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ABSTRACT

In this paper the questions of technogenic safety of the city Odesa with a population of over 1 million are considered on the
example of the analysis of an emergency situation that may arise at filling stations (FS) of the city. The fire safety of the FSs network
becomes very important in the context of urban buildings and traffic flows compaction, a significant increase in the number of cars,
as well as in the construction of new potentially hazardous objects (PHO) within the urban territory. To solve the problem of analysis
of the risk zones of FSs, a conceptual digital model of a FS was created, a numerical simulation of the scenario of an unfavourable
situation development at the FS was carried out according to the approved state methodology (an explosion of a vapour-air fuel
mixture with a shock wave formation), as well as the obtained zones were visualized on a map of the city of Odessa using the
geographic information system QGIS. The digital model of the FS was created taking into account the requirements for the
presentation of attributive and spatial data of the relevant GIS. The components of the developed conceptual model are: universal
digital identifier, spatial data in the form of type and coordinates of the object, attributive data, which consist of static and dynamic
features, as well as numerical models of emergency situation development. During the visualizing of the obtained calculated data by
means of GIS, OSM Place Search, QuickOSM and Multi Ring Buffer plugins were used, as well as data from the OpenStreetMap
server. The presented results of modelling and visualization indicate that, when the most unfavourable development scenarios are
realized, the nature of accidents at FS can go beyond the local scale and move to the borders of the residential zone, as well as to
nearby industrial buildings and FSs, which in turn can cause unfavourable situations on them by the domino effect. In addition, the
results of the analysis of the obtained heterogeneous modelling and visualization data to determine technogenic risk indicates the
possibility of applying the studied principles to other PHOs and also allows to present the data in a visual and accessible form for
decision-makers.
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INTRODUCTION. emergency situations (ES) were recorded in Ukraine,
PROBLEM STATEMENT of which 47 were technogenic, and the sum of
material damage from ESs amounted to UAH
9,916,677,000. The level of natural and technogenic
ESs risks and the level of losses from them remain
practically unchanged and quite high for most
regions of Ukraine, which is confirmed by the record
sum of damages caused by ESs in 2020.

According to the law [2], a potentially
hazardous object should be understood as an object
on which dangerous substances, biological
preparations, as well as other objects that under
certain circumstances may create the real threat of
an accident can be used or manufactured, processed,
stored or transported. Within the city, such objects
may be filling stations, oil depots, warehouses of
chemicals and other hazardous substances, industrial
refrigeration plants, pipelines etc. This paper focuses
on filling stations due to the growth of their network
through the increase in the number of cars in large

One of the important tasks nowadays is to
ensure an acceptable level of safety of human life,
which includes many aspects, including technogenic
and environmental safety. This aspect is gaining
significant importance in large cities with dense
urban development with a population of over 1
million people. The number of these cities in the
world is constantly growing due to the achievements
of the scientific and technological revolution, as well
as a high level of urbanization. Large crowds of
people on relatively small areas of the surface cause
the competent authorities to pay more attention to
the task of ensuring their safety.

One of the aspects of the city's security is its
technogenic safety, namely ensuring the normal
work of enterprises that are potentially hazardous
objects. Particularly, according to [1] in 2020, 116
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stations within dense urban development, in historic
centres of cities, as well as near crowded places
(playgrounds, pedestrian areas with a significant
flow of people, as well as garden and park areas).
We also consider it rational to study the compliance
of the FSs network location with the norms of fire
safety and impact on nearby buildings.

Risk zones from the FSs modelling and
visualization is carried out using today's spread
geographic information systems and technologies.
The use of GIS allows the visualization of various
origins geospatial data and illustrates the process of
situation ~ monitoring and  decision-making.
Particularly, the use of geographic information
systems for monitoring agricultural lands, the state
of green areas, creating thematic maps, studying the
impact of technogenic objects on the environment,
earthquakes and other natural ESs etc. was quite
successful. However, the task of technogenic risk
assessment and visualization in a simple form for
decision-makers still remains relevant, considering
complexity, heterogeneity and uncertainty of data
for their graphical representation, including for FSs.
Intelligent  analysis of  weakly structured,
heterogeneous data with the help of information
technology in order to increase the speed of decision
support processes by officials still remains an urgent
task [3-4]. The authors think it is expedient to model
the ES development at the filling station (the paper
considers the occurrence of a shock wave due to the
explosion of fuel-air mixture (FAM) due to
evaporation of petroleum products) using tools of
geographic information system to visualize its
dynamics, which will allow to study the impact a
probable ES at a PHO on the environment and
objects of “care” of society (people, enterprises and
organizations etc.) and assess the probable risks.
Therefore, the development of a digital model of a
filling station as a typical PHO becomes relevant,
followed by numerical modelling of ES
development scenarios on it and visualization of the
results of quantitative assessment using a geographic
information system.

LITERATURE OVERVIEW

In [5], the authors developed and implemented
a tool for urban regional risk assessment, based on

GIS geoprocessing. Geoprocessing  workflow
models were built for severity calculation,
vulnerability — evaluation and risk  mapping

respectively. These models were integrated into an
automatic GIS tool and applied in a typical urban
district of north China. The successfully obtained
risk map can be used as a tool for decision-making
in emergency management and urban planning.
Researchers have used GIS as a decision-
making tool in designing a network of new filling

stations in [6]. They used the method of multi-
criteria analysis to analyse the criteria for the
location of the filling station site. The collected data
were analysed using descriptive statistics (frequency
distribution, histograms, pie charts and percentage
ratios), which allowed to create a map of the
distribution of filling stations in the area using GIS,
which facilitates the task of management decisions.

The concept of three-dimensional risk
management (3DRM) on the example of a hydrogen
gas station is presented in [7]. The 3DRM structure
includes a detailed site-specific 3D model, a fluid
dynamics calculation tool for simulating accident
scenarios, a frequency analysis and risk
quantification methodology, and visualization
techniques. It is proposed to expand the analysis to
include personnel risk for a given population density
and set of risk factors.

The work of researchers is devoted to the risk
research methodologies for the terminal where the
fuel is stored, using the methods of HAZOP
(HAZard and OPerability analysis) and the fault tree
analysis FTA [8]. Quantitative risk assessment
shows that the most dangerous event is a fuel spill,
and the human factor plays an important role in all
possible accidents, which leads to the need for
training of plant personnel.

With the help of the TOXI+Risk software
package, modelling of emergency situations related
to the depressurization of a tanker at a gas station in
Svirsk was performed in [9]. The reasons of the
emergency situation were analysed, and the “fault
tree” and the “event tree” were compiled on the
basis of the logical-probabilistic approach. The
events of the oil spill fire, as well as the explosion of
the fuel-air mixture were simulated and situational
accident plans and risk fields for a specific gas
station were developed with the help of a software
package. The developed fields of potential risks
indicate that in the event of an accident, the zones of
damage factors spread only on the territory of the
gas station [9].

The study [10] is devoted to the creation of an
evacuation plan for accidents involving the release
of hazardous chemicals using risk analysis methods
based on GIS tools. In such accidents, evacuation
plans should be selective enough to take into
account the concentration of nearby buildings and
the time to reach maximum concentrations of unsafe
chemicals. The proposed simulation modules
integrated into GIS were used to assess the situation
of chlorine leakage from an industrial plant near the
city of Ulsan.

The authors of [11] dealt with practical issues of
forest fire management using a platform based on GIS.
This platform uses real-time data from tracking devices
and fire means cameras (cars, planes etc.), automatic
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weather stations and weather maps to cover the real
situation. The system also provides a geographical
representation of the probability of ignition and daily
identifies high-risk areas in different regions based on a
pilot high-performance computing application running
on Windows HPC Server.

In the article [12] the authors considered in
detail the use of heat maps as a method of
visualization using GIS. The results of the work are
a general set of recommendations for setting heat
maps, data presentation in specific cases. The heat
maps were used to study data on road accidents in
Olomouc, Czech Republic.

The article [13] is devoted to the general issue
of the role of geographic information systems and
technologies in decision-making processes in the
management of corporate facilities with territorially
distributed resources. Web-services providing GIS
were considered, their possibilities and spheres of
use were described.

To the problems of creation of applied
geoinformation systems for the decision of various
problems on the basis of existing universal GIS and
problems of increase of efficiency of decision
support in applied GIS at the expense of creation of
corresponding methods, models and information
technologies is devoted the work [14].

Consideration of the use of GIS in air quality
management tasks is given in [15]. 4 classes of tasks
regarded to air quality management systems are
considered, and also possibilities of GIS which can
be used for the decision of these tasks are analysed.
The structure of the DSS-GIS decision support
system in air quality management tasks is
considered, as well as the data flows in these
information systems. An analysis of examples of
information systems for air quality management
from various sources was also presented.

In [16], information technology and the concept
of a web service and a mobile application were
proposed to assess the complex environmental risk
from time and space distributed risk factors. The
main difference between the proposed information
technologies from existing analogues is the methods
of processing data on hazards from open web
resources and the ability to assess environmental risk
comprehensively.

In [17] the integration possibilities of
specialized GIS of ecological monitoring of the city
of Kyiv, its structural model in connection with
GPS-modelling of electronic maps were considered.
Methods of formation of spatial databases of natural-
technogenic territories of the city and practice of
their application are investigated. A series of maps
of the natural-technogenic environment of the city of

Kyiv was created using the capabilities of various
applications (MaplInfo, Surfer, Illustrator etc.).

THE AIM AND OBJECTIVES OF THE
RESEARCH

The aim of the study is to model the selected
scenario of emergency situation development at a
potentially hazardous object (as which the filling
station was chosen by the authors), followed by
visualization of technogenic risk zones by means of
geographic information system.

To achieve this aim it is proposed to solve the
following tasks:

1) a creation of a digital model of FS, taking
into account for further use in GIS;

2) a numerical modelling conducting to obtain
the size of risk zones in the more common scenario
of ES development at FS, namely the outbreak and
explosion of FAM due to spill of petroleum products
from the tank with the formation of a shock wave;

3) a visualization of obtained risk areas with the
use of GIS software to assess the state of PHO
technogenic safety.

The object of the study is the determination of
the risk zones in the event of an ES at the FS.

The subject of the research are models, methods
and geoinformation technologies of modelling and
visualization of risk zones in the event of an ES at
the FS.

MAIN PART.
DIGITAL MODEL OF THE FILLING
STATION

A filling station is a complex of buildings,
structures, technical equipment intended for
receiving, storing motor fuel and refuelling vehicles.
A filling complex also includes premises for
servicing drivers and passengers (retail), vehicles
(service centres, car washes), as well as retail trade
in spare parts, lubricants etc.

During the developing a digital model of a FS it
is necessary to take into account the following
components for further modelling and visualization
of risk zones by GIS:

1) an attributive component of the digital model
of the FS must contain a set of data for further
numerical modelling of the ES development at the
FS according to the methods approved by law;

2) a spatial component of the digital model of
the FS must be presented in accordance with the
requirements of the relevant GIS;

3) a dynamic component of the digital model of
the FS should take into account the features of the
scenario of ES development on the basis of
attributive and spatial information, as well as the
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selected model of ES development on the basis of
appropriate calculation methods.

On the other hand, for further use in QGIS in
the digital model of the FS, it is necessary to provide
three components that create a complete digital
description of the spatial object:

1) the universal digital identifier of the object
ID, which is an universal numerical sequence
assigned to each object;

2) the spatial data, which include the type of
object (polygon, point, segment etc.) and the
corresponding coordinate reference of the object;

3) the attributive data, i.e. the set of
characteristics and properties of the object with their
values (non-spatial data or non-positional part of this
data).

The interconnection scheme of components of
the developed conceptual digital model of the FS is
shown in Fig. 1.

The following are offered as attributive
characteristics of the studied object (their list is not
exhaustive and can be increased according to the
needs of modelling):

( Model of the FS )

The universal digital identifier ID ]

The spatial data D

s Type of object
\* Coordinate data

¢  Tvpe of object
«  Name

¢  Address
]

L ]

MNum ber of tanks
Number of FD

Dynamic charasteristics

Wind direction
Wind speed

e o e B B 8 B W

Wum ber of the service persomnel

Type of an emergency situation

Date and time of the ES

Tvpe of od products

Quantity of oil products at the time of the ES
Environment tem perature

{}
il

Calculation methods of the ES development

¢ Explosion of the FAM with the form ation of a shock wawve

o Petroleum products spill fire

¢ Emergence of a “fireball™

Fig. 1. Diagram of interconnection of components of conceptual digital model of the FS
Source: compiled by the author
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— type of object (filling station);

— name (name of the owner);

— address (legal address);

— the number of tanks indicating their type
(ground, underground);

— number of fuel dispensers (FD);

— number of the service personnel, people;

— type of an emergency situation (scenario of
unfavourable event selected for modelling);

— date and time of the ES;

— type of oil products (indicating in which of
the tanks they are stored);

— quantity of oil products (indicating their
quantity at the time of the ES in specific tanks);

— environment temperature, °C;

—wind direction;

—wind speed, m/s.

On the other hand, it is a set of attributive data
used in the numerical simulation of adverse
situations at the FSs and therefore the number of
characteristics depends on the approved calculation
method, which is used to simulate ES. We propose
to divide these data into static (little or unchanged in
relatively long time intervals) and dynamic
characteristics (parameters for which a specific
value is currently important for the simulation of the
ES). The static and dynamic characteristics are
divided in Fig. 1.

In the future, we use dynamic characteristics to
conduct numerical modelling of the development of
an unfavourable situation.

NUMERICAL SIMULATION OF THE ES
DEVELOPMENT

The main technological stages at the FSs are
[18]:

— stage of acceptance of oil products from fuel
tankers into underground or aboveground tanks;

— stage of storage of oil products in tanks;

— stage of refuelling of motor vehicles through
the FDs with oil products from underground or
ground tanks.

Emergency situations at FSs can occur [19]:

— when tanks overflow during the discharge of
petroleum products from tankers;

— disconnection of connecting pipelines
between the tank and the tanker;

— overfilling of fuel tanks of cars;

— damage to the FDs;

— corrosion wear of pipelines and tanks.

The causes of fires and explosions at FSs can
be: open flames, sparks, static discharges, lightning
discharges, spontaneous combustion and pyrophoric
deposits. The initial event of the accident at the FS is
a spill of flammable product.

The presence of a large amount of diesel fuel
and gasoline in the tank equipment of the FSs
creates a risk of fire in the event of a fuel spill and
the presence of an ignition source. When fuel spills
into technological wells there is a danger of
formation of explosive concentrations of fuel-air
mixture, which in the presence of a source of
explosion initiation can cause the explosion of this
mixture in technological wells and create conditions
for further development of the accident in
underground storages [19].

The main impact factors in an explosion are:

— shock wave;

— fragments of destroyed equipment, collapse of
buildings and structures.

The shock wave is a region of strong
compression of air, heated to several million
degrees, spreading at supersonic speeds (335 m/s) in
all directions from the centre of the explosion [20].

The shock wave causes damage as a result of
excessive pressure, high-speed air thrust; it instantly
covers a person from all sides.

Depending on the excess pressure and high-
speed air thrust, various injuries occur to humans
and animals, which according to the lesion severity
are divided into light (excessive pressure 20-40
kPa), medium (40-60 kPa), severe (60-100 kPa) and
very severe (>100 kPa) injuries.

In order to determine the nature of the
destruction and to establish the scope of rescue and
other emergency works depending on the excessive
pressure in the front of the shock wave, the lesion
focus is conventionally divided into four zones:

— zone of complete destructions (value of
excess pressure >100 kPa);

— zone of strong destructions (50-30 kPa);

— zone of average destructions (30-10 kPa);

— zone of weak destructions (20-7 kPa).

Damages to buildings occur at an excessive
pressure of 3-5 kPa (according to [20]).

We have chosen a FSs network in Odessa as
objects of modelling. The approved normative
methodology used for modelling is the Methods for
calculating the values of the criteria for explosion
and fire hazard of outdoor plants (paragraph 10
[21]). As a calculation option, you should choose the
most unfavourable version of the accident or the
period of normal operation of the devices, in which
the explosion and/or fire involves the largest number
of substances and/or materials, which are most
dangerous to the consequences of such an explosion
and/or fire, contained in one device (plant).

The amount of substances that have entered the
environment and may form explosive gas and
vapour mixtures is determined under the following
conditions (paragraph 10.1.1.2 [21]):
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— all contents of the device get to the
environment (further under the device we will
consider tanks with oil products);

— there is a simultaneous spill of substances
from the pipelines that supply the device in direct
and reverse flows, during the period of time required
to block the pipelines;

— evaporation occurs from the surface of the
spilled liquid; the evaporation area in the case of
spillage on a horizontal surface is determined (in the
absence of reference or experimental data), based on
the calculation that 1 litre of flammable liquids is
spilled on an area of 0.15 m?

— the duration of the liquid evaporation is taken
to be equal to the time of its complete evaporation,
but not more than 3600 s.

The value of the calculated excess pressure AP
in kilopascals, which develops in the case of ignition
of gas and steam-air mixtures, is determined by the
equation:

AP =P, -(0,8m%™ /r+3my* /r* +5m, /%), (1)

where: Po — the atmospheric pressure, kPa (allowed
to be taken as equal to 101.3 kPa);

r — the distance from the geometric centre of the
outdoor plant to the boundary of the calculation
zone, m.

The reduced mass of combustible gases (CG)
and/or vapours of flammable (FL) and combustible
liquids (CL) mr in kilograms is calculated by the
equation:

My =(Qy/Qy)-m-Z , )
where: Qnt — the heating value of CG and/or vapours
of FL and CL, J-kg*;

Z — the coefficient of participation of CG and/or
vapours of FL and CL in combustion, which is
allowed to take 0.1;

Qo — a constant equal to 4.52-10° J-kg?;

m — the mass of CG and/or vapours of FL and
CL, which entered the environment as a result of the
calculated accident, kg.

The mass of vapours of liquid m, kg, entering
the environment, is determined by the equation:

m=W-F, -z, , 3)

where: W — the evaporation intensity, kg-s™*-m?;

Fe — the evaporation area, m?;

7e — duration of FL and CL evaporation to the
environment, s.

The evaporation intensity W is determined from
reference or experimental data. For FL that are not
heated above environment temperature, in the
absence of such data, it is allowed to calculate W by
the equation:

W =10°-J/M R, , (4)
where: M — the molar mass, kg-kmol™;
Pv — the vapour pressure, kPa, at the calculated
temperature of the liquid, determined by reference
data or by the equation:

P, =10[A_Cjt'“J , (5)

where: A, B, Ca — Antoine constants (reference data)
are determined when the vapour pressure is
measured in kPa;

tig — liquid temperature, °C.

Calculations according to equations (1)-(5) are
carried out according to the approved methodology
(paragraph 10.1 [21]). The values of molar mass,
Antoine constants and heating value of CG and/or
vapours of FL and CL are determined in accordance
with the Table 2 of Annex 1 in [22].

Meteorological data are accepted according to
the data for the city of Odessa for the month of July
(the most unfavourable period): t = 29°C, wind
speed 0 m/s according to the data [23].

For modelling, we selected the quantities of oil
products in tanks in the amounts of 15 and 40 m?
(the most possible tank capacity in the central
densely built districts of cities with a population of
250 thousand people and more in accordance with
the Table 10.9 of the standard [24]).

The results of numerical simulation are shown
in the Table 1.

Fig. 2 shows a graph of the dependence of the
excess pressure value in the shock wave front as a
function of the distance from the explosion epicentre
for both types of fuel for tank capacities of 15 and
40 m. As can be seen from the results of the
numerical simulation, the safest type of fuel is diesel
fuel, the most dangerous — gasoline.

If the shock wave during its spread encounters
obstacles in its path, it interacts with the obstacle.
This is manifested in shock wave reflection from the
obstacle or flow around it, but due to the complex
physics of the process and the absence of approved
calculation methods in [21-22] this issue was not
considered in this study.

RISK ZONES VISUALIZATION USING
GISTOOLS

To visualize the consequences of accidents at
filling stations, which were obtained during
numerical simulation, we used a free GIS called
QGIS [25]. We obtained the spatial location of the
FSs from open sources, in our case such a source is
OpenStreetMap [26] — a non-profit web-map project
to create a detailed free map of the world by the
community of Internet users.
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Table 1. Results of risk zones numerical simulation from the impact of the shock wave during the
destruction of tanks containing FL and CL at FSs

Calculating parameter Gasoline AM-93 Diesel fuel "'S™
(summer)
FL and CL amount in a tank, m® 40 15 40 15
nl\ilaiz of FL and CL, which entered the environment 29376 11016 32880 12330
Evaporation area of FL and CL Fe, m? 6000 2250 6000 2250
Vapour pressure of FL and CL Pv, kPa 29,5515 29,5515 0,1169 0,1169
Evaporation intensity of FL and CL W, kg/s-m? 2,928-10* | 2,928-10* | 1,668-10° | 1,668-10°
Mass of liquid vapours, involved in the explosion 6325,42 2372.03 36,04 1351
mvapours, kg
Heating value of FL and CL vapours Qnt, kJ/kg 43641 43641 43419 43419
Reduced mass of liquid vapours mr, kg 6107,25 2290,22 34,62 12,98
Excess pressure value 4P, kPa (radius 50 m) 91,847 50,159 6,622 4,489
Radius of destructions zone r, m:
complete (100 kPa) 47,88 34,59 8,62 6,23
strong (50 kPa) 69,3 50,09 12,5 9,03
average (30 kPa) 93,75 67,78 16,94 12,24
weak (10 kPa) 199,64 1444 36,16 26,15
Source: compiled by the author
£ 200 A \
; \ \
;3 160 A \
? \ N
£ 120 A
&
EL 80 T \\~
g 40 ~
5 \..______ T ——
0 ! : — ‘ —>
0 20 40 60 80 100 120 140 160 180 200

Distance from the explosion epicentre, m

b

a

d

C

Fig. 2. The graph of change of excess pressure value of a shock wave depending on
distance from the explosion epicentre:
a, b — for gasoline tanks with a capacity of 40 and 15 m? respectively; c, d — for diesel fuel tanks with a

capacity of 40 and 15 m? respectively
Source: compiled by the author

Additional OSM Place Search and QuickOSM
plugins were used to obtain the geospatial
component of the data [27].

OSM Place Search helps in finding the right
place (in the study the city of Odessa). An example of
the dialog box of this plugin is shown in Fig. 3a. After
finding the geographical object of research, we use
the QuickOSM plugin to obtain the spatial location of
the filling station network in the city of Odessa.

Using the dialog box, we generate a request to
the server to obtain the necessary data. The amenity

key is used to describe useful and important objects
for visitors and residents of the city. These facilities
include, for example, schools, banks, telephones,
pharmacies, prisons, toilets and so on. In our case

we specify filling station (fuel). In the field in we
indicate the location of research objects (city of
Odessa). An example of a corresponding query,
which is implemented in the form of a script, is
shown in Fig. 3b. The network of filling stations is
plotted on city maps in the form of polygons or as a
point object, the type of object visualization (points,
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nodes, lines, polygons etc.)
extension to the query.

After plotting the network
the city map using the Multi

settings (see Fig. 3c), we visualize the shock wave

action zones in the event of

is specified in the

explosion of FAM due to oil spill from filling station

tanks (Fig. 4). When visualizing the action zones,

of filling stations on
Ring Buffer plugin

the

a combustion and

results of numerical

simulation are used,
examples of which according to the calculated
parameters are shown in Table 1.

e L ord Overpass query .
yers ayer Order L Multi Ring Buffer L
OSM place search... 2 lkosm-script output="xml" timeout="25"> '
. ) <id-query { A }inko="area_0"[> -
e B == = <union> | Layertobe buffered: | () amenity_fuel Odesa A
Limit to extent <- <query type="node"> | :
e <haskv k="amenity" v="Fuel"/> 1 V' Dissolve features before buffering
DOdesa, Ooecbkui paion, Odesa Oblast, Ukraine <area-query ,r‘rom:"area_o"b
Odessa, Ector County, Texas, United States <fquery= )
Odessa, Saskatchewan, S0G 350, Canada <query type="way"> o . "
Odessa, Schuyler County, New York, United State <has-kv k="amenity” v="fuel"/> | '@ Rings  Buffer Distance:  0,0020000000 hd
Odessa, New Castle County, Delaware, 19730, Un =area-query ,r‘.ro.rnc"area_o",f> 1 "
©Odessa, Pasco County, Florida, United States <fquery> ] Number of Rings: 1 -
Odessa, Lafayette County, Missouri, 64076, Unite <query type="relation">
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Fig. 3. Results of QGIS plugins settings for visualization of the filling station
network as potentially hazardous objects:
a— OSM Place Search plugin dialog box; b — OpenStreetMap server request script text;
¢ — Multi Ring Buffer plugin dialog box
Source: compiled by the author
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Fig. 4. Results of visualization of risk zones from filling stations for the city of Odessa using the
geographic information system QGIS in case of emergency situations
Source: compiled by the author
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Fig. 5. Visualization of risk zones from gasoline tanks of filling stations with maximum

capacity (40 m®) in one of the residential districts of the city of Odessa
Source: compiled by the author

The analysis of visual simulation results shows
that during the realization of the most unfavourable
scenario, namely for gasoline tanks with a capacity
of 40 m3, it is clear that unfortunately not all filling
stations meet the norms of fire distances to the
objects of “care” of society (people, enterprises,
organizations etc.), residential areas etc. It should
also be noted that some of the filling stations are
located on highways with a significant flow of cars,
which only increases the number of potential victims
during the rush hours. In addition, it is shown that
some filling stations are very close to each other
(particularly as it is becoming increasingly popular
to place natural gas stations near traditional filling
stations), that in the event of ES at one of them may
cause an unfavourable situation at another by
cascade effect “dominoes”, namely the destruction
of nearby tanks and technological equipment and the
escalation of the emergency situation. This is well
illustrated in Fig. 5 on the example of one of the
residential districts of the city of Odessa. The study
also conducted modelling and visualization of risk
zones from FSs tanks with minimal capacity of
petroleum products (15 m3). In this case, the nature
of accidents is in most cases local (at the filling
station), but still possible impact on neighbouring
objects, as well as a small scale of damage to
surrounding buildings and people.

CONCLUSIONS

In this paper, the authors modelled risk zones in
the implementation of an emergency situation at a
filling station (the scenario of an explosion of FAM
with the formation of a shock wave was chosen),
and also visualized them on a map of Odessa using
geographic information system QGIS.

Analysis of recent studies and publications has
shown that geographic information technologies are
widely used to solve a wide range of issues, but, in
our opinion, insufficient to identify risk zones from
potentially hazardous objects, one of which is the
filling station. Despite the well-developed apparatus
for quantitative and qualitative assessment of
emergency risk at filling stations, qualitative
analysis of fire causes [18-19], visualization of risk
zones in a visual form for decision makers by means
of open GISs remains an actual issue. Despite the
well-developed apparatus and capacity of
commercial products (including TOXI+Risk in [9]),
the possibility of their use for training and work is
limited by the high cost of software and difficult
access to them, so means of open
geographicinformation technologies can be a good
alternative.

The results of modelling and visualization
showed that the use of geographic information
technologies is possible for other types of potentially
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hazardous objects (not only for filling stations)
under the conditions of using approved normative
methods for numerical modelling of risk zones from
PHOs. The analysis of the obtained images shows
that in the implementation of the most unfavourable
events at the filling station the scale of accidents can
go beyond the local (filling station territory) and
spread to nearby enterprises and organizations, as
well as residential area and possible crowds. This
allows to use this method both to check the comp-
liance of FSs networks with existing fire safety
regulations and while designing new stations in
densely built areas and crowds, and therefore can
serve as a tool of analysis in the design of urban
development. The obtained research data can be
used by a wide range of specialists, civil safety and
environmental  inspection  entities,  insurance
organizations in the calculation of insurance
benefits, research organizations, training and so on.

In the future, it is proposed to use the
experience to model risk zones from other adverse
situations (particularly for filling stations spill fire
and the emergence of a “fireball”) for the most
complete analysis of technogenic safety of a
potentially hazardous object. It should also be noted
that in order to improve the simulation results it is
necessary to reflect on the risk maps not only the
areas of danger, but also the objects of “care” of
society  (including people, enterprises and
organizations etc.) to analyse the specific impact on
each object. It is proposed to use both the analysis of
cadastral maps (to determine the buildings, their
type etc.) and geopositioning data to plot the objects
of “care” on the situational map. It is worth noting
then the use of cluster analysis methods to correlate
risk areas and objects of “care”, which in particular
were used by researchers [28-29] in solving actual
problems.
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AHOTANIA

VY po06oTi pO3MIAAAIOTECS NHTaHHS TEXHOTEHHOI Oe3meky Micra-MitbifoHepa VYkpaium Opecu Ha IpUKIANi aHai3y
HaJ3BUYalHOI CUTYaIlil, [0 MOXKe BUHUKHYTH Ha aBro3anpaBHuX cTaHIiax (A3C) micra. [Toxkexxna 6e3nexa mepexi A3C crae myxe
aKTyaJbHOIO B yMOBAaX YIIUIBHEHHS MiCHKOI 3a0yZOBM Ta TPAHCHOPTHHX ITOTOKIB, 3HAYHOTO 30UIBIIEHHS KUTBKOCTI aBTOMOOINTIB, a
TaKOXX IMpPU MPOEKTYBaHHI HOBHUX MOTeHLiHO HeOe3meynux o6 ’exTiB (IIHO) y mexax micpkoi 3abymoBu. Jlns BUpilIeHHs 3aaadi
aHami3y 30H pu3uKy Bix A3C Oyia cTBOpeHa KOHLEeNTyaldbHa [udposa Moaens A3C, MpoBeAEHO YHCEIbHE MOJICIIOBAHHS CLIEHAPIIO
PO3BHTKY HecnipuaATIBOi cutyanii Ha A3C 3a 3aTBEpIHKEHOIO JEPKaBHOK METOAMKOIO (BHOYX Mapo-TOBITPSAHOIT CyMillli MaauBa i3
YTBOPEHHSIM yJapHOi XBHIIi), a TAKOXK 32 IOTTOMOT0r0 reoindopmaniiinoi cuctemu QGIS orpumani 3oHu Oy Bizyasi3oBaHi Ha KapTi
Mmicra Opecu. IlndppoBy momens A3C cTBOpeHO 3 ypaXyBaHHSM BHMOT 1O IPEJCTaBICHHS aTPHOYTHBHHX Ta MPOCTOPOBHUX AaHHX
BianosinHoi ['IC. CxitazoBuMu po3po0iieHoi KOHIENTyanbHOT MOJIEN €: YHiBepCaabHUH MU(POBHH 1eHTH(DIKATOpP, IPOCTOPOBI AaHi
Y BUIVISIZII THITY Ta KOOPIWHAT 00’ €KTa, aTpUOYTUBHI JaHi, sIKi CKIaaloThCs i3 CTATHYHUX Ta JUHAMIYHUX O3HAK, a TAKOXK YHCEIbHI
MoOZeNi po3BUTKY Hana3Bu4aiiHoi curyaunii. [Ipn Bizyamizanii 3acobamu I'IC oTpuMaHHX po3paxyHKOBHX TaHHX BUKOPHUCTOBYBAJIUChH
mwiarikn OSM Place Search, QuickOSM, Multi Ring Buffer, a takox mani Bimkputoro cepsepy OpenStreetMap. TIpencrasieni
pe3ysIbTaTH MOJETIOBAHHS 1 Bi3yamizamlii cBiguaTh HpO Te, IO MPH pealizanii HAHOUIbII HECHPUSTIMBHX CICHApIiB PO3BUTKY
xapakrep aBapiii Ha A3C MoKe BHITH 32 PaMKH JIOKaJIbHOTO 1 IEpeUTH Ha MEXi CeNliTeOHOT 30HH, a TAKOXK Ha OIM3BKOPO3TAIlIOBaH1
npomucioBi 00’ ekt Ta A3C, 0 MOXe Y CBOIO Yepr'y BUKINKATH HECIPHUTINBI CUTYyalii Ha HUX 3a edekToM "momiHo". Kpim Toro
pe3yiabTaTH aHaNizy OTPHMAaHUX HEOJHOPIMTHHMX IaHUX MOJEIIOBAaHHS Ta Bidyamizalii /Uil BH3HAYCHHS TEXHOTCHHOTO PHU3HKY
CBIJIYUTH PO MOXKIMBICTh 3aCTOCYBaHHS JOCIHIKCHUX MPUHIUMIB i aist iHmux [THO, a Takox M03BOJISE MPEACTABIATH JaHi Y
HAOYHIH 1 JocTymHil Gopmi a1 0cif, 10 NPUIMaOTh PillIeHHSI.
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