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Abstract 
 

In the world, environmental priorities are becoming increasingly important, especially important for fragile 
ecosystems such as the Arctic. These territories require close attention, due to the increasing frequency of 
man-made accidents, the bottling of oil products. Tank farms, which in many ways have already exhausted 
their design resource, are becoming a zone of increased attention, but are still in operation. In order to 
reduce man-made risks caused by depressurization of tanks with oil products, it is necessary to organize 
continuous monitoring and forecasting of risks, assess possible consequences, organize preventive 
measures, and develop response plans in the event of emergencies. It is necessary to create complex security 
systems at an accelerated pace to prevent and eliminate the consequences of natural and man-made 
emergencies in the Arctic zone. The work solved the problem of modelling the development of events 
during emergency bottling of oil products at a tank farm in the Arctic zone of the Krasnoyarsk Territory. 
The assessment of the area of bottling of oil products into the reservoir has been carried out. Modelling of 
emergency situations was carried out using the “Toxy+” risk software product, and the neural network 
forecasting methodology using the neural network simulator “NeuroPro”, developed at the Institute of 
Computational Modelling of the Federal Research Center of the KSC SB RAS to estimate the bottling area 
until the moment of localization. Comparison of the analytical method for determining the area of the oil 
spill in a reservoir and the neural network method is made.   
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1. Introduction 

The Arctic is a territory where the geopolitical and strategic interests of the developed economies of 

the world clash. The economic value of this territory is difficult to assess, since every year, with the 

development of geological exploration technologies, more and more new deposits of oil, gas, minerals, coal 

and brown coal, gold and platinoids and rare earth elements are being discovered. Projects for the 

development of these minerals are key for the development of the economy of the regions and the Russian 

Federation as a whole. 

On the territory of the Krasnoyarsk Territory in the Arctic zone, the Taimyr-Turukhansk support 

development zone is being created. When creating support zones for development, especially when 

implementing major economic and infrastructure projects in areas of industrial development and areas of 

active development, that is, where infrastructure (transport, energy and social frameworks will be created 

at a faster pace), a sharp increase in the number of people is expected, which in its own turn leads to the 

need to provide equipment with fuels and lubricants and an increase in stationary tanks for storing fuel, 

since due to the specifics of the transport infrastructure and meteorological features of the Artik, the task 

of uninterrupted and continuous supply of petroleum products is difficult. In this regard, all deliveries are 

made as part of the northern delivery from spring to autumn, and fuel is stored in tanks, which have already 

largely exhausted their resource and can carry a potential threat of an emergency caused by depressurization 

of these tanks. 

2. Problem Statement 

Within the framework of the integrated development of the Arctic, the city of the port of Dudinka, 

which is an intermediate point of the northern sea route, is of the greatest importance. On the territory of 

the port, located on the right bank of the Yenisei River, there is: an onshore tank farm where there is a 

significant number of tanks with oil products; a pumping station for internal pumping; onshore process 

pipelines, diesel power plants; the operation of which in extreme weather conditions increases the risk of 

emergencies associated with bottling petroleum products. 

 In the vicinity of the above-ground reservoir park, there are lakes located at a distance of 30 m (with 

a total area of over 18 thousand m2); streams flowing into the Yenisei River with a length of about 500 m 

to the confluence with the Yenisei River. During the flood period, the width of the streams can reach 1.5 

m, and the speed of the current up to 2.5 m/s. 

Despite all the measures taken in the field of industrial safety, accidents continue to occur and their 

consequences bring significant harm to the environment and human health. In 2020, three major accidents 

were recorded in the Arctic zone of the Krasnoyarsk Territory, as a result of which oil products got into the 

soil and water bodies, causing irreparable damage to the environment. 

The analysis of emergencies at fuel oil storage facilities over the past 10 years allows us to conclude 

that the overwhelming number of accidents is associated primarily with the aging of the tank farm, which 

complicates the problem of monitoring the state of the tank farm and predicting possible consequences. 

The problem of creating an effective risk management system for technogenic systems was 

considered in the works of the authors (Medvedeva & Solovieva, 2016; Mikheeva & Ayusheeva, 2014; 
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Moskvichev & Nicheporchuk, 2018; Moskvichev et al., 2017; Potravny & Ngo, 2018). The significance of 

the issues of forecasting emergency situations was raised in the works of a number of researchers such as 

Korovin (1969), Grebnev et al. (2019), Grebnev and Moskalev (2020), Dorrer (2008), Volchek (2010), 

Chuchueva (2010). The problems of regulating the use of polluted lands and water bodies were considered 

in the works of the authors (Cappuyns, 2013; Carlon et al., 2007; Fentiman & Zabbey, 2015). Carrying out 

effective preventive measures is impossible without organizing the monitoring and forecasting process. 

Risk forecasting methods based on machine learning have become widespread and have found application 

in applied and fundamental research (Gorban et al., 2002; Grebnev & Yarovoy, 2018; Martyinov, 2011). 

3. Research Questions 

The work solved the problem of modelling the development of events during emergency bottling of 

oil products at a tank farm in the Arctic zone of the Krasnoyarsk Territory. 

4. Purpose of the Study 

In this work, the goal was to develop a model for assessing the impact of the risks of an emergency 

situation caused by the bottling of oil products. The adequacy of the model correlated with the incident at 

the oil depot in the area of the settlement of Dudinka located beyond the Arctic Circle. 

5. Research Methods 

Simulation of an emergency situation at a tank farm was carried out using the TOXI + Risk software 

product (Toxi Industrial Safety Software, 2021) and the neuroimitator NeuroPro 0.25 developed at the 

Federal Research Center of the KSC SB RAS (NeuroPro, 2021). The data set for risk assessment and 

modeling was obtained from the Main Directorate of the Ministry of Emergency Situations of Russia for 

the Krasnoyarsk Territory, the agency for civil defense, emergency situations and fire safety of the 

Krasnoyarsk Territory on the basis of emergencies that occurred in 2020. 

The initial data for the calculations were the following indicators: 

 

1. density of oil poil = 850 km/m3; 

2. coefficient of spread of petroleum products on concrete pavement fp = 30 m-1; 

3. the temperature of the oil product obtained by calculation tp = 39 °C; 

4. flame spread concentration limit φf = 0.9%; 

5. molecular weight of oil M = 50 kg/mol; 

6. molar volume of steam V0 = 22.41 m3/kmol; 

7. free fall acceleration g = 9.8 m/s2; 

8. atmospheric pressure p0 = 101.325 kPa; 

9. VST (vertical steel tank) height, Нр = 10.92 meters; 

10. VST (vertical steel tank) diameter, Dp = 40 meters; 

 

The work considered the following emergency scenarios: 
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1. Destruction of an above-ground vertical steel tank. 

2. Destruction of the onshore process pipeline. 

3. Overflow of a vertical steel ground tank. 

4. Destruction of the onshore process pipeline in the area of possible impact on the lake. 

5. Destruction of the onshore process pipeline in the area of possible impact on the stream. 

6. Destruction of the onshore process pipeline in the area of possible impact on the Yenisei River. 

 

The following formula is used to estimate the area of spilled oil products in a free spill on land 

(Tsalikov, 2009a): 

𝑆𝑆 = 𝑓𝑓 ∙ 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜           (1) 

where S is the area of spilled oil products, f is the spill coefficient, which is taken: when light oil products 

are spilled onto the surface of concrete or asphalt - 150 m-1 and when light oil products are spilled onto the 

ground - 20 m-1. 

Voil - volume of spilled oil products, m3. 

Layer thickness of spilled oil products on land in flanging/embankment (m): 

ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑆𝑆0

       (2) 

Sо - equal to the flanged / bunded area minus the area of technological elements (tanks, buildings, 

etc.). 

Depending on the location of the source of the oil spill on the ground, the oil spill can take different 

geometric shapes. 

When oil products are spilled in a lowland or on a flat surface, the spill shape is a circle with a radius 

(m): 

𝑅𝑅𝑝𝑝 = �𝑆𝑆
𝜋𝜋
          (3) 

When an oil spill occurs in an area with various restrictions (embankment, flanging, processing 

equipment, etc.), the shape of the oil product spill is characterized by the geometric characteristics of the 

limited areas. 

The maximum predicted oil spill area on the water surface is approximated by the formula 

(Gosgortekhnadzor of Russia, 2002): 

    003,0/oilVS = , m2       (4) 

If the water surface area is less than the maximum predicted oil spill area on the water surface, 

calculated using the above formula, then the maximum predicted oil spill area on the water surface is 

assumed to be equal to the surface area of the water surface. 

When entering stagnant water bodies, oil products begin to concentrate on the water surface and 

their spreading over the water surface is limited by the banks. 

When entering watercourses, oil products begin to concentrate on the water surface. Its spreading 

over the water surface of water areas is limited by the shores, and spreading occurs downstream.  
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Taking into account the uneven distribution of river flow velocities along their depth, the time and 

extent of the spread of the oil slick is calculated based on the wind speed and the maximum flow speed. 

When a slick of a spilled oil product spreads along the course of streams (due to the shallow depth), the 

speed of their flow can be considered constant. When considering the scenario of an accident of destruction 

of the onshore process pipeline in the area of possible impact on the stream. the entire water area of the 

stream will be contaminated in less than 5 minutes and spilled oil products will begin to flow into the water 

area of the Yenisei River. 

Then the maximum distance in meters to which a slick of oil products will spread is calculated by 

the formula (Rostekhnadzor, 2015): 

𝐿𝐿 = (𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚 + 0.035 ∙ 𝑈𝑈𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤) ∙ 𝑡𝑡     (5) 

where: Umax - maximum flow rate (m/s): 

         𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚 = 1.28 ∙ 𝑈𝑈ср       (6) 

where: Ucp is the average flow rate of the Yenisei River at the point of confluence of the stream and 

downstream, m/s (based on the worst conditions: the average speed of the current during the spring flood 

(April-May) at the point of confluence of the stream and downstream is - 1.50 m/s); Uwind - wind speed, m/s 

(based on the worst conditions: the average wind speed during a spring flood (April-May) in the area of 

possible ES (N) is 6 m/s, and the wind direction coincides with the direction of the Yenisei River); t is the 

time after the start of the accident (discharge of oil products into the water body), in seconds. 

The analytical solution to the problem of the distribution of oil products in the reservoir was 

compared with the solution to the problem of the distribution of oil products produced by means of using 

artificial neural networks, trained on the analysed data of the bottling of oil products in Norilsk in 2020. 

To solve the problem of modelling the ingress of oil products into the Yenisei River, we used 

multilayer neural networks with a sigmoid activation function of the form: 

𝑓𝑓(𝑥𝑥) = 𝑥𝑥
𝑐𝑐+|𝑥𝑥|

                                                                     (7) 

where: c is the characteristic of the neuron; x is a set of input parameters. 

The neural network training algorithm was reduced to training and testing a network with 

predetermined characteristics. The dimensions of the area for bottling oil products in a reservoir depend on 

many factors that should be taken into account when modeling and compiling feature vectors: 

 

1. 1.the volume of oil that has entered the reservoir; 

2. protective structures and their type on the path of distribution of oil products; 

3. terrain relief; 

4. the level of watering of the area; 

5. the presence of vegetation: woody, shrub, herbaceous; 

6. ambient temperature; 

7. time of spill containment; 

8. the amount of precipitation; 

9. mass of oil dispersed in water, tons; 
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10. wind speed, m/s; 

11. speed of water flow, m/s; 

12. type of oil product; 

13. wind direction. 

 

The input parameters were selected empirically. The dimension of the vectors of the features noted 

above was established empirically, was thirteen. In the calculation, a multilayer neural network with 12 

layers and the number of neurons in hidden layers equal to 204 was used, which shows good results in 

practice. The percentage of reliability of the results obtained was in the range of 71-78%. 

Modeling scenarios of oil product combustion (spill, fire-flash, explosion) in accordance with the 

Methodology for determining the calculated values of fire risk at production facilities (Tsalikov, 2009b), 

using the TOXI + Risk software product. 

6. Findings 

In accordance with the methodology described in Section 2 of the work, using the TOXI + Risk 

software product, the following results of modelling the risk of an accident at a tank farm were obtained, 

Table 1. 

The first group of scenarios includes modelling of emergency situations associated with the bottling 

of oil products on land. 

 

Table 1.  Forecasting the volumes and areas of oil spills on land 

Accident 
Type of oil 

product Spill volume m3 
Coating type, on 

where the oil 
product is spilled 

Area 
oil spill, m2 

Destruction of a 
ground VST 

Diesel fuel 

 4183.192 m3 
(3555.722 m3 of diesel 
fuel will remain in the 
flange of the 1st group 
of ground VSTs and 
627.47 m3 of diesel 
fuel will overflow 

through the drainage 
and spill over the 
adjacent territory) 

Concrete, soil 

7811.7 m2 - in 
flanging 

flanging of the 
1st group of 
ground VST 

+ 
12.549.4 m2 - 

free spill on the 
ground over the 

adjacent territory 
(based on 
geometric 

features, slopes 
and area 

restrictions) 
The total volume 

is 20361.1 m2. 
Destruction of an 
onshore process 

pipeline 
Diesel fuel 92.42 Soil 1848.4 

Overflow VST above 
ground 

Diesel fuel 6.65 Concrete 997.5 
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As follows from the above data, the largest area of oil spills into the ground occurs when a ground 

vertical steel tank is depressurized. This is primarily due to the volume of stored petroleum products, which, 

as a result of destruction, will be completely emptied. 

Consider further the scenarios of bottling oil products entering the reservoir, Table 2. 

 

Table 2.  Forecasting the volumes and areas of oil spills in the water area 

Accident 
Volume 

diesel fuel 
spill, m3 

Spill area 
SGC on 

water areas, 
m2 

Time 
after the 
start of 
diesel 
fuel 

discharge 
into the 
Yenisei 
River, s 

The distance to which 
the DF slick spreads 
downstream of the 
Yenisei River from 
the place where the 
stream flows into, 
calculated by the 

analytical method, m 

The distance to 
which the DF 
slick spreads 

downstream of 
the Yenisei River 

from the 
confluence of the 

brook stream, 
calculated by the 
neural network 

method, m 

Destruction of the 
onshore process 

pipeline in the area 
of possible impact 

on the lake 

92.42 

235 

- - 

 
670 
990 

5400 
640 
300 

Destruction of the 
onshore process 

pipeline in the area 
of possible impact 

on the stream 

92.42 

772.5 m2 - 
area of 

pollution of 
the stream 

+ 
30817 m2 - 

area of 
pollution of 
the Yenisei 

River 

3600 7668 7560 
7200 15336 15210 

10800 23004 23432 
14400 

30672 31072 

Destruction of the 
onshore process 

pipeline in the area 
of possible impact 

on the Yenisei 
River 

92.42 

31604 m2 - 
area of 

pollution of 
the Yenisei 

River 

3600 7668 7468 
7200 15336 15131 

10800 23004 23127 
14400 

30672 30821 

 

Figure 1 shows the zone of maximum possible contamination by spilled oil products (with full 

containment in 4 hours) 
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 Simulated area of bottling of oil products 4 hours after entering the reservoir (scale 1: 25000) 

As a result of the ingress of oil products into the reservoir, toxic contamination of the environment 

will occur (soil pollution of the coastal strip), the water area of the Yenisei River, atmospheric air by the 

products of evaporation of oil products). 

Let us consider the situational models that define the boundaries of oil spill zones, taking into 

account the results of assessing the risk of oil spills. 

In the event of a spill of oil products on land, into a stagnant body of water, the formation of 

secondary consequences is possible, in the case of a spill of oil products in the water area of the river, 

secondary consequences are unlikely and are not considered. 

 The boundaries of the areas for bottling oil products in the event of and secondary consequences of 

the accident are shown in Table 3. 

 

Table 3.  Boundaries of the oil products bottling zone under various emergency scenarios 

Accident scenario 
Shape and area 

Oil spill 

Secondary ES (N) 

Spill fire 
petroleum 
product in 
the area 

Explosion, safe 
distance from the 

epicenter (m): 
-Human 

-Display zone 

Radius of impact of high-
temperature combustion 
products of petroleum 
products in open space 

from "fire-flash", m 

Destruction of a 
ground vertical 

steel tank 

Complex shape 
with an area of 

20361.1 m2 
(layer thickness 
0.05 - 0.46 m) 

20361.1 m2 
829.3 
1403 444.26 
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Accident scenario 
Shape and area 

Oil spill 

Secondary ES (N) 

Spill fire 
petroleum 
product in 
the area 

Explosion, safe 
distance from the 

epicenter (m): 
-Human 

-Display zone 

Radius of impact of high-
temperature combustion 
products of petroleum 
products in open space 

from "fire-flash", m 

Destruction of an 
onshore process 

pipeline 

Complex shape 
area of 1848.4 m2 
(layer thickness up 

to 0.05 m) 

1848.4 m2 
372.7 
630.4 201.27 

Destruction of the 
onshore process 
pipeline in the 

area of possible 
impact on the lake 

Complex shape 
235 m2 

(layer thickness up 
to 0.394 m) 

235 m2 71.7 
124.6 

101.90 

Complex shape 
235 m2 

(layer thickness up 
to 0.394 m) 

670 m2 
148.8 
254.8 144 

Complex shape 
990 m2 

(layer thickness up 
to 0,094 m) 

990 m2 194.7 
332.2 

163.79 

Complex shape 
5400 m2 

(layer thickness up 
to 0,017 m) 

5400 m2 
618.7 
104 

286.70 

Complex shape 
640 m2 

(layer thickness up 
to 0,145 m) 

640 m2 144.1 
247 

141.83 

Complex shape 
300 m2 

(layer thickness up 
to 0,308 m) 

300 m2 
85.1 
147.3 

110.45 

 

When oil products are spilled on areas with various restrictions (embankment, flanging, processing 

equipment, etc.), the shape of the oil product spill is characterized by the geometric characteristics of the 

limited areas.   

7. Conclusion 

In this work, the method of modelling and neural network forecasting, various scenarios of the 

occurrence and development of an emergency at a tank farm in the Arctic territory of the Krasnoyarsk 

Territory was tested. 

Accident scenarios of destruction of the onshore process pipeline in the area of possible impact on 

the lake, the area of the polluted water area depends on the lake into which oil products flow and may vary, 

depending on the area of the water surface of a particular lake located nearby, along the movement of the 

process pipeline. 

As calculations show, when a spill of oil products is realized without fire and explosion, the spill 

cannot cause significant damage to health and property of the population and third-party organizations. 
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Poisoning by oil vapours during combustion is possible for the facility personnel, as well as environmental 

damage from pollution by evaporated hydrocarbons from the surface of the oil spill. 

The penetration of oil products into the water areas of stagnant bodies of water without further spread 

is predicted in the presence of an ice crust. In this case, the spilled oil products are poured onto the ice 

surface. 

The penetration of oil products into the water area of the Yenisei River with further spread along its 

course is predicted only at a positive ambient temperature and subject to the presence of an open current in 

the streams (the stream is not frozen or not dried up). 

When an emergency situation develops according to the scenario of an explosion of oil products, it 

is predicted that material damage will be caused to technological equipment and structures of other 

industrial sites. 

When developing according to the scenario of an explosion of a fuel assembly or a combustion of a 

fuel assembly - "fire-flash", damage to the life and health of third-party organizations is possible. 

The most dangerous scenario associated with a risk to human life and health is an accident with the 

release of oil products and the formation of a spill, and further formation and explosion. 

In this work, we also compared the analytical and neural network methods for predicting the 

development of an emergency. The neural network was trained on the basis of real data obtained during an 

accident at a thermal power plant in Norilsk in 2020. In general, the results obtained indicate the 

applicability of the neural network forecasting method. In comparison with the analytical forecasting 

method, the neural network method allows relatively faster making the necessary calculations by means of 

automation and adaptation of the model for each potentially dangerous object and, in the event of an 

emergency, to make the necessary calculations to assess the situation and make a decision on attracting 

additional forces and means necessary for elimination accident. 

The results of the work testify to the importance of the problem of technical supervision of 

technological equipment when used in the fragile ecosystem of the Arctic. The results of the work can be 

applied in the development of plans for the prevention and elimination of emergency spills of oil and oil 

products. 
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