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SUMMARY 

 
 

The purpose of this study is to identify the optimal locations for the construction of wastewater 

treatment plants in the Pierzszczyna and Chmielnik Communities using geographic information 

systems. As a result of the analysis, three sites were selected that meet the criteria for the construction 

of wastewater treatment plants in these areas. The selected sites met the criteria of safety, accessibility 

and efficient use of land. 
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Introduction 

 

Today, land use is becoming increasingly challenging due to the growing needs of the population and 

limited natural resources. The proper design and location of infrastructure plays a key role in ensuring 

sustainable development and environmental protection. Wastewater treatment plants are important 

infrastructure components that provide wastewater treatment and prevent water pollution. 

 

Geographic information systems are an effective tool to assist in decision-making in spatial planning. 

GIS can be used to collect and analyze a variety of spatial data to determine the most suitable 

locations for water treatment plants. This study uses data on terrain, water resources, transportation 

infrastructure, and other factors that influence the location of wastewater treatment plants. 

 

Modern technologies, such as geographic information systems (GIS), create new opportunities for 

spatial analysis and informed decision-making in spatial planning and management. The use of GIS 

allows to integrate, analyze and visualize spatial data, which is especially important for the selection 

of sites for infrastructure facilities such as wastewater treatment plants. The aim of this project is to 

identify the most suitable sites for the construction of wastewater treatment plants in selected areas. 

 

Methodology and Theory 

 

Zhou et al. propose a new indicator system based on remote sensing/GIS data to select the optimal 

location of wastewater treatment plants in Phnom Penh to avoid water environment degradation and 

human health hazards. 

 

The paper by Babajanov and Abdiramanov outlines the formation of databases necessary for project 

development, the stages of data processing and analysis, and the development of a feasibility study for 

projects for the allocation of land plots for urban planning purposes using geographic information 

systems technology. 

 

Multi-criteria decision analysis based on a geographic information system (GIS) was used to optimize 

the siting of a wastewater treatment plant in Awawdeh et al. As a result, several datasets were 

obtained to prepare maps of the criteria that influence the selection of the most suitable site for a 

wastewater treatment plant based on an analytical hierarchy of weights for each factor. 

 

In Saranya et al, hydrological analysis using a digital elevation model (DEM) helped to delineate the 

boundaries of the catchment and drainage network, identifying appropriate areas for drainage systems. 

Key factors such as slope, land use and proximity to water bodies were taken into account. 

 

Attwa and Zamzam developed GIS procedures and a direct current resistivity (DCR) technique to 

investigate wastewater leakage in a semi-arid urban environment, an important element in future 

management. 

 

The problem of studying the impact of hazardous geological processes on the state of the environment 

within certain territories and cadastral zones is covered in the works of Hablovska, Hablovskyi, 

Kasiyanchuk, Tuz. 

 

Site selection is important for the construction of a wastewater treatment plant with effective 

treatment efficiency. Factors such as population distribution, water distribution, and transportation 

distance must be considered before confirming a location for the construction of a wastewater 

treatment plant. In Wang's paper, such an analysis was performed using GIS. 

 

The purpose of this study is to identify the optimal locations for the construction of wastewater 

treatment plants in the Pierzszczyna and Chmielnik Communities, Republic of Poland, using 

geographic information systems. This task is complex and requires consideration of many factors, 

including geographical, environmental, economic and social aspects.  
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To achieve this, a number of specific tasks had to be accomplished, including 

• Collection and analysis of spatial data on the territories of gminas, including: 

• Determination of the spatial boundaries of the study areas. 

• Collect data on the terrain, including slopes, elevations, and natural barriers. 

• Collecting data on the availability of water resources, including rivers, lakes and other water 

bodies. 

• Study of transportation infrastructure, including roads, railways and access to major 

transportation routes. 

• Study of the existing building stock and its impact on the choice of construction site. 

 

• Determining the criteria for selecting sites for the construction of treatment facilities: 

• Selection of sites with the lowest possible slope to ensure the stability of building structures. 

• Determining a safe distance from water bodies to avoid pollution. 

• Analysis of the availability of transportation infrastructure to support construction and operation 

logistics. 

• Consideration of social factors, such as remoteness from populated areas and minimizing the 

impact on local residents. 

 

• Analyze spatial data using GIS to determine the most suitable locations: 

• Use GIS tools to integrate and process the collected data. 

• Creation of cartographic models that reflect various aspects of the study areas. 

• Use queries and analysis of spatial data to identify the best locations that meet the criteria. 

 

• Evaluation of the results of the analysis and justification of the choice of the best locations for 

construction: 

• Comparison of the identified sites according to various criteria and identification of the best 

options. 

• Assessment of potential risks and benefits of each of the selected sites. 

 

The methodology consists of three parts (Fig. 1): 

• Pre-processing of map layer data. 

• Spatial analysis for the post-processing dataset (including SRTM models). 

• Analysis of the results. 

 

 
Figure 1. Structure of the methodology 

 

Results 

 

The research process consisted of several key stages, each of which was carried out using specific 

tools and methods. For the detailed spatial analysis of the data, the ETRS89/Poland CS92 coordinate 

system (EPSG:2180) was used to ensure the accuracy and consistency of measurements. This ensured 

data integrity and measurement accuracy. 
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The input data included raster and vector layers containing information on terrain, water resources, 

transportation infrastructure, and buildings. The data were obtained from national mapping services 

and open geospatial datasets. 

 

Raster layers were added to the GIS project and converted from WGS84 to PUWG1992 to ensure 

compatibility with other data. The vector layers were converted and aligned to a single coordinate 

system to avoid inaccuracies and simplify further analysis. 

 

Next, the selected indicators were exported to separate layers for further processing and analysis. Using 

the geoprocessing tools (Clipping), the layers of roads, railways and water bodies were cropped to the 

boundaries of the selected gminas. Using the 'Terrain Analysis -> Slope' function, a layer with slopes of 

less than 3 degrees was created. Raster data was converted to vector data using the 'Convert -> 

Polygonize (raster to vector)' function. The use of GIS spatial data analysis tools allowed us to integrate 

all the collected data and conduct a detailed analysis taking into account all the defined criteria. Figure 2 

shows the final map of the proposed sites for the construction of wastewater treatment facilities. 

 

 
Figure 2. Map of the proposed sites for the construction of the treatment plant 

 

The results of this study show that the use of GIS for analyzing spatial data and making decisions on 

the location of infrastructure facilities is effective. Geographic information systems allow for the 

integration of different types of spatial data, which ensures the accuracy and validity of decisions. 

Selecting the optimal location for the construction of wastewater treatment facilities based on GIS 

analysis minimizes the negative impact on the environment and maximizes the efficiency of land use. 

 

Site 1: distance from buildings, good road access, suitable area and correct shape (surface area - 2783.1, 

shape factor - 0.05). 

 

Site 2: sufficient size and safe distance from water bodies (surface area - 1565.86, shape factor - 0.0295). 

 

Site 3: meets the criteria for low environmental impact (surface area - 3462.01, shape factor - 0.045). 

Based on the analysis, site 1 was selected as the most suitable, as it met all the criteria. 

Conclusion 

The study is based on the use of the geographic information system QGIS to identify the best 

locations for the construction of wastewater treatment plants in the Perechyn and Chmielnik 
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communes in the Republic of Poland. This task is complex and requires consideration of many 

factors, including geographical, environmental, economic and social aspects. 

 

The analysis resulted in the selection of three most suitable sites for the construction of wastewater 

treatment plants in these communes, taking into account many factors, including geographical, 

environmental, economic and social aspects. The selected sites met the criteria of safety, accessibility 

and efficient land use. Site 1 is the most optimal. 
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