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DEVELOPMENT OF THE BASIS OF THE METHOD OF CONTROL OF THE
EMERGENCY SITUATION RELATED TO FIRE AND EXPLOSION SAFETY OF
LANDFILL

It is established that today there is no effective mathematical apparatus that adequately describes the process
of preventing a dangerous event and preventing an emergency related to fire and explosion of solid waste disposal
facilities close to settlements. The initial and boundary conditions of the existence of the mathematical apparatus
are determined, which is the basis for the development of methods of counteracting the emergency. Humidity, the
temperature of the landfill, the presence of oxygen at a certain point in time are factors that initiate the danger. The
specific weight of the organic component, the value of the density of the array, the height of waste disposal affect the

process of counteracting the danger.
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The Problem Formulation

In the world, the most common way of dealing
with solid waste (MSW) is landfilling in special
landfills or dumps, the area of which is growing every
year and approaching settlements [1, 2]. An integral part
of the operation of these facilities is the combustion
processes that take place over the years. However, the
problem of fires is especially acute. And given the
profitability of obtaining and further use of biogas,
which is based on methane gas, and explosions. The
combustion of solid waste occurs not only on the
surface of landfills but also in the depths of the masses
of waste accumulation. As a result of burnout, voids are
formed, which are the cause of failures and landslides.
According to statistics, media data, at the landfills
known cases of dangerous events (NP) are associated
with fire and explosion hazards [3, 4], leading to
pollution of environmental components due to the
additional formation of environmentally hazardous
substances ( for example, dioxins), the spread of danger
over large areas, deaths, injuries, violations of living
conditions. Therefore, the task of ensuring fire and
explosion safety of solid waste disposal facilities
becomes relevant.

Literature Review

The morphological composition of waste is an
important characteristic in assessing landfills' fire and
explosion hazards [5]. The largest category of waste in
the world is food and green waste, which accounts for
more than 44% of the total [1, 2].

MSW is a heterogeneous mixture in which almost
all chemical elements are present both in pure form and
in the form of various compounds. Waste contains
components that can burn and support combustion.
According to reference data [7], the most common
chemical elements in solid waste are carbon and
hydrogen. The calorific value of waste is largely
determined by these elements.

Studies [8] showed the pyrotechnic characteristics
of solid waste samples. In practice, it is impossible to
eliminate the combustible component of waste at a
landfill or landfill. The most common causes of fires are
an increase in the oxygen content of the waste due to the
violation of landfill technology (insufficient sealing or
insulation layer, the placement of excessive amounts of
waste), the excess of biogas collection. The use of large
volumes of water during extinguishing can lead to a
portion of the oxygen in the thickness of the waste and
enhance the processes of aerobic decomposition - the
formation of flammable explosive gas - methane.
Studies [9] have shown that the increase in temperature
in the solid waste mass depends on humidity,
morphological composition, activated carbon content,
density, heat capacity, thermal conductivity and thermal
conductivity of waste. Under certain conditions, the rate
of heat release of the oxidation reaction of combustible
substances may exceed the rate of heat loss, which leads
to a continuous increase in the temperature of the
substance and its ignition [5].

Modelling of thermal processes in the waste array
shows the patterns of origin and development of
combustion processes [10]. The authors [10] proposed
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to use the methods of mechanics of continuous
heterogeneous media.

In [11], a complex thermal analysis of the landfill
was carried out using the finite element method, which
is implemented in the form of the ANSYS software
product. Given the average morphological composition
of MSW, the authors obtained integrated
thermophysical characteristics of technological layers of
MSW, taking into account the different phases of
accumulation and weather and climatic conditions of the
formation of the upper layer.

The results [12] showed that during the
biochemical processes that take place from the surface
of the landfill into the massif, first there is an increase in
temperature, which reaches its maximum, and then - its
decrease. The waste mass reaches a temperature in the
range of 20-50 °C, which is a sufficient condition for
methanogenesis but is not sufficient for a fire in the
absence of additional heat from the ignition source.

Modelling of the temperature distribution in the
waste massif under conditions of a different temperature
of the combustion source [13] indicates the
impossibility of accurate detection on the surface by
contact methods of underground fire. The state of
development of phytocenoses can be used as an
indicator of underground fire, but, unfortunately, low
efficiency.

Forecasting and prevention of fires at landfills, as a
factor in reducing stability [14], is extremely difficult
due to the different specific heat of waste. Until the fire
or smoke came to the surface, it is almost impossible to
visually detect the ignition source [15].

It is possible to achieve a reduction in the level of
fire and explosion hazards at solid waste disposal sites
through the controlled extraction of biogas from the
waste mass. The interest in biogas as an alternative
energy source is growing every year in the world [16].
The main components of biogas are methane (on
average up to 60% of the total composition), carbon
dioxide, nitrogen impurities, hydrogen sulfide, oxygen,
hydrogen and other gases [17]. The qualitative and
quantitative composition of biogas is individual for each
solid waste disposal site [18] and depends on some
factors. In [18], the optimal temperature range of the
maximum formation of combustible methane gas in the
biogas is given, which is 35-40 °C for mesophilic
activity and 50-65°C for thermophilic activity.
However, compliance with the optimal values of the
factors of formation of the maximum amount of
methane (temperature, humidity) can lead to loss of
stability of the waste mass, as a consequence of the
danger of landslides of large masses of man-made soil.

The issues of formation of the mathematical
apparatus of the method of prevention of cascade-type
propagation emergencies associated with landfill
landslides at the landfill with liquidation-intensive
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technological equipment are considered in [19, 20]. The
mathematical model of this author's method consists of
analytical equations of dependence of the number of
dead, injured, people with impaired living conditions on
the physical properties of landfill soils, such as
humidity, density, temperature, and technological
indicators of existing power equipment. The condition
for the existence of the proposed model is a set of initial
and boundary conditions for the effects of emergencies
not to outgrow the object level of hazard distribution,
taking into account the maximum amount of methane in
the biogas.

Given not only the danger associated with landfill
landslides, but the unresolved part of the problem is also
the lack of a comprehensive and effective method of
counteracting the emergency related to fire and
explosion of solid waste disposal sites close to
settlements where fire, the explosion can be considered.
as initiating the factors of the shift. Thus, there is a need
to determine the conditions for the formation of a
mathematical apparatus that adequately describes the
process of preventing an emergency or preventing an
emergency related to fire and explosion of solid waste
disposal facilities, which is new for the development of
appropriate methods.

The purpose an d objectives of the article

The purpose of the work is to determine the
conditions for the formation of the mathematical
apparatus of the method of counteracting emergencies
associated with fire and explosion hazards of landfills,
which are close to the settlements. To achieve this goal
it is necessary to determine the initial and ultimate
conditions for the existence of the appropriate
mathematical apparatus - the basics of methodology.

Discussion of Results

At landfills, there is a possibility of both
emergencies and emergencies, which are characterized
by the size of the consequences. Methane, as a
component of landfill gas (biogas), is a dangerous factor
in the occurrence and spread of fire, explosion -
emergency or emergency.

Mathematical modelling is the main tool for
studying the process of methane generation. To
calculate the gas-energy potential of biogas (methane), a
large number of mathematical models have been
developed:  Tabasaran-Rettenberger, B.  Weber,
LandGEM, AKG. KD Pamfilova, AM Shaimova and
others. The most important factors for the study of
methane generation are humidity, morphological
composition, active carbon content, density, the
temperature in the waste mass, storage height, service
life of the object.

The optimal approach to obtaining complete and
reliable assessment data, methane generation forecast is
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a combination of mathematical modelling results with
field research. However, the use of direct field
measurement methods is limited. The limitations are
due to their complexity and high cost.

Solid waste at landfills undergoes complex
physical, chemical and biological transformations with
the release of landfill gas.

The initial volume after unloading of MSW on the
landfill map is significantly reduced due to self-sealing.
To reduce the volume occupied, the waste is compacted
with the help of special heavy equipment (bulldozers,
rollers) - the density reaches 1 t / m3. The formed
substrate has anomalous geophysical characteristics,
anomalous engineering and geological parameters, as
well as inhomogeneous filtration properties and poor
drainage. The higher the density (microbiological life in
such a material slows down), the less gas is formed, and
the reduction of waste fractions increases gas formation.

The chemical processes at the landfills are
dominated by redox and photochemical reactions,
hydrolysis and depolymerization, the formation of
sparingly soluble and complex compounds.

Biodegradation occurs under the action of a large
number of microorganisms. The main place is occupied
by bacteria, which provide the beginning of the process
of decomposition of organic matter and a rapid
temperature rise. Initially, a group of mesophilic
bacteria develops, and after heating the waste medium, a
group of thermophilic bacteria begins to actively
develop, which can break down more stable organic
compounds. It should be borne in mind that several
chemicals (such as heavy metals) are toxic and
inhibitors of microorganisms.

Aerobic decomposition takes place in the upper
layers of the burial massif at a depth of 50-80 cm and is
usually quite short, as its duration is limited by the
amount of oxygen. This stage is characterized by the
formation of carbon dioxide, water, nitrates, nitrites,
nitrogen, organic residues and large amounts of heat. As
the waste is compacted and isolated by the soil, the
aerobic phase of microbiological decomposition tends to
become anaerobic-aerobic microorganisms go into an
anaerobic state. This is caused by insufficient oxygen
supply to the waste layer to meet the conditions of the
aerobic process.

Anaerobic decomposition is slower and is
accompanied by an order of magnitude less heat release.
In the hydrolysis phase under the action of bacteria is
the decomposition of easily degradable and hydrolysis
of cellulose-containing waste. In the acetogenic (acidic)
phase - further decomposition of cellulose with the
formation of low molecular weight acids, alcohols. The
environment in the body of the landfill becomes very
acidic. Acids reduce the hydrogen index, which
contributes to the decomposition of easily and
moderately decomposable waste. Acids together with

158

ISSN 2522-1809 (Print); ISSN 2522-1817 (Online)

moisture  release nutrients for methane-forming
microorganisms. Then comes the methanogenic phase
in which the acids formed in the acetogenic phase
decompose, with significant methane formation. Over
time, the amount of nutrients decreases and the process
of methane formation attenuates.  Anaerobic
microorganisms receive the energy necessary for life as
a result of the decomposition of organic matter. The
proportion of the organic component of solid waste
(paper, wood, textiles, plant and food residues)
determines the number of micronutrients required for
methane-forming microorganisms.

Humidity is a necessary factor for the activity of
many microorganisms, including methane-forming
ones. The solubility of carbon dioxide in water is higher
than the solubility of methane, so a high level of solid
waste increases the methane content in the gas phase.
The actual moisture content in the array is determined
by the initial humidity of solid waste, measures to
comply with disposal technologies.

Temperature, like humidity, is a determining factor
in bacterial activity. Mesophilic groups of methane-
forming bacteria actively work at temperatures up to
40 °C, thermophilic - up to 70°C. The optimal
temperature value for the efficient process of methane
formation is in the range of 30-40 °C. The level of gas
formation decreases significantly when the value of the
optimal temperature changes [21].

Taking into account the analysis of factors
contributing to the formation of methane in the landfill
gas (biogas), the initial conditions of danger are
described by expression (1):

w(t) = wy
TM =T,
0,(t) =0y, , 1)

The initial conditions for the existence of the
mathematical apparatus of the method of counteracting
the emergency associated with fire and explosion
hazards of landfills, which is close to settlements, is a
set of humidity values w, the temperature of the
landfill massif T, the presence of sufficient oxygen O,,

which at a certain point in time t initiate the formation
of fire-explosive concentration of methane in the array
and the spread of danger as a result of exposure.

The boundary conditions for counteracting the
danger are described by expression (2):

Cppu <C<C

noy < P < Prin

nou <hs< hKiH ’ (2)

KIH

h

The boundary conditions for the existence of the
mathematical apparatus of the method of counteracting



emergencies associated with fire and explosion hazards
of solid waste disposal sites near settlements are a set of
interval values of the specific gravity of the organic
component. C, density p, height of waste disposal h,

which affect the process of counteracting the danger.
The figure shows the algorithm of the method of

counteracting emergencies associated with fire and

explosion hazards of solid waste disposal sites.

‘ Initial conditions ’:

’ Mathematical model ‘

Boundary
conditions

» Organizational arrangements

I Operational measures ‘

¥

l Engineering measures ‘

Y N
= Boundary °
conditions

Fig. 1. The algorithm of the method of counteracting
emergencies associated with fire and explosion hazards
of solid waste disposal sites

Taking into account modern domestic scientific
approaches in the field of civil defence of Ukraine [22,
23] and the relevant regulatory framework [25-27],
emergencies are a conditional level of the state of
emergency, which is achieved by one or more dominant
features, in terms of threat, and/or opportunities to
counter units of the Civil Service of Ukraine for
Emergencies. The number of negative consequences of
the emergency should include: the number of victims

and the number of victims q,, as a consequence of the

first priority group; the number of people with impaired
living conditions g, and the amount of damage caused

g, — consequences of the second priority group; area of
emergency danger ¢z and the costs of emergency
response gg — consequences of the third priority group.

Given the above, the implementation of emergency
response methods related to fire and explosion hazards
of solid waste disposal facilities should ensure the
absence of damage to both civilians and specialists of
the SES of Ukraine. This can be achieved through the
development and compliance  with  effective
organizational, operational, informational measures
based on the mathematical apparatus - General Equation

(3):
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Q)= f(w,p,T,0,,C,ht), 3)

In case Q(t)=HII - the
emergencies is considered (negative consequences (
did not occur), analytical equation (3), describes the
relationship between the dependence of explosive
methane concentration on humidity, density p,
temperature T, and the presence of sufficient oxygen

O,, organic component C in the massif of landfill soils

prevention of

(MSW), height h and time t waste decomposition. In
case Q(t)=HC - the warning of NC (the area of

distribution of danger, costs of elimination of
consequences, the size of the caused damage, number of
dead, victims, persons with disturbance of living
conditions did not reach local level), the analytical
equation (3), describes the connection of dependence of
the number of dead and injured, as a consequence of the
first level of priority.

Conclusions

The solution of the scientific and practical problem
in the field of civil safety is obtained in the work: the
mathematical apparatus of the method of counteracting
the emergency connected with the fire and explosion
danger of solid waste disposal facilities close to the
settlements are developed. The initial conditions for the
existence of the mathematical apparatus of the
emergency response method are a set of values of
humidity, the temperature of the landfill, the presence of
sufficient oxygen, which at some point initiate the
formation of flammable methane concentration in the
array and the spread of danger.

Boundary conditions are a set of interval values of
the specific weight of the organic component, density,
height of waste disposal, which affect the process of
counteracting the danger.
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PO3POBKA OCHOBHM METOJUKHW MPOTHUIII HAJI3BUUYAWHINA CUTYAILII, IIOB’SI3AHOI 3
HOXEXOBUBYXOHEBE3IEKOIO OB’€KTIB 3AXOPOHEHHSA TBEPAUX ITIOBYTOBUX
BIAXOAIB
H.B. Pamkepuy?, B.O. lllepmnros!, A.B. Kouaparses?, O.C. [llepuenko?
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ZXapKiBchKHii HalliOHAJIBLHUI YHIBEPCHTET MichKoro rocrojapctea iMeni O.M. Beketosa, Ykpaina

B pobomi npoananizosana nodcedxcosubyxonebesnexa 06’€Kmié 3aX0pPOHEHHA MEepOux NOOYmMosux 8ioxoois.
Meman, six cknaoosa seanuwnozo 2asy (bioeasy) € nHebe3neyHum Gakxmopom SUHUKHEHHS MA NOUWUPEHHS NONCENCI,
6ubyxy. Kinvkichuii cknao memany 3anexcums 8i0 ymo8 (PYHKYIOHY8aHHA 00 €KMI6 3aXOPOHEHHA. MOPQPOIOSIUHO2O
cKnady 6i0x00is, W0 NPUUMAIOMbCS, MEXHONO2I 3AXOPOHEHHs, MeMNepamypu, B0J1020CMi MACU8Y B8I0X00I8.
Bemanosneno, wjo na cbo200HiwHill Oerb 8I0CYmHIll OlE6UIE MAMEMAMUYHULL anapam, SIKUtl A0eK8amHo ONUCYE NPoYec
3anobieanns Hebe3neunil noOii ma nonepeodN’CeH s HA038UYAUHOT CUMYayii, N0 SI3aHOl 3 NONCENHCOBUDYXOHeDEe3NeKO0I0
OaHux 00’ekmig, wo Habaudceni 0o HacereHux nywkmis. I1i0 nonepeodcenHAM pO3YMIEMbCA He OONYCMUmMuU
nepepocmanis Ha038UYAlHoi cumyayii' 3 00’ exmo6o2o Ha HANOIILW BUCOKULL PIBEHbL NOWUPEHHS (Micyesull), 8 nepuLy
uepzy 3a HACIIOKAMU Nepwioi epynu RpioOpumemHoCcmi, aK mo KIIbKICMb Jicepme ma nocmpadjicoanux. Busnaueno
nOYamKo6i ma 2paHuiHi YMO8U ICHYBAHHA MAMEMAMUYHO20 anapamy, wo € OCHOB0I0 OJid pPO3pOOKU MemoOuKu
npomudii Haozeuuauniti cumyayii. Bonozicmv, memnepamypa macugy 36anuuiHux IPYHMI6 (Meepoux noOYMosux
8I0X0018), HAABHICMb Y OOCMAMHIU KITbKOCMI KUCHIO ) NeBHUN MOMEHM YAacy IHIYlioloms GUHUKHEHHST HeOe3neKu —
VMBOPEHHS NOHCEHCOBUOYXOHEOe3neUHOT KOHYeHmpayii Memany 6 Macugi ma nowupenns nebesnexu 3a HAcAioKamu
enausy. [lumoma 8aza opeaniuHoi cK1a00601, 3HAUEHHS WILIbHOCMI MACUBY, 8UCOMA 3AXOPOHEHHS 8I0X00i8 6NIUBAIOMD
Ha npoyec npomuoii nebesneyi. Busnaueno cucmemy pi6HaHb 36 3Ky 3 YPAXYBAHHAM NOYAMKOGUX MA SPAHUYHUX YMOE
ICHYBAHHA MAMEMAMUYHO20 anapamy, wjo O003601A€ Y NOOATLUOMY PO3pOOUMU KepYIOUUll aneopumm Memoouxu
npomudii HAO36UHAUHILL cumyayii, No8 a3aHol 3 NOANCEHCOB8UDYXOHEDEe3NEeKo 00 €KmMi6 3aXOPOHEHHs MEepoux
nooymosux 8i0xo0ie, uwjo HabIUICEeHi 00 HACENEHUX NYHKMIS.

Knruosi cnosa: meepoi nodymosi 8i0xoou, nodicexncogudyxonebesnexa, MameMamuyHull anapam, no4amrosi
YMO8U, SPAHUYHT YMOBU.
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