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SUMMARY 

The article provides a theoretical analysis of existing methods and systems for monitoring 
water parameters of the aquifer. It has been established that in practice, outdated methods and 
technical means of measuring and storing data are used when carrying out works on 
hydrogeological research of underground waters. A local automated well parameters 
monitoring system that ensures the operation of the hydrothermal heat pump system at the 
experimental site of the Institute of Renewable Energy of the National Academy of Sciences 
of Ukraine has been developed and constructed. Experimental studies were carried out using 
an automated system for monitoring geothermal wells, and practical results of taking into 
account the analysis of changes in the temperature of the dynamic level and water 
temperature on the efficiency of the heat pump system were presented. The research 
methodology is described. The need to create an intelligent monitoring system with the 
possibility of automated decision-making regarding the management of systems for the 
conversion of renewable energy sources depending on changes in the parameters of the 
surrounding environment has been established. It has been found that the proposed structures 
for automated monitoring of aquifer water are simple and easy to implement. It has been 
proven that the development of automated monitoring systems with an intelligent interface 
with the possibility of automated optimal decision-making regarding the management of the 
renewable energy production system under unstable environmental parameters has a further 
perspective. The data obtained in the course of the performed work have important scientific 
and applied value for the further development of the design methodology of heat pump 
geothermal wells based on long-term forecast and assessment of their ecological and 
economic efficiency. 
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Introduction 
 
Monitoring of natural parameters is a key component of successful integration of renewable energy 
sources into the energy system and achievement of sustainable development goals. It allows to ensure 
high productivity, efficiency and reliability of such systems while minimizing the negative impact on 
the environment. 
 
In recent years, thanks to the use of heat pumps, the use of renewable low-potential energy of the 
near-surface layers of the Earth with the help of heat pumps is becoming more and more practical. 
Heat transfer in the soil massif occurs to a large extent due to surface and underground waters. 
 
Groundwater is a powerful thermal factor that significantly affects the temperature field of the Earth's 
crust. In connection with this, hydrogeological and geothermal studies are becoming important in 
renewable energy. 
 
The tasks that arise in this case can be schematically divided into two main groups. The first includes 
tasks of a general geological nature, which are solved on the basis of the study of the natural 
geotemperature field and the dynamics of the underground water level. The second group of tasks 
related to geothermal research in hydrogeology includes various tasks of an engineering nature, for 
example, the forecast of changes in the temperature of underground water, the estimation of reserves 
and the calculation of the productivity of wells for the operation of heat pump systems, etc. (Zurian, 
2023) 
 
The experience of operating geothermal wells shows that the continuous extraction or discharge of 
thermal energy leads to a change in the thermal balance of the soil. A change in the temperature 
background, which is formed under the conditions of long-term operation (HTS), can cause a 
significant change in the temperature of the soil massif (geothermal field), which is not immediately 
compensated by background heat flows, which negatively affects the man-made load on the 
environment (Eremeev, Dychko, 2016). 
 
All this causes the need to obtain regular and objective information about the changes occurring in the 
underground hydrosphere, to identify the causes of these changes, to forecast the hydrodynamic, 
temperature regime, and ecological state of the waters, and to substantiate the ways of its optimization 
and to adjust the selection of low-potential thermal energy, that is, to create systems for automated 
monitoring of natural parameters of renewable energy production systems (Goshovskyi, Zurian, 
2020). 
 
Method and Theory 
 
Monitoring of hydrological parameters includes the measurement of parameters related to the 
movement and amount of water. These can be parameters such as water level, water flow, flow rate, 
water consumption, sediment content, etc. Measurements are carried out using hydrological stations, 
which are equipped with sensors and devices for data collection. 
 
During hydrogeological studies, various types of observations are carried out, including one-time and 
systematic measurements of the level, pressure and discharge of groundwater. One-time 
measurements are carried out to solve specific current tasks and have a limited duration. 
  
Systematic stationary observations of the water level are carried out in order to study the spatio-
temporal patterns of its change over a long period. These observations are located at permanent points 
and are carried out over a long period of time, which makes it possible to identify the main trends and 
regularities in the formation of the water level (Chumachenko, Yakovlev and others, 2020). 



Monitoring’2023   

 

 

XVII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
7–10 November 2023, Kyiv, Ukraine 

 

 
When conducting experimental work, such as pumping, pouring or injection, the duration of 
observations depends on the duration of the experiment and usually ranges from several days to 
several months. These observations make it possible to study changes in the level, pressure and flow 
rate of water during experimental works. In order to study the regularities of changes in level, 
pressure and discharge in natural conditions, systematic observations are required for a long period of 
time in order to make hydrogeological forecasts. Such observations are carried out over a long period, 
and their significance increases in proportion to the duration and continuity of measurements. This 
allows you to identify long-term changes and trends. 
 
Results 
 
Water level monitoring is an important component of hydrogeological and hydroecological research. 
It allows you to determine the direction and speed of groundwater movement, the properties of 
hydrogeological formations, the stability of water supply sources and the possible consequences of 
water withdrawal. Knowing the water level allows you to determine available resources, control their 
use and plan water supply. Water level monitoring is necessary to ensure ecological stability of 
aquatic ecosystems (Rudko, 2001). 

 
Usually, water level measurement in hydrogeological studies is performed with the help of special 
measuring devices, in particular, hydrogeological tapes with a clapper. (Popov, 2018) (Figure 1) 

 

 
Figure 1 Devices and methods of measuring water parameters in a well with a manual electronic 
meter of water level and temperature 
 
The Institute of Renewable Energy of the National Academy of Sciences of Ukraine has created a test 
site for researching the operation of heat pump systems that use various sources of low-potential 
energy, namely air, soil, and aquifer water. To analyze the efficiency of renewable energy conversion 
systems, monitoring of thermophysical and hydrodynamic parameters of the medium from which low-
potential thermal energy is obtained is carried out. In addition, an automated system for monitoring 
the hydrogeological parameters of a separate local well has been created, and research and design 
work is being carried out to investigate the reliability, efficiency and replication of this system for 
other wells with the possibility of remote control of flow rate, water level and temperature (Figure 2) 
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Figure 2 Components of the automated monitoring system of the parameters of a separate well 
located at the geothermal training ground of the Institute of Renewable Energy of the National 
Academy of Sciences of Ukraine: 1-water level valve; 2-temperature sensor; 3. The method of 
installation of measuring devices in the well; 4-controller and data storage and transmission devices 

The implementation of sensors and microsystems for water monitoring is of great importance in the 
context of automation and improvement of the monitoring process. Sensors allow you to receive 
measurements in real time and reliably monitor changes in water quality, flow rate, pressure and water 
level. They can be programmed to automatically collect data and transmit it directly to a central 
monitoring station. This allows you to quickly react to changes and take the necessary measures to 
preserve water resources and ensure the ecological state of water ecosystems. 

The use of sensors and microsystems for water monitoring has several advantages. First, they enable 
real-time data collection, which facilitates rapid response to changes. Second, they reduce the need for 
manual data collection and are less prone to human error. Third, they provide a wider coverage of 
measurements, covering a larger number of objects and observation points. Implementation of sensors 
and microsystems for water monitoring is of great importance for effective management. They help to 
collect objective data, analyze them and establish trends in changes in thermophysical and 
hydrological parameters. This allows you to make informed decisions on the management of water 
abstraction topics, identify problem areas and develop effective strategies for their restoration. 

The monitoring systems developed at the Institute of Environmental Sciences of the National 
Academy of Sciences of Ukraine can be used both for monitoring the operation of geothermal, solar, 
and wind-generating systems, as well as for conducting various environmental, geological, and 
hydrogeological studies. 

The question of creating a method and apparatus for remote monitoring of a large number of systems 
located in different places with the possibility of intelligent control of drives remains unresolved. 
 
Conclusions 
 
The proposed structures for automated water monitoring are simple and easy to implement. They use 
an element base that consists of simple, compact, affordable and reliable electronic components. This 
provides convenience in assembly and replacement of components if necessary. Users will find it easy 
to understand these frameworks and can effectively use them to monitor many parameters of various 
renewable energy conversion systems. In addition, the simplicity of the structures allows you to 
quickly perform regular work or modernize the system if new requirements or technologies appear. 
 
 



Monitoring’2023   

 

 

XVII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
7–10 November 2023, Kyiv, Ukraine 

 

References 
 
Chumachenko, S. M., Yakovlev, E. O., Morshch, E. V., Partalyan, A. S., Huida, O. G. (2020). 

Peculiarities of the development and implementation of a computer model for the assessment of 
economic damage from emergencies of man-made origin using geoinformation technologies 
and the method of system dynamics, Vch. notes of Tavriys. national University named after V. 
I. Vernadskyi, Technical Sciences series, vol. 31(70), no. 6, part 1, p. 156–164. [in Ukrainian]. 

 
Goshovskii, S.V., Zurian, O.V. (2020). Human-induced load on the environment when using 

geothermal heat pump wells. Journal of Geology, Geography and Geoecology, 2020, T. 29, no. 
1, pp. 57–68. https://doi.org/10.15421/112006 [in Ukrainian]. 

 
Popov, A.I. (2018). Monitoring of surface water pollution: lecture notes, Section 9, Lviv, 2018, 30 p. 

[in Ukrainian]. 
 
Rudko G. I. (2001). Ecological monitoring of the geological environment: Textbook, Lviv: Publisher. 

center of LNU named after I. Franka, 2001, 260 p. [in Ukrainian]. 
 
Yeremeev I. S., Dychko A. O. (2016) Environmental monitoring, K.: Center of educational literature, 

500 p. 
 
Zurian, O.V. (2023). The influence of groundwater flow on the geothermal gradient. Bulletin of 

Mykhailo Ostrogradsky Kremenchug National University, No. 2(139), 2023, pp. 153-161. 
https://doi.org/10.32782/1995-0519.2023.2.19 [in Ukrainian]. 

 
 
 
 


