). 

The aim of this study is to add new data about structures, 
types, and styles of hydrothermal altered rocks. 
 
 
Sampling and analytical techniques 
 

The samples from the hydrothermal altered rocks are 
collected from the mineralised zones. Polished thin sections 
were prepared to determine the structures and paragenetic 

relationships of the primary and secondary minerals in order to 
characterise the hydrothermal alteration assemblages. 
 
 
Geology 
 

The Zlatousha ore occurrence is of a low sulphidation 
deposit type (Sabeva et al., 2019), located in the Burel Ore Field 
(Popov and Popov, 2022) in the Western Srednogorie Mountain, 
as it is determined by the Upper Cretaceous volcanic and 
plutonic rocks. 

Genetically and spatially, it is related to the Zlatousha 
paleovolcano (Bairaktarov, 1989; Velev and Nedialkov, 2010). 
The volcanic structure is not well preserved, and is composed 
mainly of volcanoclastic (epiclastic and pyroclastic) rocks and 
less distributed lava flows and subvolcanic bodies. In some 
cases, a sequence of epiclastic products overlain by pyroclastic 
agglomerate covered by lava flows is distinguished. 

The layers of pyroclastic and effusive rocks are 
subhorizontal, with a thickness of between 2 and 6 m. Several 
dykes and subvolcanic bodies are also established. To the north 
and northeast of the village of Zlatousha, several isometric to 
less elongated subvolcanic stocks are intruded in volcanoclastic 
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rocks and the intensive hydrothermal alteration is related with 
some of these magmatic events. 

During the mapping of the hydrothermal alterations and 
lithology, two main extensive and homogeneous altered zones 
(phyllic to argillic alteration) were mapped. The southern one 
has west-northwest strike direction. Possibly related to this is the 
other fault and hydrothermal system with northeast-southwest 
strike direction. 

The field results show typical structural control of the 
hydrothermal processes and ore mineralisation, hosted by 
vertical to subvertical strike-slip fault system. 

 
 

Hydrothermal alterations 
 

Several styles of alteration are distinguished: propylitic, 
quartz-sericite-pyrite (phyllic), argillic, and some transitional 
subtypes of assemblages. The hydrothermal processes are 
complex and possibly overprinted one above the other. They 

affect different types of volcanic rocks  porphyry, 
volcanoclastic, and hydrothermal breccias. 

 
Phyllic (quartz-sericite-pyrite) alteration 

Phyllic alteration affects the coherent (subvolcanic) 
porphyry diorite and hydrothermal breccia bodies. 

Hydrothermal breccias, whether as highly permeable host 
rocks or when directly fragmented during ore-forming activities, 
can provide favourable sites for ore forming fluids and can form 
high-grade ore bodies in porphyry and epithermal deposits. 
Breccias generally occur as steep, pipe-like bodies and are 
typically formed at the top of the intrusion. 

The phyllic altered breccias at the Zlatousha ore occurrence 
are generally monomictic, matrix to clast, ore matrix-supported. 
They are composed of volcanic (andesitic) clasts and 
hydrothermal matrix. The fragments are ellipsoidal to 
subangular. The matrix is around 5-8 %, and is almost 
composed of secondary, hydrothermal minerals  quartz, 
sericite, muscovite, potassium feldspar, and rare biotite (Fig. 1). 

 

 
 

Fig. 1. Phyllic altered hydrothermal breccias: a)  Structural features (XPL); b)  Quartz-sericite-potassium feldspar veinlet (XPL) 
XPL  cross polarised lights; PPL  plain polarised lights 

 
Quartz almost prevails in the matrix and in two types of 

veins: quartz-sulphides and quartz-potassium feldspar-sericite 
veinlets (Fig. 1). Sericite is developed in the matrix and 
replacement of the plagioclase phenocrysts. Muscovite occurs 
in the veins and forms nests in groundmass of volcanic 
fragments. The type of alteration is phyllic with diagnostic 
minerals, such as quartz, sericite and pyrite. The existence of 
potassium feldspar and rare biotite corresponds to potassium-
silicate alteration. Porphyry rocks are also affected by phyllic 
alteration. The host rocks are classified as porphyry diorite to 
granodiorite. Phenocrysts are plagioclase, amphibole, biotite, 
and rare quartz. Typical hydrothermal minerals are quartz, 
sericite, muscovite and rare hydrothermal biotite (Fig. 2). 
 
Propylitic alteration 

Propylitic alteration is observed in the periphery of 
mineralised hydrothermal zones, and based on the mineralogy 
is presented by two types: (1) quartz-epidote-sericite and (2) 
quartz-carbonate (calcite)-chlorite. 

The first one is related with plagioclase and amphibole 
bearing porphyry diorite. The host rock undergoes intensive 
hydrothermal alteration, and primary magmatic structures and 
features are totally destroyed and altered. Hydrothermal 

minerals replace all the phenocrysts and microlites of the 
groundmass. 

Quartz prevails under other hydrothermal minerals. It is 
abundant in groundmass, where it built nests in association of 
epidote. 

Epidote appears in association with quartz and as individual 
grains and clusters in groundmass.  

Hydromica (sericite) is an altered product over plagioclase 
phenocrysts. Chlorite is rare (Fig. 3). 

Low-temperature propylitic alteration is developed under 
porphyry dacites, with phenocrysts of plagioclase, amphibole, 
biotite, and quartz. Calcite and chlorite are hydrothermal 
minerals. Calcite mainly develops in groundmass and fills 
vesicles. Chlorite is rare and replaces mafic minerals 
(amphibole) (Fig. 4). 

 
Argillic alteration 

The filed and petrographic studies did not show typical 
mineral assemblages for the argillic type of hydrothermal 
alteration. Established secondary minerals, such as kaolinite, 
quartz, and zeolites, are possible to be related to some low-
temperature hydrothermal event. The rocks affected by these 
alterations are monomictic tuffaceous sandstones to breccia-
conglomerates. 
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Fig. 2. Phyllic altered porphyry diorite to granodiorite: a)  Plagioclase and biotite phenocrysts (XPL); b)  Hydrothermal muscovite 
(XPL); c)  Hydrothermal quartz-sericite (XPL); d)  Hydrothermal biotite (PPL) 

 

 
 

Fig. 3. Propylitic altered porphyry diorite: a)  Quartz and epidote (XPL); b)  Epidote (PPL) 
 

 
 

Fig. 4. Propylitic altered porphyry granodiorite: a)  Quartz and biotite phenocrysts (XPL); b)  Hydrothermal calcite (XPL) 



7/2024 7/2024 

134 

Conclusions 
 

Hydrothermal alterations play a crucial role in exploration 
geology, especially when searching for porphyry and epithermal 
deposits. These deposits are often associated with 
hydrothermal systems where mineral-rich fluids alter the 
surrounding rocks, creating distinct alteration zones that can 
serve as indicators of ore presence. 

The identification of alteration zones can guide exploration 
by indicating the potential location and size of ore bodies. For 
instance, in porphyry systems, the presence of potassic 
alteration may point to the centre of the deposit, while phyllic 
and argillic can indicate the upper and lateral extents. In 
epithermal systems, silicification and advanced argillic alteration 
can signal areas of potential high-grade mineralisation. By 
mapping these hydrothermal alteration patterns, geologists can 
more efficiently target drilling efforts, thereby reducing 
exploration costs and increasing the likelihood of discovering 
economically viable mineral deposits. 
 
The Zlatousha ore occurrence 

Petrographic examination of the phyllic alteration 
demonstrates the existence of a mineral replacement 
susceptibility, with mafic silicates being the most susceptible to 
replacement by sericite and quartz, followed by cores of 
plagioclase to all the plagioclase phenocrysts, if the intensity of 
alteration was high. This type of alteration is locally texturally 
destructive, and the abundant pyrite indicates sulfur addition. 

In some cases, phyllic alteration is associated with 
hydrothermal brecciated bodies (pipes), and is located at the 
intersection of two major fault systems. The breccia is 
dominated by clasts of andesites and quartz-sericite matrix. 

In the western segment of the deposit, phyllic alteration is 
transitional to potassium-silicate metasomatic type (potassium 
feldspar-biotite), or there is overprinting of alteration processes. 
Typical phyllic mineral assemblages show the southernmost 
mineralised zone. 

Propylitic alteration is observed in the periphery of ore 
zones, and is represented of two types: (1) Quartz-epidote-
sericite and (2) Quartz-carbonate-chlorite 

No typical mineral assemblages for argillic alteration is 
present. 
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Abstract. This study is based on a chronostratigraphic interpretation of biostratigraphic data from 102 boreholes from the easternmost part of the Moesian Platform 
(Northeast Bulgaria) bordering the Black Sea Basin and including the southernmost part of the South Dobrogea Unit and the easternmost part of the North Bulgarian 
Dome with its eastern slope. Seven Paleogene chronostratigraphic units were recognised (the Thanetian, Ypresian, Lutetian, Bartonian, Priabonian, Rupelian, and 
Chattian stages). For the visualisation of their spatial distribution and relationships, a 3D chronostratigraphic model was created. 
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Introduction 
 

This study is focused on the Paleogene rocks and the 
geological evolution of the easternmost part of the Moesian 
Platform (Northeast Bulgaria), bordering the Western Black Sea 
Basin. Its purpose is (i) to recognise the exact 
chronostratigraphic successions, and (ii) to elucidate the spatial 
distribution and relationships of the chronostratigraphic 
subdivisions. 

In terms of the regional tectonics, the studied area 
comprises part of the Moesian Platform (Fig. 1), including partly 
the South Dobrogea Unit (Georgiev, 2012), which is also known 
as the Dobrogea Massive (Bokov et al., 1987; Dabovski, 
Zagorchev, 2009), as well as the easternmost part of the North 
Bulgarian Dome with its eastern slope (Dabovski, Zagorchev, 
2009). 

 

 
 

Fig. 1. Tectonic scheme of the studied area (after Bokov et al., 
1987; Dabovski, Zagorchev, 2009; modified) 

Faults: 1, Trigortsi; 2, Silistra-Belgun; 3, Bezvoditsa-Seltse; 4, 
Rakovo-Gorun; 5, Balgarevo; 6, Batovo 

Material and methods 
 

The investigation is based on integration of lithologic and 
stratigraphic data from 102 borehole sections, which are 
unevenly distributed across the studied area (Fig. 2). The 
primary data were obtained from 32 geological reports (kept at 
the National Geological Fund, Ministry of Energy of the 
Republic of Bulgaria) concerning the drilling for oil and gas, as 
well as the prospecting of the Dobrogea coal basin from the 
early 1950s to the 1980s (a list of reports, concerning the 
stratigraphic aspects of the Paleogene investigations were 
given by Valchev et al., 2018). 
 

 
 

Fig. 2. Distribution of the studied borehole sections with the lines 
(in green) of the chronostratigraphic charts shown in Figs 4 10 



67/2024 

136 

The chronostratigraphic interpretation is based on 
reinterpreted biostratigraphic data from Shutskaya et al. 
(1972f1). Seven regional chronostratigraphic charts show the 
temporal distribution of the Paleogene lithostratigraphic units. 
For further visualisation of the spatial relationships of the 
chronostratigraphic subdivisions, a 3D model was created. 
 
Stratigraphic background  

 
The geological investigations of the deep structure of the 

easternmost part of the Moesian Platform started in the early 
1950s and by the end of 1980s more than 1000 boreholes were 
drilled. Until the beginning of the 1970s, the base of the 
Paleogene had been referred to the Danian belonging then to 

the Upper Cretaceous (Fig. 3), and the Paleogene was divided 
into middle and upper Eocene covered with Oligocene deposits.  

Stoyanoff (1962) divided and characterised the lower and 
middle Oligocene, the former with three horizons. 

Shutskaya et al. (1972f), summarising the available 
lithological and paleontological data, proposed the first detailed 

the upper Paleocene, the Eocene was divided into lower
middle (corresponding to the middle Eocene of the previous 
investigations) and upper, comprising the Kuberlin-Keresrin, 
Kumski, and Beloglin horizons. Eight packages were included 
in the Oligocene which was divided into lower middle 
(packages I III) and upper (packages IV VIII).  

 
 

 
 

Fig. 3. Stratigraphic background and subdivision of the Paleogene in the Dobrogea area 
1, marls; 2, marly limestones; 3, bioherms; 4, organogenic limestones; 5, limestones; 7, clays; 8, siltstones; 8, sandstones; 10, sands; 11, 

glauconitic sandstones and sands 
* This column summarises the lithologic and stratigraphic data obtained from 27 geological reports from the early 1950s to the early 1970s (for 

reference see Valchev et al., 2018) 
 
Belmoustakov (in: Yolkichev, Belmoustakov, 1982f2) 

studied 16 borehole sections and defined five lithostratigraphic 
units: a silty limestone formation (Thanetian), a formation of 
sandstones and sands (Ypresian), a nummulitic limestone 

                                                 
1 Shutskaya, E., Y. Vaptsarova, M. Tanev, B. Goncharenko, D. Dencheva, A. 
Dianov, K. Jekova, V. Ignatova, M. Kehayova, G. Kulaksazov, T. Nikolov, A. 
Olferyev, A. Pozemova, I. Sapunov, Ch. Spasov, S. Stefanov, Y. Tenchov, E. 
Trifonova, D. Tronkov, P. Tsaneva, V. Tsankov, S. Yanev. 1972f. Report on 

formation (Lutetian), a marly formation (Priabonian), and a 
clayey formation (Priabonian Oligocene). 

On the basis of foraminifera (small and larger) and 
calcareous nanoplankton, Aladjova-Khrischeva et al. (1983) 

-247, 959 p. (in Russian, 
unpublished). 
2 Yolkichev, N., E. Belmoustakov. 1982f. Stratigraphy of the Upper Cretaceous 
and Paleogene in Northeast Bulgaria and the Black Sea shelf. Ministry of 
Energy, National Geological Fund, report XV-525, 165 p. (in Bulgarian, 
unpublished). 
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proved that the nummulitic limestone formation of 
Belmoustakov was of lower Eocene age, and that the lower 
levels of the marly formation belonged to the middle Eocene.  

Dzuranov and Darakchieva (1986) formalised the marly 
formation (introduced as the ) as 
the Avren Formation and gave planktonic foraminiferal data 
determining a lower Eocene age for the lowermost levels of the 
unit.  

Filipov (1995) and Cheshitev et al. (1995) referred the silty 
limestone formation to the Thanetian Komarevo Formation 
(introduced by Dachev, 1975 in Central North Bulgaria), 
recognised the lower Eocene Dikilitash and Aladan Formations 

sed by Aladjova-
Khrischeva, 1984), confirmed the presence of the Avren 
Formation (determining its lower middle Eocene age), and the 
uppermost levels of the Paleogene were included in the 
Oligocene Ruslar Formation (introduced by Zlatarski, 1927 and 
formalized by Aladjova-  

Valchev and Juranov (in: Valchev et al., 2018) studied more 
than 600 borehole sections and refined the lithostratigraphic 
scheme. They confirmed the presence of the Komarevo 
Formation. The lower Eocene succession was divided into a 
glauconitic marker, the Beloslav and Dikilitash Formations, 

Cheshitev et al. (1995), and the Aladan Formation. The authors 
subdivided both the Avren (uppermost Lower Eocene Upper 
Eocene) and Ruslar (Oligocene) Formations into three distinct 
packages, reinterpreted the available biostratigraphic data, and 
gave additional data for the chronostratigraphic range of the 
lithostratigraphic units. Their spatial distribution was visualised 
by the generation of a 3D lithostratigraphic model (by Sachkov). 
 
Chronostratigraphic units 
 

We recognised the Thanetian Stage of the Paleocene, the 
Ypresian, Lutetian Bartonian, and Priabonian Stages of the 
Eocene, the Rupelian and Chattian Stages of the Oligocene 
(the spatial distribution of the units is shown in Figs. 4 10 by 
compiling seven regional chronostratigraphic charts). 
 
Paleocene 

Danian and Selandian. These stages have not been 
established in the study area. 
in the geological reports belong to the Upper Cretaceous or 
more often to the Thanetian. 

 
Thanetian. It comprises the entire Komarevo Formation. 

The thickness of the unit varies from 5 6 m (in the northern part 
of the study area), rarely up to 26 m (in the area of Tyulenovo), 
but it is usually 10 15 m. It gradually increases from the west to 
the east and southeast. The unit covers different levels of the 
Upper Cretaceous, as the boundary is an unconformity. The 
upper boundary is an unconformity with different levels of the 
Ypresian. In the primary descriptions in the earlier geological 
reports, these rocks were referre Only the 
summarising work of Shutskaya et al. (1972f) represents these 

 
 

Eocene 
Ypresian. The stage comprises the glauconitic marker, the 

Beloslav, Dikilitash and Aladan Formations, as well as the lower 
levels of the marly limestone package of the Avren Formation. 
The thickness varies broadly from 4 m (the Kardam locality) to 

139 m (the Tangra borehole), but it is usually 50 80 m. 
Generally, it increases from the Northwest to the East and 
Southeast. The lower boundary is an unconformity with different 
levels of the Upper Cretaceous or the Thanetian. The upper 
boundary is conformable with the Lutetian, or represents an 
unconformity with the Priabonian (the Krapets locality) or the 
Rupelian (the entire northernmost part of the Dobrogea area). 

 
Lutetian. The middle and upper levels of the marly 

limestone package of the Avren Formation are included in this 
stage. The lower boundary is conformable with the Ypresian. 
The upper boundary is also conformable with the Bartonian.  

 
Bartonian. It comprises the uppermost levels of the marly 

limestonepackage of the Avren Formation and the entire clayey 
package of the Avren Formation. The lower boundary is 
conformable with the Lutetian. The upper boundary is 
conformable with the Priabonian or unconformable with the 
Rupelian. 

As there is no enough biostratigraphic data to define exactly 
the Lutetian Bartonian boundary, the two stages are presented 
as a unified body in the 3D model. Its thickness varies from 5 m 
(the Gurkovo area) to 94 m (the St Nikola area) and gradually 
increases to the Southeast. 

 
Priabonian. It is represented by the marly package of the 

Avren Formation. The thickness varies broadly from 5 m (the 
Krapets area) to 89 m (the Tyulenovo area). Generally, it 
increases gradually to the South and Southeast. The lower 
boundary is conformable with the Bartonian. The upper 
boundary is an unconformity with the Rupelian. 
 
Oligocene 

The Rupelian and Chattian Stages have not been defined in 
Northeast Bulgaria due to the scarce biostratigraphic data. Here, 
we accept that they correspond to the the 

 that were previously divided (see Fig. 3). 
 
Rupelian. It comprises the clayey-sandy and marly 

packages of the Ruslar Formation. The thickness varies very 
broadly from 8 m (the Spasovo area) to 202 m (the Vranino 
area), as it increases to the Southeast. The lower boundary is 
unconformable with the Priabonian. The upper boundary is a 
conformity with the Chattian or an unconformity with the 
Neogene. 

 
Chattian. The sandy-clayey package of the Ruslar 

Formation is included in this stage. The thickness varies very 
broadly from 14 m (the Spasovo and Trigortsi areas) to 376 m 
(the Kavarna-Balgarevo area) and sharply increases to the east-
southeast. The lower boundary is conformable with the 
Rupelian. The upper boundary is an unconformity with the 
different levels of the Neogene. There are no data concerning 
the duration of the hiatus. 
 
Regional chronostratigraphic aspects 
 

It can be seen that the thinnest Paleogene succession was 
recorded in the northwesternmost part of the study area (the 
Kardam and General Toshevo localities), where only the 
Ypresian is present (Figs 4, 5, 7). In the Spasovo locality, 
despite the last, the Thanetian, Rupelian and Chattian occur 
(Figs 4, 8), while in the Durankulak locality and to the East 
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offshore, the Paleogene section includes the Ypresian, Rupelian 
and Chattian only (Figs 4, 10). 
thickness to the East was recorded.  

The central localities represent three situations. West of the 
village of Belgun, the Ypresian and Rupelian comprise the 
Paleogene succession (Figs 5, 8), while between the villages of 
Belgun and Tvarditsa, it is composed of the Thanetian, 
Ypresian, Rupelian and Chattian (Fig. 5). In the Krapets locality 
(south of the village) and to the East offshore, the Priabonian 
appears, and thus, despite the last, the section is composed of 
the Ypresian, Rupelian and Chattian (Figs 5, 10). The thickness 
of all units is almost constant.  

The southwestern part of the study area (the Dobrogea coal 
basin) reveals a complicated geologic structure and great 

variations of the stratigraphic record. In a small area near the 
village of Trigortsi, the Paleogene section, three situations could 
be seen (Figs 6, 8, 9). The Ypresian, Rupelian and Chattian are 
present northwest of the village, the Thanetian, Ypresian and 
Rupelian were established around the village, and to the 
southeast the Lutetian Bartonian appear. In the Balchik locality 
(Fig. 7), the Paleogene succession includes the Thanetian, 
Ypresian, Lutetian Bartonian, Rupelian, and Chattian. In the 
Vranino area (Figs 6, 8), only the Ypresian, Rupelian, and 
Chattian were recorded, while the Kavarna locality (Figs 6, 8) 
reveals a complete Paleogene section (from the Thanetian to 
the Chattian). 

 

 
 

Fig. 4. Regional chronostratigraphic chart I-I 
 

 
 

Fig. 5. Regional chronostratigraphic chart II-II 
 

The same chronostratigraphic record was established in the 
Balgarevo Cape Kaliakra locality (Figs 6, 9, 10), as thickness 
variations of the Priabonian and Chattian were observed. To the 
southwest offshore (R-1 the Nanevo locality), the Thanetian 

disappears and the thickness of the Priabonian Chattian 
interval sharply decreases.  

The coastal region between Cape Shabla and Cape 
Kaliakra reveals a complete Paleogene succession except the 
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Tyulenovo locality, where the Thanetian is not present (Fig. 10). 

recorded. 

 

 

 
 

Fig. 6. Regional chronostratigraphic chart III-III 
 

 
 

Fig. 7. Regional chronostratigraphic chart IV-IV 
 
3D chronostratigraphic model 
 

For further visualisation of the spatial distribution of the 
chronostrarigraphic succession, a 3D model was created. For its 
generation, individual sets of chronostratigraphic bodies were 
established. They include base, cover, and six bodies 
concerning the Paleogene chronostratigraphic units (Fig. 11). 

The base of the Paleogene succession in the whole study 
area is the Upper Cretaceous (Fig. 11a). 

The distribution of the Thanetian is not ubiquitous (Fig. 11b). 
This fact could be interpreted as Thanetian non-deposition in 
broad areas or the presence of partial pre-Eocene local erosion 
on the carbonate platform. 

The Ypresian is distributed over the whole study area (Fig. 
11c), but is represented by various rock sequences due to the 
presence of a dynamic sedimentary environment and a very 

rapid transformation of basin conditions. The sedimentary 
environments of the Ypresian are diverse, rapidly changing, and 
migrating. A hiatus of varying duration is recorded in the upper 
part of the Ypresian. It is long-lasting in the north-western parts 
of the onshore part of the study area and in the Black Sea (Figs 
5, 7). In the interior of the stage, the occurrence of short-term 
interruptions is also possible. In some areas, the highest levels 
of the Ypresian are missing. This patterning of the upper stage 
boundary is probably related to later events, but it is a fact that 
the boundary reflects erosional processes affecting the 
sediments of this stage as well. 

In general, the Lutetian and Bartonian rocks have a more 
restricted distribution compared to those of the Ypresian (Fig. 
11d). The sections are lithologically more monothonous. There 
are no hiatuses in both stages. 
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Fig. 8. Regional chronostratigraphic chart V-V 
 

 
 

Fig. 9. Regional chronostratigraphic chart VI-VI 
 

 
 

Fig. 10. Regional chronostratigraphic chart VII-VII 
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Fig. 11a. 3D model of the Upper Cretaceous base (a), the Paleogene chronostratigraphic units (b g), and the Neogene cover (h) 
 

The distribution of the Priabonian is restricted to the 
southernmost and easternmost parts of the study area (Fig. 
11e). It is unlikely that they were not deposited in its other parts. 
Rather, this absence is the result of significant pre-Oligocene 
erosion, which also affects the Lutetian and Bartonian and 
sometimes even the Ypresian. 

The pre-Oligocene erosion is one of the most notable events 
of the Paleogene at the easternmost part of the Moesian 
Platform. It is associated with the complete transformation of the 

basin regime and the complete change of sedimentary settings 
at the beginning of the Oligocene. 

The Rupelian (Fig. 11f) has a relatively wider spatial 
distribution as compared to the Lutetian Priabonian rocks. The 
hiatus along its lower boundary is short-lasting in time, but in 
certain areas this boundary is associated with continuous 
erosion affecting all older levels of the Palaeogene. Typically, 
this situation marks the margin of the Paleogene basin.  
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Despite the the northwestern part of the study area, only 
three of the interpreted sections (in Trigortsi area) clearly show 
the absence of the Chattian sediments (Figs 6, 8, 9, 11g), 
indicating the presence of local but deep scour affecting the 
entire stage. 

The Neogene covers the entire study area (Fig. 11h).  
 
Conclusions 
 

The chronostratigraphic interpretation of the available 
biostratigraphic data allowed compiling a reliable database for 
visualising and analysing the spatial distribution of the 
Paleogene chronostratigraphic units. Thus, the complicated 
deep structure of the easternmost part of the Moesian Platform 
was confirmed and revealed in detail.  

The block structure of the basement and the differences in 
the sedimentary sequences on the individual blocks indicate 
that the formation of the tectonic boundaries between them 
occurred at an older time, and their effect on sedimentation is 
the result of a later reactivation, with different intensities, 
depending on the geodynamic setting and stress field 
distribution. To the extent that the block structure of the 
basement and fault reactivation can influence sedimentation, 
they determine the different degrees of preservation of 
sedimentary sequences on the individual blocks, confined 
between major unconformities, on the formation of local 
depocentres, and hence, relatively different lithologies within 
them, areas of unconformity, scouring or condensed 
sedimentation, possibly the presence of fault-dominated 
sediments. 

Considering that sedimentation occurs mostly in stable 
epicontinental conditions, the section is dominated by shallow-
water sedimentation, suggesting rapid facies migration and a 
relatively narrow chronostratigraphic range of diachronous 
boundaries, and the lithological boundaries can be assumed to 
be synchronous within the range of a century or even an epoch. 

The 3D chronostratigraphic model shows the location and 
duration of the hiatuses in the Paleogene section, as well as the 
relative rates of sedimentation for individual zones in the basin. 
Thus, it provides good opportunities for further research and 
conclusions in the field of basin analysis and sequence 
stratigraphy. 
 
Acknowledgements. This article is in memory of Dr Sava Juranov, 
who introduced us to the Paleogene stratigraphy of Northeastern 
Bulgaria. 
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ABSTRACT. The project proposes an interdisciplinary approach, new for the Bulgarian scientific community, in the study of fossil deposits as part of the Bulgarian 
national geological heritage: integration of traditional geological methods (geological mapping, paleontological, stratigraphic, biochronological, geochronological, 
micropaleontological research) and modern geomorphological and geoinformation methods and techniques for the identification and imaging of fossil deposits of high 
scientific and museum value, processing, visualisation, and promotion of data. This article reviews the results obtained in the first phase (November 2021 May 2023). 
Criteria, indicators, and parameters for the quantitative assessment of specific features of fossil geosites have been defined; an expert map has been compiled for the 
assessment of fossil geotopes for the purposes of geotourism; 23 sites of high scientific and museum value have been identified, and scientific dossiers have been 
compiled for 16 of them as a basis for the future register of fossil sites in Bulgaria. A preliminary version of an interactive portal has been prepared. 

 
Key words: fossil geosites, geoconservation, scientific and museum value. 
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ABSTRACT. A critical analysis is offered of the available geological data for one of the least studied parts of the Strandzha Zone that occupies the area between the 
Tundzha River and the Central Strandzha Mountains. An important part of the analysis includes the compilation of a summary map integrating 1:100 000 scale 
geological maps of territories on either side of the frontier. The cross-border correlation of Pre-Upper Cretaceous units is based on a synthesis of recently published 
geochronological data along with the results of our new field studies. This allows not only a better understanding of the geological evolution and the structure of the 
Strandzha Zone but also some correlations to be made between the major tectonic units of the zone in Bulgaria and Turkey. In line with previous models, an 
autochthon and an allochthon tectonic unit is distinguished in the study area. While in its western and southern parts of the autochthon the rocks record intensive 
Early Alpine metamorphism and deformation, eastward they are affected by a much weaker tectonic overprint that does not lead to obliteration of the primary fabric. 
The allochthonous units are characterised by specific syn-metamorphic fabric. Defining the extent of the allochthonous units emerges as the most acute tectonic 
problem. 
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Introduction 
 
 The presence of metamorphosed Mesozoic rocks in the 
Strandzha Zone are already known from the pioneering studies 
of Yanischevski (1946). Their metamorphism was caused by 
tectonic processes that took place during the Late Jurassic and 
Early Cretaceous and which were ascribed equally as part of 
the Cimmerian or Early Alpine orogeny (e.g. Chatalov 1990; 

related to the formation of the large-scale thrust structures that 
define the present-day tectonic frame of the Strandzha Zone 
(e.g. Dabovski & Savov, 1988). While these major features are 
more or less well documented in the eastern Strandzha, their 
presence and extent in the Dervent Heights and the rest of the 
Western Strandzha are still poorly studied. Studies on the 
synmetamorphic structures associated with the Early Alpine 
metamorphism in this area, as well as some of the neighboring 
tectonic zones west of it, are still missing. 
 The aim of this study is to provide a novel and more 
rational interpretation of the structural framework and 
geological evolution of the central part of the Strandzha Zone. 
The achievement of this preliminary synthesis was possible by 
the integration of the previously published data combined with 
detailed new field studies and a structural analysis. New 
geochronological analyses of key rock formations from the 
main tectonic units are envisaged in the future. 

Main geological units 
 
 The Strandzha Zone in Bulgaria includes three main 
tectonic units: the Sakar, the Strandzha, and the Veleka units. 
The subdivision was based on their lithological characteristics 
and different structural position during the Late Jurassic to 
Early Cretaceous thrusting and metamorphism (e.g. Chatalov, 
1990; Gerdjikov, 2005). The Sakar unit, characterised by the 
presence of high-grade metamorphosed Precambrian to 
Triassic rocks, is the one innermost within the frame of the 
Alpine Balkan orogen. The Early Alpine metamorphism 
reached amphibolite facies conditions which are the higher 
most within the Strandzha Zone. Eastward, in the Strandzha 
unit, the Early Alpine metamorphism is less intensive and 
widespread. For the moment, it is impossible to put precise 
tectonic boundary between the Sakar and the Strandzha units. 
As such, it is usually assigned the Lesovo fault (Chatalov, 
1965) which is detected only on the basis of sharp lithological 
changes across its trace (Fig. 1). The Strandzha unit is 
overthrust by the metamorphic rocks of the Veleka allochthon 
unit (e.g. Dabovski and Savov, 1988). This allochthon 
represents probably the least studied unit where its 
stratigraphy, age of the rock associations, and their 
metamorphic degree are still poorly constrained and under 
debate.
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Fig. 1. Simplified geological map of the central part of the Strandzha Zone. The possible continuation of the Veleka unit to the south is 
speculative. Also, for the part south of the border, another speculation is the attribution of the Mesozoic units to a given stratigraphic 

unit that originates from Bulgarian research. The Malko arnovo Formation is shown as part of the allochthon, despite unclear position. 
An attempt was made to simplify and omit parts of the complications introduced in Dabovski et al. (1993), that are not present in the 

original maps at scale 1: 25 000. 
 
Redefinition of the autochthonous units 

  
Four Alpine litho-tectonic entities have been identified in 

the study area, based on their different lithological 
characteristics and structural positions: the Sakar autochthon, 
the western Dervent autochthon, the Western Strandzha 
autochthon, and the Veleka allochthon. 

The Sakar autochthon occupies the western part of the 
area (Fig. 1). The Levka pluton, also known as the Lesovo 
orthogneisses (Dabovski et al., 1993), which is ca. 319 Ma old, 
is cropping out to the south,  intruded by a set of smaller 
bodies of K-feldspar phyric granites, or Varnik granites 
(Gerdjikov, 2005). The Varnik granites share some similar 
features with the well-studied Permian Kirklareli pluton in 

they share probably a 
similar age. The Levka pluton intrudes the Pre-Permian high-
grade basement affected by Variscan and Alpine metamorphic 
e
their host rocks are covered by Early to Middle Triassic 
metasediments (Fig. 1) that can be regarded as an eastern 
continuation of the well-studied Triassic sequences from the 
Topolovgrad syncline. 

The western Dervent autochthon occupies the western and 
central parts of the Dervent Heights. They are dominated by 
the large (50 km2) granitoid body of the Dervent-Hamzabeyli 
pluton that, unlike the neighboring Levka pluton, d es not 
display a penetrative Alpine overprint (Gerdjikov and Metodiev, 
2005). The Dervent-Hamzabeyli granite is emplaced into high-
grade gneisses currently cropping out along the NE and SE 
periphery of the pluton (Fig. 1). While the part of the northern 
contact of the pluton is strongly overprinted by late brittle 
deformation, along its northwestern contact transgressive 

Triassic metasediments are preserved (Fig. 1). Despite the 
poor outcrop conditions, the field data confirm these 
relationships and the presence of Middle Triassic sequences. It 
is important to be noted that the metamorphic grade of these 
sediments is lower than those of the Sakar autochthon and this 
fact corroborates well with the low-strain deformation observed 
in the Dervent-Hamzabeyli pluton. Thus, it could be concluded 
that an important change in the metamorphic grade exist 
across the Lesovo fault. 

The western Strandzha autochthon is cropping out in the 
easternmost Dervent Heights and the westernmost Strandzha 
Mountains (east of the meridian of Golyamo Sharkovo - Fig. 1). 
It represents the western limb of the Central Strandzha 
anticline (Yanischevski, 1946), with a generally well-preserved 
Early Alpine structure. Here, the Triassic sequences slightly 
differ from these in the Sakar unit but are similar to those of 
eastern Strandzha. The presence of Jurassic sediments in this 
unit is also well-proven (Dabovski et al., 1993). The absence of 
metamorphic alterations is probably the most striking contrast 
with the Mesozoic rocks from the other autochthon units in the 
study area. 

While well-studied and defined in the East Strandzha, there 
is a general problem with the definition of the boundaries and 
the lithological contents of the allochthonous Veleka unit in the 
area of the Dervent Heights. This is mostly due to the fact that 
the extent of the allochthon in this area was defined on the 
basis of paleontological findings only and not on structural data 
and detailed field observations (e.g. Dabovski et al., 1993). In a 
previous contribution by Gerdjikov and Metodiev (2005), 
doubts were cast on the preceding ideas proposed on the 
structure of the Veleka unit. 
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Materials and methods 
 

An important part of the studies presented herein is the 
accomplishment of a compiled map based on the integration of 
the existing 1:100 000 scale geological map sheets together 
with other available geological maps from Bulgaria and Turkey 

map is elaborated in the open-sourced QGIS software and is 
supplemented with our own data from the field studies. The 
field studies were carried out intermittently in the period 1998-
2024. Observations of the tectonic contacts, lithological 
relationships, shear zones geometry, planar and linear fabric 
orientations are conducted in more than 300 outcrops. 
 
Results 
 
Compiled geological map 

The compiled geological map integrating the results of the 
recently published studies from the Turkish and Bulgarian part 

in et al., 2016; 

lithotectonic units in the study area (Fig. 1). Often there is a 
good corroboration between the geological data of both sides 
of the border, as in some cases there is a perfect match of the 
geological boundaries which allows correlations to be made 
between the main geological features (e.g. between the 
Dervent and the Hamzabeyli plutons, the SW margin of the 
Central Strandzha batholith and the Kula pluton, the eastward 
continuation of the Varnik-type granites, etc.). In other cases, 
there are differences in the interpretation of the age and 
geological evolution of rock formations belonging to apparently 
similar geological units. Changes of the stratigraphic age of 
sedimentary sequences across the border were also identified. 
Some of these inconsistencies could be partly due to the low 
resolution of the geological maps of the Turkish part of the 
Strandzha Zone. Further field, structural, and geochronological 
analyses are necessary in order to solve these problems. 
 
The extent of the Sakar unit 

In the previous studies, the Lesovo fault was conveniently 
designated as the eastern boundary of the Sakar autochthon 
(e.g. Chatalov, 1990). The existing cross-border maps and 
mainly the geological data from the Turkish side (Sunal et al., 

rejecting this paradigm. It is obvious that the Sakar-type 
basement, characterised by its high-grade Early Alpine 
overprint, extends eastward at least to the region of Kirklareli in 
Turkey (Fig. 1). This suggestion is supported also by the 
presence of the strip aligned in E-W direction, from the Sakar 
unit up to Kirklareli, which is of Late Carboniferous-Permian, 
most often strongly foliated, with granitoids intruding this high-
grade metamorphic basement of a probable Variscan age (Fig. 
1). The basement is referred to as the Zhaltichal Formation in 
Bulgaria (Dabovski et al., 1993) and the Tekedere Group in 

orthern part 
of the Sakar unit in Bulgaria, north of Kirklareli (Fig. 1), the 
high-grade basement and granitoids are covered by strongly 
deformed and metamorphosed Permian to Triassic sequences 
(Natalin et al., 2012). 
 At this stage of the research, it was not possible to define 
the limit of the Sakar unit in the area northwest of Kirklareli. It is 
not clear yet whether there is a transition zone or an abrupt 

contact between the rocks affected by higher- and lower-grade 
Early Alpine metamorphism and deformation. Some hints for a 
gradual transition are given by the data of Sunal et al. (2011), 
who suggest a lowering of the peak metamorphic temperatures 
in the area from the south to the north. On the other hand, in 
the published geological maps, there are several E-W trending 
faults and shear zones that can play the role of the northern 
limit of the Sakar unit in the Turkish part of the Strandzha 
Zone.  

Bedi et al. (2013) interpreted the Sakar unit (their 
Dogankoy nappe) as occupying the uppermost tectonic 
position within the Strandzha Zone. For the moment, such 
interpretation is suggested only for the Turkish part of the unit, 
whereas clear structural data are still missing. On the other 
hand, it seems that the Sakar unit occupies the lowermost 
tectonic position in Bulgaria since the Sakar-type Middle 
Triassic marbles are tectonically overridden by Lower Jurassic 
non-metamorphosed sediments typical for the Strandzha unit, 
as in the area of the village of Melnitsa (Dabovski et al., 1993), 
as well as by rocks of the Veleka allochthon unit. 
 
Synmetamorphic Alpine fabric in the autochthonous units 

Data on the synmetamorphic fabric of the studied rocks are 
available only for the westernmost part of the area, west of the 
Lesovo fault (Gerdjikov, 2005). Two structural domains can be 
distinguished there. The first, a compressional-transpressional 
domain described in the southern part of the Sakar unit, is 
characterised by the presence of high-grade shear zones 
parallel to the general trend of the regional foliation which 
strikes E-W and dips moderately to the SE and S. Numerous 
shear-sense criteria are observed, including asymmetric 
porphyroclasts and S- -to-the-NW-N 
sense of shear. The structural data from Turkey indicate that 
this domain probably continuous to the east, whereas it is 
studied only in the region of Kirklareli for now (Sunal et al., 
2011). 

While the compressional-transpressional domain is built 
almost exclusively of metagranitoids and Precambrian to 
Paleozoic rocks, the second one, situated north of the first one 
(Fig. 1), includes a metamorphosed Triassic cover as well. This 
domain is characterised by generally north- to northeast 
dipping foliation and the lack of high-grade strike-slip shear 
zones. The lineation is less frequently developed and is 
plunging towards NE to N. The kinematic criteria are rarely 
observed and point to a top-to-the-N shearing. This is 
consistent with general northward decreasing of the degree of 
metamorphic alterations. The transition between the two 
domains is gradual and marked by the presence of a 
heterogeneously sheared volume, dominated by steep 
foliation, in the Carboniferous granitoids (Fig. 1). 

There are no published data on the synmetamorphic fabric 
in the autochthonous units east of the Lesovo fault in Bulgaria. 
Field observations from rocks in this area, which are well 
defined as part of the autochthon (e.g. the western Dervent 
autochthone) indicate the presence of low-temperature shear 
zones of up to decameter-scale, which can be interpreted as 
related to the Alpine deformation. In any case, this part of the 
autochthon records lower in its intensity Alpine reworking. 
 
Delineation and internal synmetamorphic structure of the 
Veleka allochthon in the Dervent Heights 
 The map interpretation of the distribution of autochthonous 
and allochthonous rocks in the study area is still preliminary 



7/2024 7/2024 

152 

(Fig. 1), yet based on several field trips and on a previous 
study of key areas around the village of Golyam Dervent 
(Gerdjikov and Metodiev, 2005). The main difficulties are 
related to the accessibility of the countryside (due to 
depopulation, the area of the Dervent Heights is turning 
overgrown and impassable) and general poor outcrop 
conditions. The distribution of allochthonous rocks in Turkey, 
presented on the map, is mostly interpretative for the time 
being.  
 As a coherent body, the allochthon is mapped west of the 
line connecting the villages of Golyam Dervent and Golyamo 
Sharkovo. In this area, its relationships with the autochthon 
can be observed in several outcrops and along several 
sections. East of this line, the situation is more complicated 

contacts are often marked by late, brittle faults. To trace the 
distribution of the Veleka unit in Turkey, the only available 
source for now is the Turkish 1:100 000 scale geological map 

indicates that north of Omeroba there is a large area built only 
of autochthonous rocks (Fig. 1). According to this map, 
allochthonous rocks occur only north of Kofchaz (Fig. 1). Thus, 
it appears that the outcrops of the Veleka unit in the Dervent 
Heights are forming a km-scale klippe, completely detached 
from other parts of the allochthon. 
 In general, the logic of Dabovski et al. (1993) is followed, 
and two allochthonous sheets (designated as formations) are 
distinguished: lower  marble dominated, and upper  phyllite 
dominated. It must be noted that this superposition is rarely 
obvious, as probably the best arguments for this are from the 
area NW and W of Golyam Dervent (Gerdjikov and Metodiev, 
2005).  
 Unlike the autochthon, the Phyllite and Marble formations 
display strong mylonitic fabric. The constituent rocks (phyllites, 
marbles, and calc-schists) are strongly foliated and stretching 
lineation is often observed. In the areas where coherent 
sections of the allochthon could be observed (e.g. NW of 
Golyam Dervent, S of Golyamo Sharkovo and Iglika), foliation 
trends ESE-WNW to E-W and the lineation is plunging either to 
WNW or ESE. Different scale coaxial folds with axes trending 
parallel to the lineations were observed. 
 
The problem of distinction between the autochthonous 
and allochthonous units 
 The absence of clear field evidence for the existence of a 
discrete thrust boundary between the autochthon and the 
allochthon has made their distinction on the field very difficult. 
Therefore, this boundary could be defined in the study area 
only on the basis of the differences in the lithological and 
metamorphic characteristics. Unfortunately, this is not an easy 
task and straightforward conclusions are often difficult to be 
made. Although the lithological associations of the allochthon 
in the Dervent Heights are relatively well defined, their 
distinction from apparently lithologically similar units from the 
autochthon is very difficult. This is the case, for example, with 
the Phyllite and Marble formations due to the existence of the 
same lithologies in the neighboring units. After numerous field 
trips and detailed mapping in the study area, the allochthon 
position of the Phyllite formation could be affirmed with 
certainty only in the area northwest of the village of Golyam 
Dervent (Gerdjikov and Metodiev, 2005). 
 Another possibility to distinguish the lithologically similar 
units from the autochthon and the allochthon is comparisons of 

their style of deformation and degree of metamorphism. This 
demands detailed structural studies of the rocks from the study 
area to be made. All synmetamorphic features (S and L fabrics, 
and folds) of the Phyllite and Marble formations in the Dervent 
Highs Heights show characteristics and orientations similar to 
those from the allochthonous units in the eastern part of the 
Strandzha Zone (work in preparation).  
 
Concluding remarks 
 Studies in the central part of the Strandzha Zone put in 
evidence the existence of three autochthonous units and an 
allochthonous unit consisting of Phyllite and Marble formations, 
which is related to the Early Alpine orogeny. The intensity of 
the Early Alpine metamorphism and deformation in the 
autochthon clearly decrease eastward from the Sakar to the 
Western Strandzha unit. Structural observations from the 
allochthon in the Dervent Heights show clear similarities of 
their deformation style and structural position with the rocks 
from the Veleka allochthon unit in the Eastern Strandzha. 
 Finally, this study demonstrates that even simple attempts 
for cross-border correlations based mostly on the compilation 
of different geological maps from Bulgaria and Turkey can be 
highly beneficial for the creation of a meaningful tectonic 
synthesis. 
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ABSTRACT. It is believed that after the sharp decline and rise of the Black Sea level between 9000 to 7000 years ago (BP), corresponding to the effects of the 
Younger Dryas cooling phase, the Black Sea was connected with the level of the World Ocean and moved more or less in accordance with it. However, a New 
Chernomorian transgression is recorded on the Black Sea shores reaching 4-5 m above present sea level (p.s.l.) in the period 5600 4300 BP (Bronze age), followed 
by the Fanagorian regression, starting around 2500 BP, that is believed to have dropped to 3 m. below p.s.l. Both indicate significant sea level oscillations. If the 
archeological data are considered, it is evident that numerous Eneolithic (6800  5800 BP) and Early Bronze Age (5600  4400 BP) human settlements are now 
under 6-10 m of water; thus, confusion arises as to the accuracy and completeness of the data published on the sea level. Recent industrial sand exploration project 
in the Sunny Beach resort, in the Municipality of Necebar, has provided data about the thickness of the aggradation marine sand package deposited on top of a thick 
compacted clay strata, interpreted to represent the Younger Dryas dry land (approximately 7000 BP) that was subjected to transgressive sedimentation. This 
thickness of transgressive sediments is 12.5 m found in two boreholes and corresponds to the total Black Sea level rise as inferred by Genov (2016). The drilling has 
not provided reliable data on local transgression or regression events, but rather is indicative of constant sea level rise, which more or less corroborates with the 
archaeological data.  
 
Key words: Black Sea level, Younger Dryas, biblical flood, terraces, transgression 
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GEOLOGICAL PHENOMENA IN THE AREA OF THE VILLAGES OF GARA BOV AND BOV 

(WESTERN BULGARIA) 
 

Yavor Ivanov, Irina Ivanova 
 

, 1700 Sofia;  
E-mail: y.ivanov@abv.bg 

 
ABSTRACT. The villages of Gara Bov and Bov are located on the border between the Srednogorska and Zapadnobalkanska zones, in the Golema Planina Mountain, 
part of the Western Stara Planina Mountain. Several geological phenomena were formed in the Triassic rocks (Petrohan Terrigenous Group) and in the Jurassic rocks 
(the Kostina Fm, the Ozirovo Fm, the Bov Fm, and the Javorets Fm) in the valleys of the Bovska and the Treskavets Rivers. Their description is the main aim of this 
article. The observed formations are of geomorphological, paleotectonic, paleontological, and stratigraphical character. They include rock cliffs, a rock doll, the Bovska 
River cascade, a paleolandslide, a non-conformity, and several outcrops of Jurassic fossils. The geomorphological sites are of aesthetic value, and the rest are of 
scientific value according to the classification of the geological phenomena. All sites are of local significance according to the original Bulgarian methodology for the 
estimation of geological phenomena. 

 
Keywords: Bov, geological phenomena, Western Bulgaria. 
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HYDROGEOLOGICAL CONDITIONS IN TH ZHELEZNITSA MINERAL WATER DEPOSIT, 

PROSPECTS FOR DEVELOPMENT 
 

Ivaylo Petkov 
 

; E-mail: i.petkov@mgu.bg 
 

ABSTRACT. The Zheleznitsa mineral water deposit is located in the fence massifs of the Sofia Graben, on the northern side of the Plana pluton, and around 2 km to 
the east of the village of Zheleznitsa. It is manifested by two groups of natural springs: the group in the valley of the Selska River and a group in the valley of the 
Vedena River. A total of 13 springs comes out through fissures in the diorites of the Plana pluton, the largest two being captured by concrete shafts. To uncover 
additional quantities, two design and exploitation boreholes were subsequently drilled, which were left to self-fill, and as a result, the flow rate of the high-lying springs 
dried up. The chaotic use of this water over the past 30 years, mainly associated with a collapsing mineral bath, carpet washing, and water logging of part of the 
outflows into the river in the form of small stone pools, necessitates a comprehensive assessment of the available archive data, analysis and summarising of the 
existing hydrogeological and hydrochemical information. Guidelines are offered for disclosing the full potential of the deposit and achieving a sustainable and 
manageable yield of good quality and higher temperature, with a view to the potential for utilisation. 
 
Key words: ground water, mineral water, geothermal resources, geothermy. 
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THE ANCIENT COPPER MINES NEAR AYBUNAR, THE STARA ZAGORA AREA 

 
Ivan Popov 

 
Military Formation (MF) 54830  Varna, Bulgaria; e-mail: popovii@abv.bg 

 
Abstract: The Balkan Peninsula was home to the first settlers of the European continent. That is why many ancient artefacts and findings exist, such as the Varna 
Necropolis, the Gradeshnitsa Plate, the Karanova burial mound, the Durankulak Necropolis, and others. The oldest copper mines were discovered in an area near Stara 
Zagora - Aybunar (Mechi Kladenetz -  in 
extracting metals from metal ores and creating various objects from them. Therefore, Bulgarian museums showcase a variety of gold, silver, copper, and other metal 
items. The antique copper mines in Aybunar are in area of the Starozagorski Mineralni Bani spa complex (the Mineral Spas of the town of Stara Zagora). The oldest 
evidence of their use dates back to the 5th millennium B.C. According to research and subsequent computations, around 200 people lived in Aybunar, and more than 
2500 worked in the copper mines. The mines could yield up to 1000 tonnes of copper which was supplied to the Balkan Peninsula and many other distant locations, as 
copper was widely used in the antiquity. 
 
Key words: Copper mines, antiquity, copper, the area of Stara Zagora, yield 
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STUDY OF THE THERMAL RADIATION OF BODIES DEPENDING ON THE GEOMETRY 

OF THE SURFACE AND THEIR STRUCTURE 
 

Plamen Savov, Stanislav Stoykov, Liubomir Mihailov, Radostin Pazderov 
 

-mail: psavov@mgu.bg, stoykovst@gmail.com,  
l.89.mihaylov@gmail.com, rpazderovov@mgu.bg 

 
ABSTRACT. According to world statistics, about a third of the energy used by people goes to heat their homes. That is why the search, development, and creation of 
materials with good thermal insulation properties , which are both moisture- and noise-insulating and at the same time relatively cheap, is a great challenge for scientists 
and engineers. he presented work discusses the results obtained from the study of the heat transfer process depending on the geometry of the surface and the 
structure of materials suitable for cladding. Based on Newton's equation for cooling, the values of the parameter in the exponent were calculated for different bodies 
with different surface roughness. 

 
Key words: cooling equation, heat transfer, thermal insulation materials. 
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DEVELOPMENT OF MATHEMATICAL MODELS OF GROUNDWATER CONTAMINATION 

FROM TECHNOLOGICAL SOURCES - A METHODOLOGICAL APPROACH 
 

Nikolay Stoyanov  
 

, 1700 Sofia, e-mail: nts@mgu.bg 
 
ABSTRACT. The study proposes a general methodological approach for mathematical modelling of groundwater contamination from sources, such as mining sites, 
waste dumps, agricultural fields, and large engineering facilities. Key pollutants have been carefully selected for detailed investigation in quantitative assessments and 
predictions. The boundaries and components of the migration field marking the framework of the model area for each specific object are defined. A general modelling 
concept is presented, encompassing the complete substance transport mechanism - convective-diffusion transport. The latter includes considerations of sorption-
desorption, mechanical dispersion, irreversible elimination (natural decay and sedimentation), and mixing. Brief introductions to key modelling tools for contaminant 
movement through saturated and unsaturated media, such as the VS2DI, Modflow, and MT3D-MS computer codes, are also provided. 
 
Keywords: hydrogeological modelling, mass transport models, groundwater contamination, ecology. 
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APPLICATIONS AND ADVANTAGES OF GEOPHYSICAL METHODS IN UNDERGROUND 

MINING 
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ABSTRACT. Geophysical methods play a crucial role in underground mining operations by providing valuable information about the subsurface geology, structural 
features, and potential hazards. Geophysical methods can provide valuable information in areas where direct access is limited or impossible, such as beneath thick 
layers of overburden, or in areas with difficult topography. Geophysical techniques, such as Electrical Resistivity Tomography (ERT), are widely used to map geological 
structures like faults, fractures, and bedding planes. This information helps in understanding the rock mass characteristics and potential zones of instability. Geophysical 
data can be integrated with geological, geochemical, and geotechnical data to develop comprehensive models of the subsurface. This integrated approach enhances 
the understanding of geological structures, ore body geometry, and rock mass behaviour, facilitating more informed decision-making in mine planning and development. 
Overall, the capabilities of geophysical methods in an underground mine encompass a wide range of applications, from geological mapping and resource exploration 
to hazard detection and ground stability monitoring, ultimately contributing to safer and more efficient mining operations. 
  
Key words: electrical resistivity tomography, underground mine, geophysics. 
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Introduction 
 

Geophysical methods are commonly used for rapid data 
acquisition, allowing for efficient coverage of extensive areas in 
a cost-effective manner and have demonstrated their capability 
in mining projects of various scales. 

A lot of case studies worldwide demonstrate the efficacy of 
geophysical methods in detecting underground openings. The 
current research is focused on localising man-made voids and 
cavities in underground mining conditions (Aleksandrova, et al., 
2019).  As Orfanos mention, cavities, voids, abandoned mine 
workings, and any kind of underground opening can be 
hazardous in geotechnical and environmental applications 
(Orfanos and Apostolopoulos, 2012).  

The collapse of material overlying abandoned underground 
mine voids can indeed be a significant issue, particularly when 
it is coupled with fluctuations in water levels within these voids.  

According to several researchers, cavities created by 
underground coal mining can be partially or fully filled with air, 

 Schoor, 2002; Zhou 
et al., 2002). In areas with a history of mining activities, 
abandoned mine workings or old mine shafts can pose risks to 
current mining operations. Electrical resistivity tomography 
(ERT) can assist in detecting these subsurface features by 
identifying anomalies in electrical resistivity that are associated 
with man-made voids or infrastructure. Recognising and 
mapping these features is crucial for ensuring the safety of 
underground mining operations and preventing accidents. 

In all cases, these cavities can be identified by the contrast 
between their physical properties and the surrounding 
geological environment. Electrical resistivity is one of the 
primary physical properties that makes it possible to 
characterise these structures (Militzer et al., 1979; Putiska et al., 
2012). 

Mining operations in Bulgaria have been traditional since 
ancient times. At the modern stage, mining is a fast-growing 
industry with great added value. Its development is mostly due 
to the constant search and implementation of innovations and 
modern technologies both in production and in research 
activities, safety and care for the environment. These activities 
collectively aim to make mining operations more efficient, safer, 
and environmentally sustainable. Mining industry continues to 
evolve with the advent of new technologies since sustainability 
and responsible mining practices become increasingly 
important. As Bharti stated, the assessment of underground 
mine environment by geophysical survey is considered a 
challenging task (Bharti, et al., 2022). Considering this, the 
application of non-invasive survey techniques to collect 
additional information on mining conditions contributes both to 
increasing the degree of confidence in the available data and to 
enriching the knowledge of the terrain with specific information 
(Alexandrova, et al., 2019). One of the appropriate tools for this 
purpose is geophysical methods, and more specifically 
electrotomography. This method is widely used in the mining 
industry, proving its effectiveness in underground mining as 
well.  
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In the context of underground mining conditions, 
electrotomography can be used to: 

- Map the structure of the rock and locate potential areas 
of cracking or faults. 

- Optimise the planning of mining operations and 
extraction processes by effectively delineating the boundaries of 
the mineralised zone and waste. 

- Provide information about subsurface conditions, 
including the presence of cracks, faults, and changes in rock 
types. This data can be useful for geotechnical evaluations 
supporting the design and stability analysis of underground 
structures. 

- Monitor changes in subsurface conditions over time, 
such as water table fluctuations, movement of fluids (including 
mining-induced water), and changes in rock properties that may 
affect stability. 

Electrical resistivity tomography can assist in optimising the 
layout of mining operations by delineating mineralised zones, 
waste zones, and providing information on the distribution of ore 
bodies. 

 
It can also be useful in environmental monitoring purposes, 

such as assessing the impact of mining activities on 
groundwater quality and flow paths. 

 
 
Description of the technology 
 

Electrical resistivity tomography (ERT) is a valuable tool for 
detecting tunnels and underground openings, providing valuable 
information for engineering, construction, and geological 
investigations. Detecting cavities, tunnels or abandoned mine 
workings using resistivity tomography involves employing 
electrical resistivity imaging techniques to map subsurface 
structures based on variations in electrical conductivity. 
Resistivity tomography relies on the fact that different materials 
have different electrical resistivity values. According to Loke, 
electrical resistivity depends on geological material properties 
such as mineral composition, fluid content, porosity, salinity, 
temperature, and water saturation level (Loke 2004). By 
injecting electrical current into the ground through electrodes 
and measuring the resulting voltage, variations in resistivity can 
be detected, indicating the presence of subsurface features like 
tunnels or voids. When mining operations extract minerals from 
underground deposits, they create voids or empty spaces 
underground. If these voids are not properly backfilled or 
supported after mining operations cease, they can pose a risk 
of collapsing.  

The material overlying these abandoned voids may become 
unstable over time due to factors, such as erosion, weathering, 
or changes in load distribution. This instability increases the 
likelihood of collapse. 

Water infiltration into these abandoned voids can 
exacerbate the instability of the overlying material. Fluctuations 
in water levels, such as seasonal variations or changes in 
groundwater flow patterns, can exert pressure on the 
surrounding rock and soil, leading to erosion and weakening of 
support structures. 

Within the mine workings themselves, fluctuations in water 
levels can also create instability. Water pressure can affect the 
integrity of support structures, such as pillars, beams, or walls, 
increasing the risk of collapse within the mine workings. 

The geophysical survey is designed to meet some specific 
demands. To mitigate the risks associated with collapsed mine 
voids, various measures can be employed, including Electrical 
Resistivity Tomography (ERT) to identify voids, monitoring of 
water levels, stabilisation techniques like grouting or backfilling. 

For the detection of subsurface voids, the electrical direct 
current methods have proved to be useful from a theoretical 
perspective (Spiegel et al., 1980; Sheets and Munk, 1997). 

As Erkan stated, in the electrical direct current methods, the 
current electrodes (A and B) and voltage electrodes (M and N) 
can be arranged in several different geometries. For different 
array geometries, the geometric factor (k) changes according to 
the type of array. These variations offer many different practical 
applications of the electrical direct current methods depending 
on the type of target being investigated (Erkan, 2008). 

The reliability of the geophysical images greatly depends on 
the correct and optimised application of measurements. The 
process of data recording is described by Sheets (2002). Data 
were gathered using automated resistivity measurements, 
enabling the placement of multiple electrodes at equal intervals 
along a survey line. Each electrode is linked to a computer-
controlled device that sequences electrical pulses through 
various combinations of electrode configurations. The software 
records the applied current, resulting voltage potentials, and 
electrode geometry. Typically, the farther apart the electrodes 
are, the deeper the current penetrates (Sheets, 2002). 

This geophysical technique is highly sensitive to various 
factors, and their consideration is crucial for its successful 
application. Electrical interference from nearby power lines, 
electromagnetic noise, and cultural noise (e.g., nearby 
machinery) can affect the quality of resistivity data, as well as 
correct application of the measurements. 
 
Field measurements and results 
 

The measurements are performed in underground mining 
conditions. Field measurements are shown in Figure 1. As 
mentioned by Azadi, in electrical resistivity imaging, according 
to the purpose and location of data collection, the electrodes are 
placed in specific arrays, and data collection is performed. The 
collected data (potential distribution or apparent resistivity) is 
then transformed into a distribution of actual electrical resistivity 
values using inverse modelling methods (Azadi & Ghanati, 
2022).  

Field measurements are performed with the Australian ZZ 
Universal 96 Resistivity/IP Meter (Figure 2).  

 

 
 

Fig. 2. ZZ Universal 96 Resistivity/IP Meter on the field 
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It is a leading geophysical instrument that provides accurate 

and reliable data on the electrical resistivity and induced 
polarisation (IP) of underground strata and objects. This 
innovative tool is designed to meet the increasing demands for 
accuracy and precision in mining, hydrogeology, construction, 
infrastructure sites, etc. 

One of the most important steps in the survey is to ensure 
that the electrodes have good contact with the ground to ensure 
accurate measurements. Otherwise, the results can be affected 
by poor contacts between the media and the electrodes, leading 
to misleading data. In the specific underground conditions, the 
appropriate choice of electrodes are non-polarisable electrodes. 
They are specialised electrodes designed to minimise 
polarisation effects during electrical measurements.  

Polarization occurs when there is a build-up of charge at the 
interface between the electrode and the electrolyte (soil, water, 
etc.), which can distort the measurements. Non-polarisable 
electrodes are engineered to reduce or eliminate this effect, 
providing more accurate and stable readings. 

On the field, data were collected using automated resistivity 
measurements, allowing multiple electrodes to be placed at 
equal intervals along a survey line (Figure 3). Each electrode is 
connected to a computer-controlled device that sequences 
electrical pulses through different combinations of electrode 
configurations. 
 

 
 

Fig. 3. Field measurements 
 

A huge advantage of the instrument is the ability to display 
data quality immediately after the data collection is finished 
(Figure 4).  

 
 

Fig. 4. Raw field data (A) and Pseudo-section representing the apparent resistivities of the subsurface (B) 
 

 
The quality control on site enables the operator to review 

data directly in the field and respond promptly to eliminate any 
distortions, if possible.  

The software records the applied current, resulting voltage 
potentials, and electrode geometry. Generally, the greater the 
distance between the electrodes, the deeper the current 
penetrates. One of the biggest disadvantages of the technology 
in underground conditions is that the space is limited and can 
not provide enough space between the electrodes. A very 
important step in field measurements is the choice of electrode 
configuration. The most used configurations are the Wenner 
array, Schlumberger, Dipole-Dipole, etc. The various options 

depend on the desired depth of investigation and the expected 
subsurface conditions. 

In this case study, the Wenner array configuration was 
chosen to perform the survey. It consists of four equally spaced 
electrodes that are placed in a straight line. It is a symmetric 
array, meaning that the distance between adjacent electrodes is 
the same. The electrical device includes 96 electrodes, spaced 
3 meters apart. The collected data are then processed and 
inverted using the RES2DINV computer program (Loke, 2001). 
This computer program automatically determines the 2D 
resistivity model for the observed data (Griffiths, 1993). The 
results of the electrical method are presented as a pseudo-



  

187 

section, representing the apparent resistivities of the subsurface 
as a function of depth in a vertical plane.  

Data processing is a comprehensive and time-consuming 
process. It starts with detailed quality control including a review 
of the collected data for any anomalies or errors. The next step 
is inversion modelling, using the RES2DINV specialised 
software to process the resistivity data and create a resistivity 
model of the subsurface. 

The interpretation process examines the resistivity profiles 
to identify anomalies and significant contrasts that may indicate 
voids, cavities, or other subsurface features. 

Figure 5 shows a geoelectrical line located in an old mine 
shaft. The purpose of this measurement is to detect the 
presence of cavities behind the walls of the mine gallery. As 
seen in the interpreted section, electrotomography successfully 
detects the contrast boundary between the mine gallery, where 
the electrodes were placed, and the weak zone (Figure 5). 
 

 
Figure 5. Geoelectrical line along the mine gallery 

 
By analysing the resistivity data, anomalies that indicate the 

presence of cavities can be identified. High resistivity anomalies 
may indicate air-filled cavities, while low resistivity anomalies 
may indicate water-filled or sediment-filled cavities. Sediment-
filled cavities may have resistivities that vary depending on the 
composition and saturation. In this case, the high resistivity 
response is considered as rock backfill and air. 
 
Conclusion 
 

Water levels in abandoned underground mine voids can 
create instability not only in the support structures within the 
mine workings but also in the material overlying these voids, 
posing significant hazards to both underground and surface 
environments. It underscores the importance of proactive 
monitoring, maintenance, and risk mitigation strategies in 
managing the legacy of abandoned mines. 

Based on the conducted research, the following more 
important conclusions can be drawn: 

- Geophysical methods can be used to detect the location of 
possible cavities or disturbances in geological strata, through 
measurements carried out underground. 

- The application of geophysical methods during the various 
stages of design, construction, and monitoring improves the 
overall understanding of the spatial structure and the stability of 
the tunnels, allowing informed and timely actions to be taken if 
necessary. 

Electrical tomography is a versatile and valuable tool in 
underground mining operations, providing critical information for 
geological, geotechnical, and safety assessments. It aids in 

optimising mining processes, improving safety, and ensuring 
environmental responsibility. 

Geophysical methods prove a valuable tool for detecting 
cavities created by underground coal mining, especially when 
these cavities are filled with air, water, or sediment. It provides 
crucial information for geotechnical evaluations and ensures the 
safety and stability of mining operations. 
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ABSTRACT. While mining is considered a major triggering factor for slope instabilities in open pit mines, discontinuities within the rock mass, such as faults, joints, and 
anisotropy, like schistosity, often pre-define the failure mechanism. Kinematic analysis is applied to evaluate the possible failure mechanisms based on spatial and 
strength characteristics of the discontinuity sets for actual or design pit configuration. Bench-berm and inter-ramp analysis of wedge and plane failure mechanisms is 
performed in the Ellatzite open pit mine on a single bench and stack of benches. The obtained results are validated by observed back-breaks and failure angles at the 
mine. 

 
Key words: kinematic analysis; KATS, back-break, failure angle, Ellatzite open pit. 
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164 1 47.5 129.3  1440.7 11.9 30.0 97.5 42.9 0.87 0.93 1.07 2 60.0 39.9 

165 1 50.0 112.0  1245.3 8.9 28.0 82.2 45.9 0.71 0.77 0.88 2 50.7 50.4 

166 1 60.9 141.8  514.5 8.1 30.0 97.9 52.3 0.74 0.80 0.92 2 68.8 37.7 
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A MESSERSCHMITT ME 109 G-6  FIGHTER: MAGNETOMETRIC STUDIES ON THE TRAIL 

OF AN UNEXPECTED WORLD WAR II FIND 
 

Christian Tzankov 
 

-mail: ch.tzankov@gmail.com 
 

ABSTRACT. On May 8, when digging a drainage hole in an agricultural property near the village of Maritsa, Samokov municipality, Sofia region, parts of a combat 
plane were found, which, according to initial information, belonged to a Messerschmitt Me 109 G-6 fighter, shot down near the village during the Second World War. 
The uniqueness of the discovery and the need to excavate it for further investigations gave us the reason to use precise non-destructive methods in order to locate the 
position of the underground remains of the aircraft and its cargo. In this regard, detailed geomagnetic studies were carried out in the area in order to search and locate 
anomalous areas that could be related to the presence of the ammunition and remnants of the fighter jet scattered around during the collision with the earth's surface. 
Based on the processed and interpreted geomagnetic data, nine anomalous areas were identified, where the attention of the authorities and specialists responsible for 
excavating the discovery was directed. 

 
Key words: magnetic gradiometry, UXO, WWII, Messerschmitt fighter 
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PECULIARITIES OF OPTIMISATION TASKS IN INTELLIGENT SYSTEMS 

 
Kremena Arsova-Borisova, Veselin Hristov 

 
-mail: kremena.arsova@mgu.bg, veso@mgu.bg 

 
ABSTRACT. The distinctive characteristics of the optimisation tasks of intelligent systems are described. The focus is on specific problems and their solutions 
through heuristic and metaheuristic approaches, adaptive algorithms, and hybrid models. 
 
Key words: intelligent systems, optimisation, algorithms, AI 
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SHORT-TERM PLANNING AND OUTLINING A FEASIBLE SCHEDULE OF MINING 

ACTIVITIES IN THE ELATZITE MINE  
USING THE  ACTIVITY SCHEDULER 

 
Ivan Boykov, Valentin Vazharov 

 
Mining Complex, Ellatzite-med AD, 2180 Etropole; E-mail: i.b.dimitrov@ellatzite-med.com; v.v.vazharov@ellatzite-med.com 

 
ABSTRACT. Ore mining is essential for global economy and, based on the increased need of metals worldwide, all deposits should be exploited in the most efficient 
way. Hence, short-term planning of mining activities is  of key importance for the successful management of open-pit and underground mines. MinePlan Activity 
Scheduler combines activity-based scheduling, resource assignment, and Gantt charting with an easy-to-use interface. The planning module features direct cut 
design against the block model, with the ability to route material to certain destinations, including reclamation. The use of these software tools facilitates the accurate 
and reliable planning and the efficient management of mining operations. 

 
Key words: open-pit mining, short-term planning, MinePlan Activity Scheduler, Gantt chart, material movement. 
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STRESSES AROUND A HORIZONTAL MINE GALLERY PASSING THROUGH A CRACKED 

ROCK MASS 
 

Rayna Vucheva, Violeta Trifonova  Genova 
 

University o -mail: rayna.vucheva @mgu. violeta.trifonova@yahoo.com 
 

ABSTRACT: A horizontal mine gallery is driven into a rock mass with cracks. The cracks in it are located in horizontal parallel and closely spaced planes. The field 
between them is linear and isotropic. The cross-section of the gallery is an ellipse. The stresses at points around the gallery are determined by an approximate method. 
According to it, the rock mass is presented as an equivalent uniform transversely isotropic field. The expressions for the constants of this field include the normal and 
tangential stiffness of the cracks. The specified class of problems is solved with the complex potential theory. The expressions for the stresses are in a cylindrical 
coordinate system.  
The constants for a real cracked rock mass are defined. The values of the tangential normal stresses at points of the ellipse are obtained. These stresses are compared 
to the stresses in an equivalent uniform isotropic rock mass.  
 
Key words: complex potential theory, mine gallery, cracked rock mass 
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Introduction 
 

The distribution of stresses around the opening of a 
horizontal mine gallery is used in the assessment of rock 
strength. For this, it is necessary to match the stresses in the 
rock mass around the hole with the strength of the soil. When 
studying the stressed state of the rock massif around the gallery, 
a model is used that takes into account the continuity and 
uniformity of the environment. Analytical methods for this type 
of tasks have been developed in literature (Mushkhelishvili, 
1953; Minchev, 1960).  

But in nature, the properties of rocks are diverse, due to 
many natural factors. Among them, the existence of cracks has 
the greatest weight. If the rock massif has one or several cracks, 
the boundary element method is suitable (Crouch et al., 1983). 
It uses tension and compression boundary contact elements. 
For the case of a rock mass with very closely spaced cracks, 
this method is irrational. Therefore, an approximate approach is 
described in (Godman, 1976).  

The aim of the present work is to investigate the influence of 
cracks in this array on the stresses around a horizontal mine 
gallery with an elliptical cross-section using this approach. 

 
 
Methods 
 
1. Formulation of the problem 

 

At a great depth H , a mining gallery has been driven. It has 
an elliptical cross-section with dimensions a2  and b2 . The 
Cartesian coordinate system has its origin at the center of the 
hole (fig.1).  

 

 
 

Fig. 1. Calculation scheme 
 

The hole's influence extends into a rectangular area with 
dimensions a12  and b12 . The vertical and horizontal load (Q  
and Qk1

) along the contour of the area (fig. 1) is equal to the 
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stress components at a point of undisturbed rock array. The 
analytical expressions for these components are:  

 
Qyo

y ; Qkk o
y

o
x 11 ;  o

y
o
z k2 . (1) 

 
where  
- 1k  and 2

k  are the coefficients of lateral resistance;  
-  is the volumetric weight;  
- y  is the vertical coordinate of the point (fig.1). 
The directions of these components are given in Figure 2. 
 

 
 

Fig. 2. Stresses in an undisturbed rock mass 
 

For a rock mass with a horizontal plane of isotropy, the 
coefficients of (1) have the form: 
 

2

133311

33122313
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The deformation coefficients in these expressions are 

expressed by the medium constants: 
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where 
 
- xE , yE , zE  
coordinate axes x , y  and z ; 

- xy , yx , xz , zx  ing the 
transverse deformations in tension and compression in the 
direction of the coordinate axes. 

If the medium is perfectly isotropic for the coefficients of 
lateral resistance 1k  and 2

k , A. N. Dinnik  formula is obtained:  
 

1
k .     (4) 

 

 
2. Additional stresses 
 
These tensions are caused by the presence of the gallery. 

They are determined by means of two unknown complex 
functions. The sum of these functions is a function of stresses 
F(x,y). It satisfies the quasi-bi harmonic equation 
(Muskhelichvili, 1953; Minchev, 1960): 
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where  551317

2 bbb . 
 

Here, x and y are coordinates of a point midway around the 
hole. The coefficients in this equation are expressed by Young's 
modulus, Poisson's ratios in the plane of isotropy and in a 
direction perpendicular to it, and have the following form: 
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The stress function depends on variables in which the roots 

of the characteristic equation are involved (Ivanova, 2022; 
Minchev, 1960; Trifonova-Genova, 2019):  

 
02 33

2

175513

4

11 bsbbbsb ,  (7) 
 

For the problem described above, the roots of equation (7) 
are: 

 
is 11

; is 22
; is 13

; is 24
.  (8) 

 
Here, i  is an imaginary unit.  
 
3. Total stresses at a point in the rock mass 

Stresses in a transversely isotropic medium are defined as 
the sum of the principal stresses existing before the mining 
gallery was driven and the additional stresses caused by the 
presence of the hole. Then it goes from Cartesian to polar 
coordinates. In addition, the real part is separated from general 
complex expressions.  

Here, we will focus on the stresses along the hole contour, 
which have the form (Minchev, 1960):  
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If the rock mass is isotropic, the following formulae are used 

for the stresses:  
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4. Characteristics of a rock mass 

The cracks in the rock massif (Figure 1 with square a) are 
located in horizontal planes. The distance between them is os . 
The material between the planes is isotropic (Fig.3).  

Cracks have normal nK  and tangential sK  stiffness. These 
parameters are involved in the characteristics of the cracked 
array (Godman, 1976; Vucheva et al., 2023): 
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Here, E  is the Young  modulus,  , and G  
is the shear modulus in an isotropic field.  
 

 
 

Fig. 3. Cracked rock mass 
 

The constants from (11) are substituted into (3). The 
dependences are obtained for the deformation coefficients: 
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These coefficients are involved in expressions (1) for the 
stresses before the excavation of the gallery. 
 
5. Numerical example  

In a rock mass, the cracks are located in horizontal planes. 
The distance between them is mso 2 , and the normal and 
tangential stiffness are nK  and 

mMPas /10.2315,0
3 . Between the planes, the 

medium is isotropic with the following characteristics: 
MPaE 4

10 , 2,0 ; and MPaG 4
10.4167,0 . 

The mining gallery driven through the rock mass has an elliptical 
cross-section. The mining gallery has a width of b2  and a 
height of a2 . The ratio of the major to the minor axis of the 
section is 1.5.  

According to (11), the characteristics of the cracked medium 
are determined. The coefficients in (6) are determined and 
equation (7) is solved. The tangential normal stresses along the 
contour of the hole were calculated for two types of rock mass. 
Equations (5) are used in the cracked rock mass, and equations 
(8) are used in the isotropic rock mass. These stresses are 
referred to the stress Q  in the undisturbed medium. Due to the 
symmetry about the two axes, calculations are made for first 
square points. The results are listed in Table 1.  

The normal tangential stress diagrams are given in Figure 
3. The solid line indicates the normal tangential stresses in the 
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cracked rock mass, and the dotted line those in the isotropic rock 
mass.  

 
Table 1. Normal tangential stresses in two types of rocks 

 

n  Q/  Qo /,  

1 0 -4.891 -2.75 
2 15 -1.512 -2.546 
3 30 -0.338 -2.000 
4 45 -0.236 -1.249 
5 60 -0.386 -0.500 
6 75 -0.598 +0.049 
7 90 -0.836 +0.25 

 
 

 
 

Fig. 4. Diagrams of the normal tangential stresses in the two 
media 

 
The following conclusions can be drawn from Table 1 and 

Figure 4: 
In both environments, the maximum values of the tangential 

normal stresses occur at points on the hole contour through 
which the horizontal axis passes. Stresses in the cracked rock 
mass are 1.8 times greater than the corresponding stresses in 
the isotropic mass.  

Along the vertical axis, the stresses in the two media are of 
different signs. The stresses in the cracked rock mass are 
negative, and in the isotropic rock mass - positive. The values 
of stresses in the studied environment are 5.8 times smaller than 
the same along axis x .  
 
6. Key findings 

From the results obtained above, it can be concluded that 
the stresses in a cracked medium are greater than the same in 
an isotropic medium. Therefore, it is necessary to take into 
account this non-uniformity and apply the environment model 
proposed in the work.  

The method described in the article is easy to implement 
and does not require the application of any software packages, 
but the use of popular calculation tools, such as spreadsheets 
(Harvey, 2018).  
 
 
Conclusion 
 

The described method can be applied to a rock mass having 
cracks located in inclined parallel planes. The opening of the 
gallery may be of a different shape.  

The analytical relationships in this work can be used by 
engineers when investigating stresses around underground 
facilities. 

When cracks are not located in horizontal planes, Goodman 
et al. (Goodman et al., 1963) proposed a contact element in the 
numerical finite element method (Whintely, 2017; Jing et al., 
2002). The element has a rectangular shape with four nodes. 
The stresses in it are proportional to the deformations. The 
stiffness matrix included in the ANSYS software package 
(Reference manual, 2020) is proposed for it. 
 
 
References 
 
ANSYS. Academie (2020). RI Reference manual. 

www.ansys.com 
Godman, R. E. (1976). Method of geological engineering. St. 

Paul: West. 484p. ISBN-10:  0829900667.  
Goodman, R. E., Taylor, R. L., Broke T. L. (1963). A model for 

the mechanics of jointed rock. Proc. ASCE. Vol. 94, No. 
EM3, 1963.  

Harvey, G. (2018). Microsoft Excel 2019 for Dummies. Alex Soft, 
496p. (in Bulgarian)  

Ivanova, M. (2022). Stresses in transversely isotropic rock mass 
around a circular opening. Annual of the University of Mining 

Sofia. Volume 65, Section: 
Mining and Mineral Processing, 26-29.  

Jing, L., Hudson, J. A. (2002). Numerical method in rock 
mechanics. Int. J. Rock Mech. Min. Sci., vol. 39, 409-427.  

Minchev, I. (1960). Vurhu napregnatoto sostoyanie na zemnia 
masiv v okolnostta na izrabotka s elipti`no naprechno 
sechenie. sp. Minno delo I metalurgiya, kn.10, 31-35.  

Muskhelishvili, N. I. (1953). Some basic problems of the 
mathematical Theory of Elasticity. - Gromingen: Nordhoft, 
706 p.  

Vucheva, R., Trifonova-Genova, V. (2023). Stress around a 
circular horizontal opening driven in cracked rock mass. 

Sofia. Volume 66, Section: Mechanization, Electrification 
and Automation, 195-198.  

Whintely, J. (2017). Finite element method. Springer, 232p. 
ISBN 978-3-319-49970-3  

 



7/2024 7/2024 

216 

 
INFLUENCE OF HIGH HARMONICS ON THE OPERATION OF DIGITAL RELAY 

PROTECTIONS 
  

Kiril Dzhustrov 
  

University of Mining and Geology , 1700 Sofia; E-mail: justrov@mgu.bg 
 

ABSTRACT. The effect of higher harmonics on the operation of digital relay protections has been investigated. Real-measured currents and voltages with harmonic 
components were modelled under laboratory conditions, and the characteristics of their protective functions were studied.  The time error under different 
measurement modes of two inverse characteristics was evaluated. 

  
Key words: higher harmonics, protective functions. 
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CHART OF CURRENTS IN PARALLEL-CONNECTED CIRCUITS  

 
Angel Zabchev 

 
Email: angel.zabtchev@mgu.bg 

 
Abstract: A graphical method is shown for determining the currents in parallel-connected circuits with two adjustable elements based on the method of circuit diagrams. 
 
Key words: connected circuits, circuit diagrams. 
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STRESSES IN A TRANSVERSAL ISOTROPIC ROCK MASS DUE TO DRIVING A MINE 

GALLERY 
 

Malina Ivanova 
 

University of Mining and Geology E-mail: malina_vatz@abv.bg 
 

ABSTRACT: A horizontal underground mining gallery is excavated in a transversely isotropic rock mass. It has a plane of isotropy inclined to the axis of production. 
The gallery has a circular cross-section. The stresses around the opening are determined by the complex potential theory. The behaviour of the rock mass is described 
by a partial differential equation as a function of the stresses. It depends on the roots of the characteristic equation. The coefficients in the characteristic equation are 
defined for a real rock mass. Its roots are the complex numbers. They are involved in the stress function variables and in the expressions for the stresses at points of 
the opening. 
 
Key words: mine gallery, transversally isotropic rock mass, complex potential theory.  
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Introduction 
 

Determining the stresses in the rock mass as a result of 
driving a mine gallery or tunnel is a major task faced by 
engineers. Its solution depends on the manifestation of 
anisotropy and the shape of the cross section of the gallery. The 
behaviour of the rock mass is described by the partial quasi-bi-
harmonic equation (Muskhelishvili, 1953; Savin, 1961; Lu et al., 
2024). The solution of this equation depends on the roots of the 
characteristic equation.  

Here, a rock mass having a plane of isotropy will be 
investigated. According to its location relative to the axis of the 
gallery, three types of development are known. The first type 
includes studies in which the plane of isotropy is horizontal or 
vertical (Vucheva et al., 2023). The second type covers 
developments in which the plane is inclined to the horizontal axis 
of the cross section (Tonnon et al., 2003; Vucheva et al., 2020; 
Trifonova-Genova et al.; 2022). The third type includes studies 
in which the plane is inclined to the axis of the work.  

The aim of the present work is to compile the differential 
equation of the field for the third case. Furthermore, the steps to 
solve its characteristic equation are to be described. 
 
 
Methods 
 
1. Formulation of the problem  

A mining gallery with a circular cross-section passes through 
a transversely isotropic rock mass. Its plane of isotropy is 
inclined to the axis of gallery.  
 
2. Differential equation 

The behaviour of the rock mass is described by several 
systems of equations. These are the condition of continuity of 
strains, the generalised Hooke's law giving the relationship 
between stresses and strains, the expressions for the stresses 
expressed by the function F(x,z). After uncomplicated 
mathematical operations, we arrive at a partial differential 
equation of the sixth order:  

 

24

6

26

6

1 zx
FB

x
FB  

0
6

6

442

6

3 z
FB

zx
FB ,   (1) 

 
where 

 

66221
ccB ,  2

11661055222
cccccB , 

11663355103
2cccccB ; 2

3555334
cccB ; 

442310 2 ccc ;  
462511
ccc ; 

11

11

a
aa

ac ji
ijij ; 6....3.2, ji . 

 
Here, x and z are coordinates of a point from the 

environment around the opening. The coefficients ija  in these 
formulae can be seen in the paper by Trifonova-Genova (2019). 
They are expressed by Young's modulus, Poisson's ratios in the 
plane of isotropy and in a direction perpendicular to it, and by 
the slope of the plane of isotropy  (Fig.1). 
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Fig.1. A horizontal circular gallery in a rock mass with an inclined 

plane of isotropy 
 

3. Characteristic equation  
The general integral of equation (1) depends on the roots of 

the characteristic equation: 
 

04

2

3

4

2

6

1 BsBsBsB .    (2) 
 

This equation is an incomplete equation of the sixth degree. 
After putting 2su , equation (2) takes the form: 
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2

2

3

1 BuBuBuB .   (3) 
 

4. Roots of a characteristic equation  
Equation (3) is divided by 1

B  and the resulting equation 
is: 
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3 AuAuAu ,   (4) 
 
where  
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Cardano's formula is applied to 

determine the roots of equation (4): 
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3
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aaaaR ;   

3 23 RQRS ;  3 23 RQRT ;   

23 RQD . 
 

If D  is positive, then one root of the characteristic equation 
(4) is real, and both are complex conjugate numbers. The roots 
are obtained from the expression: 
 

jj us ,   3,2,1j .    (6) 
 
The remaining three roots are complex conjugated.  

The resulting roots are involved in the expressions for the 
stress functions and their derivatives. Through them, the 
displacements and stresses in points of the opening of the mine 
gallery are expressed, which are the subject of further work.  
 
5. Numerical example 

The rock mass has a plane of isotropy tilted at an angle 
70  (Fig.1). For it, Young's modulus and Poisson's ratio 

are 23

1 /10.5,14 mN  and 105,01 . In a 
direction perpendicular to this plane, the parameters are 

23

2 /10.5,41 mNE  and 3,02 . The shear 
modulus in the same direction is 23

2 /10.24,8 mNG .  
The strain coefficients are given in (Vucheva et al., 2020). 

The coefficients from (1) and the coefficients in the characteristic 
equation (4) were calculated. The latter are given in the following 
table:  

 
Table 1. Coefficients in equation (4) 

1
A  2A  3

A  

2.4436 2.1704 0.5974 
 

From (5), D is calculated: 002224,0D . The roots of 
equation (4) and the roots of equation (2) are given in Table 2. 
 

Table 2. Roots of equations (4) and (2) 

1u  2
u  3u  

-0.4961 -0.6653+0.50605i -0.6653-0.50605i 

1s  2s  3s  
0.7043i 0,2938+0.8612i 0.2938-0.8612i 

1s  2s  3s  
-0.7043i -0,2938+0.8612i -0.2938-0.8612i 

 
6. Key findings 

The approach described in the work for solving the 
characteristic equation is applied to a rock mass with an isotropy 
plane inclined to the axis of the gallery. 
 
 
Conclusion  

 
The resulting roots are involved in the complex variables of 

the stress function F(x, z) from (1). It is a sum of two analytical 
functions of complex variables. Through them, the stresses 
surrounding crafting are expressed. Their expressions are a 
sum of a real and an imaginary part. The expressions for the 
stresses are obtained from this real part. When the stresses 
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along the contour of the mining gallery are small, the engineer 
guarantees the stability of the gallery. 
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STRUCTURE OF AN ELECTRIC DRIVE SYSTEM WITH A SWITCHED RELUCTANCE MOTOR 

 
Georgi Kostov, Romeo Alexandrov 

 
University of Mining and Geology , Sofia, E-mai:l georgi_kostov@mgu.bg,  romeo.alexandrov@mgu.bg 

 
ABSTRACT.  Electric drives systems are the main consumers of electrical energy in industry. Most often, the annual energy costs of an electric drive are many times 
greater than its purchase value. Improving their technical and economic indicators is a priority worldwide. Electric drives built on the basis of switched reluctance 
motors (SRM) offer a working perspective. Due to their advantages, they are increasingly used in electric drives in the mining industry. The report examines the 
different switched reluctance motor (SRM) electric propulsion structures. The motor works together with a power electronic commutator - a converter that sequentially 
switches the phase windings in synchronism with the angular position of the rotor. Therefore, regardless of the control method, rotor position information is absolutely 
necessary. Basically, electric drives are divided into two main types (depending on whether information about the position of the rotor is received from a sensor or 
not): sensor and sensorless. The sensor carries a potential risk of damage and limits speed regulation due to the limitation of its resolving power. Because of this, 
research has recently been moving towards sensorless control. The report lists the requirements for the used converters and their classification, and analyses the 
operating modes of some of the most widely used converters. The main purpose of the report is to make a comparative analysis of the structures and functional 
blocks of electric drive with SRM in view of their potential for use in different applications, to which certain requirements are made. 
 
Keywords: switched reluctance motor (SRM), electric drive, control, converter 
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HYDRAULIC SYSTEM DIMENSION METHOD FOR UNLOADING THE BASKET  

ON LOW-PLATFORM DUMPERS 
 

Lyuben Tasev 
 

, Sofia, Bulgaria, E-mail: luben.tasev@mgu.bg 
 

ABSTRACT. The article proposes a methodology for dimensioning the power cylinders for unloading the basket of low-platform dump trucks. A mathematical model of 
the unloading process was made, based on which the applied forces on the power cylinders were calculated. Options are offered for selecting cylinders and a pump to 
drive the cylinders. 
 
Key words: hydraulic power transmission, low platform dump car, hydraulic power cylinders, methodology 
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A STRUCTURED MODEL FOR THE IMPLEMENTATION OF TQM IN AGGREGATE 

EXTRACTION 
 

Georgi Kondev, Irena Mihaylova 
 

 University of Chemical Technology and Metallurgy, 1756 Sofia; E-mail: kondev@uctm.edu, ir.mihaylova@nikas.bg 
Corresponding author: kondev@uctm.edu 

 
ABSTRACT. The Total Quality Management (TQM) approach is a management philosophy that is applied by organizations operating in various sectors of the national 
and global economy. The present study aims to describe the possibilities of applying key elements of TQM in the mining of aggregates. In the research process, eight 
elements directly related to basic processes and activities affecting the management of an organization were identified. These elements are: leadership, customer 
management, people management, supplier management, information management, process management, organizational learning and continuous improvement.  A 
questionnaire survey was also conducted to assess the level of implementation of the identified TQM elements. The results of the survey show that customer 
management, processes and leadership are represented to a greater extent than others, and information management is the least recognized. Key practices that make 
up the individual elements were also successfully identified. Based on an analysis of the results, a structural framework was developed for the application of TQM in 
the mining of aggregates. 

 
Key words: total quality management, people management, supplier management, business performance. 
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Introduction  
 

Research on the applicability of the Total Quality 
Management (TQM) approach can be summarised in several 
key areas. The first of them is described by authors who observe 
the application of the principles and elements of TQM in the 
processes implemented by organisations in various sectors of 
the economy. (Delgado-Hernandez and Aspinwall, 2008; Koh 
and Low, 2008) A second area of focus involves the 
development of a practice model to support the implementation 
of TQM in an industrial organisation. (Low and Teo, 2004; 
Elghamrawy and Shibayama, 2008) The next area of increased 
interest is related to the problems and barriers in the 
implementation of TQM, which are mainly associated with the 
presence of administrative and organisational inconsistencies 
and characteristics. (McIntyre and Kirschenman, 2000; Abdul-
Aziz 2002; Low and Teo 2004). 

The application of the principles underlying TQM in the 
sector in question is largely determined by strong competitive 
relations, unscrupulous management behaviour, and unclear 
supply chains. The presence of these challenges in the past few 
years has significantly hindered the possibility of a smooth 
implementation of the principles and their binding to the 
accepted organisational culture and behaviour in the market. 
The TQM approach itself is primarily perceived as a leading 

philosophy for managing processes and activities, the 
orientation of which is to create and use an appropriate model 
to improve the organisation's competitiveness in a dynamic 
market environment. 

The present study is part of a wider-scope exploration that 
aims to investigate the relationships between competitiveness 
improvement, organisational culture, and the principles 
underlying TQM in aggregates mining. The data thus presented 
should contribute to the development of opportunities for 
practical implementation of the approach in a dynamically 
developing and highly competitive sector of the national 
economy. Possibilities for future development are related to the 
creation of a conceptual framework for the application of the total 
quality management approach, which will improve the applied 
behavioural and methodological aspects related to known 
management practices. 

 
Key elements of the TQM approach 

 

Based on a literature survey on the philosophies, principles, 
and approaches of various researchers in the field of quality 
management systems, the authors define six main elements 
related to the implementation of TQM. These elements are: 
leadership skills, customer satisfaction, people management, 
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supplier relationships, process management, and continuous 
improvement. 

Part of the commonly defined goals of the TQM philosophy 
is to establish quality improvement practices as a clear 
organisational priority leading to increased organisational 
effectiveness (Spencer, 1994). The process of ensuring high 
quality and continuous process improvement begins with the 
presence of commitment from the top management, as its 
responsibility is key in creating a competitive organisational 
infrastructure. The role of senior management is mainly 
manifested in the presence of leadership skills, commitment, 
and personal involvement in the implementation of TQM 
principles. Top management creates values, motivation, and 
attainable quality-related goals. At the operational level, 
leadership engagement often involves analysing quality 
performance and accountability for continuous improvement 
team leaders. Other responsibilities involve planning updates in 
goals, emphasising the importance of quality over costs and 
accepted production schedules, economically providing 
resources to achieve high quality, and effectively 
communicating the organisation's intentions when using TQM 
principles. (Chase, 1993; Delgado-Hernandez and Aspinwall, 
2005).  

Having a clear focus on customer needs and wishes is a 
clear sign of an organisation that has adopted TQM as a guiding 
management philosophy. This focus is often expressed through 
the production of goods and services that fully satisfy customer 
requirements. In the mining of aggregates, this is associated 
with meeting the requirements of the accepted projects in terms 
of technical specification and customer satisfaction expressed 
through repeat orders. In addition to this, it also includes 
maintaining a close relationship with the customer and seeing 
this approach as key in quality management activities and 
developing future strategic alliances. At the operational level, 
TQM envisages the promotion of cooperative working 
relationships between all participants in the formation of 
collaborative teams. This implies an emphasis on building future 
fruitful relations, rather than the formal implementation of agreed 
clauses between the parties. Customer focus is also associated 
with good communication and feedback processes regarding 
possible discrepancies and customer satisfaction. 
Subsequently, this information can be effectively used for both 
internal and external benchmarking. Aggregate mining initiatives 
include delighting our client's customers by establishing proper 
relationships with end users/users in subsequent phases after 
mining, and offering differentiated services or solutions for a 
given client's projects. 

The people management element involves building 
cooperation between managers and other employees, as well 
as between customers and suppliers. This element is 
associated with the presence of a systemic approach in an 
organisation and is based on benefits that can potentially be 
derived through a clear partnership between different parties. 
(Dean and Bowen, 1994). People management often involves 
the participation of employees in quality management processes 
and decisions related to the improvement of the achieved results 
and updating of the set goals. This enables the use of cross-
functional teams to implement innovations and other technology 
solutions, as well as to provide feedback on their overall 
performance. Recruiting and selecting employees based on 
their ability to work in a team and problem solving skills is 
another key skill. This is extremely important because TQM is 
successfully implemented in the presence of a team working 

environment and commitment of people to the accepted quality 
management plan in the organisation. In addition, emphasis is 
placed on empowering people, encouraging them to improve 
their work and correct any problems related to the quality and 
use of the resources provided to them. 

The key importance of supplier relationship management 
activities stems from the fact that organisations compete with 
each other primarily through the allocation of resources in a 
supply chain. The presence of mutually beneficial relations 
between suppliers in a chain is often associated with the 
presence of the so-called cooperative interdependence 
(Anderson et al., 1994). These relationships between suppliers 
are particularly pronounced in the mining of aggregates, where 
there are a number of subcontractors who participate with 
different types of arrangements in the execution of a given order. 
The quality of the final product (facility) is directly dependent on 
the quality of the resources and activities provided by related 
suppliers and related market entities. Supplier relationship 
management involves creating mutually beneficial partnerships 
that involve evaluating criteria, such as quality, quantity, price, 
and delivery time. The sector in question relies on a limited 
number of suppliers or sub-contractors due to the nature of 
work, which necessitates the development of long-term 
relationships, mutually beneficial contracts, and a cooperative 
attitude. 

A characteristic feature of process management in the 
considered sector is the possibility to perceive them as a set of 
horizontal interconnected operations. The quality of semi-
finished or intermediate products/services and that of the 
finished product/facility depends to a large extent on the 
processes by which the required resources are processed. 
Since the presence of an uncontrolled small deviation in the 
performed processes often causes a large-scale quality 
problem, it is essential to analyse and control the critical success 
factors of the activities. Process management involves the 
application of a process approach that requires quality control 
measures and continuous monitoring of critical processes. The 
implementation of internal inspections on accepted projects and 
their implementation, safety measures, conformity assessment, 
and the like, are essential to ensure the quality and efficiency of 
the processes. 

The last element considered is associated with the presence 
of continuous improvements and often includes commitment to 
constantly research and analyse technological and 
administrative processes and apply better methods for their 
implementation. By improving these processes and activities, 
the organisation is able to successfully meet the growing 
expectations of customers over time. Continuous improvements 
aim to improve the reliability and control of the entire production 
system. The element itself emphasises active learning so that 
the organisation has the opportunity to continue to develop new 
knowledge, skills, and abilities. Successful implementation of 
given improvements requires strong leadership and an 
appropriate organisational infrastructure. This involves using a 
distinct technology system that helps identify and study key 
processes leading to improvements. Also, an effective process 
control mechanism, progress assessment, ability to analyse 
cost data, measure overall performance and benchmark. 

 
Research design and data collection  

 
When designing the research, a sample of participants was 

selected in different departments and with different functions in 
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the implementation of production and administrative activities. 
The purpose of the research was to study and analyse good 
practices related to quality management in the extraction of 
aggregates. In order to achieve a greater representativeness of 
the sample in the study, people related to the top management 
participated as well, since they play a key role in the 
implementation of the principles related to TQM. Second, the 
inclusion of people from middle to lower management level 
provided an opportunity to successfully explore the diffusion of 
these principles, leading to the formation of an organisational 
culture leading to continuous improvement. 

Based on the frameworks for conducting the study, 25 
participants were identified who personally participated in 
collecting the necessary data. Target respondents included 
senior management and quality managers who were leaders in 
implementing quality management systems. In addition, the 
organisation had all the necessary certificates and standards 
that were necessary to carry out the activity and include certain 
elements of TQM.  

The created questionnaire consisted of two main parts. The 
first contained general information about the respondent's 
position and functions, and the second assessed the extent of 
TQM implementation. The questions aimed to obtain information 
on the degree of application of each of the TQM principles, using 
information from other similar empirical studies (Claver et al., 
2002; Kululanga et al., 2002; Low and Tan, 2002). Some of the 
management systems through total quality were relevant to the 
sector under consideration are were substantiated by 
conducting a literature survey. As the literature data presented 
were largely developed for a real material product production 
environment, changes were made to reflect the specificities of 
aggregates extraction. Each item in the questionnaire described 
an activity that required the respondent to rate the level of 
current implementation of TQM in terms of "degree of 
implementation" on a scale of 1 to 5 similar to that proposed by 
Likert. '1' was 'weakly implemented' and '5' is 'highly 
implemented'. The time of data collection was from October 
2023 until December 2023, with answers from all 25 participants 
provided.  

The summary characteristics of the respondents showed 
that 31% were senior managers, 40% were project managers, 
quality managers, etc., and the remaining 29% were employees 
in various areas of the organisation. For the scope of activities, 
all employees were involved in more than one process or 
activity, with more than two-thirds involved in projects related to 
the main activity and the over half in ancillary activities. As for 
the certificates, in the short term the organisation acquired the 
necessary documents to carry out blasting and drilling activities, 
which suggested that it had a relatively short experience with 
TQM-like quality management systems. 

After statistical processing of the data, the level of TQM 
implementation ranged from 3.05 to 3.76. The items related to 
customer satisfaction (3.60) and process management (3.76) 
and to some extent leadership skills (3.50) apply to a moderate 
to high degree as fourth degree performance. The management 
of processes in the organisation is evaluated with the highest 
degree of implementation, which is in line with the traditionally 
applied management models adopted by the top management. 

The second highest mean score of 3.60 for customer 
satisfaction should be interpreted as an increasing recognition 
of a stronger perception of customers as participants in the 
design and engineering processes. This was due to consistent 
actions to integrate different stakeholders into separate 

processes as mutually beneficial partners in order to improve 
the overall performance. In addition, the results showed a 
growing awareness of the opportunities to achieve competitive 
advantages, for both contractors and clients, from such close 
cooperation. In this regard, the element related to customer 
satisfaction (relationships with suppliers, people management 
and continuous improvement, can be used as a catalyst for the 
organisation to be more open to different partner initiatives by 
being involved in a project. That is why TQM as a successful 
management approach should be seen as a strong motivator for 
inter-organisational partnership in a supply chain. 

The third highest mean score of 3.50, related to the element 
of leadership skills, was a key indicator, as the leadership and 
commitment of top management is perceived as a prerequisite 
for the successful implementation of TQM. The result showed 
that the people in the organisation recognise to a certain extent 
the efforts of top management as leaders in implementing 
principles related to TQM. 

 
Tools for the implementation of the elements 
related to TQM 

 
Leadership skills  
Tool 1: Build a comprehensive communication strategy and 

develop a quality improvement policy and detailed plan. This, in 
turn, includes the successful implementation of clear policies 
and objectives related to quality assurance. Senior 
management, heads of departments and projects possess 
leadership qualities, actively participate in business process 
improvement activities, and support people in making decisions 
about TQM principles. 

Tool 2: Construct and disseminate quality as a leading 
element in the overall organisational culture. Promoting such a 
culture throughout the organisation involves taking a long-term 
view of improvements. Implementing this understanding among 
senior and middle managers changes their performance, 
communication, and involvement in resolving quality issues. 
Thus, the awareness and motivation of people to actively 
participate in activities aimed at improving competitiveness is 
promoted. The main goals here are related to implementing a 
culture that emphasises on the involvement of people through 
the personal example of prominent leaders in the organisation. 

Tool 3: Perceive quality as a leading objective that is 
prioritised over production schedules and accepted costs. The 
use of this tool on the way to TQM is usually associated with a 
change in people's mentality, which is the basis of the previous 
two factors (tools). Viewing quality as a key competitive 
advantage cascades from senior management to day-to-day 
operational activities. In a similar way, the processes related to 
the provision of adequate resources to support efforts to 
improve quality should be carried out. 

 
Customer satisfaction  
Tool 1: Providing opportunities to provide differentiated 

services to customers according to their individual requirements. 
Most often, this approach includes a set of services of a different 
nature that organisations provide to clients in the form of an 
alternative design or proposal for an individual work project, 
which leads to a reduction in the costs that the client will 
continue to carry out. The various services offered by the 
organisation also include active service of additional customer 
requirements to the offered quality. 
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Tool 2: Maintaining good and fruitful customer contacts. This 
factor for the implementation of the elements of TQM coincides 
with some of the characteristics described in the previous part. 
Keeping in close contact with customers means taking the time 
to study their current and future requirements. In addition, 
researching customer satisfaction and spreading the word to 
different people on the project team is part of the way to 
achieving a long-term relationship. 

Tool 3: Provision of additional (indirect) services. Managing 
customer relationships and taking care of their requirements is 
often associated with holding informal meetings with people 
from the customer's team. Most often, these are general events, 
short trainings, seminars, etc. In addition, indirect service may 
also take the form of subcontracting services to customer 
partners. This is often encountered in the implementation of 
large infrastructure projects, where contractors frequently 
provide additional services to end users. 

 
People management  
Tool 1: Continuous communication and people's 

involvement in quality improvement processes. Communication 
issues include promoting awareness, providing feedback and 
recognition from management to those responsible for achieving 
quality objectives. In addition, the top management should also 
the impact on the high results achieved and the people working 
in the departments directly involved in quality control and 
assurance. 

Tool 2: Empowering people in the organisation. This 
includes ensuring that people have the opportunity to inspect 
their own activities and correct any possible issues in a manner 
that complies with accepted procedures. To achieve this, senior 
management must provide the resources that are necessary to 
adequately address problems. Another way to assess people's 
empowerment is to use cross-functional teams and encourage 
the participation of all team members. An additional element 
covered by this factor is linking human resource management 
with quality improvement plans. Oftentimes, the responsibility 
for good people performance is directly linked to a commitment 
from senior management to provide the appropriate 
empowerment. 

Tool 3: Recruit and select people based on their ability to 
solve problems. In addition to adequate solutions to problem 
situations, the selection of employees is also based on his ability 
to work effectively in a team. The importance of teamwork in 
aggregates mining is key and is reflected not only in selection 
based on teamwork ability, but also in motivating people to 
achieve outstanding performance. 

 
Supplier relationships  
Tool 1: Mutually beneficial and long-term relationships with 

suppliers/subcontractors. This factor mainly covers three 
problem areas related to TQM. In terms of mutually beneficial 
relationships, close cooperation is manifested in the 
involvement of suppliers/subcontractors in the development of 
mining processes/projects, provision of technical assistance, 
and clear specifications of delivered products/services. The 
second issue concerns securing long-term working relationships 
with suppliers/subcontractors. This element is often applied in 
practice, especially when several contractors have adopted a 
strategic partnership with their suppliers/subcontractors to 
secure future contracts. The third emphasis here is associated 
with supplier/subcontractor evaluation, which is expressed in 
strict compliance with accepted quality standards based on a 

pre-agreed evaluation system. In general, it is possible to apply 
circumstantial issues when deciding on a network partnership 
with a particular customer, but in strict compliance with the 
adopted policy for continuous improvements of operational 
processes and activities. 

Tool 2: Trusted relationships with a relatively small number 
of suppliers/subcontractors. Although having a small number of 
trusted suppliers is a key element in this factor, managers agree 
that it is key. In practice, the second factor is applied more often; 
it is associated with an assessment of relations regarding 
quality, quantity, price, and delivery time. In addition, the 
collected data show that the assessment also includes the 
presence of financial stability. In the sector, selection of 
suppliers/subcontractors based on quality (not price or time) is 
not often practiced. Similar observations in the sector suggest 
that contractors rely on fewer suppliers/subcontractors, and their 
choice still depends significantly on a number of criteria other 
than quality. 

 
Process management  
Tool 1: Continuous quality control of the processes related 

to the extraction of aggregates. In the first place is the presence 
of the traditional inspection and verification of the mining 
processes, both at the intermediate and at the final stages when 
the mined resources are handed over. This check will lead to the 
prevention of accidents or incidents in the subsequent 
operational processes. The second emphasis here is related to 
the adoption of measures to assess the quality of mining 
processes. This includes developing a detailed schedule with an 
emphasis on quality and maintaining safety measures to 
minimise disruptions to the production processes. 

Tool 2: Accepting and providing clear instructions for the 
processes being carried out. Accurate and comprehensible 
instructions should be the embodiment of a well-structured and 
comprehensible directive for methods used, work designs, and 
inspection and control plan. A working sample is often used here 
to enforce the requirements of the standards and to demonstrate 
good manufacturing practices. Directly related to this factor is 
having a design for safe mining processes so that human error 
is minimised. 

 
Continuous improvements  
Tool 1: Implement models for evaluation and process 

improvements. Adopting adequate models for process 
evaluation and improvement leads to future analysis of mining 
activities in terms of both costs and overall efficiency. 
Improvement efforts are then formulated based on the expert 
judgments received. However, while the analysis of 
performance and cost data is relatively common, other 
measures are underrepresented in the sector. An additional 
practice that falls under this factor of moderate importance is the 
use of a specific organisational structure (e.g., cross-functional 
teams) to support quality improvement activities. 

Tool 2: Conduct external benchmarking. This type of 
benchmarking involves promoting quality improvement efforts 
against teams external to the organisation that are direct and/or 
indirect competitors. Supporting quality improvement with the 
help of an external team often involves collaboration with 
resource suppliers/subcontractors. This includes models for 
improvements compared to direct competitors and their 
successful practices, often adopted by other contractors. 
Despite their key importance, these practices are still poorly or 
moderately applied in the sector under consideration, one of the 
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reasons being the lack of understanding those and their impact 
on an organisation's competitiveness. 

 
TQM implementation model 

 
Based on a literature review and a practical study, the 

components of an exemplary model for implementing TQM 
principles in the mining of aggregates were determined. The key 
prerequisites for effective quality management in a production 
system are associated with the presence of commitment and 
leadership skills. Senior management should demonstrate a 
responsible attitude in defining and communicating the vision, 
mission, and goals aimed at cooperation with all stakeholders. 
Appropriately directed, these leadership efforts create a good 
organisational system for effective process management and 
continuous improvement. 

The created organisational-management system consists of 
elements, such as managing relationships with customers, 
people, suppliers and the quality of the products or services 
offered. The system itself binds internal and external 
cooperation and cooperation in a common network of 
communication channels. Internal collaboration is manifested in 
elements related to people management with an emphasis on 
involvement and empowerment. External collaboration involves 
engagement with both customers and suppliers, where good 
partnerships and alliances are implemented in practice, 
regardless of formal legal independence and cultural or 
behavioral barriers that exist among project participants. These 
elements not only embody TQM as a management system, but 
are also a powerful catalyst for improving overall performance. 

The main production processes in the extraction of 
aggregates include quality management activities (including 
assurance and control) and those related to the management of 
specific individual projects. Therefore, process management 
focuses on key productions so that they are carried out 
according to plan or within accepted deviations, despite 
changes in people, materials and the environment. This is how 
the management of technological processes inevitably includes 
motivational aspects oriented towards people, which should 
lead to an efficient and effective production system. 

The implementation of an effective continuous improvement 
system covers both human resources and the technological 
solutions used. Active learning is a critical element of TQM and 
represents the essence of all improvement initiatives and 
implementation of innovation solutions. The strong relevance of 
learning lies in the fact that this is how people at all levels 
continuously increase their knowledge in order to improve their 
performance, thereby increasing the competitiveness of the 
organization as a team. The practical application of learning 
outcomes, i.e. knowledge, leads to continuous improvement. 
The acquired knowledge is implemented in processes where 
incremental changes are planned, checked, monitored, and 
applied appropriately to improve a specific quality indicator. 

Targeted and consistent application of TQM principles leads 
to high efficiency and quality, which in turn generates 
satisfaction among customers. Achieving high quality should be 
considered at two levels: organisational and project. 
Organisational quality encompasses the results of implementing 
corporate strategies that are manifested in the formulation of 
production operations, while project quality includes the 
effective delivery of products and services related to an 
individual work project. Generating good feedback provides 
information about the performance of the system and the 

relationship between the individual elements in it, which 
continues in the next cycle of production and improvement. 

 
Conclusion  

 
The fundamental meaning of TQM should be seen as a 

philosophy consisting of principles and approaches that can be 
united in an integrated quality management system. In the 
course of the research, eight elements have been identified that 
are paramount to implementing TQM in the mining of 
aggregates. The research data show that the implementation of 
the items fluctuates around the average level of the accepted 
rating scale. However, a careful analysis of the data shows that 
the elements are implemented with varying degrees of 
penetration at the mid-level vis- -vis customers, processes, and 
senior management. The elements related to suppliers are in a 
stronger degree of implementation, while those focused on 
people and continuous improvement are represented to a lower 
degree. 

From a research perspective, a set of practical observations 
and data analysis have enabled us to identify a small number of 
key elements of TQM that lead to improved competitiveness in 
the researched sector. The elements mentioned represent basic 
principles that organisations can use to begin implementing 
TQM in aggregates mining. These elements are: leadership, 
organisational structure, process management, and quality and 
improvement management. Adopting the mentioned key 
techniques and embedding them in a conceptual framework for 
practical application should provide an organisation with the 
opportunity to gain new competitive advantages. 
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ABSTRACT. The aim of the course of specialised translation taught to the engineering students at the University of Chemical Technology and Metallurgy (UCTM) is to 
equip them with the necessary skills so that they can work as professionals autonomously. A good way to familiarise students with the peculiarities of written scientifical 
and technical discourse is through project-based learning (PBL)
gaining real practical experience, as well as learning how to work autonomously and in a team. Using the PBL method in teaching translation competence to engineering 
students helps them reflect on the translation process itself, as well as gives them the opportunity to work autonomously and in a team in order to develop communication, 
organisation, and team decision skills. 
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Introduction 
 

Project-Based Learning (PBL) is a student-centered 
educational approach that transforms learning by actively 
engaging students in real-world problem-solving. Unlike 
traditional methods, PBL encourages students to take charge of 
their education and tackle meaningful issues collaboratively. 
Students embark on a journey of inquiry and investigation, 
conducting research, analysing data, and exploring diverse 
perspectives to understand problems deeply. Collaboration is a 
key aspect of PBL, fostering teamwork, effective 
communication, and empathy. 

Through hands-on projects, students develop critical 
thinking, creativity, and problem-solving skills, taking ownership 
of their learning. Presenting their work to an audience reinforces 
learning and cultivates skills like critical thinking and 
communication. Ultimately, PBL prepares students for success 
in academia and beyond by equipping them with essential skills 
and fostering a life-long love of learning. 

Key principles of PBL include (Thomas, 2000): 
   - Authenticity: Projects should be grounded in real-world 

problems or challenges, making learning relevant and 
meaningful (Kiraly, 2005; Hurtado-Albir, 2007). 

   - Inquiry: Students should actively investigate questions, 
gather information, and make connections between concepts. 

   - Collaboration: Working in teams allows students to learn 
from each other, develop social skills, and experience the 
benefits of diverse perspectives. 

   -Reflection: Regular opportunities for reflection help 
students think critically about their learning process, identify 
strengths and weaknesses, and set goals for improvement. 

   - Student Agency: PBL empowers students to take 
ownership of their learning, fostering independence, motivation, 
and a sense of responsibility (Margetson, 1997). 

What makes PBL a powerful educational approach is that it 
prepares students for the challenges of the real world by 
equipping them with essential skills and knowledge (Finkel, 
2013). Implementing PBL effectively requires careful planning 
and support (Hurtado-Albir, 2007). Teachers design projects 
that align with learning objectives and provide scaffolding to 
support students throughout the process. Technology can also 
play a valuable role in PBL, facilitating research, collaboration, 
and presentation of findings. 

A vital feature of PBL is the so called scaffolding which is 
like building a structure to support learning. It is the idea that, 
when students are learning something new, they rely on their 
previous knowledge and experiences as a foundation (Alaoui, 
2015). This previous knowledge acts as the scaffold, providing 
support for them to construct new understandings. 

Moreover, scaffolding suggests that students learn most 
effectively when they are actively engaged in the learning 
process, rather than simply being told information. This active 
engagement allows them to explore, discover, and make 
connections, which leads to deeper understanding and retention 
of knowledge (Ellis, 1997). Thus, PBL advocates learning by 
doing, providing support and guidance to build understanding 
gradually, fostering a supportive environment tailored to 
individual competencies (Alaoui, 2015).  
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Translation of authentic documents: objectives 
 

Specialised translation involves the translation of texts that 
require subject matter expertise in specific fields, such as 
medicine, law, engineering, finance, or technology. Unlike 
general translation, which deals with more common topics, 
specialised translation demands a deep understanding of the 
terminology (Newmark, 1988), concepts, and conventions 
unique to the field being translated. 

The objectives behind translating real scientific-technical 
documents are the following (Orozco-Jutoran & Hurtado-Albir, 
2002; Kiraly, 2005; Pop, 2017): 

1) To encourage students to take an active role in their 
learning by prompting them to think about how they translate, 
what resources they utilise, the time they dedicate, and the 
outcomes they achieve; 

2) to acquaint students with both independent work and 
collaborative efforts, wherein they hone their communication, 
organisation, and teamwork abilities; 

3) to create connections between the subject matter and 
other disciplines within the undergraduate program, such as 
chemistry, computer science, information science, and 
terminology. 

Specialised translation by engineering students can offer 
several benefits, both in terms of language proficiency (Alaoui, 
2015) and subject matter expertise (Pop, 2017). Here is how it 
can be advantageous: 

1. Deepens technical understanding: Translating 
engineering texts requires a strong grasp of technical concepts 
and terminology. Engaging in specialised translation tasks can 
deepen engineering students' understanding of their field by 
exposing them to technical content in both their native and target 
languages. 

2. Enhances language skills: Specialised translation 
challenges students to master technical vocabulary and 
complex language structures specific to engineering. This 
process strengthens their language skills in both languages, 
particularly in areas, such as precision, clarity, and academic 
writing style. 

3. Prepares students for their future career: 
Engineering students who develop proficiency in specialised 
translation can gain a competitive edge in the job market. Many 
engineering firms operate globally and require employees who 
can effectively communicate technical information across 
language barriers. Experience in specialised translation can 
enhance students' CVs and broaden their career prospects. 

4. Helps cross-cultural communication: Engineering 
is a global profession, with collaboration often spanning multiple 
countries and cultures. Through specialised translation, 
students not only learn technical content but also gain insights 
into how engineering concepts are expressed and understood 
in different cultural contexts. This fosters cross-cultural 
communication skills, which are valuable in today's 
interconnected world. 

5. Contributes for exchange of knowledge: 
Specialised translation by engineering students can facilitate the 
dissemination of engineering knowledge across linguistic 
boundaries. By translating technical documents, research 
papers, or instructional materials, students contribute to the 
exchange of ideas and innovations within the global engineering 
community. 

6. Fosters interdisciplinary learning: Translating 
engineering texts may require interdisciplinary knowledge, as 

technical topics often intersect with other fields, such as physics, 
mathematics, or computer science. This interdisciplinary 
approach broadens students' understanding and encourages 
them to make connections between different areas of 
knowledge. 

However, it is important for engineering students to receive 
adequate training and guidance in translation techniques, 
terminology research, and cultural sensitivity to ensure the 
accuracy and quality of their translations (Hurtado-Albir, 2007; 
Pop, 2017). Additionally, they should continue to develop their 
engineering skills alongside their language abilities to excel in 
both areas. 
 
 
Mastering translation competence 

 
Translation competence refers to the knowledge, skills, and 

abilities required to effectively translate text from one language 
to another while accurately conveying the meaning, style, and 
nuances of the original content. This includes linguistic 
proficiency in both the source and target languages, cultural 
understanding, subject matter expertise, as well as proficiency 
in translation techniques and technologies (Orozco-Jutoran & 
Hurtado-Albir, 2002; Alaoui, 2015; Pop, 2017). 

As Kiraly (2005) points out, translation competence 
emerges as a result of completion of authentic translation work 
and in the praxis of authentic translation work, students can 
acquire a privileged view of the nature of the translation process 
which is not a mere transcoding of texts but a creative and 
experience-bound construction process which requires taking 

 
The focal points behind practicing scientific-technical 

translation by the engineering students are, on the one hand,  
the authentic practice which is working on real translation 
projects, such as translating descriptions of equipment, safety 
instructions, technical specifications, user manuals, websites, 
etc. The acquired knowledge and skills have to be meaningful 
for the student which provides the opportunity for inter-
disciplinary learning where the students have to incorporate the 
contents of other subjects into constructing their own 
knowledge. 

On the other hand, building terminological bases, also 
known as glossaries or terminology databases, may be a crucial 
aspect of specialised translation. These databases contain a 
comprehensive list of terms and their corresponding translations 
in one or more languages, along with relevant contextual 
information. Terminology databases can greatly enhance 
language acquisition in several ways: 

- Language learners often need to acquire specialised 
vocabulary related to their field of study or profession. 
Terminology databases provide a centralised resource for 
accessing this specialised vocabulary, making it easier for 
learners to find and understand terms specific to their area/s of 
interest. 

- Many terminology databases include contextual 
information, such as definitions, usage examples, and 
translations. This contextual information helps learners 
understand how terms are used in real-world situations, 
improving their overall comprehension and language proficiency 
(Ellis, 1997). 

- Terminology databases often support multiple languages, 
allowing learners to access translations and explanations in their 
native language. This multilingual support can be especially 
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beneficial for learners who are not yet fluent in the language they 
are studying. 

- Some terminology databases offer interactive features 
such as quizzes, exercises, and multimedia resources. These 
interactive elements engage learners in active learning 
experiences, helping them retain information more effectively 
(Alaoui, 2015). 

- Advanced terminology databases may offer customisation 
and personalisation options, allowing learners to tailor their 
learning experience to their individual needs and preferences.  

Overall, specialised translation and term base building are 
interconnected processes that require expertise, attention to 
detail, and a commitment to delivering high-quality translations. 
 
 
Methodology 
 

The learning experience described here is related to my 
group of chemical engineering students at the University of 
Chemical Technology and Metallurgy (UCTM) who study a two-
semester course of specialised English in their second year. The 
project work which was done in the 
of study included three stages: stage of planning, dividing in 
groups, and assigning tasks; stage of translation; and stage of 
assessment. 

The first stage was crucial because the students' success 
relied on their thorough understanding of the objectives they 
needed to achieve, comprehending the project methodology, 
and recognising the potential benefits they could gain from it. 
They were given the criteria for working on the project, as well 
as the deadline and the final assessment method. Then, 
students were divided into four groups of three and each student 
obtained an equal share of the whole document. The documents 
to translate were not chosen at random, but together with a 
colleague teacher of the chemical technology department. So, 
the students were aware that their work would be useful for their 
other studies as well. Then the students were assigned the 
following tasks: 

 
1. Looking for Parallel Texts: 
o Requirement: This task involves searching for 

existing translations of similar texts in the target language. 
These parallel texts serve as reference materials for students, 
providing insights into how certain phrases or terms have been 
translated previously. 

o Skills Needed: Effective searching skills to locate 
relevant parallel texts, critical thinking to evaluate the quality and 
suitability of the found translations, and the ability to adapt and 
apply insights from parallel texts to the current translation 
context. 

o Approach: Students may utilise various resources, 
such as translation memory databases, online repositories, 
published translations, and professional networks to find parallel 
texts. 

 
2. Searching for Terminology: 
o Requirement: Students need to research and identify 

accurate translations for specialised terminology and jargon 
used in the source text. 

o Skills Needed: Strong research skills to locate 
authoritative sources, such as technical dictionaries, glossaries, 
industry standards, and online provided materials. Additionally, 

critical thinking skills are necessary to evaluate the relevance 
and reliability of terminology sources. 

o Approach: Students employ a systematic approach 
to terminology research, utilising both online and offline 
resources to ensure the accuracy and consistency of translated 
terminology. They may also consult subject matter experts or 
teachers for clarification on specific terms. 

 
3. Translating: 
o Requirement: Students must accurately convey the 

meaning and intent of the source text in the target language 
while considering linguistic, cultural, and contextual nuances. 

o Skills Needed: Proficiency in both the source and 
target languages, deep understanding of the subject matter, 
strong writing skills, and cultural sensitivity. Additionally, the 
ability to maintain consistency in terminology and style 
throughout the translation is essential. 

o Approach: Students employ various translation 
strategies, such as literal translation, paraphrasing, cultural 
adaptation, and localisation to ensure the fidelity and readability 
of the translated text. They may also use translation software 
tools and reference materials to aid the translation process. 

 
4. Proofreading: 
o Requirement: Proofreading involves reviewing the 

translated text to identify and correct errors in grammar, syntax, 
punctuation, spelling, and formatting. 

o Skills Needed: Keen attention to detail, strong 
language proficiency in both the source and target languages, 
and familiarity with grammar and style conventions. Critical 
thinking skills are also necessary to identify and rectify 
inconsistencies or inaccuracies in the translated text. 

o Approach: Proofreading is typically conducted after 
the initial translation to ensure the accuracy and quality of the 
final product. Students may use spelling and grammar checkers, 
style guides, and peer review to facilitate the proofreading 
process. 

 
For stage two, blended learning approach (Finkel, 2013; 

Krumova et al., 2020) was used: This refers to an instructional 
method that integrates different modes of learning, such as in-
person instruction and online learning, to create a more flexible 
and personalised learning experience. It means students did 
some tasks in class and others on their own, especially those 
requiring independent work and writing. Outside the class, 
students used e-mails, chat forums, document-sharing 
environments to keep in touch. Some class time was spent to let 
groups meet and discuss any problems and a whole class 
session was provided after the completion of the projects to let 
each group give a class presentation stating the procedures 
they had followed and the problems they had to overcome both 
related to translation and those related to teamwork. 

An important issue of the problem-solving learning through 
technical text translation tasks is handing in the ready 
translations by a certain deadline. In our case, the deadline was 

whole semester. When the students began the project, they 
established a timetable outlining the specific documents they 
needed to submit by the assigned deadline. These included a 
compilation of the parallel texts together with an explanation why 
these were important, as well as a glossary with the extracted 
terms and a self-evaluation report (see Appendix 1) commenting 
on the problems they had to solve during the project work. 
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The final stage was the assessment of the submitted 
translations but the focus here was not so much on the product 
of the translation process but rather on the whole learning 
experience which included active participation in all the stages 
of the translation process, as well as the teamwork done. So, 
this approach allows for ongoing evaluation (Palmer & Hall, 
20011) of students' skills and progress throughout the project, 
fostering a dynamic learning environment where feedback can 
be provided and improvements can be made incrementally. 
 
 
Results 
 

All in all, students highly appreciate the chance to translate 
authentic documents because thus they stay close to their 
professionally oriented interests and feel their practice is 
beneficial for their studies. Of course, there may be some 
negative aspects, such as lack of experience in working in 
groups which can be a great challenge for the students 
(Margetson, 1997). They must be made aware that the success 
of the group depends on each of them and working individually 
is not well tolerated, nor is relying too much on the efforts of 
other members of the group. Students generally liked this 
learning-by-doing approach to the studied material and felt 
pleased with the results. Moreover, independently working 
without the teacher's guidance cultivates individuals who are 
self-reliant and capable of working with greater efficiency. 
Another issue may be the big overload for the teacher who 
needs to check and assess all the submitted materials.   

On the other hand, PBL provides an avenue for teachers to 
not only track the outcomes of student projects but also to 
closely observe and assess the students' learning journey 
(Thomas, 2000; Krumova et al., 2020). Through PBL, teachers 
can continuously monitor how students engage with the 
material, their problem-solving approaches, their collaboration 
skills, and their ability to apply knowledge in real-world contexts. 
This holistic observation enables educators to gain insights into 
students' evolving understanding, identify areas where they may 
need additional support, and tailor instruction to meet individual 
or group needs effectively. In essence, PBL offers teachers a 
comprehensive view of students' learning progress, beyond just 
the final project deliverables. 
 
 
Conclusion 
 

Overall, PBL empowers teachers to take an active role in 
monitoring and supporting of students' learning progress 
throughout the problem-solving process. By providing ongoing 
assessment, feedback, and guidance, teachers can ensure that 
students not only achieve academic objectives but also develop 
essential skills and competencies for lifelong learning. 

In the PBL approach, students are deeply engaged and 
show increased dedication because they grapple with real-world 
issues and are responsible for organising and overseeing their 
learning tasks. Additionally, they are required to articulate and 
defend their ideas to peers, fostering deeper comprehension 
and engagement. Hence, PBL is a powerful educational 
approach that fosters deep learning, critical thinking, 
collaboration, and student engagement. By immersing students 
in authentic, real-world experiences, PBL prepares them for 
success in an increasingly complex and dynamic world. 
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Appendix 1  
 
Self-assessment questionnaire 
 

1. Did you find working on a project-based translation 
beneficial for you? 

2. Do you think translating authentic documents can be 
beneficial for your studies?   

3. What is the function of the text you have translated? 
4. Did you try to identify the main idea of the text before 

you began to translate? 
5. Did you read the whole text through before you started 

to translate? 
6. Which dictionary did you use most frequently? 
7. Did this dictionary answer all your questions? 
8. What are the major translation problems you 

encountered during your work?  
9. Do you think you have solved the problem? 
10. Do you find it difficult to find parallel texts that will help 

you resolve translation problems? 
11. Do you find it difficult to analyse parallel texts that will 

help you resolve translation problems? 
12. Do you find it difficult to resolve terminology 

problems? 
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13. Did you read the whole text of the translation before 
you submitted it? 

14. Did you verify that your translation is lexically and 
terminologically correct before submitting it? 

15. Qualify the text you have translated from one to ten on 
a scale of difficulty? 

16. Was it hard to work with your fellow students? 
17. Do you value the contributions of your fellow 

students? 
18. Did you manage to keep the time limits? 
19. Did you attend to all the meetings? 
20. Did you get help from your fellow students? 
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Introduction 
 

Our combined work touches on two fields of foreign 
language training: the methods of ESP training and the 
acquisition of language competences. 

Currently, a larger part of means of scientific facts and 
engineering knowledge is conveyed through printed matter, 
like monographs, specialised books and manuals, scientific 
compendiums, journals, company materials, industrial and 
institutional documentation, etc. or online sources, such as 
magazines, research sites, conference proceedings and 
likewise. Publications on how to teach students perceive a 
scientific text on the lexical level, i.e. on the level of terms, and 
how terminological competences can be enhanced abound in 
literature, including the most recent articles of ours (Yusein, 
2018; Purvanova, 2023). Here, we focus on the challenging 
task of offering students insights into perceiving an overall text 
and extracting the main points in it. Thus, as contemporary 
foreign language teachers, we are responsible for forming the 
necessary language competences in engineering students on 
the semantic and overall conceptual levels, so that the 

with the new information, gain crucial skills in working with 
technical texts and information sources, and ultimately, be 
guaranteed quality participation and professional 
communication in specialist environments, like producing 
research articles and participating in scientific forums, 
conferences, symposia, etc. 

 
 

Objective 
 

The objective of the activities offered for class work is for 
students to produce a properly laid-out abstract on a text. The 
focus is on tasks on reading for comprehension, extracting 
notions, term production, text production.  
 
Methods 
 
Target group 

The activities are directed to students trained in English in 
the module in English for special purposes (ESP) in the 
second, third and fourth year within the courses of studies in 
Computer Technology in Engineering and in Geology and 
Geoinformatics in the 

permitting, first-year students in higher-level groups may also 
be trained in abstract production. 
 
Algorithm of work 

To fulfil the training activities, the following steps are 
followed that comprise: 

- preparatory work within the Internet medium; 
- individual work with a general English dictionary and a 

dictionary of terms; 
- text reading; 
- comprehension and oral expression of the essence/main 

ideas in paragraphs/sections of the training text; 
- revision of the Passive voice; 
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- guided writing of an academic text: an abstract.  
During and after the performance of tasks, we have also 

considered including an analysis of possible difficulties and 
errors. 
 
Activities 
 
I. Preparation. We prepare the classes offered by putting an 
accent on the activity Work in the Internet  
and practicing one of the four skills in foreign language 
teaching: reading. Students are offered a single one or a 
selection of articles in English available on the Internet, 
preferably by authors they are familiar with, e.g. their lecturers. 
These materials may be accessed at home through a link 
shared, or displayed via multimedia, or simply printed and 
handed out. Students are trained to outline the elements of an 
academic article. 
 

II. Logically, the stage of initial explanations ensues. 
Students are offered explanations about the objectives of the 
task. Students are engaged in the 

 and 
is introduced. 

A lecturer is free to organise term presentation in their 
own manner. We hereby offer just one of many practical 
ways: 

A fairly simple instruction for writing a research paper is 
read by the students, available at: Website of the UMG at  
Science International Scientific Conference 

Paper Guidelines. It says:  

abstract should be focused on the most important issues, 
discussed in the paper. The authors should clearly explain the 

(https://www.mgu.bg). 
For the novice in academic writing, this definition is not 

really very informative. Therefore, students may be asked 

individually or in groups and compare their understanding. 
We enclose the two definitions in the very first sources 

An abstract is a brief summary of a 
research article, thesis, review, conference proceeding, or any 
in-depth analysis of a particular subject and is often used to 
help the reader quickly ascertain the 
(https://en.wikipedia.org/wiki/Abstract_(summary)). Here is 
another one, 
ABSTRACT contains in a concise form the specific features 
of the study - the subject, the methods used, the main 
results and conclusions. Since the summary is one of those 
items that are also distributed independently of the main 
text through secondary information publications, it should 
not contain quotations. Besides, it is not recommended to 
use equations, tables or other similar means in it. The use 
of sentences from the body text of the article is allowed. 
The length of an abstract is usually around 200-  

If such explanations are insufficient, a more dictionary 
approach is resorted to: students check up the possible 

online English-Bulgarian 

(http://rechnik.info/abstract): 
 

 
 

 III. The assignment. A material is handed out to the 
students with exercises and steps to follow. This may either be 
printed out (strongly advised) or presented via multimedia. A 
short text about computers is also distributed.  

Work on the computer text begins with the standard 
grammar revision and term recognition exercises. The 
activities and procedures observed are as follows: 

 
Exercise 1 (grammar recognition) - Circle the passives in the 
text  
 
Exercise 2 (term recognition) - Circle the computer terms in 
the text. They may be nouns, or adjectives, or verbs. Memorise 
their meaning.  

 
Then, a step-by-step explanation is given for the 

summarising activity. It is in the form of an algorithm to read 
with a number of examples. The steps to follow include:  
 outlining the main idea in each of the paragraphs in the 

computer text in one word possibly; 
 constructing summarising sentences by: 

 listing the order of ideas in the paragraphs; 
 adding verbs to the list of ideas/paragraphs;  
 finishing the sentences with the summarising words; 

 varying the patterns followed; 
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 adding an introductory sentence in the beginning of the 
abstract. 
 
Exercise 3 (summarising)  Follow these steps: 
 
Step 1 - Try to outline the main idea in each of the paragraphs 
in the computer text in one word possibly - we usually use 
nouns for them, such as a definition, a list, a classification, a 
discussion, methods, etc. (  There may be paragraphs 
with 2 or more ideas in them. 
If we have the text nearby printed, we usually write the 
summarising word next to each paragraph to avoid forgetting 
ideas, e.g.  

 list 
 definition 
  
  

etc. 
 
Step 2 -Now begin constructing summarising sentences. Use a 
sentence for each paragraph in the text. Following the order of 
paragraphs, list them using numerals, like: 
The first paragraph  
The second paragraph 
The third paragraph  
 
The words in italics are called markers of listings and they give 
the logic of your text.  
 
But it gets boring, especially when there are 10 or more 
paragraphs or more pages. 
 
So, you continue the list of paragraphs with: 
The next paragraph 
Then, the text/the article 
After that, the text 
Further, 
 
Until you come to the long-awaited  
The last part of the text    
 
Step 3  Add verbs to your list of paragraphs, e.g.: 
 
The first paragraph presents 
The second paragraph offers 
etc. 
 
Step 4  Finish your sentences with the summarising words 
which you marked beside each of the paragraphs in the text 
(see Step 1 above), e.g.: 
 
The first paragraph presents a list of  
The second paragraph offers a definition of  
etc. 
 
Step 5  See if your summary sounds interesting. Often, it may 
be boring because you used the same structures in each 
sentence. 
Vary the patterns you followed, change verbs, change the 
markers of listings you used throughout the sentences. 
 
Here is an example of listing using verbs, not numerals: 
 

The text begins with a list of  
The text continues with /proceeds with a definition of  
The text finishes/ends/concludes with a list of 7 methods of 

 
 
You may also combine summarising sentences from different 

sounds intriguing, and last but not least, your audience does 
not fall into deep slumber until they finish reading your 
summary  

 
IV. The stage of the initial implementation of the 

assignment. Students are asked to produce a very simple 
abstract following the above steps. They are involved in the 
activity . 

 
Exercise 4 (writing an abstract)  And now it is your turn to 
try your hand on summarising the ideas in the attached short 
text. 

 
As many variants of the assignment fulfilled by students 

are then read aloud as possible. The didactic objective is to 
help students memorise the patterns used.  

 
V. The stage of the task implementation analysis. 

Possible errors are discussed and corrected. When analysing 
the work at this stage, it is obligatory to give instructions 
regarding the correct sequencing of the summarising 
sentences: they are arranged according to their order in the 

render emphasis on the impersonal action, not on who 
performs it. Punctuation (i.e. commas) after logical markers of 
sequencing should also be considered since it is part of the 
stylistics of the scientific text generated. 

 
VI. The stage of the final implementation of the task. 

Students are asked to re-write their abstracts correctly.  
To consolidate the new knowledge acquired, they may be 

given a longer text on the same topic and assigned to produce 
an abstract to it for homework.  

 
Results achieved 

The implementation of the activities on the tasks assigned 
can be beneficial in many respects. 
 Introducing students to the elements of a research 

article/scientific text; 
 Introducing students to the notion of abstract; 
 Introducing students to the abstract as an academic 

genre; 
 Acquisition of skills on the part of students to summarise 

text; 
 Creating conditions for a guided written academic 

discourse; 
 Creating conditions for a correct and efficient independent 

written academic discourse; 
 Improved skills when working with academic information; 
  
 Students broaden their knowledge related to the 

production of academic texts. 
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Applicability 
 Similar summarising tasks can initially be performed with 

every text covered in class in order to help memorise the 
algorithm or vary it.  
 Further, abstracts can be generated on a regular basis to 

ensure the longevity of the knowledge offered.  
 Besides, this approach results in transforming knowledge 

into to a linguistic competence.  
 Thus, student performance is enhanced and 

communication skills manifested and upgraded. 
 The activities can also be addressed to students trained in 

groups.  
 With the necessary language alterations, the algorithm 

can be employed by language teachers of other languages 
offered at this educational institution. 
 

and with Ph.D. students; 
 And last but not least, it can be a useful tool in distance 

learning.  
 
 
Conclusion 
 

In this article, a method of practical work with engineering 
students at the University of 

writing is achieved. The aim of explaining the principles of 
constructing this particular type of summarising text known as 
an abstract is fulfilled through an algorithm supported by 
numerous examples. Guided writing is suggested in class and 
consolidating writing along the pattern offered is applied for 

homework. 
The regular application of the algorithm is strongly 

summarising of scientific information, enhancing the style of 
their academic discourse, and upgrading their linguistic 
competences  

educational point of view and applicability, the method will 
contribute to studen
the increase in their competitiveness in the long run. 
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ABSTRACT. The economic globalisation and the intensification of competition for jobs require adapting to constant changes. This article analyses the experience of 
teaching English language in technical university as a channel to develop key competencies. Taking into account the specifics of the process of training specialists, 
the publication underlies the formation of professionally oriented core competencies and skills of future professionals: knowledge-information processing, problem 
solving, decision making, self-learning, self-management, creative thinking, communication skills, collaboration with people and learning to learn.  
While teaching the English language, it is possible to form and improve not only proficiency in the foreign language and culture, but also initiative personality ready for 
life-long learning with improved level of communicative, information, organisational, reflexive, and other general and educational skills. This contributes to the 
development of students' analytical thinking, teamwork, creativity, and cognitive activity. They are crucial and allow graduates to act effectively in the field of 
engineering and professional communication.  
 
Keywords: technical English, key competencies, foreign languages. 
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I. INTRODUCTION 
 
     In the contemporary interconnected world, proficiency in 
English has become indispensable, especially in the technical 
fields. As industries evolve and globalise, professionals are 
increasingly required to communicate complex ideas and 
collaborate with international counterparts. For non-native 
English speakers, mastering technical English is not only about 
fluency but also about developing key competencies crucial for 
success in their respective fields. Technical English 
encompasses specialised vocabulary, grammar, and 
communication skills tailored to specific fields, such as 
engineering, IT, and science. However, the process of learning 
technical English goes beyond mere linguistic acquisition; it 
involves cultivating a range of competencies essential for 
navigating professional environments effectively. The key 

globalisation. The most significant is the meaning of the 
concept of the key competencies, because its personal factor 
can be highlighted. The importance of key competencies is 
influenced by the changes of working system, requiring 
adequate professional knowledge and skills (Zimnayay, I. A. 
2003). Broader knowledge and abilities guarantee easy 
adaptation and more flexibility on the labour market, higher 
employability, social security, and meaningful personal life. Key 
competencies define (Cheng, X. and Zhao, S. 2016) the 

abilities reflecting behavioural characteristics and individual 
performance. English learning and teaching play a significant 
role in cultivating the personality of future engineers and 
should be shifted to language competence, thinking quality, 
learning ability, and cultural awareness. While teaching 
technical English as a foreign language,  it is possible to form 
and improve not only proficiency in language, but also 
professional communication of future engineers, to develop 
persons with initiative who are able to work in a team and are 
getting ready for life-long learning. 
     Key competencies are abilities to perform many activities 
based on the set of knowledge, skills, and values that can be 
developed in various situations and adapted in different 
contexts. The concept of competencies defines personality 
behaviour and characteristics. It expresses, in a broad sense, 
adaptive and effective functioning of the person in order to 
create his/her wealth and successful life. The system of key 
competencies boosts sustainable student development.  

The aim of the research is to perform a summary of key 
competencies. 

The object of the research presented in this paper is the 
conceptualisation of some key competencies necessary for 
future mining engineers. 

The methods of the research are literature review, 
analysis, and synthesis. 
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II. THEORETICAL FOUNDATION AND 
CONCEPTUALISATION OF KEY COMPETENCIES 

 
     Teachers bear important responsibility and should explore 
and use different strategies to put the concept of key 
competencies into practice in the process of teaching English 
as a foreign language. Key competencies are the centralised 
embodiment of the value of engineering education. The 
important task of the course unit in English is to develop 

competencies in language practice activities. Through English 
learning, students gradually can form core abilities, correct 
values, essential qualities, and necessary character. The 
formation of key competencies (Khutorskoy, A.V., 2003) lays 
the foundation for life-long learning and promotes students to 
become well-rounded people. The process of English language 
learning puts forward higher requirements for the educational 
and teaching activities because it is also a process of 
establishing a correct cultural awareness and value orientation. 
English learning cannot be limited to teaching basic knowledge 
of textbooks, but also to paying attention to whether students 
can master knowledge about skills, attitudes, emotions, and 
other aspects in the process of English learning. 
Implementation of the method of integrating English key 
competencies into the teaching can avoid the occurrence of 

dumb English  phenomenon. 
     The results of pedagogical monitoring and analysis of the 
existing condition shows that in the first academic year in 
university, the students: 

-Have low level of goal-setting, proficiency in 
planning and reflection; 

-Have difficulties in summarising, compression, and 
annotation of information; 

-Not always correctly build the statement, are not 
able to criticise structurally and with convincing argument 
during upholding their point of view. 
     It is necessary to focus attention on the identity of the 
student to open their personal potential through regular 
identification of opinions by means of exercises and using 
technological cards of cognitive, analytical, and practical 
training. Respect for the personal dignity of each of student 
creates a comfortable atmosphere in lessons. Self-
determination training begins with express information offered 
to students for discussion. The students have to express a 
consent or disagreement according to the scheme: thesis  
argument-summary and a different point of view are allocated. 
These exercises promote the formation of abilities to 
generalise, systematise, synthesise, and analyse. The goals of 
such training are the formation of critical thinking, tolerance, 
and communicative competence. The objectives are achieved 
if: students are able to state and prove their opinion, define the 
knowledge and compare the received information with 
available life experience. Also, discussions, role-playing 
games, sketch, round table methods are used. Out-of-class 
independent work of students is of great importance  it 
teaches reflection, promotes self-development of the 
personality, goal-setting, planning activities for the 
achievement of the purpose. Solving practical problems 
demands mobilisation of all intellectual abilities and actually 
performs an essential function of training a scientific-minded 
person. 

The development of key competencies in the process of 
technical English learning as a foreign language at university is 

possible by using guiding multi-dimensional interaction, 
situational teaching, by focusing on the improvement of 

awareness, enhancing their thinking quality, and adopting their 
emotional experience, as well as by taking into account 

the teaching efficiency of 
the lecturer (Shu, D. 2017). Front-line teachers must integrate 
goals of knowledge and skills, processes and methods, 
attitudes, values, and key competencies into real classroom 
teaching. The ultimate learning goal of students is to apply the 
acquired knowledge to real life, and make English not only a 
factor and tool for thinking and communication.  
     The basis of the key competencies of the course unit in 
English is language competence. It includes language 
knowledge and language skills, and helps students broaden 
their thinking and carry out cross-cultural communication. In 
turn, cross-cultural communication activities can improve 

ompetence. 
enable them to acquire language knowledge, master language 
skills, and form good language awareness and language 
thinking,  
     The learning ability can play a role in improving learning 
efficiency and help students to: form a good sense of self-
management, form the ability to independently organise their 
own learning process, and develop good learning habits. It 
requires students to have a correct understanding of English, 
have a sense of active use of English, achieve the highest goal 
of thinking in English developing individual learning methods 
and strategies in the process of English learning. Learning to 
learn is a complex process in which, analysing a learning 
situation reflectively, a student can identify their strengths and 
weaknesses, and therefore use the proper strategy. The 
t
attitudes, motivation, and interests, their awareness and habits 
of actively participating in language practice to promote skills 
for autonomous learning and sustainable learning attention. 

through competition and praise. 
     The information processing and thinking quality includes the 

 critical, and innovative thinking. It 
is necessary to collect and process information, forming correct 
value judgements about things, and 
to raise, analyse and solve problems. 
thinking quality can enhance their thinking about problems 
from new perspectives and methods, generate a spirit of daring 
to question and being good at putting new ideas forward. 
     Civil and social competencies participate in society in 
different functions and they include personal, inter-personal, 
and inter-cultural abilities. Persons must be confident and 
tolerant, with a sense of responsibility, able to understand and 

constructive communication, creating a justice-based 
environment. 
     Cultural awareness is the value orientation of students
language learning and it emphasises on the formation of 

-cultural cognition, attitudes, and behavior. It 
has an important role in cultivating a sense of community with 
a shared future for mankind, establishes feelings of family and 
country, strengthens cultural self-confidence. Cultural 
awareness is the ability to communicate with people of culture 
and arts, developing and enriching cultural outlook, and 
participating in the artistic expression activities  clubs, 
societies, and associations. 
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     The sense of initiative displays human creativity, thrusting, 
and the desire to be independent. It includes orientation 
towards the achievements and corresponds to 
entrepreneurship and risk tolerance  the ability to assume the 
risks and to act rationally in risky situations. This competency 
is necessary for everyone in a competitive job market and in 
the constantly changing world. 
     Integral parts of the conception of key competencies (Shi, J. 
2014) are critical thinking, problem solving, risk assessment, 
and decision-making. They provide added value in active 
citizenship, social cohesion, satisfaction, and motivation by 
offering adaptability and flexibility. 
     Technical English learning often involves tackling real-world 
problems and case studies relevant to students' fields of study 
or professions. By grappling with challenges and brainstorming 
solutions, learners hone their problem-solving skills and learn 
to apply theoretical knowledge in practical contexts  an 
essential competency for the innovation and advancement in 
technical fields. 
     Technical English learning fosters critical thinking skills by 
engaging learners with complex concepts and problem-solving 
tasks. As they decipher technical texts, analyse data, and 
interpret instructions, students develop the ability to evaluate 
information critically and make informed decisions  a vital 
competency in professional settings where precision and 
accuracy are paramount. 
     Effective communication lies at the heart of professional 
success. Technical English learners not only acquire language 
skills but also learn to articulate ideas clearly and persuasively, 
both verbally and in writing. They practice drafting reports, 
giving presentations, and participating in discussions, 
enhancing their ability to convey technical information to 
diverse audiences with clarity and confidence. 

With an increasingly globalised workforce, cross-cultural 
competence is indispensable. Technical English learning 
provides opportunities for learners to interact with peers from 
different cultural backgrounds, fostering empathy, tolerance, 
and adaptability. Understanding cultural nuances and 
communication styles is crucial for building successful 
collaborations and navigating multicultural work environments 
effectively. 
     The dynamic nature of technical fields necessitates a 
commitment to life-long learning. Technical English learners 
cultivate a growth mindset, recognising the importance of 
continuous skill development and staying abreast of industry 
trends and advancements. By embracing lifelong learning, 
professionals can adapt to evolving technologies and 
methodologies, ensuring their relevance and competitiveness 
in the global marketplace. 
     Teachers are faced with some issues in their practice:  
1. Basically, they follow the inherent teaching model, ignoring 
topics and texts oriented to key competencies.  
2. Too much attention is paid to testing, focusing on language 
training and memory instead of on more language practice 
activities.  
 
III. 

COMPETENCIES IN ENGLISH LEARNING IN THE 
TECHNICAL UNIVERSITY 

 
     When students possess the English core competencies, 
they can learn and improve themselves during the learning 
process and truly apply the knowledge they have learned to 

practical applications. Students can use the cognition formed in 
the process of English learning to think about various issues in 
their study or life, put forward their own opinions, and express 
them in their own ways. By changing the inherent 
understanding of English subject  that learning English is not 
only to learn knowledge about English itself, but also to allow 

  the 
students can have a positive learning attitude and a strong 
interest in learning English. 
     
culture on the basis of their language skills. Method of 
comparing and contrasting is overused, and other methods 
such as immersion teaching, content-based approach, or a 
situational approach, are neglected. Teacher must pay 
attention to the development of intercultural awareness and 
intercultural communication skills, sharing creativity and 
imagination. Students should be provided with a global vision 
by learning the English language. 
     By creating a specific atmospheres or scenes relevant to 
the teaching context, we can enhance learning 
motivation, promote their learning potential, and stimulate them 
to have a positive emotional experience. Teacher should 
change the traditional knowledge explanation in the teaching 

scenes and objective world, paying attention to comprehensive 
language ability, communicative teaching, and cooperative 
learning. It is possible to achieve the goal of helping students 
accurately, quickly, and proactively understand the knowledge 
learned on the issue, using activities and games that students 
are willing to participate in and that are based on their 
language capacity

awareness can be given, such as bridging the culture gap with 
good communication skills, celebrating traditional holidays and 
festivals, etc. 
     In order to improve teaching efficiency, activating the 
teaching model of task+situation+activity  should allow 
students to engage in exploratory learning, enabling them to 
experience, understand, and apply language, comprehensively 
improving their listening, speaking, reading, and writing 

-confidence and interest. 
     It is necessary to strengthen the teaching of English 
knowledge while appropriately infiltrating some cultural and 
emotional aspects, so that the knowledge that students master 
is not just grammar, phrases or words, but can extend to the 
related cultural connotations in English. 
     a teacher should ask 
questions that guide and stimulate thirst of 
knowledge and curiosity. The cultivation of thinking 

cognitive process, improving its efficiency. The teacher can 
instruct students to think more organised and systematically, 
using activities as comparison, collation, analysis, and 
summary to infer the content of any text (Lin, C. 2016). 
     
learning attitudes. A teacher should: fully understand their 

awareness, and expand the range of strategic choices. For 
example, a teacher can guide students to divide long 
sentences into several short sentences, extract the main 
sentence from them, and temporarily remove the auxiliary 
explanatory parts as parentheses and clauses. 
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     A teacher should try to set open questions in order to 

spirit. A lecturer should encourage students to cooperate and 
explore independently, to interact with students more, and 
respond positively to students  feedback, to provide as many 
opportunities as possible for students to express their personal 
views and ideas. 
     The construction of a mind map is an effective way  
students interact with the text, which is beneficial to transfer 
the language they have learned and use it for richer and self-
topic presentations. A teacher can guide students to refine the 
detailed, basic, and main information of a text, clarify the 
surface and deep information, summaris
and the 
development of the text and constructing a thought map.  
    We know that in the teaching process, there are many ways 
to evaluate the learning effectiveness. A teacher should 
actively use multiple evaluation methods  a combination of 
formative, summative, and task-based evaluation methods to 

a teacher 
should actively orientate students to conduct effective self-
evaluation, to cultivate their abilities of self-regulation and self-
monitoring during the learning process.  
 
IV. CONCLUSION 
 
     World globalisation is accompanied by increasing mobility 
of technical specialists and they are now faced with new 
personality demands, like: to be not only highly educated and 
competent, but also ready to prompt changes in society and 
continuous development, capable to estimate cross-cultural 
and linguistic situations, tolerant, able to apply own knowledge 
rationally, etc. The learning of English language is an approach 

This process requires 
the teacher to combine (attach) language, thinking, and culture 
as an integral part of English learning activities. Learning 
English as a foreign language in technical universities is not 
only a means of learning linguistic knowledge, but also a 
bridge to cultivating core competencies. During the English 
language teaching, the teacher should not only pay attention to 
the instrumental nature of the educational process  the 
language as a tool for communication, for thinking, for learning 
other subjects  but must also focus on the humanistic nature 
of English teaching, e.g. international perspectives, value 

orientation, culture, thinking patterns, cross-cultural 
understanding, and social responsibilities. The formation and 
improvement of key competencies of future professionals in 
the course of the educational process in a modern university is 
a difficult and rather long process. It is preceded by two 
essential periods: the period of accumulation of the cognitive 
component, and the period of the analysis of knowledge. The 
main concern of the study is whether the teacher can 
distinguish between the key competencies and a sufficient 
understanding of the English language. The development of 

learning as a foreign language requires appropriate content in 
the teaching resources and materials, as well as institutional 
support. 
     In conclusion, technical English learning as a foreign 
language is not merely about mastering linguistic structures; it 
is a multifaceted process that nurtures a range of key 
competencies essential for success in technical 
professions. From language proficiency and critical thinking to 
cross-cultural competence and digital literacy, the journey of 
learning technical English equips individuals with the skills and 
abilities needed to thrive in today's interconnected world. By 
embracing these competencies, learners can confidently 
navigate the complexities of their chosen fields and contribute 
to innovation and progress on a global scale. 
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