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ASSESSMENT OF EXCESS PRESSURE DURING ACCIDENTS
AT OIL REFINERIES

Assessed the excess explosion pressure during an accident on oil tanks. In the studies, three cas-
es of accidents were considered: local depressurization of the oil tank, full depressurization of the oil
tank without the formation of a breakthrough wave and full depressurization with the formation of a
breakthrough wave of the oil. The study was conducted for tanks with a volume of 10.000 m>. The
paper considers a mathematical model of the overpressure of the explosion of vapors evaporated from
a oil spill in the event of these accidents. According to this mathematical model, graphs of the depend-
ence of excess explosion pressure on the radius were built. From the analysis of these graphs, numeri-
cal values of the radii of buildings damage degreewere determined. In case of full depressurization of
the oil tank with the formation of a breakthrough wave, the radii of buildings damage degreewill be
significantly larger than in the case of full depressurization without the formation of a breakthrough
wave, which is due to a significant increase in the area of evaporation of the oil. It is determined that
the presence of a serviceable dike can significantly reduce the consequences of accidents that can oc-
cur when damaged oil tanks. The radii on which a person will suffer damage of various degrees of
complexity from the explosion of oil product vapors during their spill as a result of an accident on oil
tanks are determined. It was established that for the case of local and full depressurization of a tank
with an oil product without the formation of a breakthrough wave, a person will not receive too severe
affections from a shock wave. In this case, for the case of full depressurization of the oil tank with the
formation of a breakthrough wave, this distance will be at least 535 meters. The obtained results allow
to assess the consequences of accidents on oil tanks and can be used to determine the distances of per-
sonnel and their special protective clothing.
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1. Introduction

Fire hazard of petrochemical industry facilities must meet the requirements of fire,
energy, economic, environmental safety. The issues of fire and explosion safety of oil re-
fining industry enterprises are very relevant. This is explained by: the presence of poten-
tial dangers that cause material and human losses; concentration of chemical energy car-
riers, oil and oil products, their ability to burn, explode and pollute the atmosphere with
hazardous emissions, extremely high energy saturation of oil refining industry facilities.

Modern enterprises of the oil refining industry are a constant source of threats that
have a global social character and require adequate measures for the safety of the popu-
lation and the environment. A significant number of hazards occur in the petrochemical
and oil refining industries. Tank farms are the main place of storage of crude oil and
petroleum products at oil refineries, transshipment and distribution depots, enterprises
of automobile, railway, water, air transport. Accumulation of flammable and combus-
tible liquids in a relatively small area of the tank farm leads to increased fire hazard of
such facilities. The spill and ignition of petroleum products is one of the most danger-
ous emergencies that can lead not only to significant material losses, but also to human
casualties. In terms of complexity, the fire in the tank farm is one of the largest, you
have to think about the location of communications passing nearby and the location of
adjacent rooms.

Civil Security. DOI: 10.52363/2524-0226-2024-39-12 P57 &


https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%83%D0%BA%D1%80%D0%B0%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9/Professor+of+the+Department+of
https://orcid.org/0000-0002-6396-9906

ISSN 2524-0226. Problems of Emergency Situations. 2024. N 1(39)

The situation is complicated by the war on the territory of Ukraine, since most ob-
jects of the petrochemical industry are constantly shelled by the aggressor country. Be-
fore the war, the number of fires over the past 30 years remained virtually unchanged:
during the year on the territory of Ukraine there are on average 2 fires for 3 years at
large oil refineries or oil depots. Over the last two years, the number of accidents at side
facilities has sharply increased. At what oil tanks can be damaged directly by shells,
their fragments, and so the shock wave caused by the hit of missiles near the tank.
Based on this, the assessment of the consequences of emergencies that may occur at
petrochemical facilities is relevant.

2. Analysis of literature data and problem statement

The fire hazard of petrochemical industry facilities must meet the requirements of
fire, energy, economic and environmental safety. The issues of ensuring fire and explo-
sion safety of enterprises of the oil refining industry are very relevant. This is explained
by: the presence of potential dangers causing material and human losses; the concentra-
tion of chemical energy carriers, oil and oil products, their ability to burn, explode and
pollute the atmosphere [1], underground and river waters due to seepage of liquid deep
into the soil [2] with dangerous emissions, extremely high saturation energy of oil refin-
ing industry capacities. Spreading over considerable distances, they significantly affect
the state of the air [3]. The shortcoming of the works [1-3] is that they consider the
consequences of accidents at the facilities of the petrochemical industry from the point
of view of impact on the environment, while the consequences of direct impact on peo-
ple and buildings remain undefined.

About 60 % of fire emergencies are fires involving flammable liquids [4]. Acci-
dents of vertical steel tanks, as a rule, are accompanied by oil spills and fires caused by
it, which leads to man-made disasters, violations of normal operation and significant
environmental pollution [5]. In works [4-5] models of spill area of various oil products
depending on various factors are considered, while the conditions for the formation of a
fire-hazardous environment during the formation of such spills are not defined.

In [6], the main causes of accidents at tanks with oil products are considered, the
most common of which are violations of the technological conditions of operation, de-
fects and violations during installation, damage by debris and shock waves during
shelling of oil tanks, corrosion, etc.

The paper [7] investigated the thermal effect of a fire in a tank with petroleum
products on the neighboring tank. Using the thermal conductivity equation, the tem-
perature distribution inside the tank wall is determined. However, this research paper
does not consider the consequences of an oil spill. In [8], a model of the thermal effect
of a flame on a container with oil products located nearby is proposed, but this model
does not take into account the different temperatures on the outer and inner surfaces of
the container. In the paper [9], the authors analyze the impact of a fire in a nearby tank
and a collapse fire on a tank with petroleum products.

In [10], a model of the burning of an oil spill on a horizontal surface in the shape
of a circle is presented. The disadvantage of the model is that the slope of the surface is
not taken into account, which leads to the stretching of the spill area along the direction
of the slope [11]. In [12], the method of experimentally determining the parameters of
infiltration into the soil is given, but the parameters of the flame above the burning and
spreading liquid are not taken into account. In [13], a model of the convection compo-
nent of the heat flow from a spill fire of arbitrary shape is described. This model takes
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place during the formation of a spill of petroleum products and their ignition without
the formation of an explosion. The article does not consider the case when, due to the
spread of oil products, an explosive vapor-air concentration is formed over them,
which, in the presence of an ignition source, is capable of exploding and the conse-
guences to which this can lead.

Thus, the unsolved part of the considered problem is the lack of research on the
consequences of accidents caused by the explosion of a vapor-air mixture formed as a
result of the evaporation of an oil spill and their impact on people and buildings.

3. The purpose and tasks of the research

The purpose of the work is to evaluate the impact of the overpressure of the ex-
plosion on people and buildings during various accidents on oil tanks.

To achieve the goal, the following tasks must be solved:

— to determine the dependence of the excess pressure of the explosion on the dis-
tance in various accidents on tanks with oil products;

— to determine the degree of damage to people and buildings under the action of
excess pressure of the explosion, which was formed as a result of accidents.

4. Research materials and methods

The object of the study is the consequences of accidents during the destruction of
tanks with petroleum products.

The subject of the study is the assessment of the degree of damage to people and
buildings by the shock wave of the explosion of a vapor-air cloud over an oil spill. The
hypothesis of the study is that the formation of a shock wave of an explosion of a
steam-air cloud over an oil spill can lead to the death or injury of people and the de-
struction of buildings and structures.

Tabl. 1. Initial data

Parameter Value
Oil tank volume, m?® 10000
Height, m 12.0
Radius, m 17.1
Oil density, kg/m?® 850
Coefficient of spillage during spreading, f/m 20
Oil temperature,°C 39
Lower flame propagation concentration limit, % 0.9
Molecular weight, kg/kmol 50
Acceleration of gravity, m/s? 9.8
Air pressure, kPa 101.325
Degree of filling of oil tank, % 90
Block time, s 3600
Saturated oil vapor pressure, kPa 60
Saturated oil vapor concentration, % 59.215
Diameter of hole formed during depressurization, m 0.05

In the study were estimated the consequences of emergency situations at oil de-
pots. For research were chosen three possible scenarios of fire occurrence and devel-
opment:

— local depressurization with the occurrence of an oil spill fire in the diking;
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— full oil tank depressurization without wave with the occurrence of an oil spill
fire throughout all the dike area;

— full oil tank depressurization with wave which burns and goes through the
dike area.

The data were used for the studies presented in Tabl. 1. For research were used
10.000 cubic meter oil tanks were, as are the most common in Ukraine. Calculations
will be carried out by computing equipment using the Maple program.

5. Mathematical model oil spill fire thermal influence size zones estimation
Value of excess pressure determined by the formula:

Ap:px'pO’ (1)

where the value of dimensionless excess pressure is:

2
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the value of dimensionless distance from center of the cloud:
r
== ©3)
(E/p,)"?
and E — effective energy reserve of combustible mixture.
Visible flame speed determined by the formula:
up,if u, > 300;
= . (4)
300,if u, <300.
where estimated flame speed is:
u, = k,m®, 5)
the mass of evaporated oil product vapors:
m_=015pV,, (6)

where V,— volume of spill oil, p— oil density.

For a scenario with full depressurization of the tank without creating a break-
through wave, the volume of oil flowing out is determined by the formula:

nD?
VS = hd Tp. (7)

For a scenario with complete depressurization of the tank with the formation of a
breakthrough wave, the volume of oil spilled will be determined by the formula:
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Tabl. 2. Oil spill area for different emergency scenarios
Emergency scenarios Oil spill area, m?
Local depressurization 1267
Full oil tank depressurization without wave 17564
Full oil tank depressurization with wave 297637

The area of the oil spill for various emergency scenarios, which was calculated
based on the data in Tabl. 1, is presented in Tabl. 2.

6. Assessment of damage degree to people and buildings from explosion

Using formula (1), the graphs of the excess explosion pressure during combustion
of the explosive hazardous steam-air mixture against the distance for various accidents
of oil tanks were plotted and shown in Fig. 1.
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Fig. 1. Dependence of excess pressure on the distance for oil tank when it has: 1 — local de-
pressurization; 2 — full depressurization, without wave; 3 — full depressurization, with wave

1 2 3

I - complete destruction I - average destruction

- severe destruction I - weak destruction

Fig. 2. Radii of Buildings Damage Degree in an Oil Spill Explosion: 1 — local depressuriza-
tion; 2 — full depressurization, without wave; 3 — full depressurization, with wave
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From the analysis of the graphs presented in Fig. 1, the distances at which a per-
son will receive different degrees of shock wave damage resulting from local depressur-
ization of the oil tank, full oil tank depressurization without wave and full oil tank de-
pressurization without for oil tanks with a volume of 10.000 m? are determined are pre-
sented respectively in Tabl. 3.

Tabl. 3. Humans Damage Degrees (Oil tank V=10000 m?)

Damage Degrees | Radius, m
Local depressurization
Light affections 84-180
Average affections 50-84

Severe affections <50

Too severe affections

Full depressurization, without wave

Light affections 280-600
Average affections 170-280
Severe affections <170

Too severe affections -

Full depressurization, with wave

Light affections 1470-3000
Average affections 950-1470
Severe affections 535-950
Too severe affections >535

Also, the radii of destruction of buildings during the explosion of the steam-air
mixture formed as a result of local depressurization of the tank, complete depressuriza-
tion of the tank without the formation of a breakthrough wave and complete depressuri-
zation of the tank with the formation of a breakthrough wave were determined, which
are presented in Fig. 2.

7. Discussion of the results of the overpressure assessment of the explosion

The assessment of the consequences of an accident at petrochemical enterprises,
namely an explosion of a vapor-air mixture on a spill of a petroleum product, which
was formed when a reservoir with a petroleum product was damaged, was studied.
When conducting the research, it was assumed that the oil product was spilled on a flat
asphalted surface, and the spilled substance was oil.

Tabl. 2 shows oil spill zones with various damage to oil tanks. From the analysis
of this table, it can be stated that the presence of a technically sound dike can signifi-
cantly reduce the area of oil spill. At the same time, under the condition of complete
depressurization of the tank with the formation of a breakthrough wave, the area of oil
spill will increase by no less than 16.84 times compared to the complete depressuriza-
tion of the tank without the formation of a breakthrough wave. This is due to the fact
that when the reservoir is fully depressurized without a breakthrough wave, the spill
zone will be limited to the dam area.

From the analysis of the graphs presented in fig. 1, the radii of destruction of
buildings during the explosion of a vapor-air mixture are determined, as shown in
Fig. 2. From this figure, it can be seen that with local depressurization of the oil tank,
the radius of complete destruction of buildings will be 75 meters, with complete de-
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struction of the tank without the formation of a breakthrough wave, 215 meters, and
with complete destruction with the formation of a breakthrough wave — 1160 meters.
Based on this, it can be argued that the presence of collapse can reduce the radius of the
lesion by at least 5.39 times.

It follows from table 3 that with local depressurization and full depressurization
without the formation of a wave, a person will not receive too severe injuries. And with
complete depressurization by wave formation, this distance will be 535 meters. At the
same time, a person will receive severe damage in the case of local depressurization of
the tank at a distance of up to 50 meters, in the case of full depressurization without the
formation of a breakthrough wave, this distance will be 3.4 times greater, and in the
case of full depressurization due to the formation of a wave, this distance will be 10.7
times. This is due to the fact that the area of oil spillage when the tank is completely
depressurized with the formation of a breakthrough wave is much larger, and accord-
ingly, the area of evaporation is also larger.

The disadvantages of this study are the narrow area of obtaining results. This is
due to the fact that when applying this method, the physical characteristics of the
spreading substance are taken into account, so separate calculations must be made for
each substance. Evenness of the surface and its material can also play a significant role
In obtaining results. Future research will be directed to the construction of mathematical
models of oil product spreading that take into account the topography of the area. Such
studies require the use of mathematical apparatus, which involves the solution of inte-
gral equations and the use of mathematical software.

Based on these data, it can be argued that the presence of a functional collapse can
significantly reduce the consequences of accidents at oil storage facilities. In general,
the data given in the work can be used by fire extinguishing managers for the placement
of personnel and equipment during the liquidation of accidents at such facilities. For
example, the data in Tabl. 3 can be used to determine the distances of personnel and
special equipment.

8. Conclusions

1. The dependence of the excess explosion pressure on the distance in various
accidents on oil tanks was determined and graphs of these dependencies were plotted.
Numerical values of radii of destruction of buildings and structures of different de-
grees are determined. It was determined that with local depressurization of the oil tank,
the radius of damage will be 75 meters, with full depressurization it will increase by
2.86 times, and with full depressurization with the formation of a wave by 15.46 times.
Based on this, it can be argued that the presence of a serviceable dike can significantly
reduce the consequences of accidents on oil tanks.

2. The degrees of damage to people by the shock wave, which was formed as a
result of the explosion of a mixture of vapors of a petroleum product spill during acci-
dents on tanks with oil of various nature, which are presented in the form of a table,
are determined. It is established that in the case of local depressurization and full de-
pressurization without wave, people will not receive too severe affections, and in the
case of full depressurization with wave, this distance at which people will receive too
severe affections will be 535 meters.
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OIIHKA HAJJIMIIKOBOI'O TUCKY BUBYXY IIPU ABAPISIX HA
HA®TOINEPEPOBHUX IIIIPUEMCTBAX

[IpoBeneHO OLIHKY HAUIMIIKOBOTO THCKY BHOYXY IpH aBapii Ha pe3epByapax 3 HaQTOMPOAYK-
TOM. Y JOCHIDKEHHAX OyII0 PO3TISTHYTO TPH BUTIAAKH aBapiii: JIOKaTbHA PO3TEpPMETH3AIlS pe3epByapy 3
Ha(TOMPOIYKTOM, TIOBHA PO3TEPMETH3ALIS pe3epByapy 0e3 yTBOpEHHS XBHIII IPOPHUBY Ta MIOBHA pO3re-
pMeTu3alis 3 YTBOpEHHsIM XBWIII popuBy Hadrompoaykty. dochimkeHas O0yao MpoBeAEHO I pe3ep-
ByapiB 06’emom 10000 m>. B po6oTi posrisiHyTa MaTeMaTHYHa MOJENb HAITUIIKOBOIO TUCKY BUOYXY
mapiB, 110 BUTIAPOBYIOTHCS 3 PO3NUBY HAPTOMPOAYKTY Y BHITAIKY X aBapiil. 3a IMi€l0 MaTeMaTHIHOIO
Mojie/uTI0 Oy o0y 10BaHi rpadiky 3a1eKHOCTI HAAJTUIIIKOBOTO TUCKY BHOYXY Bifl paziycy. I3 anami3zy
nux TpadikiB BU3HAYCHI YHMCICHHI 3HAYCHHS PajiyciB CTYIEHIB pyHHyBaHb OyniBens i criopya. Bera-
HOBJICHO, III0 Y BHITIAJIKy IIOBHOI po3repMeTH3alii pe3epByapy 3 HaQTONPOIYKTOM 3 YTBOPEHHIM XBHIII
MIPOPHBY PaliyCH MOBHUX PyWHYBaHb OyAiBeINb i CIIOpPY/ OYAyTh 3HAYHO OUTHIITUMHY HiXK Y BUTIAJIKY TIO-
BHOi po3repMeru3aiii 6e3 yTBOpPEHHS XBHJI MPOPUBY, IO OOYMOBIIOETHCS 3HAYHUM 301TBIICHHSIM
IJIONI BUTIApOBYBaHHA HaTONMpoayKkTy. Bu3HaueHo, 10 HasIBHICTh CIIPaBHOTO OOBATYBaHHS J03BOJISIE
Y pa3u 3MEHIIUTH HACNTIIKA aBapii, M0 MOXYTh CTaTHUCS MPH MOIIKOKEHI pe3epByapiB 3 HapTOIpoO-
nykToM. Bu3HaueHi pajiiycy Ha SIKMX JIFOJJHA OTPUMAE MOIIKOHKEHHS Pi3HUX CTYINEHIB CKIaJHOCTI Bij
BHUOYXy TapiB Ha)TOMPOAYKTY IPH IX PO3TUBI BHACIIIOK aBapii Ha pe3epByapax 3 HAPTONPOIYKTAMH.
BcTanoBieHo, 1o U1 BUIMAAKY JIOKAJIBHOI Ta IOBHOT po3repMeTH3alii pe3epByapy 3 HaQTONPOIYKTOM
0e3 yTBOpEeHHsI XBIJIi MPOPHUBY JIIOAWHA HE OTPUMAE HAJIBaXXKUX YHIKOMKEHb BiJl yaapHoi xBuii. [Ipu
IBOMY JUIS BHIIQJKY NOBHOI po3repMeTH3allii pe3epByapy 3 Ha(TONMPOAYKTOM 3 YTBOPEHHSIM XBHII
MIPOPHBY IS BiZICTaHb CKJIafe He MeHmne 535 merpiB. OTpuMaHi pe3yabTaTd T03BOJISIOTH OLIHUTH HAC-
JKW aBapiii Ha pe3epByapax 3 HAPTOMPOAYKTOM Ta MOKYTh OYTH BUKOPHCTaHI KepiBHUKaMHU TacCiHHSI
MOKEK JJIS1 PO3MILIEHHS] 0COO0BOTO CKIIay Ta TEXHIKH MPY BUHUKHEHHI aBapiil Ha X 00’ €KTax.

Ku1040Bi cj10Ba: HA/UIMIIKOBHI THCK BUOYXY, PO3TIHB HaTOIPOAYKTY, pe3epByapH 3 HadTo-
MIPOJIYKTOM, HACHIJIKH aBapiid
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