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ABOUT SINTEZA 2024 

'The 11th international scientific conference Sinteza was held on May 16, 2024 and organized in person at Singidunum 

University premises. The conference was dedicated to information technology, computer sciences, data science and 

their application in engineering systems, education, teaching foreign languages, sports, and Environmental and 

Sustainability Sciences. This year conference topics of particular interest have been related to artificial intelligence, 

machine learning and data research, and their application in solving real-world problems. 

"The conference again brought together researchers from the country and abroad. A total of 78 works were submitted, 

63 ofwhich were accepted. All accepted papers for the Sinteza 2024 conference are scientific papers, and have been 

reviewed accordingly. Additionally, all the accepted papers have passed detailed technical, language, and content 

reviews as well as the iThenticate check. 

At the plenary, six keynote speakers from Iraq, Switzerland, Spain, North Macedonia, and Serbia presented their 

research, project work, and findings predominantly in information technology and artificial intelligence. Various 

topics, such as artificial intelligence, data privacy, IoT, and robotics were presented. After the plenary session, the 

conference continued with 6 parallel sessions: Computer Science and Artificial Intelligence, Information Technology, 

Data Science and Applications, Advanced Technologies and Applications, Management and Technology, and a 

special Student Session. Each parallel session was interactive and dynamic, allowing presenters to present their 

research papers, case studies, and innovative projects, and the conference participants to discuss relevant issues and 

receive feedback from experts in the field. 

This year, for the first time at the conference, there was a special Tech Talks session that delved into the world of 

technological innovations and provided invaluable insights into the latest trends, emerging technologies, and 

disruptive ideas shaping the future ofIT. 

We want to thank the esteemed speakers at the plenary session, all conference participants, and the members of the 

Scientific Committee. We want to express our special gratitude to the colleagues from the Organizing Committee 

who technically prepared and supported the organization of the Sinteza 2024 conference. 

Sincerely, 

Sinteza 2024 Organising Committee 
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Abstract: 

To successfully address a specific problem and draw conclusions in a study 
area, it's crucial to establish a robust monitorToing network that enables the 

collection of an adequate amount of data. Often, unexpected circumstances 
such as changes in conditions at observation sites, instrument malfunctions, 

and safety concerns are encountered in the field. In such situations, defining 
correlation links between all observation points becomes extremely impor- 

tant. This correlation allows us the termination of operation utilize data from 
other observation points to rectify deficiencies and obtain a comprehensive 
understanding ofthe situation on the ground, even when some data are miss- 
ing or certain instruments are damaged. This is essential for proper research 
management and drawing reliable conclusions. 

In the study area, the process of discharging the hydrogeological environ- 
ment in a tunnel under pressured was studied, focusing on the period when 
the tunnel was out of operation. Due to technical issues, there was a discon- 
tinuation of continuous data monitoring at the outlet channel, resulting in 
a 14-day data gap. However, data analysis from piezometer PP-3 showed a 
correlation with the data from the outlet channel, enabling the filling of data 
gaps. These data were used for simulating the discharge of water from the 
hydrogeological environment. 

Keywords: 

Monitoring Network, Data, Hydrogeological Environment, Tunnel, Simulation. 

INTRODUCTION 

'The most crucial segment in solving a specific problem in the field is 

collecting a sufficient amount of data to systematize and subsequently 

analyze it. Iherefore, it is extremely important in the initial research 

phase to thoroughly analyze the study area (conduct preliminary research) 

and conduct field reconnaissance. 

Artificial structures built in areas with different geological and hydro- 

geological characteristics interact with the natural environment [1]. These 

structures are very difficult to completely isolate in practice [2] [3]. The de- 

gree ofinteraction varies over different time periods, both during the con- 

struction of the structure and during its exploitation. A particular problem 

arises when an artificial structure such as a tunnel under pressure interacts 

with a geological/hydrogeological environment where complex conditions 

prevail, or where ground waters of different chemical characteristics exist. 
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Based on knowledge of the geological, hydrogeo- 

logical characteristics of the study area, as well as techni- 

cal conditions and accessibility of the terrain, the most 

important basis for obtaining reliable data is the estab- 

lishment of a good monitoring network. The monitoring 

network should cover all marked observation points, 

i.e., hydrogeological phenomena and objects (springs, 

piezometers), as well as the artificial structure (tunnel). 

Although the monitoring network is well established 

and the observation period is defined with the same time 

intervals, in practice, unforeseen technical situations often 

occur, leading to interruptions in observations. In such 

cases, if there is a break in continuous observation at one 

observation point, it is possible to perform a simulation, 

i.e., filling in the missing data series based on the estab- 

lished good correlation with data obtained at another 

observation point. 

2. STUDYAREA 

"The study area is located in south-eastern Serbia, 

central part of Stara Planina and territorially belongs to 

the municipality of Pirot. In this area was built artifi- 

cial object – tunnel of HPP Pirot, 9093 meters in length 

which transports water under pressure. There are three 

piezometers along the route of the tunnel PP-1, PP-2 i 

PP-3 (fig 1). 
'The study area is mostly built up of carbonate sedi- 

ments of the Triassic, Jurassic and Cretaceous ages. The 

Triassic deposits are represented by limestones, dolomites, 

conglomerates and sandstones, whilst the Jurassic 

deposits are represented by sandstones, clays, conglom- 

erates and marble limestones [4]. 

Based on the structural type of porosity in the study 

area, all three basic types of aquifers have been identifted 

– intergranular, fissured and karstic, lower or higher 

productivity. 

Additionally, the presence of a complex hydrogeo- 

logical system has been established in the study area, 

including local, intermediate and regional hydrogeological 

systems [5]. 

Forming a monitoring network in the study area to 

define the potential impact of the artificial structure - 

tunnel on the environment involved multiple measurement 

points (springs, rivers, tunnel and its the accompanying 

structures). Observations were carried out for 108 days 

and covered different tunnel operating regimes: opera- 

tional mode (tunnel under pressure), tunnel out of oper- 

ation ("draining" of the hydrogeological environment), 

and the establishment of the tunnel's operational mode 

again. One of the measurement points was the channel 

ofthe outlet structure where water levels, flow rates, and 

basic chemical parameters of water were measured. 

3. RESULTS AND ANALYSIS 

Due to technical issues, observations at the accom- 

panying object of the tunnel - the outlet channel - were 

interrupted because of the redirection of the water flow 

emanating from the tunnel. Data from this observation 

point were crucial for the overall analysis as they defined 

the quantity of water "draining" into the tunnel from the 

hydrogeological environment. Based on the analysis of 

the monitoring results from the piezometer PP-3 located 

along the tunnel route (Fig 1), it was determined that 

this location exhibited the most intense connection between 

the tunnel and the hydrogeological environment [6]. As 

a result of the tunnel's termination of operation, i.e., the 

release of pressure in the hydrogeological environment, 

the groundwater level at PP-3 decreased by 43 meters 

[4]. 

Figure 1. Geographical location of the study area with the tunnel scheme with accompanying objects and 
the location of piezometers [4]. 
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Monitoring the water level changes discharged 

through the outlet channel began two days after the 

closure of the control gate and the termination of the 

operation of the tunnel. Just two days into the measure- 

ments, there was a redirection of the water flow, and 

the sensors remained dry for 14 days. After resolving, 

the technical issues, the flow was redirected back to the 

outlet channel until the tunnel was closed again and put 

back into operation (Fig 2). 

The initial tunnel dewatering period at the outlet 

channel reflects recession conditions that unfold ex- 

ceptionally rapidly. During this phase, water drainage 

occurs from the rock mass after the tunnel closure and 

pressure relief within the tunnel. Ihe drained water 

comprises partly groundwater and water pressurized 

within the rock mass when the tunnel operates under 

pressure. Following a period of relatively intense recession, 

there is a stabilization of water levels, or flow stabiliza- 

tion (discharge from the tunnel), with the appearance 

of various peaks. These peaks may indicate different 

hydraulic conditions of water drainage from the rock 

mass, i.e., different sections within the tunnel. 

'The second observation period indicates a relatively 

stable tunnel drainage regime with a rising trend, which 

was a result of changes in groundwater conditions, 

namely, the inflows of newly infiltrated water. 
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Figure 2. Water level on the outlet channel (observation interval 2 minutes). 
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In addition to continuous monitoring of water level 

changes at this measurement point, flow measurements 

were also conducted (Fig 3). 

Due to the lack of data during a significant obser- 

vation period of 14 days and the initial moment when 

water suddenly emerged in the channel, which is only a 

data point related to that moment and does not capture 

the dynamics of draining the hydrogeological environ- 

ment, the 2-minute water level data in the outlet channel 

were aggregated to daily observation intervals to obtain 

a better analysis (Fig 4). 

By analyzing all the collected data throughout the 

entire research period, it can be noted that the highest 

volume of water enters the tunnel from the hydrogeo- 

logical environment in the zone of piezometer PP-3 [4] 

[5]. Based on this fact, this observation point served as 

a reliable source for filling in the missing data in the 

outlet channel. A good correlation/curve (Fig 5) was 

established between the data on the groundwater level 

changes in PP-3 and the observed data in the outlet 

channel, which served as the basis for further filling in 

missing data (forming a new curve) and their simula- 

tion. Daily data on groundwater levels in PP-3 and levels 

measured in the outlet channel were used for forming 

the correlation curve and further calculations. 
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Figure 4. Water level on the outlet channel (observation interval 1 day). 
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Figure 5. Diagram of measured and calculated water levels on the outlet channel and piezometer PP-3. 
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Based on the formed new curve, the missing dataset 

was filled in, simulating the draining period that would 

be recorded at the outlet channel and so enabling a realistic 

view of groundwater discharge into the tunnel (Fig 6). 

This method of simulating the draining process of the 

hydrogeological environment during the tunnel main- 

tenance period showed a strong correlation between real 

groundwater level data in piezometer PP-3 and simu- 

lated data at the outlet channel (Fig 7), with a coefficient 

of determination of R2=0.96. 

'The large oscillatory changes in the water level in the 

outlet channel during the measurement period, as well 

as their absence during the non-measurement period 

(simulation), are due to frequent tractor passes through 

the outlet structure, which caused fluctuations in the 

water levels in the channel itself. For this reason, a 

correction was made to the observed and calculated data 

by averaging every third data point, aiming to nullify 

this effect (Fig 8). 

After averaging the values and analyzing the obtained 

water level graph in the outlet channel, it can be observed 

that after a recession period lasting 22 days, there was 

a rise in the water level. This indicates an increase in 

inflow into the tunnel from the hydrogeological envi- 

ronment due to newly infiltrated water formed during 

the observed rainy period. 
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Figure 6. Filled values of the water level on the outlet channel. 
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Figure 8. The correction of the entire period (observed and calculated) of water level values in the 
outlet channel involves averaging every third data point. 

By measuring discharge at the outlet channel, 

it further indicated that in the fourth series of meas- 

urements, there was an increase in the discharge rate 

compared to the third series by 2.35 1/s. This is another 

confirmation of the increase in water inflow into the 

drained tunnel. 

4. DISCUSSION 

In practice, monitoring networks often do not func- 

tion as intended in theoretical or planning processes. 

Frequently, it is not feasible to install instruments at 

observation points due to malfunctions or water redi- 

rection, as in this case. However, the existence of a good 

monitoring network enables the filling of missing data 

based on others if there is a strong correlation. 

In the study area, the possibility of correlation with 

another measurement point was facilitated by the excep- 

tional response of piezometer PP-3 to the operational 

pressure in the tunnel. This was particularly pronounced 

under conditions of tunnel discharged when a recession 

period occurred, leading to drainage of the hydrogeo- 

logical environment. 

The dependency curve between the data of two 

observation points, in this case, the continuous series 

of water levels in piezometer PP-3 and the interrupted 

series oflevels at the outlet channel, provided the oppor- 

tunity to fill in the gaps, or simulate missing data. Ihe 

physicochemical parameters of groundwater at both of 

these observation points also indicated that the largest 
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volume of water in the tunnel was draining from the 

zone of piezometer PP-3. This was another confirmation 

that this object was the most representative for the 

simulation process. 

5. CONCLUSION 

Every obtained data point is important and can be 

used to enhance the overall data analysis and draw con- 

clusions in the process of solving a specific problem. 

For this reason, it is crucial to design and set up the 

monitoring network in the field effectively. Often, there 

are challenges such as equipment shortages to cover all 

measurement points, technical reliability of the equipment, 

and safe installation for continuous monitoring. Acces- 

sibility ofthe terrain being investigated is also a common 

issue. All of these factors need to be considered in 

logistics and decision-making regarding which locations 

are a priority. 

In the process ofinvestigation, it isimportant to collect 

as much data as possible, but conclusions should only be 

drawn through their analysis and mutual correlation, or 

comparison. In the specific case, the application of com- 

parative analysis between two observation points and 

the existence of good correlation enabled the filling of 

datasets that were lost due to technical issues in the field. 
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