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SUMMARY 

 
 

Geoinformation technologies and remote sensing data are most often used for effective management 

of the wastewater system. This article describes the method of updating the cartographic basis of the 

storm system and the formation of the infrastructure of geospatial data about the objects of this 

system. The list of layers of vector data of the stormwater system is determined according to the map 

"Complex of engineering and technical activities to protect the city territory from flooding". The 

attributive data of the objects must be determined according to the approved structures of the 

geodatabases used to fill the cadastres and the National Geospatial Data Infrastructure. This 

information must also be interoperable. The opportunities for the construction of cartographic basis of 

the wastewater system are identified identification of problem areas, increase accuracy by increasing 

the maps scale, making GIS networks using GIS Nerwork Analist tools, add terrain model and other.. 
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Introduction 

 

The organization of complete and rapid removal of wastewater from built-up areas is one of the most 

important elements of the system of measures for environmental protection, beautification and 

engineering preparation of the area. The growth of urban areas leads to violations of the natural 

hydrological processes of the surface runoff of rainwater, which leads to such negative consequences 

as: floods, pollution of surface water and shortage of water supply. Therefore, the task of managing 

the storm sewer system arises. For effective management of the use of drainage and sewage systems, 

as well as for the study of surface runoff processes, cartographic materials are used, on which the 

existing drainage and sewage networks are graphically marked. 

 

Modern geoinformation technologies allow integrating, visualizing and modeling spatial data, as well 

as synthesizing various sources of spatial data into a single system. When developing decisions 

affecting stormwater management, terrain and topography models, water bodies, and infrastructure 

networks displayed on thematic maps should be jointly considered (Si Q. et al.2024). Therefore, the 

development of a methodology for the construction of a cartographic basis of storm sewers using 

geoinformation technologies is an urgent task today. 

 

Method 

 

During the study of modern research in the field of storm sewer mapping, the authors 

(Si Q. et al., 2024) have determined the importance of combining GIS tools and spatial analysis of 

infrastructure networks of storm sewers in the delineation of rain receivers. Also, a mapping 

methodology is proposed that includes acquisition and integration of high-resolution spatial data, 

digital terrain models, GIS-based mapping procedures and urban stormwater catchment delineation 

verification processes. 

 

Additionally, urban stormwater models can be created, such as the Stormwater Management Model 

(SWMM), which are important tools for managing stormwater quantity and quality 

(Yan H. et al., 2022). In these models, standard catchment delineation methods are based on digital 

terrain models and geographic information systems, such as the built-in catchment delineation tool 

(Kayembe A. Et al., 2018). 

 

An integrated system of remote sensing and GIS is used for effective management. Remote sensing 

data provide spatial information on both land use and rainfall (using radar systems). GIS performs 

spatial analysis at multiple scales from multiple data sources and prepares input files for hydrologic 

modelling (Srinivas Naik L., 2010). Today, remote sensing data is most often represented by 

unmanned aerial vehicles, which allows creating a cartographic basis and a high-precision digital 

terrain model (Renteria-Guevaraa S.A. et al., 2023). 

 

As can be seen from the above analysis, mapping of stormwater system using modern achievements 

of science and technology is developing strongly, but scientists have paid little attention to the issue of 

updating existing topographic and geodetic materials and forming an infrastructure of geospatial data 

about stormwater system objects. 

 

The purpose of the study is to develop a method for updating the cartographic basis of the stormwater 

system and forming an infrastructure of geospatial data about objects of this system. The research was 

conducted using geoinformation systems and open geographic data on the territory of the 

city Kharkiv. 

 

Results 

 

Modern directions of urban development require improvement of the housing and communal 

management system. In this process, response to the occurrence and collection of stormwater is of 

particular importance.  
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In order to solve the task, cartographic support of the wastewater system of the city of Kharkiv is 

being developed, which forms the basis for geospatial support of their occurrence and collection. The 

process of wastewater formation and collection is influenced by the features of the location of the city 

of Kharkiv, which includes 3 rivers and 5 hills. 

 

Historically, Kharkiv has always had problems with flooding and this problem has not been fully 

resolved. Furthermore, in the context of Sustainable Development, optimization of the stormwater 

system corresponds to several fundamental goals, namely SDG 6 (Clean water and sanitation), SDG 

11 (Sustainable cities and communities). 

 

The initial data for the development of the cartographic basis of stormwater system is an analog map 

«Complex of engineering and technical activities to protect the city territory from flooding». 

Аdditional spatial data were vector data (street network, administrative boundaries, planning 

documentation) and open-source data («Open Street MAP» and satellite images). 

 

The next step is to determine the composition and format of the data, we have chosen one of the most 

common data formats – «Shapefile», which provides a significant advantage in interoperability. List 

with types of objects in the GIS system are polygons, lines, or points: 

• location area drainage systems (polygons); 

• flooded areas (polygons); 

• vertical drainage (points); 

• radial drainage (points); 

• open drainage network (line); 

• rainwater drainage system (line); 

• collector (line); 

• pumping stations (points); 

• local sewage treatment plants (points); 

• biological treatment plants (points or polygons). 

 

As for the attributes of objects, they must be chosen taking into account regulatory requirements and 

comply with the approved structures of geodatabases, which are used, in particular, to fill cadastres 

and the National Geospatial Data Infrastructure. For example, according to the Order of the Ministry 

of Development of Communities and Territories of Ukraine "On approval of the structure of the 

Geodatabase of urban planning documentation at the local level", attribute information about the 

stormwater system should include the information presented in Table 1. 

 

Table 1 Structure of the geodatabase about stormwater system from Order of the Ministry of 

Development of Communities and Territories of Ukraine "On approval of the structure of the 

Geodatabase of urban planning documentation at the local level" 

The name of the 

class of spatial 

objects 

Spatial 

object 

class alias 

Feature 

class 

geometry 

Attribute 

name 
Attribute alias 

Attribute 

data type 

rain_water_sewer  Rainwater 

pipelines 

Polyline 
dkbscode 

code according to NK 

018:2023 
String 

type type of sewage collector SmallInteger 

outr_in 
existing capacity, cubic m per 

day 
Double 

outr_pr 
short-term capacity, cubic m 

per day 
Double 

outr_pro 
medium-term capacity, cubic 

m per day 
Double 

outr_ext 
long-term capacity, cubic m 

per day 
Double 

san_gap sanitary (other) retreat, m Double 
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For georeferencing, we used the Coordinate system: USK-2000, which has parameters for converting 

to all common coordinate systems and is established in Ukraine as the default. 

 

Next, we can see the results of mapping the areas of possible flooding in the city and the current city 

boundary. Already at this stage, certain areas have been identified for which information is unclear or 

missing. This is due to the difference between the modern city boundary and the city boundary at the 

time of the original map was created (Fig. 1). Over 30% of the city's territory is potentially flooded. 

 

 
Figure 1 The areas of possible flooding in Kharkiv 

 

Also, according to the project documentation, the GIS project shows the territories that require 

enhanced drainage measures (Fig. 2, a). Additional layers were applied: Biological treatment stations, 

Open drainage network, Main pipe Storm sewer (Fig. 2, b). 

 

  

a b 

Figure 2 The vectorization results 
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The next steps are converted to determined geodatabase format, vectorization and adding attributes, 

adding specialized information for analysis. 

 

Conclusions 

 

Thus, in the research opportunities for the construction of cartographic basis of the wastewater system 

are identified: 

• identification of problem areas; 

• increase accuracy by increasing the maps scale; 

• making GIS networks using GIS Nerwork Analist tools; 

• add terrain model and other. 

 

The developed cartographic basis makes it possible to build geo-informational monitoring maps for 

managing the processes of wastewater formation and counteracting negative phenomena, in particular 

flooding. 
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