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SUMMARY

It was found that pollutant emissions based on the required input information on fuel mass or
combustion area can be estimated using emission factors used in EMEP reports. In the
absence of emission factors, pollutant emissions can be specified in accordance with the
technical requirements of atmospheric transfer models. Modeling of the atmospheric transfer
of PM2. s during emission from the territory of the fire at the oil depot in the city of Chernihiv
on March 3-5, 2022 was carried out. The simulation was carried out using the Lagrangian-
Eulerian diffusion model LEDI and input meteorological information obtained using the
WRF-ARW numerical weather forecast model.

On March 3, 2022, 40 tons of PMa2. s were released into the atmosphere as a result of a fire that
occurred after a projectile hit a tank group at the oil depot in Chernihiv on March 3, 2022. The
spread of polluting impurities took place on the territory of the city of Chernihiv and nearby
settlements to the south of the city. Atmospheric air pollution within the limit of average daily
concentrations occurred within a radius of 12 km.
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Introduction

There is an invisible side to any armed conflict, the consequence of which is the gradual destruction of
people's health and the environment over many years. This happens due to the entry into the human
body through water, air, food of dangerous substances, which after many years of accumulation lead to
fatal diseases and death, affect reproductive properties, affect the ability of biological organisms to
perform their functions, have an impact on the economic development of the region, which was
affected by military actions (Kravchenko et al., 2015).

Russia's aggression against Ukraine turned into a full-scale invasion of Russian troops on the territory
of our country on February 24, 2022. Heavy and prolonged hostilities cause very significant
environmental damage. The consequences of such damage are negative not only for the territories
where active hostilities are taking place, but also for the rest of the territory of Ukraine and
neighboring countries. In the course of hostilities, there is significant pollution of the environment
with chemical toxic substances, highly active poisonous substances, metal fragments and heavy
metals. Military actions on the territory of Ukraine led to the emergence of many additional social and
humanitarian problems. One of the most urgent problems that require an urgent solution are the
problems of the state of the environment (Lemieux et al., 2004; Health Risks of Air Pollution...,
2014).

Atmospheric air is one of the main components of the natural environment. It is an integral part of
human life and other living organisms. As a result of constant bombings, artillery fire, fires and
accidents that occur, the movement of heavy military equipment, there is a significant emission of
pollutants into the atmospheric air. This has a very negative effect on its quality. Therefore, the issue
of atmospheric air pollution caused by explosions, fires at oil depots, chemical plants, ecosystems, and
the movement of heavy military equipment is extremely relevant in today's conditions (Austin, Bruch,
2000; Ambient (outdoor) air pollution, 2021; Forest fires, 2019). Knowing the causes and sources of
pollution, as well as substances entering the air as a result of military operations, is extremely
important. After all, this will directly help to assess the consequences of such an impact on the life and
health of the population.

The aim of the study

To assess the consequences of the fire at the oil depot of the State Enterprise "Combinat Aistra" in the
city of Chernihiv, which occurred as a result of a missile strike on March 3, 2022. Carry out modeling
of atmospheric transfer of PM,s solid particles. Determine the territories that suffered the most
pollution of atmospheric air by the specified substances and present maps of the distribution of
pollution.

Methods and methodology

During the study of the assessment of the consequences of the fire at the oil depot in Chernihiv on
March 3-5, 2022, general scientific, statistical research methods, methods of numerical mathematical
modeling of atmospheric processes and cartographic methods were used to visualize the modeling
results.

The input meteorological information is provided by the results of the calculation of the fields of
meteorological elements and the characteristics of the boundary layer of the atmosphere, obtained
according to the WRF-ARW numerical weather forecast model. Modeling of the processes of
atmospheric transfer and spread of pollutants was carried out using the Lagrangian-Eulerian diffusion
model LEDI. The results were mapped using Surfer.8, MeteoInfoMap, GoogleEarthPro.

Presenting main material

General Information. On March 3, 2022, around 8:10 a.m. in the city of Chernihiv, on the Chudinov
street, on the territory of the State Enterprise "Combinat Aistra", during the shelling, a shell hit the oil
tank, as a result of which the tank group with a total capacity of 5 thousand cubic meters diesel fuel
caught fire. According to information from the State Emergency Service, active burning stopped on
March 5, 2022 at 10:30 p.m. The specified event took place during the martial law on the territory of
Ukraine. During the fire, there was an unorganized release of pollutants into the atmosphere.
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According to available information, the mass of petroleum products destroyed by fire is: diesel fuel -
10594.807 tons; aviation kerosene - 4559.880 tons. The event began on March 3 at around 08:10 and
ended on March 10 (complete extinguishment of the fire). The period of active burning lasted from
8:10 a.m. on March 3 to 10:30 p.m. on March 5, the duration of the period of active burning was 62 h
20 min.

Analysis of synoptic conditions during the event. The analysis of synoptic conditions was carried out
on the basis of synoptic maps of surface analysis for March 3-5, 2022, obtained with the help of the
weather forecaster program, on the basis of the educational synoptic laboratory of the Faculty of
Geography of KNU. Surface weather analysis maps are derived from GFS analysis data.

Since the beginning of the day on March 3, the northern periphery of the cyclone with its center over
the territory of Turkey was over the area of the accident. At the time of the accident, the situation had
not changed significantly. The city of Chernihiv was located in a zone of increased atmospheric
pressure. The cyclone, centered over Turkey, began to shift to the NE and affected the accident area
with its northwestern periphery (fig.1). The cyclone continued to move and the northern part of the
territory of Ukraine ended up in a trough formed between several baric formations and covered the
territory of Belarus, the northern regions of Ukraine and some western regions of Russia. During the
day of March 3, Chernihiv was in a low-gradient baric field of high pressure, and by the end of the day
the situation had not changed significantly. The center of the cyclone over Turkey shifted to the
territory of the northwestern coast of the Caspian Sea, leaving the area of the accident under the
influence of its northwestern periphery.
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Figure 1 Surface analysis of the weather on March 3, 2022, (06 h UT C); the red dot is the point of
emission

At the beginning of the day on March 4, the synoptic situation changed somewhat, compared to March
3. The territory of Ukraine found itself at the junction of the cyclone, which moved to the NE and
covered significant areas around the coast of the Caspian Sea and baric systems located over the
territory of Europe. The northeastern, eastern, southeastern, and central regions of Ukraine were under
the influence of the northwestern periphery of the cyclone, and the rest of Ukraine was under the
influence of a low-gradient field that turned into an anticyclone centered over the Scandinavian
Peninsula and an area of low pressure extending to the south Europe, along the coast of the
Mediterranean Sea. During the day of March 4, the synoptic situation remained almost unchanged.
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From 12:00 UTC and until the end of the day, the city of Chernihiv practically remained at the
junction of two baric formations: a cyclone to the SW and an anticyclone to the NW, within the isobar
of 1015 hPa. By the end of the day on March 4, the impact of the western periphery of the cyclone,
centered over the northern coast of the Caspian Sea, intensified in the area of the accident.

At the beginning of the day on March 5, the main baric systems that determined the synoptic
conditions in the area of the accident did not change. The cyclone in the East deepened, the
anticyclone in the North-West weakened somewhat. From the middle of the day on March 5, the
anticyclonic area from Scandinavia merged with the anticyclone, the center of which was located over
Great Britain. The area of the accident was in the rear of the occlusion front, which was formed as a
result of the merger of frontal cyclone systems over the northern coast of the Caspian Sea. By the end
of the day on March 5, the cyclone began to shift to the East, and most of the territory of Ukraine, as
well as the city of Chernihiv, came under the influence of the extreme southeastern periphery of the
anticyclone centered over Great Britain.

Model preparation. Modeling of processes of atmospheric transfer and spread of pollutants was
carried out using the Lagrangian-Eulerian diffusion model LEDI. The input meteorological
information is provided by the results of the calculation of the fields of meteorological elements and
the characteristics of the boundary layer of the atmosphere obtained by the numerical weather forecast
model WRF-ARW.

To simulate the transfer processes, a scenario was chosen, according to which all the available fuel
was burned during the period of active burning on March 3, 08:10 - March 5, 22:30. According to the
State Emergency Service, the fire caused an unorganized release of pollutants into the air. According
to the available information, the mass of oil products destroyed by the fire is 16,000 tons, the duration
of the release was set at 7=62 hours. Using EMEP emission factors, the mass of pollutants released
into the atmosphere as a result of a fire at an oil depot was calculated (EMEP Guidebook, 2019),
(EMEP: emission factors database, n.d.).

The following emission factors were used to calculate the mass of pollutants and to model transfer
processes: for solid particles of 2.5 pm (PM,s), the emission factor is 2.5x107 ton/ton. During
modeling, it was assumed that the emission intensity for PM, s is 0.179 kg/s.

Preliminary calculations showed that the concentrations of pollutants in the air exceeded the RfCacute.
and RfCehronic up to distances of 12 km. Therefore, the calculations were carried out on a 45x45 km
grid. The simulation was carried out for the entire time period of active combustion - 62 hours.

Simulation results. As a result of the explosion and burning of fuel at an oil depot in the city of
Chernihiv on March 3, 2022, 40,000 kg of PM,s entered the atmosphere. Atmospheric transfer
modeling was carried out for PM, s, as previous calculations showed the largest zone of contamination
by PM,s. Calculated integral volume concentrations of substances for 03/03/2022 (for 16 h), for
03/04/2022 (for 24 h) and for 03/05/2022 (for 23 h). Integral volume concentrations are converted into
average daily concentrations for the possibility of their comparison with the standard of the State
Government of Ukraine. Also calculated are the maximum instantaneous concentrations of substances,
which compared to the standard of RfCjcute . Figure 2 shows the integrated and average daily volume
concentrations of PM3 s in the air around the oil depot.

To simulate the transfer processes of fine PMy s particles, the calculation grid was increased, since
preliminary calculations showed that PM» s concentrations that exceed the RfCacure are observed at
distances of the order of 12 km from the emission source. Thus, the simulation of PM,; 5 transfer was
carried out on the grid with a size of 45x45 km and a grid step of 900 m. Modeling was carried out for
the entire time period of active burning - 62 hours.
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Integral and average daily surface volume concentrations of PMazs
around SE “Kombinat Aistra™ 03/03/2022
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Figure 2 Integral and average daily surface volume concentrations of PM»;s around SE “Kombinat
Aistra”, in the city of Chernihiv, str. Chudinova on March 3, 2022
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Conclusions

On March 3, 2022, 40 tons of PM»s were released into the atmosphere as a result of a fire that
occurred after a projectile hit a tank group at the “Kombinat Aistra” oil depot in Chernihiv on March
3, 2022. The spread of polluting impurities took place on the territory of the city of Chernihiv and
nearby settlements to the south of the city. Atmospheric air pollution within the limit of average daily
concentrations occurred within a radius of 12 km for PM»s. The results of the study can be used to
assess the risk and harm caused to the health of the population caused by the emissions of pollutants
into the atmospheric air and to assess damages in monetary terms, which will be a necessary measure
for legal proceedings on the issue of reparations.
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