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SUMMARY 

The report considers the relevance of approaches to municipal solid waste (MSW) management, 
describes two classes of the objects for their localization such as the unauthorized dumps and disposal 
landfills which play the different functional roles in waste management. Together with the host and 
surrounding components of the environment the landfills and the dumps are represented as a special 
environmental-techno(anthropo)genic system. Since the waste itself is deposited into the geological 
environment (GE), within the framework of this system in a whole, the technogenic-geological 
subsystem is considered, which can be represented by certain functional model or an infogeoframe for 
specified application (i.e. target-oriented). The methodical complex of information support is proposed 
conceptually for the studying and management of the GE as a basis for MSW localization. This complex 
should include two blocks: a prognostic-retrospective-static model for the GE and an integrated 
ecological-geological model for the technogenic-geological object. Therefore, the main service tool of 
the information support for the MSW management of the objects of localization in the GE is a provision 
of the information-functional models for the certain infogeoframes. Completeness of these ecological-
geological models is specified by the goals and problems of the management of reference class of the 
objects (an abstract infogeoframe). As an illustration of the filling the information model by some data 
and its implementation into the Kyiv’s Landfill area No 5 is present. The main directions of further 
research are outlined. 
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Introduction. The total mass of global steam of annual municipal waste is roughly 2 billion tons 
(Chen et al., 2020), of these 70% is stored at the landfills (Kaza et al., 2018). However today the most 
of municipal waste are accumulated at the dumps, a large number of which are unauthorized (illegal). 
In Ukraine, there is a steady increase of in the amount of accumulation of municipal and similar 
waste. Thus, recently our country is accumulating the waste of this type from 10 to almost 12 million 
tons annually (excluding the temporarily occupied territories of the Autonomous Republic of Crimea, 
Sevastopol, Donetsk and Luhansk Oblasts) (State…, 2020; Waste, 2020). Of these, 4.2 to 5 million 
tons are transported to the special equipped dumps (landfills). Nevertheless, as in the world, the 
functionally other classes (or kinds) of locality objects, i.e. unauthorized dumps, cumulated a lion’s 
share of waste in the country, and above all, municipal solid waste (MSW). 
Performance of locality objects for MSW. The approaches for the management of these objects of 
two classes are differed methodically and methodically. So, at the unauthorized dumps all processes 
are almost spontaneous and unsupervised. As for the landfills legally registered and equipped the 
sequence of waste disposal, their storage and the processes connected with these as a rule are occurred 
in the following way:  

1) Waste is transported to the landfill by the collection vehicles. Al the transport facilities, without 
any exception, are weighted and checked for the radiological safety at the weighing house. Then they 
transport waste to the active site (cell, ground), where the trucks unloaded. 

2) Waste of this site is compacted by the heavy bulldozers and pressed by the landfill compactors. 
The waste layers are covering with inert soil. 

3) In process of waste decomposition a leachate and biogases are formed. 
4) The leachate percolates into the bottom of site, runs into the drainage system and pumped down 

by the pumping station to the sewage works. Here about 80% of leachate is reclaimed to clear water 
and drained into environment. The remaining 20% of untreated reject water is pumping into the 
retention basin and landfill body. 

5) Biogases from waste are pumping in the internal-combustion engines and transformed into 
electrical energy. 
The landfills and dumps performing a role of environment-oriented facilities for disposing of waste 
and its biodegradation are self-sources of the adverse environmental impact that poses a threat to 
human health. The adverse environmental impact consists of the withdrawal of significant land areas 
from the economic use for extended period of time, soil pollution and disturbance of its structure, 
pollution of surface, ground and underground waters, pollution of vegetation, air, increased fire 
hazard, etc. 
The analysis of environmental impact of MSW landfills and dumps permits to outline the following 
pollution types (Shcherbina, 2012): physical, thermal, chemical, microbiological, and sometimes, 
radioactive ones. Physical pollution is a result of clogging the surrounding areas by waste and dust, 
thermal one is connected with the change of heat regime of geological environment (GE) due to 
temperature rise in the waste thickness, chemical one is caused by the entry of the chemicals into the 
environment. Bacterial pollution is given rise by the development of pathogenic organisms. 
In the waste thickness the running processes of biochemical decompositions of the organic MSW 
constituent can be comparison with the “biological reactor” where biogases and leachate containing 
the toxicants are generated. Since MSW composition is complicated and according to the governing 
documents on MSW landfills it remains possible the deliver to a landfill the waste of the III and IV 
classes of hazard, leachate toxicity raises, and the components being absent earlier are appeared here. 
The transfer of hazardous substances occurring in the waste localities is carried out by means of 
interaction among the ecosystem elements dependent and independent of each other (Shcherbina, 
2012). 

Methodology for the management of MSW locality objects. Summarizing the foregoing it is 
obvious that the methodological sense of MSW locality objects can be formulated as an 
environmental-techno(anthropo)genic system consisting of certain mass of waste and representing 
the active or latent source of dangerous pollutants among those toxicants contaminated the 
environment (in particular, geological one). When the lithosphere and its interaction with the MSW 
localities are considered in some autonomy from the other geospheres then we have an 
techno(anthropo)genic-geological subsystem in the frame of an environmental-
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techno(anthropo)genic system in the whole. On a basis of a definition (Khrushchov et al., 2019) an 
techno(anthropo)genic-geological subsystem is a part of GE enveloped the technogenic objects and 
being restricted by the limits of affected geological activity zones. 
As far as the landfill areas an environmental-techno(anthropo)genic system consists of three 
following functional elements: MSW mass, engineering barriers and the environmental components 
including also the GE. In this case the system has the natural and engineering barriers, acting on a 
basis of the principle of necessary and sufficient isolation of the dangerous substances and their 
release beyond the bounds of an object isolated by the different geospheres (first of all, by geological 
environment). 
But for the dumps (unauthorized objects of MSW storage) the anthropogenic-geological subsystem 
envelops only two main functional elements: MSW mass and host storing GE. Operation of this 
subsystem results to the current intake of leachate pollutants into the GE. Furthermore, in the most 
cases an environmental-technogenic system in a whole exists under conditions of the consistent 
growth of total MSW mass. 
Therefore, disposal landfills and MSW dumps as well as the technogenic-geological subsystems 
corresponding to them have the different functional performances and are themselves the functional 
models for the objects of the different classes. Herewith, we are based on the general general 
definition that a model of geological (technogenic-geological) object is its formal, proper image 
(analogue, digital) retaining some properties, features, characteristics, which is constructed aiming to 
its comprehension, studying and activity connected with the MSW management decisions. Hence, a 
functional model of technogenic-geological object is its formal, proper image, including its structural 
and quality properties (or its structural elements), which specify the capacity of activity concerning 
the GE as its composite functional element. 
As a whole the objects of two MSW locality classes (dumps and landfills) belong to a type of 
infogeoframes by designation and within this type they enter into the group of purposive 
infogeoframes (by the classification of Khrushchov et al., 2020). In our case study MSW isolation in 
the GE an infogeoframe is a geoinformation, structural-substantial, prognostic-retrospective-static 
reflection (image) for the certain class of the geological objects (or specific geological one), which ca 
be used for the purposive research and (or) performing the activity regard to GE management. 
The dumps and disposal landfills for MSW as the different classes of objects also need the elaboration 
and application of the various methods of (geo)information support for the mixed actions as within of 
these objects and on the surrounding areas. 

Method of information support for the service of objects of MSW localities. According the 
theoretical developments (Khruschov et al., 2019; Khrushchov et al., 2020) the theoretical complex of 
information support of research and works in the GE management as a substrate of MSW locality 
and should include two blocks:  

– establishing the prognostic-retrospective-static model for the GE;  
– establishing the complex ecological-geological model for the technogenic-geological object. 
When creating prognostic-(paleo)reconstructive model for the GE two functions of modelling are 

taking into account – prognostic and reconstructive ones. The prognostic function for the modelling 
covers two aspects:  

– projection of the geological objects (various concreteness, in the different scales) prospective 
for the MDW localization;  

– projection of the GE functional features within the local objects of MSW isolation;  
– prediction of the continuing geological processes in time within the local objects of MSW 

localization. 
Reconstructive function for the GE modelling in the areas prospective for MSW isolation implies the 
identification of structural and lithological (petrophysical) (and thus functional) characteristics of the 
geological objects (different scale-formational ranks), as the general problem of target-oriented static 
modelling, at the same time as the parameters for a tool to determine the geological processes of 
modernity and their reconstruction in the past. 
The integrated ecological-geological model of technogenic-geological object for the MSW 
localization is a target-oriented model of the high rank, which can be composited by some subject 
models of the secondary ranks based on the structural-lithological-petrophysical model of the GE as a 
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matrix one. The composition of set of subject models is determined by a subject (implementation 
system) of management with the designated geological object. As in a case of the objects of 
radioactive waste sealing (storage facility of geological type) (Khrushchov et al., 1993) in the 
composition of theoretical integrated ecological-geological model of the GE for the distribution of 
objects of MSW localization seven main subject models are taken into account, i.e. structural-tectonic, 
lithological (or petrological), geomechanical, as well as engineering-geological, geochemical, 
thermophysical, hydrogeological (hydrodynamic, hydrochemical) and hydrogeological migrational 
ones. 
Therefore, the main tool for the information support of the activity on the management of the objects 
of MSW localization into the GE is the implementation of information models of the specified 
infogeoframes. Completeness of these models (ecological-geological models) is specified by the goals 
and problems of the management of reference class of the objects (an abstract infogeoframe). On a 
basis of these prerequisites the goals and problems of information modelling for the disposal landfills 
and MSW dumps are different. So, for the MSW disposal landfills the modelling goal is the ensuring 
ecological security for the activity of the technogenic-geological subsystem including the stage of 
stabilization of the object after its conservation and reclamation (with the sustained safety 
assessment). The problems seem the following: substantiation of geomonitoring system for the 
technogenic-geological object; development of its target-oriented integrated ecological-geological 
model and its application as a constantly active one (in the conditions of expansion, enlargement, 
reconstruction, closure, remediation, etc.). 
For the unauthorized dumps and the areas of the MSW storage the goal of information modelling is a 
support of security for the set of actions on the MSW management, and the problems are the 
substantiation and choices of the technical decisions on the management of these objects (stabilization 
on the location, closing down, etc.). 
As we have seen, for two classes of MSW localization the integrated ecological-geological model has 
the similar structure involving the secondary submodels: digital structural-lithological (structural-
petrological) one being matrix-like for all other constructions; hydrological (hydrodynamic and 
hydrochemical), migrational (for the eco-dangerous elements and compounds); engineering-
geological and others. However, completeness of these models is differed according to design 
problems. Based on the modelling results the safety analysis is carrying out for the current projected 
measures and permanent projected facilities for the MSW disposal (landfills). 
Therefore, in view of the above the volumes of infogeoframes can be determined in order to model 
the certain objects among two classes of the MSW localization:  
 for MSW disposal landfills:  
– a body of waste storage by itself (site, cells, landfill ground) with the existing engineering barriers;  
– a zone of the host GE adjacent to it, exposed to the influence of landfill directly in a routine mode 

of its activity;  
 for the unauthorized objects of the MSW localization:  
– MSW mass in the dump;  
– a zone of leachate discharge into the GE (determined when creating the geomonitoring system). 

In both cases for the landfills and MSW dumps one of the important tools for their monitoring 
together with the observations by means of regular network for the field sampling (litho-, hydro-, and 
biogeochemical) is the application of geoinformation technologies, including the remote sensing 
methods. The successful results from their implementation in the different country of the world are 
highlighted in a number of the published papers (Ahmed et al., 2006; Kokhan and Moskalenko, 2009; 
Iacoboaea and Petrescu, 2013; Demesouka et al., 2014; Khan and Samadder, 2014; Novokhatska and 
Trofimchuk, 2014; Novokhatska and Kreta, 2015; Deblina and Goel, 2017; Jimoh et al., 2019; Mussa 
and Suryabhagavan, 2019; Sheviakina et al., 2019; Singh, 2019; Trofymchuk et al., 2019; Asefi et al., 
2020; Azimov and Shevchuk, 2020a,b; Azimov et al., 2020c,d). 
Illustration. As an illustration of the composite features of the infogeoframe for the technogenic-
geological object of MSW deposit we give the data on the Kyiv’s landfill area No 5 at the total area 
of 63.7 ha. The Landfill consists of two sites of storage and supporting infrastructure: drainage 
system, earth’ dams, pumping stations, wastewater treatment station, leachate ponds, biogas collection 
system. A typical schematic cross-section for one of the Landfill site is illustrated by Figure 1. 
The total volume of accumulated MSW at the Landfill is above 35 million m3 and their mass – near 
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7 million tons. While the initial Landfill project with 
the safety conditions was designed for 19.1 million m3 
of waste. 

The Landfill capacity exceeding together with the 
cases of non-routine work of the leachate treatment 
facility caused the hard technogenic changes of the 
soil formations, surface and ground water of shallow 
location, the changes of vegetation communities at the 
MSW disposal object and the areas adjacent to it 
(Azimov et al., 2018; 2019a,b,c; 2020a,b,c,d,e,f; 
Azimov and Shevchuk, 2020a). These features of 
Landfill were considered when the studies noted in 
above-mentioned papers are performed. 

Conclusion. Therefore, the proposed methodical 
complex of information support for the research and 
studies on the management of MSW as a substrate of 
MSW localization is actual one. It is connected with a 
fact that the most of  MSW in  Ukraine aren’t  proces- 

Figure 1 A typical schematic cross-section 
of landfill site for MSW disposal 

sing, but localizing at the unauthorized dumps and 
landfills.  The complex includes  two blocks:  creation  

of prognostic-paleorecostruction retrospective-static model of the GE and the integrated ecological-
geological model of the technogenic-geological object. The main service tool of this complex is a 
provision of information-functional models for the certain objects of MSW localization (or 
infogeoframes). 
The illustration for impletion of some data are represented when the efficient geoinformation 
modelling for one the most studying landfill of MSW disposal situated within urban agglomeration of 
Kyiv city. In the future the obtained model will be a basis for the studying and treating aimed at the 
ecological safety of the object. 
It is expected the further development of a direction of information modelling for the considering 
sphere in two aspects: intensive – improvement of the methodology and methods on a basis of 
infogeological approaches and extensive – extension of the proposed development to the other objects 
of MSW localization. 
As far as the strategical plan it needs to keep in view that the MSW disposal in the storage facilities of 
the subsurface type (landfills) is only an alternative to the strategies of the development countries of 
the world community oriented with a focus on utilization and elimination of waste. However, the 
realistic approach to the current energy supply of Ukraine indicates the truth of this alternative for the 
near decade. 
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