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THE ASSESSEMENT OF THE SCALES AND THE RISK OF THE APPEARANCE
TECHNOGENOUS SITUATIONS DURING THE PROCESS OF DEGASING
THE STORAGE TANKS OF LIGHT PETROLEUM PRODUCTS

The subject of study in this article is the processes of increasing the level of the environmental and fire safety during the
degassing of the vertical cylindrical tanks with the remaints of the light petroleum products. The purpose of this work is
concluded in controlling the level of the environmental and fire safety of the territories in the zone of the influence the oil
saving objective complexes using the application of the method proposed by U.S. Environmental Protection Agency. The
Office of Emergency Management Center, EPA, developed the ALOHA® software product that is used to calculate the
distribution of the concentrations during the evaporation of pollutants due to their getting into the oil processing station
under different conditions. The task is to assess the level of anthropogenic pressure on the environment, and the influence
oil product vapors by the forced decontamination of light oil storage tanks. The methods used here are researching
conducted with the use of gas analysis to establish the qualitative and quantitative composition of the gas mixtures at the
outlet of the tanks, using the modern test equipment. The following results have been obtained. Due to the researching, the
methodology for calculating and forecasting the level of the technogenic load on the atmospheric air by modeling and
forecasting the zones of the active pollution by emissions of the vapor-air hydrocarbon mixtures has been developed
further. The conclusions. On the basis of the conducted studies, an active contamination zone was determined when
performing forced degassing with the air supply, which was carried out using the traditional method, using software for
modeling dispersion of pollutants. It has been established that by the forced ventilation of RVS-5000 reservoir, 1.5 tons of
the vapor-air mixture get into the natural environment. Using the ALOHA® software product, the hazardous area was
estimated, and the area of possible explosion of the gasoline vapors during the natural degassing of the tanks with the
storage of light oil products. The size of the zone of the strong toxic influences on the population reaches 1.2 km, it was
calculated for the given initial conditions, the zone of the fire danger is 80 m, the explosion zone does not exceed 13 m.

Keywords: a forced ventilation; an evaporation rate; a tank cleaning; the environmental pollution; a risk of the

explosion.

Introduction

The formulation of the problem. The security
problems of the objects of the oil and gas complex are
paid a special attention at all levels of legislative and
executive power, while one of the most urgent issues
remains to ensure protection of the people and territories
from the influence of the dangerous factors that may
arise in the event of regular operation, emergency
situations and during regulatory work on the oil and
petroleum products stores.

The most dangerous sources of technogenic
loading on the environment are storage tanks of
petroleum products as the objects of uncontrolled
emissions or steam-air mixtures or steam-gas mixtures
and strains of petroleum products with the subsequent
occurrence of fires and explosions. According to its
physical and chemical properties, light petroleum
products are more lethal and explosive and fire hazard,
which cause the fire danger of the reservoir parks for
storage of this group of hydrocarbons.

The analysis of the recent researches and
publications. According to the statistics, [1] that more
than 20% of all hazardous emergencies in these
facilities are due to violations of the regulatory
requirements for regulatory work. The periodicity of the
execution of the cleaning the oil storage tanks is
specified in the requirements of the normative

documents, and on each particular enterprise is
supported by the internal regulations. The purification
of petroleum product tanks is carried out in the
following stages: degassing by ventilation; pumping out
of fuel residues; removal of hatches and hinged
equipment; cleaning of reservoirs and removal of
bottom sediments; diagnostics with replacement (if it is
necessary) of joints and gaskets; detailed careful review
of containers; drawing up an act of the performed work.

In Fig. 1 it is shown that most part of these stages
are associated with potential environmental hazards.

One of the most complex and fire-hazardous
technological operations in the process of exploitation
of the reservoirs is the preparation of the tanks with
residues of petroleum products for fire repair work [2].

The main reasons for the failure of steel tanks are
[3]:

- corrosion of the tank body;

- change in pressure (increase or decrease) in the
gas space of the reservoir above the permissible norms;

- the tendency of the main body material of the
tank boiled (made) from the boiling steel to a fragile
destruction in the conditions of a sharp drop in the air
temperature or the stored product, especially during
periods of negative temperatures and strong winds;

- uneven precipitation of the reservoirs during the
process of the exploitation (working), especially in the
areas with the unstable soils;

© Roianov A., Garbuz S., 2018
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Fig. 1. Stages of the reservoir preparation for carrying
out of the scheduled work and their ecological danger

- formation of stresses, especially dangerous in the
lower belt of the reservoirs when combined with walls
of the reservoir bottom.

Therefore, every year the number of accidents on
the tanks is increasing rapidly. The main reason for this
tendency is the exhaustion of the main exploitation
resource for the most tanks. The wear of used vertical
steel tanks according to [4] is 60-80%. An analytical
review of the state of the man-made and natural safety
in Ukraine, in particular the fire one, for 2013-
2017 years.

Setting the task and its solution

The normative document [5] proposed a method
for calculating the size of the distribution zones of the
cloud of combustible vapors in the case of the accident.
It is assumed that the resulting concentration of the gas
in the steam-air cloud is calculated by the formula:

n 20;
J
Clar) = 2,

1,5 2 2
J=1 (27'[) "Gy Oy 2'0%' (D

coxn(-32/(2:0 o[- (2-3).

where O =m—1; — is the mass of the liquefied hydro-

2

carbon gases (LHG) in j elemental volume, kg; m - is
the mass rate of the leakage of LHG, kg / s; Gy, O -
the average square deviation of the distribution of the
concentrations in the j-th elemental volume, m,

(¥ —%,);0, (% —x,) —depends on Pascville's

resistance class.

When x, = x, accepted

r h

, 0,0 =——
Y014 70 T o4

When x. > x, accepted

2 _ 2 2, 2_ 2
o), =00 +06,f(x. —Xg), 0z =07 +O§ f(x.—x).
Also there are given the formulas for determining
the mass of vapor entering the room when evaporated
from the open surface of the liquid.

M, =WF,x, )

where W —is the intensity of the evaporation from the
open surface, kg / m’s; F,, - the evaporation area, m?;
T - the time of evaporation, p.

W=10"%n-M- P, 3)

where m — is a coefficient, accepted for tab. 3 [5],
depending on the speed and temperature of the air flow;
M — the molecular weight; P, — the pressure of the

saturated vapors, kPa.

The indicated method does not take into account
the change in the rate of the evaporation of the liquid at
the wind speeds more than 1 m /s, the temperature of its
surface layer, which as a rule, is usually different from
the environment temperature, the change in the pressure
of saturated vapors, depending on the time of this
evaporation and the height of the liquid layer.

Given these restrictions, it is inappropriate to use
this technique to determine the intensity of the
evaporation from the open surface to the environment,
because the estimated calculations will be significantly
different from the actual ones.

Therefore, the method proposed by the U.S.
Environmental Protection Agency was used to estimate
the danger zone, which is determined by the influence
of reservoirs for storing light petroleum products during
their natural ventilation for the purpose of degassing at
the stage of pre-repair works. [6]. The Office of
Emergency Management Center, EPA, developed the
software ALOHA®, which is used to calculate the
concentrations by the evaporating of the pollutants as a
result of their input to the oil refinery (IOR) under the
different conditions.

All assumptions about the extent of evaporation in
the process of risk assessment focus on the worst
consequences.

The degree of contamination was ranked according
to concentrations of the Acute Exposure Guideline
Levels (AEGL) concentrations [7]. According to
AEGLs, 3 levels of the concentration are determined:
AEGL-1, AEGL-2 and AEGL-3, respectively.

In Ukraine, the value of the maximum permissible
concentration for gas vapors in the air at the level of 5
mg/m’ [8] is adopted. According to the standards of the
European Community, the total organic compounds
content is 35 g/m® and EPA is 10 g/m’. The regulation
of the gasoline emissions in accordance with the
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German standard TA-Luft, the emission limit value of
total organic compounds is 0.15 g/m’ [9-11].

In order to calculate the air pollution zone by the
gas vapor, a vertical steel reservoir was selected at the
Shebelinsky oil refinery in the Kharkiv region of
Ukraine. The calculation was based on the given
conditions of the terrain, the type of the shelter
capacities, physical and chemical properties of
chemicals removed from the reservoir in the
atmosphere, meteorological and climatic parameters,
and others like that.

The algorithm for the diffusion of pollutants can
be represented by one of the possible methods, such as:
the Gaussian model of the dispersion or the model of the
dispersion of heavy gases. Referring to the initial data
on the estimated situation of the release of steam-air
mixture of petroleum products into atmospheric air,
simulation was conducted using a dispersive model of
heavy gases [12].

Using the ALOHA® software and source data, a
calculation of the pollution zone and concentration
levels was performed during degassing of a reservoir for
5,000 m’. The results are shown in Fig. 2 and 3. The
results of the distribution of the atmospheric air
pollution levels in the vapor of the gasoline are plotted
on the map of the area with the indicated location of the
reservoirs. Three zones are given based on the value of

kilometers

the maximum permissible concentration of MPC for
gasoline or isooctane, equal to 5 mg/m’. These zones
are painted in three different colours: red, orange and
yellow to reduce the level of danger. The text
information on the program screen indicates the size of
the specified hazardous zones:

-red: 1,2 kilometer - 5 mg/m?;

- orange: 1.6 kilometers - 3 mg/m’;

- yellow: 2.9 kilometers - 1 mg/m’.

In fig. 2 is shown the zone of the active air
pollution by the vapor of the gasoline. In the case of
being the population in the red zone there is a real
danger of the acute toxic effects.

The fires and explosions on the tanks with easy-
flammable substances and easy-flammable liquids often
happen during the cleaning, preparation for repairing
and directly during the repairing work [13, 14].

Fig. 3 shows the area of the fire hazard of gas
vapors, for which the concentration is in the flammable
range between the lower and upper limits of the
explosion (NMW and IWB). These limits are
determined in percentages that reflect the concentration
of the fuel (the vapors of the chemicals) in the air. In the
case of a collision of the chemical vapor with a source
of ignition (for example, a spark), the combustion
process occurs only if the value of the concentration of
the fuel in the air is between LMW and IVF.

greater than 5 mg/(cu m)

greater than 3 mg/(cu m)
greater than 1 mg/(cu m)
wind direction confidence lines

greater than 1400 ppm (LEL)

greater than 840 ppm
(60% LEL = Flame Pockets)

[] greater than 140 ppm
(10% LEL)

wind direction confidence lines

L5
0.5 Y
[ ——
:\__—\\ wind
0
N
0.5 ———
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145
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Fig. 2. Pollution from gas vapors during the natural ventilation of tanks
meters
30
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Fig. 3. Dimensions(size) of the flammable zone for gas vapors
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ALOHA uses 60% of the NMS as the default level
for the highest threat zone (red), as some experiments
have shown that fires can occur in the places where the
average concentration exceeds this level. Another
typical level of the threat which is used by respondents
is 10% of LMW, which is the standard hazard rate for a
medium-threat zone (yellow).

As it can be seen from Fig. 3, there are no zones of
high and medium danger for the given conditions,
therefore the probability of the fire is minimal (10% of
NME), and is characterized by an area of 80 m.

Another no less important indicator is the area of
the explosive danger.

The excessive voltage, which is also called an
explosive wave, means a sudden onset of the pressure
wave after the explosion.

meters
15

This voltage wave is due to the energy which
releases during the initial explosion - the more initial
explosion, the greater the pressure wave.

ALOHA uses the surplus pressure (in psi, psi)
based on the review of several commonly used sources
of the excessive pressure and the explosions:

- 8.0 pounds / square. inch (destruction of the
buildings);

- 3.5 pounds / square. inch (possible the serious
damage);

- 1.0 pounds / square. inch (destruction of the
glass).

For the considered of this situation, the size of the
zone with the serious damage is 13 m in the direction of
the prevailing wind in accordance with the wind rose

(Fig. 4).

wind

A
L
\

i Y

(0N
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=
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greater than 3.5 psi
(serious injury likely)

greater than 1.0 psi
(shatters glass)

L]

wind direction confidence

15 lines
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meters
Fig. 4. Explosion region of the cloudy steam of the gasoline
. vapors enter the atmosphere. The software,
Conclusions

On the basis of the conducted researches, the area
of the active contamination was identified in the
course of the forced ventilation with the traditional air
supply, using software for modeling the dispersion of
the pollutants. It was established that during the forced
degassing of PBC-5000 reservoir 1.5 tons of petroleum

ALOHA®, evaluates the toxic zone, fire hazard zone
and the gas explosion area by the natural ventilation
of the tanks.

The size of the zone of the acute toxic effects on
the population consists of 1,2 km and was calculated for
the given initial conditions, the zone of fire danger is 80
m, the explosion zone does not exceed 13 m.
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Ouninka MacuTa0iB i pU3MKy BHHHKHEHHS TEXHOT€HHHX CHTYaii
mijJ Yac mpomecy aerasanii peseppyapi 30epiranas cBiTiimx HagpTONPOAYKTIB
A. M. Posiros, C. B. I'ap6y3

IIpeamerom ocTixKeHHS B IaHIi CTATTI € IPOLIECH I ABUILICHHS PiBHS €KOJIOTIYHOI Ta MOXKEKHOI Oe3IeKH MpH Jiera3amii
BEPTUKAIBHUX LMIHAPUYHUX PE3epBYapiB i3 3aIuIIKaMK CBITIMX HadTOnponykriB. MeTa JaHOoi pofoTH IONArae B KOHTPOII
PIBHS €KOJIOTi4HOI Ta MOXeXKHOI Oe3MeKH TepuTopiil B 30HI BIUIMBY HadTora3zo3beperarodnx 00'eKTHUX KOMIUIEKCIB 3 BUKOPHUC-
TaHHJIM METOJY, 3alIPOIIOHOBAHOI0 AT€HTCTBOM 3 OXOPOHM HaBKOJMIIHBbOro cepenosuina CIIA. YnpapniHHA HaI3BHYalHUMU
curyauisimu (EPA) pospobuio nporpamunii nponykr ALOHA®, sikuii BUKOPUCTOBYETHCS [JIsl PO3PAXYHKY PO3IOJITY KOHIEHT-
paliif mpyu BUNapoByBaHHI 3a0pyIHIOIOUMX PEUOBHH B PE3YNbTATI iX MOTPAIUISIHHA Ha CTAHIIIO epepoOKku HadTH B Pi3HUX yMO-
BaX. 3aB/IaHHsI MOJIATa€ B TOMY, 00 OLIHUTH PiBEHb aHTPOIOIEHHOrO TUCKY HA HABKOJIMIIHE CEPEIOBHILE Ta BIUIUB MapiB Had-
TOHPOJYKTIB HUIAXOM IPUMYCOBOI Je3aKTuBaLii pe3epByapiB Uit 30epiranus jerkoi HadpTu. BukopucroByBaHi Meroau - 1e
JIOCHIIZKEHHS, 10 MPOBOATECS 3 BUKOPHCTAHHSAM Ia30BOr0 aHAJIi3y I BU3HAUYEHHS SIKICHOIO Ta KiJIbKICHOTO CKJIa/ly ra30BHX
cyMillell Ha BUXOZI 3 pe3epByapiB 3 BUKOPUCTAHHAM CY4aCHOrO BUIIPOOYBaJIbHOTrO oOnajHaHHA. Bynu oTpumani HacTymnHi pe-
3yabTatd. B pe3yibTari npoBeneHuX A0CIiUKeHb Oyina po3pobiieHa MEeTOMKa PO3PAaXyHKY i HPOrHO3YBaHHS PiBHS TEXHOTCHHO-
IO HaBAHT&XKCHHA Ha aTMOc()epHE IOBITPS LUIIXOM MOJIEIIOBAHHSA 1 NMPOrHO3YBAaHHS 30H AKTHBHOIO 3a0pyIHEHHS BUKHIAMU
[ApOIOBITPSIHUX BYIJIEBOAHEBUX cyMileld. BucHoBku. Ha mincraBi npoBeieHUX 10CHIKeHb Oyila BU3HA4Y€Ha 30Ha aKTHBHOI'O
3a0pyAHEHHs IIPU IPOBEAEHHI NPUMYCOBOI Jierasanii 3 1ojauero MoBiTps, sKka 3iHCHIOBaNacs TPaAULIHUM METOZOM 3 BUKOPU-
CTaHHSM IPOrPaMHOro 3a0e3Ne4eHHs [JIsl MOJEIIOBaHHs PO3CiIOBaHHs 3a0pyIHIOIOUUX peYOBUH. BeTaHOBIIEGHO, 110 IIpH IPUMY-
coBoi BeHTW ALl pe3epByapa PBC-5000 B npuposHe cepenopuine norpamise 1,5 TOHHM IaponoBiTpsHOi cymimt. Bukopucro-
Bytoun nporpaMuuii mponykt ALOHA®, Gyna oriHeHa HeOe3eyHa 30Ha i 30Ha MOXKIIMBOTO BUOYXY HapiB OSH3MHY IIPU MIPHUPO-
IHIN nerasarii pe3epByapiB i3 30epiraHHsIM CBITIHX HAQTONPOAYKTiB. PO3Mip 30HM CHIBHUX TOKCHYHUX BIUIUBIB Ha HACEJICHHS
nocsrae 1,2 kKM, BOHa po3paxoBaHa Ul 3aJJaHUX [OYaTKOBUX YMOB, 30Ha MOXKEKHOI HeOe3neku cranoBUTh 80 M, 30Ha BUOYXy He
nepesurye 13 m.

Kar4dosi cioBa: npuMycoBa BEeHTHIILIS; IHTEHCHBHICTh BUNIAPOBYBAHHS; OUHIIEHHS pe3epByapiB; 3a0py/IHEHHs Ha-
BKOJIMIIIHBOI'O CEPEJIOBUIIIA; PHU3HUK BUOYXY.

OueHka MacITab0B ¥ PUCKA BOSHUKHOBEHHSI TEXHOTEHHBIX CUTYAHH
BO BpeMsl MPOLecca Aera3aliuy pe3epByapoB XpaHeHHs! CBEeTJIbIX He) TENPOAYKTOB

A. H. Postos, C. B. I'ap0y3

IIpeamerom Mccaen0BaHUsI B JaHHOW CTAaThe SIBISIFOTCSA IPOLECCHI MOBBIMIEHHS YPOBHS 9KOJIOTMYECKOW M IMOXKapHOU
6€30MaCHOCTH HPH JIEra3alliy BEPTUKAIBHBIX LMIMHIPUYECKHX PE3ePBYapoOB C OCTaTKaMu CBETbIX Hedrenpoxykros. Ilean
JaHHOH padoThl 3aKIIIOYAeTCd B KOHTPOJIE YPOBHS JKOJIOIMUECKOH M MOXKapHOH 0Ee30MacHOCTH TEPPUTOPUH B 30HE BIMSHUSA
HedTerazocoeperaromux 00bEKTHBIX KOMIUIEKCOB C MCIIONB30BAaHUEM METOJA, NPEJI0KEHHOr0 AreHTCTBOM 110 OXPaHEe OKpPY-
watomeit cpenpl CIIA. Ynpasnenue upessbldaiinbivu curyaiusamu (EPA) paspaborano nporpammuslii npoaykt ALOHA®,
KOTOPBIM HCIONB3YETCsl JUI pacdeTa pacnpeeneH s KOHIEHTpalyi IpH HCTIapEeHUH 3aTPSI3HAIOINX BEILECTB B PE3yabTaTe MX
TONAa/IaHus Ha CTAHLUIO NepepaboTku HeTH B pa3IMyUHBIX YCIOBUSX. 3a1ada COCTOUT B TOM, YTOOBI OLIEHUTH YPOBEHb aHTPOIIO-
TEHHOT'O JIaBJICHHS HA OKPYXKAIOILYIO Cpelly U BIUSHHE MApoB HE(TENPOAYKTOB IyTeM IPUHYIUTEIBHON JIE€3aKTHBALMU Pe3ep-
BYyapoB JUIsl XpaHeHus Jerkoil Hegtu. Mcmosib3yeMble MeTOABI - 3TO HCCIIE0BaHUs], IPOBOJUMBIE C HCIIONIB30BAHUEM Ia30BOr0
aHanu3a s ONPE/ENICHUs KaYeCTBEHHOIO U KOJIMYECTBEHHOIO COCTaBa I'a30BbIX CMECEH Ha BHIXOJE M3 PE3EPBYapOB C MCIIONb-
30BAHMEM COBPEMEHHOIO HCIBITATEILHOrO 000pyA0BaHus. BbUIM HOMydeHbI CIEAyIolMe pe3yabTaThl. B pesynsrate npose-
JICHHBIX HCCIIEN0OBaHUK OblIa pa3paboTaHa METOIMKA pacyeTa M HMPOrHO3MPOBAHUS YPOBHS TEXHOI'€HHOI Harpy3kd Ha aTMo-
cepHbIil BO3IyX IyTeM MOIEIUPOBAHHS U MPOrHO3MPOBAHUS 30H aKTHBHOIO 3arps3HEHUs BHIOpOCAMU MApOBO3/YLIHBIX YIile-
BOZIOPOIHBIX cMeceil. BeiBoabl. Ha ocHOBaHMM IPOBENEHHBIX HCCIIEIOBAHUI OblIa ONpeJieieHa 30Ha aKTHBHOI'O 3arps3HEeHHs
MU TIPOBEJICHUH NPHHYIUTENBHON Jiera3ali ¢ MoJadel BOo3IyXa, KOTOpas OCYIIECTBIIANACh TPAJUIHOHHBIM METOJIOM C HC-
I0JIb30BaHUEM IIPOrPaMMHOT0 00€CIIeYeHHs VTSl MOJICIIMPOBAHUS PACCEMBAHMUS 3aTr PA3HSIIOIINX BELIECTB. Y CTAHOBJICHO, YTO IIPU
MIPUHYIUTENBHON BeHTHIsIIMK pesepByapa PBC-5000 B npuponHyro cpeny monanaet 1,5 TOHHBI napoBo3aymHoi cmecH. Mc-
nonb3ys nporpamMmMuslii mpoaykT ALOHA®, Obliia olieHeHa onacHasi 30Ha U 30Ha BO3MOMKHOTO B3pbIBa N1apoB OSH3MHA IIPU eCTe-
CTBEHHOMH Jierasalliyl pe3epByapoB C XPaHEHHEM CBETJIBIX He(TenpoxykToB. PazMep 30HBI CHIIBHBIX TOKCHYECKHUX BO3JICHCTBHI
Ha HaceJIeHNe JocTHraeT 1,2 KM, OHa pacCUMTaHa JUIsl 331aHHBIX Ha4aJbHBIX YCIOBHUM, 30Ha ITOKapHOH OMacHOCTH cocTaBiseT 80
M, 30Ha B3pbIBa HE NpEBbIMAET 13 M.

KiawueBble cjoBa: NpUHYAUTENbHAs BEHTWIALMSA; HHTCHCUBHOCTh MCIAPEHMS; OYMCTKA pE3epBYapoB; 3arpsA3HEHUE
OKpYXAIOLIEeH cpezibl; pUCK B3phIBA.
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