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ABSTRACT 

 

GIS-technology of water-drainage-system modernization in 

Ukrainian city with rugged terrain, has been developed. The 

directions of modernization municipal sanitary sewer system 

for carrying waste are proposed. These are: the 

decentralization of the drainage system (1), the use of local 

treatment facilities (2) and of higher aquatic vegetation for 

additional treatment (3). The transition from a pressure 

network to a non-pressure network is proposed to be carried 

out by replacing the sewage pumping station (SPS) with a 

local treatment plant. If necessary to increase the self-cleaning 

capacity of small rivers that receive domestic wastewater and 

storm drains with surface runoff, cascades of simple dams 

from bio fouling materials can be created on them. The 3D 

mathematico-cartographical model of the city houscommunal 

services has been developed, which allows making decisions 

based on geostatistical analysis. The suitability of model is 

checked by the RR criterion. 

 

Key words: Sanitary sewer, Geostatistical-Analyst Module of 

ArcGIS Software, RR-criterion of Model Suitability, 

Mathematico-Cartographic(MC) modeling of houscommunal 

services, WDS-line with Local-Treatment-Plant & 

bioremediation & regulated-drainage.  

 

1. INTRODUCTION 

 

Municipal environmental problems are a complex of 

interrelated economic, ecological and social problems. This 

article discusses the issues of solving this problem based on 

the achievements of science about network systems, computer 

research, modeling and computational experiments, as well as 

spatial analysis based on geographic information systems 

(GIS) and GIS technologies. 

The objects of this paper are sanitary savage systems, urban 

engineering networks and nature river network in the suburban 

 
 

area playing the role of a water receiver for urban wastewater 

and surface runoff from the urban area. 

The purpose of the article is the GIS-technology develops to 

help solving real environmental problems in the Ukrainian 

city, where these problems are especially acute.  

2. LITERATURE REVIEW 

 

2.1 Theory and Practices of Engineering Pipeline Systems 

The article based on Diploma by Galina Fafurdinova [1] abbot 

spatial analysis of the distribution of emergency situations on 

the sewage networks of the Krasnoarmeysk city (Donets 

region, Ukraine) with Geostatistical Analyst module of 

ArcGIS Software from Esri.com (Redlands, Ca, USA). 

 

Chekurin’sauthorId=6602558772 pipeline gas dynamics theory is 

presented in the works [2-4, 6-8] variation method for solving 

inverse problems in [5], Chekurin–Postolaki’s method of 

nondestructive testing [9-11], Chekurin–Khymko’s numerical 

model [12], a new criterion - in [13]. The work [8] on 

thermoelasticity-thermodynamic approach was get in 

Encyclopedia of Thermal Stresses and monograph was 

published in Springer, Cham. The most complete review of the 

works of Chekurin V.F. given in article [23]. New to trade of 

V.F. Chekurin multicriterial tasks are described in article [14].  

 

The works of researchers from Kharkiv, Ukraine are known: 

Dyadun S.V.- about water supple [15] and control to 

aggregates of pumping stations [16, 17]; Tevyashev A.N. et all 

about stochastic model for a water supply network [18, 19], 

Information and Measurement System [20-22]. 

2.2 Criteria base of MC- modeling and MGDH-algorithms 

by Academic IvakhnenkoautorId=7005548495 

The main criterion for mathematical-cartographic modeling is 

the RR-criterion for the reliability of models, proposed by the 

author in 1990 [24]. In [25], the legitimacy of this criterion - 

the Belogurov's RR-criterion - was confirmed by the citation 

“The suitability of the model is ensured by RR-criterion 
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formulated in compliance with the fundamental Idea of 

Academician A. N. Kolmogorov“[26]. This criterion also 

allows you to check the correctness of the input data, for 

example, as it was done in the article [27]. 

The RR criterion has found wide application in the works of 

the cybernetics pioneer Academician A.G. Ivakhnenko [28] 

and his colleagues [29, 30] on the application of MGDH 

algorithms. 

2.3 Hybrid-modeling school by E.V. Bodyanskiy (MGDH 

with Neuro-Fuzzy Kolmogorov's network) 

Head of the school E.V. BodyanskiyauthorId=13105377000 and other 

researchers works in NURE Kharkiv, Ukraine. 

 

This group includes those works by E.V. Bodyansky [31-34], 

which are closely related to the GMDH as a basic component 

of the hybrid approach. Since the creator of MGUA - A.G. 

Ivakhnenko - always emphasizes the importance of the RR 

criterion for filtering (culling) unreliable models (which had 

RR> 1 during testing), then a hybrid approach based on 

GMDH is the big chance to success. If only the set of models 

that leaked through the hard sieve of the RR-criterion were not 

empty, what is quite possible for forecast in the financial 

sector. 

 

In the works of O.G. Rudenko [35-37] is attracted by a variety 

of approaches, that in the last work [35] led to the task to 

maximize the new criteria of correntropy. 

 

3. SEWERAGE SYSTEM DEVELOPMENT FOR 

RUGGED CITY 

 

This section discusses two types of engineering networks: 

water supply system and sanitary sewer system (or wastewater 

discharge). The possibilities of stochastic water management 

system are considered. Stochastic models of the water supply 

network allow you to identify hidden leaks and calculate their 

quantitative parameters [1]. It allows not only solving the 

problems of water supply, but also to the approach to reducing 

surface runoff from urban areas. A stochastic approach can 

solve all municipal environmental problems for cities located 

in a flat locality; however, in the conditions of a significant 

difference in the heights of the drainage system require 

additional efforts. 

Figure 1: Geostatistical processing of cartographic and thematic data 

 

Resulting map (Fig. 1) consists of layers: city boundaries M 

1:2000, city boundaries of the CNS, river accidents, incident 

sites, numbers, statistics, description. 

 

We offer innovative areas of modernization of engineering 

networks of urban wastewater. The basis for such 

modernization is invited to put 3 ideas. These are: 

decentralization of the sewer (drainage) system (1), the use of 

local wastewater treatment plants (LOS) (2) and the use of 

higher water vegetation (biotechnology) for the purification 

(3). 

 

4. SPATIAL ANALYSIS OF EMERGENCIES IN THE 

KRASNOARMEYSK SEWERAGE NETWORK  

 

In the diploma [1] it is carried out: Theoretical review of the 

possibilities of using GIS tools for spatial analysis of sewer 

network failures (1); Analysis of the distribution of 

emergencies on the territory (2); Analysis of the distribution of 

emergencies in relation to the terrain (3). The resulting map is 

shown in Fig.2. 
Figure 2: Resulting map for spatial analysis of the distribution of 

emergencies in sewerage networks of the city 

 

In the course of the work [1], 95 (!!!) maps (usually no more 

than 10) at a scale of 1: 2000 and 9 maps at a scale of 1:10 000 

were geo-anchored; as well as 6,507 (usually hundreds) 

elevation marks. It should be noted the creative approach and 

special care, scrupulousness and integrity of the thesis by 

Galina Fafurdinova, which she defended with a grade of 

"Excellent". Her work deserves to be replicated for other cities 

in Ukraine. 

 

Spatial analysis of the distribution of emergencies in sewerage 

networks (Fig. 1) revealed that most accidents occur on sewer 

pipelines, which are served by KNS № 1. The calculation with 

GIS shows that the reconstruction of KNS № 1 will prevent 

more than 60% of accidents on pipelines. 
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5. CREATION OF A DECENTRALIZED- 

CONTROLLED WATER-PROTECTION 

TREATMENT COMPLEX 

 

The idea of "decentralization" arose as a result of the analysis 

of the estimated graphic task, performed by students of the 

specialty "GIS and GIS-Technology" L for Lysichansk 

(Donetsk region, Ukraine). The "technical task" was 

developed on the modernization of the Lysichansk wastewater 

drainage system, which was already included in LTP and The 

Biotechnology, which was inspired by the ideas of 

bioremediation (Bioremediation). However, the "technical 

task" was not implemented "due to lack of funding". 

 
Table 1: Values of pollutants 
 

Wastewater 

treatment 

technology 

Suspen-

ded 

solids 

BOD COD Ammonia Surfactants Phos- 

phates 

Traditional 62,6 58,8 61,6 38,4 42,1 24,1 

Bio-plato 76,5 92,0 83,3 51,4 64,6 33,0 

 

The degree of purification has improved significantly (see data 

in Table 1). These data confirm the thesis that there is no 

alternative to the use of bio-Plato for wastewater treatment of 

residential and communal facilities in urban areas. 

 

The main advantages of the bio-Plato technology are low cost, 

no need for electricity, ease of construction and the practical 

absence of the need to maintain operating personnel. 

 

It is possible to reduce the accident rate of the drainage system 

if you install a local VOC treatment plant in the KNS building 

№1 instead of a pump and discharge wastewater from 

pipelines, for example due to bio plateau technology. 

 

Basic result of sections 2-4. The created GIS technology 

can be used by any end user who knows how to develop 

mathematico-cartographic models (MC-models) with 

Geostatistical Analyst module of ArcGIS Software. 

 

ArcSWAT technology [38] is suitable for integrated soil-water 

modeling. A special place is occupied by article [39], in which 

strict reviewers taught the author to seek and find nature-like 

technologies for solving any problem. Biotechnology is an 

indispensable component of success in solving real complex 

problems. 

The implementation of our recommendations will ensure the 
absence of extremely high levels of water pollution in the 
Poltva River (which now occur regularly) with a given 
probability of the impossibility of an event KZ = 10 [40]. 

6. CONCLUSION AND RECOMENDATIONS 

 

1. Considering that the solution to the problem of the city of 

Lviv has already been proposed earlier at the state level 

(funding was allocated, but the money did not reach the Lviv 

city), we now propose to first carry out only the modernization 

of the sewerage system in the Lviv same way as described in 

sections 2-4 for the city of Krasnoarmeysk (Donetsk region, 

Ukraine). Such work can be performed by a non-governmental 

organization (NGO) Emergency Rescue Service (ERS) of 

Kharkov, which owns GIS-technologies, has the necessary 

forces and means, as well as experience in performing 

engineering and technical work to solve Emergency 

environmental problems on the rivers of the Kharkov region 

(Ukraine). 

 

2. The most acute municipal problem in Ukraine is the 

pollution of the Poltva River, where environmental 

emergencies regularly occur, caused by the discharge of 

wastewater of the Lviv. 

 

3. Decentralized regulated sewerage and wastewater discharge 

of Lviv city with the use of higher aquatic vegetation for 

additional treatment of surface runoff will significantly 

improve the water quality in the Poltva River and prevent the 

resulting pollution of the adjacent sections of the Bug-Vistula 

basin in Belarus and Poland. 

 

It should be noted the surprising results that were achieved by 

ResearchGate when searching for scientific publications citing 

the seemingly "long-forgotten" article by Belogurov V.P., 

1990 [24]. The final list includes 3 works by Academician 

A.G. Ivakhnenko with authors Ivakhnenko G.A. [41], Müller 

(Germany) [42], Savchenko Ye.A., and Wunsh D.(USA) [28] 

and well-known researchers: Amalia Foka (Greece) [29], 

Pappas St.Sp., and Economou I. (Greece) [43], Pavel Kordic 

(Czech Republic) [44], Angel Marchev and Milena 

Piryankova (Bulgaria) [45]. 

Taking into account that 2023 marks the 110th anniversary of 

the birth of Academician A.G. Ivakhnenko, as well as a wide 

range of studies in many countries of the world associated with 

his name, to the organizers of the CSIT 2023 conference are 

recommended to dedicate to this event, for example, one of the 

sections of the conference that will take place in Ukraine, 

where the MATR of GMDH was born and worked all his life. 

 

The importance of citing of Academician A.G.Ivakhnenko 

works in 1994-2002 requires additional citation of modern 

papers on this work topic. These include the latest "with GIS" 

papers from KhNUMG (Kharkiv, Ukraine) [46, 47]. 

 

And finally, special attention should be paid to the work by 

A.S. Chaudhuri [48], where reference [112] cites Belogurov's 

article [24], which is now well known in the world. 
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