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RESUMO 
 
 A gestão de resíduos sólidos urbanos (RSU) parece ser um dos principais problemas ecológicos 
atualmente. A seleção de locais para o descarte de resíduos sólidos municipais ou de instalações de utilização 
de resíduos é um dos aspectos mais controversos do gerenciamento de resíduos. O objetivo do presente estudo 
foi desenvolver uma metodologia para avaliar a proteção natural do ambiente geológico contra contaminação na 
implementação de grandes projetos ecológicos devido à alocação de instalações de utilização de RSU. O caso 
do Distrito Federal Central da Rússia (CFD) foi tomado como exemplo. A adequação dos territórios para o 
descarte de resíduos sólidos municipais é avaliada de acordo com a presença de depósitos pouco permeáveis 
na seção geológica e seu modo de ocorrência. Um “mapa de CFD de zoneamento geológico de engenharia pelas 
condições de alocação de locais de descarte de RSU e instalações de utilização” foi compilado na escala 
1:2500000. O mapa fornece uma indicação geral da adequação dos locais planejados para a eliminação de 
resíduos na região considerada e mostrou que, para a maior parte do território, a alocação de instalações de 
manejo e descarte de RSU exige a adoção de medidas adicionais para a proteção geoambiental da 
contaminação. 
 
Palavras-chave: Resíduos sólidos municipais, Gerenciamento de resíduos, Instalações de armazenamento e 
reprocessamento de resíduos, Favorabilidade do meio ambiente, Zoneamento e mapeamento geológico da 
engenharia. 
 

ABSTRACT 
 
 The management of municipal solid waste (MSW) appears to be one of the major ecological problems at 
present. Selecting sites for the disposal of municipal solid wastes or waste utilization facilities is one of the most 
contentious aspects of waste management. The present study aimed to develop the methodology to assess the 
natural protection of the geological environment from contamination upon the implementation of large ecological 
projects due to the allocation of MSW utilization facilities. The case of the Central Federal District of Russia (CFD) 
is taken as an example. The suitability of territories for municipal solid waste disposal is assessed according to 
the presence of weakly permeable deposits in the geological cross-section and their occurrence mode. A “map of 
engineering geological zoning CFD by the conditions of allocation MSW disposal sites and utilization facilities” 
has been compiled to a scale 1:2500000. The map gives a general indication of the suitability of the planned sites 
for waste disposal within the regarded region and showed that, for the bulk of territory, the allocation of MSW 
disposal and management facilities requires undertaking additional measures for the geoenvironmental protection 
from contamination. 
 
Keywords: Municipal solid waste, Waste management, Waste storage, and reprocessing facilities, Favorability 
of geoenvironment, Engineering geological zoning and mapping. 
 

 

1. INTRODUCTION: 
 
 The management of municipal solid waste 
appears to be one of the significant ecological 
problems at present. A lot is said about how to 

solve the issue (Khmelchenko, 2018; Osipov, 
2019). Selecting sites for the disposal of municipal 
solid wastes or waste utilization facilities is one of 
the most contentious aspects of waste 
management. Experts all over the world are 
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attracted to research aimed at providing safe and 
environmental-friendly waste management 
(Cremiato, Mastellone, Tagliaferri, Zaccariello, & 
Lettieri, 2018; Nakhaei, Amiri, Rezaei, & Moosaei, 
2015; Ogola, Chimuka, & Tshivhase, 2011; Ogola 
et al., 2011; Yannah, Martens, Van Camp, & 
Walraevens, 2019). The complexity of the 
municipal solid waste (MSW) storage problem 
results, above all, from being multidisciplinary, that 
is, many social, economic, technical, and 
environmental issues must be taken into 
consideration. A lot of works have proven the 
necessity of performing multicriteria analysis for 
waste disposal site selection (Ghobadi, Taheri, & 
Taheri, 2017; Khan & Samadder, 2014; Kontos, 
Komilis, & Halvadakis, 2005; Rahmat et al., 2017). 
Lately, in many countries around the world, the 
multicriteria approach including the hierarchical 
analytical process (AHP) as well as the more 
complex analytic network process (ANP) 
combined with geo-informational system (GIS) 
technologies are used for waste disposal site 
selection, which has proved their efficiency in 
finding a suitable and appropriate locations 
(Alanbari, Al-Ansari, & Jasim, 2014; Aydi, Zairi, & 
Dhia, 2013; Chang, Parvathinathan, & Breeden, 
2008; Charnpratheep, Zhou, & Garner, 1997; 
Deswal & Laura, 2018; El Maguiri, Kissi, Idrissi, & 
Souabi, 2016; Güler & Yomralıoğlu, 2017; 
Khodaparast, Rajabi, & Edalat, 2018). 

 Engineering geological conditions are one 
of the criteria involved in selecting an appropriate 
site, and in practice is one of the last taken into 
consideration. Priority is given to the distance from 
settlements and water reservoirs (remoteness), as 
well as natural reserves and protected areas (The 
State Duma, 1998). The geological environment 
degrades much more slowly than surface features 
do. At the same time, geological environment, that 
is, rocks and groundwater, can accumulate 
hazardous components for a long time and 
become prerequisites for future ecological 
disasters for future generations. By 
underestimating the impacts waste disposal has 
on the geoenvironment now, we create danger for 
environmental safety in the future. 

 Storage at disposal sites remains to be the 
primary method of municipal solid waste treatment 
in Russia. The current waste management system 
cannot cope with a large amount of waste 
produced. The problem of waste management is 
most acute in the Central Federal District (CFD) of 
the Russian Federation, which covers an area of 
more than 650 thousand sq. km and includes 18 
oblasts. This is one of the most densely populated 
and industrially developed regions of Russia. At 

present, over 90 billion tons of waste have 
accumulated in this area (VSEGEI, 2018). Above 
1000 waste disposal facilities, that is, landfills and 
waste disposal sites, exist there, with the bulk of 
them not included in the national registration list 
(The Government of the Russian Federation, 
2016). 

 One of the ways to solve the waste-
management issue in Central Russia has been the 
construction of a limited number of extensive, 
sophisticated engineering facilities uniting an 
incinerator plant, a waste-reprocessing plant, and 
waste disposal (Ekzaryan, 2018; Kashperyuk, 
Makeeva, Akanov, Nikitina, & Podlesnykh, 2018). 
Such industrial complexes already exist in many 
well-developed countries. Sites for the allocation 
of such complexes are typically selected on the 
basis of sanitary standards, which constrain 
landfill allocation depending on the distance from 
settlements and water bodies, as well as 
topographic, geological and hydrogeological 
conditions (Djokanović, Abolmasov, & 
Jevremović, 2016; El Maguiri et al., 2016; Ministry 
of Health of the Russian Federation, 2001; 
Zelenović Vasiljević, Srdjević, Bajčetić, & 
Vojinović Miloradov, 2012). 

 In terms of geology and hydrogeology, 
territories suitable for waste disposal include those 
where weakly permeable clay layers occur at the 
top of a geological massif, and the groundwater 
lies deeper than two meters below the surface. 
The presence of thick clay strata in the upper part 
of the geologic massif appears to be the primary 
condition of territory favorability for the allocation 
of waste management facilities because these 
strata prevent the permeating of contamination 
from the surface to the underlying aquifers. 
Experience demonstrates that ignorance of this 
requirement results in serious undesirable 
ecological consequences (Dzhamalov, Medovar, 
& Yushmanov, 2018; Khmelchenko, 2018; 
Zaikanov, Zaikanova, & Buldakova, 2018). 

 For the CFD of the Russian Federation, the 
conditions (parameters) of natural protection of the 
geological environment from contamination have 
been analyzed, the principal types of geological-
hydrogeological conditions have been 
distinguished, and the criteria of assessing the 
favorability of the territory for the implementation 
of combined projects in waste management have 
been suggested. 

The present study aimed to develop the 
methodology to assess the natural protection of 
the geological environment from contamination 
upon the implementation of large ecological 
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projects due to the allocation of MSW utilization 
facilities. The case of the Central Federal District 
of Russia is taken as an example. 

 
2. MATERIALS AND METHODS: 
 
2.1. Conceptual model of Engineering Geological 
Assessment of the Central Russia territory 
for the allocation of municipal solid waste 
treatment facilities 
 

 Engineering geological assessment of 
potential sites for waste disposal proceeds from 
the idea that the occurrence of natural barriers in 
the geological cross-section can prevent 
contaminations from penetrating the surface down 
to the geological strata and groundwater. This 
prevention significantly enables the preservation 
of favorable ecological conditions around waste 
disposal sites and waste treatment facilities. Clay 
strata operate as such natural barriers. 
Engineering geological studies consider the 
presence of thick clay strata in the upper part of 
the geological massif to be the main condition of 
territory suitability for the allocation of the waste 
treatment facilities (Goldberg, 1987). 

 Figure 1 lists the main steps of the 
methodology of territory assessment in Central 
Russia. In terms of structural geology, CFD is 
located within the Russian platform, within which 
the upper part of the geological cross-section is 
composed of various stratigraphic and lithological 
sedimentary rock complexes of different ages. To 
a depth of 50–60 m, the entire diversity of these 
complexes may be subdivided into several types 
depending on their lithology, age, and the degree 
of water content in the pre-Quaternary and 
Quaternary soils and rocks (Komarov, 1978; 
Leonenko, Sidorenko, & Shik, 1971). 

 Mapinfo computer tools were used to 
create two auxiliary layers; one of the layers 
showing the pre-Quaternary rock complexes of 
different permeability and water content, and the 
other, the complexes of Quaternary deposits. The 
formal superposition of these layers permitted us 
to reveal their possible combinations. For each 
combination, the typical geological cross-section 
(column) was built, showing the layers of different 
age, lithological composition, and permeability. 
The input data for the compilation of these 
information layers and cross-sections included the 
small-scale archive geological maps for the 
Central Russia territory and other publications. In 
this work, we used the map data from the GIS atlas 
“The bowels of Russia” compiled at A.P. Karpinsky 
Russian Geological Research Institute (VSEGEI) 

and the State geologic map of the Russian 
Federation to a scale 1:1000000 (VSEGEI, 2019; 
VSEGEI & Pogrebitsky, 1999). 

 Each type of geological structure (a typical 
geological cross-section) was referred to a certain 
category of territory suitability (a taxon) depending 
on the presence of low-permeable Quaternary and 
pre-Quaternary layers and the depth of their 
occurrence. Five taxons were distinguished 
corresponding to favorable, conventionally 
favorable, conventionally unfavorable, 
unfavorable and very unfavorable conditions from 
the viewpoint of MSW treatment projects. The 
assessment was performed proceeding from the 
geological structure depending on the mode of 
occurrence of low-permeable deposits in the 
upper part of geological massif. 

 The resultant zoning map manifests the 
outlines and indices of all types of geological 
structure, and the regions of different suitability 
(favorability) categories are distinguished in color 
(according to the traffic light principle). Thus, the 
map represents a highly informative document 
presenting not only the estimation criteria but also 
the generalized geological characteristics of each 
taxon. 

 
2.2. Assessment of natural protection of 
the geological environment 
 

 The natural protection of the geological 
environment from contamination coming from the 
surface was assessed depending on the presence 
of low-permeable deposits (capable of protecting 
the geological environment from contamination 
penetrating from the surface) in the geological 
cross-section of pre-Quaternary and Quaternary 
deposits. 

 The pre-Quaternary deposits are 
subdivided into: 

• low-permeable clay layers from the 
Jurassic age; 

• unevenly permeable chalk and marl 
from the Cretaceous era and aleurolite-
argillite gypsiferous rocks and gypsum 
from the Permian and Triassic ages; 

• high-permeable sand and sandstone 
from the Neogene, Paleogene and 
Cretaceous ages; 

• terrigenous-carbonate rocks from the 
Devonian and Carboniferous ages. 
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 The spatial position of these complexes is 
shown on the first auxiliary layer compiled in 
Mapinfo format. 

 The analysis of Quaternary deposits was 
based on the presence of low-permeable loams of 
different genetic types and their position in the 
geological massif (Kashperyuk et al., 2018; 
Kozliakova, Kozhevnikova, Anisimova, & Eremina, 
2020; Kozlovskiy, Mamaev, & Stol’nikova, 2020). 
Among Quaternary deposits, moraine loam forms 
the main low-permeable complex. On the second 
auxiliary information layer, the territories are 
outlined, where these soils lie at the surface or 
under alluvial and fluvioglacial sand. We have also 
defined the territories where mantle loam and 
sandy loam manifest a considerable stretch and 
thickness. 

 Superposition of the two auxiliary 
information layers resulted in 18 types of ground 
massifs depending on the stratigraphic and 
lithological specifics and the water-content of pre-
Quaternary and Quaternary complexes. These 
types formed the basis for the resultant estimation 
zoning of territory by the degree of favorability for 
allocation of MSW treatment facilities and disposal 
sites (Table 1). 

 A schematic column was built for each 
zoning taxon (Figure 2), explaining the mode of 
occurrence of the distinct geological and 
lithological complexes differing in its permeability. 
It can be distinguished: water-bearing and high-
permeable deposits; low water-bearing and 
unevenly water-saturated deposits; and 
aquicludes or low-permeable deposits. In the 
geological cross-sections, the color stands for 
water content and water permeability, whereas the 
hatch designates stratigraphy and lithology. 

 
3. RESULTS AND DISCUSSION: 
 
 The typification of the Central Russian 
territory according to the favorability of allocating 
MSW treatment facilities and disposal sites is a 
result of the research performed (Table 2). The 
general small-scale (1:2500000) map of 
engineering geological zoning was compiled 
(Figure 3). 

 Favorable ground massifs are considered 
to be those that include two aquiclude strata, that 
is, the Quaternary moraine loam occurrs close to 
the surface and the Jurassic clay. Thus, the 
quaternary and the Mesozoic water-bearing 
complexes are isolated from each other, and the 
geological environment is protected from 
contamination coming from the surface. These 

regions are outlined locally, mainly in the northern 
part of the territory. 

 It is recognized territories as conventionally 
favorable if the Quaternary moraine loam occurs 
at the surface, being underlain by high-permeable 
deposits. The degree of protection of the 
geoenvironment from surface contamination is 
controlled by the moraine loam thickness at these 
sites. The areas of this kind are outlined in the 
northwest of the territory and on the interfluvial 
surfaces in its central part. 

 Conventionally unfavorable sites are those 
where ground massif is composed of sandy–
clayey Quaternary deposits without any 
continuously stretching low-permeable layers 
underlain by the Jurassic clay strata. The 
groundwater aquifer is prone to pollution at such 
sites, and the degree of protection of deep 
horizons is controlled by the thickness and depth 
of occurrence of the Jurassic clay. These regions 
are registered in the northern and eastern parts of 
the Moscow region. 

 Sites are classified as unfavorable if the 
geological massif is composed of high-permeable 
Quaternary and pre-Quaternary deposits with 
locally spread low-permeable layers. The 
geological environment in these areas is virtually 
unprotected from contamination. These areas 
include the bulk of the territory in the southwest 
and in the east of the Central Federal district and 
local sites in the north. 

 Very unfavorable sites are those where the 
geological massif consists of only highly 
permeable and water-saturated deposits. At these 
sites, the geological environment is not isolated 
from contamination coming from the surface. 
These sites are usually confined to river valleys, 
with alluvial deposits immediately overlying 
Carboniferous and Devonian carbonate rocks; or 
to the regions where Paleogene-Neogene sand 
and sandstone occur. 

 As shown above, the geological conditions 
as one of the criteria for site selection of MSW 
facilities requires special analysis due to 
substantial spatial variability. When characterizing 
sites, it appears not enough just to mark the soil 
and rocks occurring at the surface in the given 
territory and to point out the groundwater depth, as 
it is usually done upon zoning for waste disposal 
site selection (Djokanović et al., 2016; El Maguiri 
et al., 2016). 

 By assessing MSW disposal sites by the 
presence of one or several low-permeable layers 
in the geological cross-section, we are able to take 
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into account the hazards of the contamination of 
the ground massif and groundwater when 
assessing the territory. 

 The map of the geological engineering 
zoning compiled based on the proposed 
typification gives a general idea about the 
favorability of planned sites for the allocation of 
MSW reprocessing facilities in the Central Federal 
district. It is compiled in a digital form, and it should 
be considered as an informational layer to be 
integrated into the general GIS based on the 
multicriteria principle for making decisions on 
waste disposal site selection. For the subsequent 
transition to the quantitative methods of 
multicriteria analysis, it appears easy to assign 
scores to taxons according to their favorability 
degree (Bottero & Ferretti, 2011; Chang et al., 
2008). 

 Besides, the zoning map has its own value 
as an individual document reflecting the present-
day state of the waste-disposal problem in Central 
Russia. The map analysis proves that the entire 
territories of Kursk and Belgorod oblasts are 
related to very unfavorable and unfavorable 
categories. That means no large sites can be 
identified within these territories, where the ground 
massif manifests natural protection from the 
contamination coming from the surface. In 
Bryansk, Kaluga, Orel, Lipetsk, Tambov, 
Voronezh, Ryazan, Vladimir and Kostroma 
oblasts, unfavorable and very unfavorable regions 
occupy more than half of the oblast territory. 

 Thus, for most of the Central Federal 
district, the construction of waste management 
facilities requires additional engineering measures 
for the protection of the geological environment 
from contamination. At present, many MSW 
disposal sites and landfills have been arranged 
within this territory without taking the geological 
conditions into account. 

 To minimize the risks of contamination, the 
specifics of the geological environment should be 
analyzed at the early stages of compiling waste-
management GIS. In doing so, the geological 
environment should be considered as a massif of 
a complex structure with variable properties, as it 
is done in our research for the Central Russian 
region. The existing experience in GIS compilation 
demonstrates that the geological block is 
developed inadequately as a rule (Ali Jalil Chabuk, 
Nadhir Al-Ansari, Hussain Musa Hussain, Sven 
Knutsson, & Roland Pusch, 2016; Aragonés-
Beltrán, Pastor-Ferrando, García-García, & 
Pascual-Agulló, 2010; Ghobadi et al., 2017; Khan 
& Samadder, 2014; Khodaparast et al., 2018; 

Kontos et al., 2005). As proceeds from the 
analysis of international publications, the 
multicriteria approach to selecting waste disposal 
sites, which is commonly employed all over the 
world, unfortunately, underestimates the 
geological conditions of the territories being 
considered. At best, only the soil and rocks of the 
uppermost geological layer are taken into 
consideration, whereas the entire geological 
cross-section to a depth of anthropogenic impact 
is not considered (Deswal & Laura, 2018; El 
Maguiri et al., 2016; Güler & Yomralıoğlu, 2017; 
Rahmat et al., 2017). It is suggested the 
typification of the geological environment 
according to the suitability (favorability) for the safe 
and reliable MSW disposal to be used at the early 
stage of planning the allocation of MSW treatment 
facilities. It permits, on the one hand, the capacity 
to formalize the assessment of geological 
conditions and, on the other hand, to take into 
account their variability by area and by the depth 
most comprehensively. 

 
4. CONCLUSIONS: 
 
 The assessment of the suitability of a 
territory for the allocation of MSW utilization 
facilities and waste disposal sites should 
obligatorily take into account the degree of natural 
protection from contamination provided by the 
geological environment. 

 The degree of natural protection of the 
geological environment is assessed proceeding 
from the presence or absence in the geological 
massif of one or several low permeable rock 
strata, preventing the penetration of contaminants 
from the surface to groundwater aquifers, as well 
as the thickness and the depth of occurrence of 
these strata. 

 Engineering geological zoning, including 
typifying territories by the specific features of 
geological and hydrogeological structures, 
assessing the favorability of each distinct type, and 
zoning territories according to the geological 
criteria to determine their suitability to contain 
MSW utilization facilities and waste disposal sites 
appears to be a versatile method for assessing the 
natural protection of geological environment in 
vast territories. 

 To conclude, it is worth noting that small-
scale maps or estimation schemes of geological 
engineering zoning can give a general idea of the 
suitability of the planned places for the allocation 
of waste disposal complexes. They point out the 
possible vital sites for further investigation and 
give an overview of the volume of the necessary 
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additional measures on geoenvironment 
protection from contamination upon the 
construction and running of these engineering 
facilities. These maps and schemes should be 
used at the early stages of projecting the MSW 
storage and management complexes. 
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Table 1. Types of ground massifs in the map of engineering geological zoning CFD 
 

 
Quaternary 

deposits 

pre-Quaternary 
deposits 

Sand, 
moraine loam, 
interbedding 

sand, and loam 

(1) 

Sand 
(2) 

Moraine loam, 
interbedding 

sand, and 
loam 
(3) 

Loessial sandy 
loam and loam 

(4) 

Mainly sand and sandstone 
(K, Pg, N) water-bearing 

I 
I-1 I-2 I-3 I-4 

Marl, chalk (K) low water-
bearing and unevenly 

water-saturated 
II 

II-1 II-2 II-3 II-4 

Mainly impermeable clay (J) 
III 

III-1 III-2 III-3 - 

Argillite, aleurolite, 
sandstone locally 

gypsiferous, gypsum 
(P-T), weakly and unevenly 

water-bearing 
IV 

IV-1 IV-2 IV-3 - 

Water-bearing limestone, 
dolomites with clay 

interlayers 
(D –С) 

V 

V-1 V-2 V-3 V-4 
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Table 2. Typification of the Central Federal territory by its suitability for allocation of disposal sites and 

utilization facilities for MSW depending on geological engineering conditions 
 

Types of the geological 
structure according to the 

suitability degree and 
corresponding indices of 
typical geological cross-

sections 

Specific features of geological engineering conditions 

Favorable 
III-3 

Two aquiclude strata are distinguished in the cross-section, 
i.e., the Quaternary moraine loam at the surface and Jurassic 

clay dividing the Quaternary and Mesozoic water-bearing 
complexes. Geoenvironment is protected from the 

contamination coming from the surface. 

Conventionally favorable 
I-3, 
II-3, 
IV-3, 
V-3 

Quaternary moraine loam aquiclude is present on the top of 
the cross-section, which is underlain by permeable either 

water-bearing or unevenly and poorly water-saturated 
deposits of Quaternary and pre-Quaternary age.  

The protection of geoenvironment from contamination is 
controlled by the moraine layer thickness. 

Conventionally unfavorable 
III-1, III-2 

Quaternary deposits are represented by sandy-clayey water-
bearing or poorly and unevenly water-saturated soils. The 

groundwater aquifer is not protected from contamination. The 
Quaternary massif is underlain by the Jurassic clay 
aquiclude. The Mesozoic aquifer is protected from 

contamination. 
The protection of geoenvironment from contamination is 

controlled by the depth of occurrence and the thickness of the 
Jurassic clay layer. 

Unfavorable 
I-1, I-4, 

II-1, II-2, II-4, 
IV-1, IV-2, 
V-1, V-4 

Water-permeable, water-bearing, weakly water-bearing and 
unevenly water-saturated complexes of Quaternary and pre-

Quaternary deposits are distinguished in the geological cross-
section. Low-permeable aquicludes of variable thickness and 

depth of occurrence occur sporadically and locally. 
Geoenvironment is almost unprotected or poorly protected 

from contamination. 

Very unfavorable 
I-2, 
V-2 

Quaternary and underlying pre-Quaternary deposits are 
composed of water-permeable and water-bearing soil and 

rock complexes. Geoenvironment is not protected from 
contamination coming from the surface. 
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Figure 1. Conceptual model of engineering geological assessment of the Central Russia territory for 
the allocation of MSW treatment facilities and disposal sites 
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Figure 2. Schematic columns to the map of geological engineering zoning. 

Designations: 1 − water-bearing permeable deposits, 2 − weakly water-bearing and unevenly water-

saturated deposits, 3 − impermeable aquicludes. Quaternary deposits: 4 − sand, 5 − moraine loam, 

6 − interbedding sand and loam, 7 − loessial sandy loam, and loam. Pre-Quaternary deposits: 

8 − mainly sand and sandstone (K, Pg, N), 9 − marl and chalk (K), 10 − primarily clay (J), 

11 − argillite, aleurolite, sandstone locally gypsiferous, gypsum (P-T), 12 − limestone and dolomite 
with clay interlayers (D–С) 
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Figure 3. The map of geological engineering zoning of the Central Federal district in Russia 
by the suitability of allocating MSW disposal sites and reprocessing facilities.  

Suitability grades: 1 − favorable; 2 − conventionally favorable; 3 − conventionally unfavorable; 

4 − unfavorable; 5 − very unfavorable. 

Note: The regions are described in detail in Table 2 
 


