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RESUMO

O artigo descreve o risco quimico que pode afetar adversamente o meio ambiente e as pessoas em caso
de acidentes em instalagdes de alto risco, levar a poluigdo tecnogénica, grandes danos e mortes entre as
pessoas. Foi realizada uma analise dos métodos existentes para avaliar os efeitos da contaminagéo quimica. As
propriedades toxicas de substancias toxicas (ST) foram reveladas. O artigo apresenta o algoritmo de calculo e o
método para prever a situagado quimica apés a emissao de ST ou derramamento acidental de substancias
altamente téxicas (SAT) no ambiente. Mostra-se a sequéncia de calculo da solugdo do problema de avaliagao
dos pardmetros quimicos usando os dados iniciais condicionais. Um programa de computador foi desenvolvido
para processar os parametros de contaminagao quimica e calcular as perdas entre os funcionarios e residentes
que possam estar na area de acidentes de industrias quimicas ou emissdes para o meio ambiente (de ST, SAT).
A analise de célculos realizados sem o uso do programa de computador para processamento dos parametros de
contaminagdo quimica e de calculos realizados com o seu uso confirma a confiabilidade do desenvolvimento
com base no produto de software Microsoft Visual Studio (Visual C#). E proposto o método de calculo e avaliagéo
da situagdo quimica apos acidentes e destruigcdo nas instalagdes da industria quimica. Descreve-se a aplicagao
pratica do programa de computador desenvolvido, que permite que especialistas no campo da defesa civil (DC)
realizem os calculos mais rapidamente para determinar o grau de estabilidade vertical do ar, profundidade e area
da nuvem quimica, tempo de sua chegada ao assentamento, perda de pessoal e populagéo, para tomar decisées
mais rapidamente, tanto em tempos de paz quanto em periodos especiais. O artigo apresenta as conclusdes
sobre os calculos e os resultados obtidos na resolugdo de problemas de avaliacdo de situagcbes quimicas
utilizando tecnologias modernas.

Palavras-chave: exposicdo a substéncias perigosas, toxicidade relativa, eliminagdo das consequiéncias de
acidentes, caracteristicas quantitativas da toxicidade, danos a objetos quimicamente perigosos.

ABSTRACT

The article describes a chemical hazard that can adversely affect the environment and humans in the
event of accidents at high-risk facilities, lead to man-made pollution, large casualties and deaths. The existing
methods of assessment of the effects of chemical contamination were analysed. The toxic properties of poisonous
substances (PSs) have been revealed. The calculation algorithm has been presented and the technique for the
prediction of the chemical situation after the release of explosive or emergency spills, highly toxic substances
(HTS) into the environments has been disclosed. The sequence of solution calculation of the estimation of
chemical parameters problem using conditional initial data has been shown. A computer program has been
developed to handle the parameters of chemical contamination and to calculate losses among working personnel
and residents who may end up in the accident zone of chemical industry facilities or into the environment (PS,
HTS). The analysis of the calculations without the use of a computer program for processing chemical parameters
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of contamination and using it confirms the reliability of its design based on the Microsoft Visual Studio software
(Visual C#). The method of calculation and estimation of a chemical situation after accidents and destruction at
chemical industry facilities has been offered. The practical application of the developed computer program has
been described, which enables the specialists in the field of civil protection (CP) to make calculations more quickly
to determine the degree of vertical stability of air, depth and area of distribution of chemical cloud, time of reaching
the settlement, losses of both working personnel and population, more promptly to make decisions both in
peacetime and in a special period. Conclusions were made regarding the calculations performed and the results
obtained when solving the problems of chemical situation estimation using modern technologies.

Keywords: impact of hazardous substances, relative toxicity, accident response, quantification of toxicity,
damage to chemically hazardous objects.

AHOTALIA

Y cTaTTi onMcaHa ximidyHa Hebe3neka, sika MOXe HeraTMBHO BMJIMHYTM Ha OTOYylOYEe CepefoBuLle Ta
nogen Npu BUHUKHEHHI aBapin Ha ob’ekTax nigBuLeHoi Hebeanekn, NPU3BecTn 40 TEXHOTEHHOro 3abpyAHEHHS,
Benukux 30UTKIB Ta CMepTenbHMX BUMagkiB ceped nwogen. lNpoBegeHwid aHamia iCHYKUYUMX METOAMK OLHKK
HacnigkKiB XiMiYHOro 3apaykeHHs1. PO3KpuTi TOKCUYHI BNacTUBOCTI OTPYNHMX peyvoBuH (OP). MNpuegeHnii anroputm
pOo3paxyHKy Ta po3KpuTa MeToAmMKa LWoa40 NPOrHo3yBaHHs XimiyHOT obcTaHoBkM nicns Bukngy OP abo aBapiiHOro
pO3NuBY, CUIbHOAIKYNX OTPyMHMX pedoBuH (COOP) y HaBkonuuwHE npupogHe cepeposuile. [lokasaHa
NoCnigoBHICTb PO3PaxyHKy PilleHHs 3adadi OUiHKM XiMIYHUX NapaMeTpiB 3 BUKOPUCTAHHAM YMOBHMX BUXIGHMX
AaHnx. Po3pobneHa komm'ioTepHa nporpama obpobku napameTpiB XiMiYHOro 3apa)KeHHsi Ta po3paxyHKy BTpaT
cepeq npauloloyvoro nepcoHany Ta MELWKaHUB siki MOXYTb OMUMHUTUCA B 30HI aBapin OB’ekTiB XiMi4HOI
npoMucnoBocTi, abo Bukuay B HaBkonuwHe cepepoBuwe (OP, COOP). MNMpoBeneHuii aHania po3paxyHkie 6e3
3aCTOCyBaHHS KOMM'IOTEPHOI nMporpamu 0O6pobKM napameTpiB XiMiYHOrO 3apaeHHA Ta 3 ii BUKOPUCTAHHAM
nigTBEPOKYE MPO AOCTOBIPHICTD i po3pobkn Ha Gasi nporpamHoro npoaykta Microsoft Visual Studio (Visual C#).
3anponoHoBaHa MeTOAMKa pO3paxyHKy Ta OLiHKM XiMiYHOT 06CTaHOBKM Nicrsi aBapin Ta pynHyBaHb Ha 06’ekTax
XiMiyHOT npomucnoBocTi. OnncaHe NpakTUYHE 3acTOCYBaHHsS po3pobneHoi KOMMIOTEPHOI Nporpamu, sika gae
MOXNUBICTb paxiBuaM y cdepi umBinbHOro 3axucty (L3) Ginbw wsmawe npoBOAUTU PO3pPaxyHKWU LWOAO
BU3HAYEHHS CTYMNEHI0 BEPTMKAITbHOI CTIMKOCTI MOBITPS, MMOMHM Ta NIOLLi PO3NOBCIOAXKEHHS XiMIYHOI XMapw, Yacy
OOCSITHEHHS [0 HAcCeneHoro NyHKTY, BTpaT AK NPaLoYoro nepcoHarny Tak i HaceneHHs, onepaTyBHiLLE NPUAMaTK
PILLEHHS SIK B MMPHMI Yac Tak i B ocobnvBui nepiod. [aHi BACHOBKM CTOCOBHO MPOBEOEHUX PO3pPaxyHKiB Ta
OTPUMaHuX pesynbTaTtiB Npu Po3B’A3yBaHHI 3a4ay 3 OLHKM XiMiYHOT OBCTaHOBKM 3 BMKOPUCTAHHSIM Cy4aCHUX
TEXHONOTiIN.

KnrouoBi cnoBa: eniue HebesneyHux peqyo8uH, 8iOHOCHa MOKCUYHICMb, rikeidauis Hacniokie agapill, KirbKiCHa
Xapakmepucmuka moKCUYHOCMI, ypaxeHHs1 Ha XiMiYHO Hebe3neyHux ob’ekmax.

1. INTRODUCTION

In Ukraine, as in other industrial countries
of the world, there are facilities where a large
number of various chemicals, which are
dangerous to the environment, toxic and harmful
to human and animal health, are manufactured,
recycled, disposed. Such substances are called
HTS (highly toxic substances). Many of them are
carried with transport, which in turn increases their
risk during accidents. In addition, during a special
period of state functioning, objects that store HTS
may be deliberately destroyed (Bell et al., 2017;
Bourdrel et al., 2017; Melnichuk et al., 2020;
Tyliszczak et al., 2009; Talismanov et al., 2018;
Kosnik and Reif, 2019; Mo et al., 2019; Krechetov
et al., 2018; Zavala et al., 2020). In peacetime, in
the event of accidents, catastrophes or other
natural disasters, HTS can enter the environment
and cause damage to humans, animals, plants, in

particular cause fatalities. In peacetime as well as
in a special period to eliminate threats to life and
health, civil protection is implemented through the
implementation of localisation plans and the
elimination of accidents or catastrophes. There are
many different methods used to calculate the
parameters of chemical contamination, which take
into account the toxic properties of toxic
substances (Steblyuk, 1998; Williams et al., 2017;
New Hampshire..., 2019; NTP. National
Toxicology..., 2019).

Civil protection is one of the main priorities
of the activity of the central state authorities,
bodies of local self-government institutions and
organisations throughout Ukraine. From the
foregoing, it is clear that due consideration of the
post-accident chemical environment at the
facilities of the chemical industry needs to be given
sufficient attention, in particular to study,
investigate and implement both organisational and
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technical
2017).

Many well-known scientists were engaged
in studying of PS and HTS, research and
development of methods of chemical situation
estimation at different times: V. N. Aleksandrov
(Alexandrov and Emelyanov, 1990) classified the
main types of poisonous substances, the nature
and extent of their toxic action, V. G. Atamanyuk
(Atamanyuk et al., 1986) described the definition
of the stability of poisonous substances, A. T.
Altunin (1984) described the actions of the
population in the conditions of infection with highly
toxic substances, G. G. Migovich (2001) listed the
general analytical formulas for determining the
individual components of the chemical situation
estimation, P. T. Egorov (Egorov et al., 1977)
characterised the chemical intelligence
instruments, |. M. Misenko (Mitsenko and
Mizentseva, 2004) disclosed the classification of
toxic substances, A. P. Volkov (1988) highlighted
the special treatment of objects after the influence
of PS and HTS, M. I. Steblyuk (1998; 2006), V. I.
Bukhtoyarov (1988), V. M. Shobotov (2006)
proposed the calculation of the determination of
the individual components of the chemical
situation. The mentioned works describe the
physicochemical and toxic properties of PS and
HTS, give the general analytical formulas for
determining the depth and area of chemical
contamination, the calculations of determining the
stability and time of an approach of the infected
cloud from the emergency object to the settlement,
but there are no algorithms of calculation starting
from the initial data and ending with the projected
loss of residents who will be affected by HTS. The
writings of A. A. Zuikova (2006), A. V. Katkovsky
(2015) consider increasing the effectiveness of
decision-making in accidents with the release of
chemically hazardous substances, pay attention to
the use of computer technologies to solve
environmental problems and industrial safety
problems, draw attention to the use of information
technology in the assessment of chemical
environment after accidents on chemical facilities,
however, the calculation using the software is not
provided (Ring et al., 2017; Casey et al., 2018;
Centers for Disease..., 2019; Wambaugh et al.,
2019).

A review and analysis of the literature in the
Scopus database showed that, for example, there
are works (Gervich, 2016; Jordan and Abdaal,
2013; Jordan et al., 2009; Pashtetskiy et al., 2020;
Konyavsky and Ross, 2019; Wang and Wang,
2014) that make a comparative characterisation of
socio-economic systems for better understanding

measures (Manucci and Franchini,

of the effects of industrial pollution on society;
modern methods to support decision-making for
ecological assessment of pollution in the mine
territories and spatial modelling of contamination
of reservoirs by processing industry have been
considered; the ecological situation on water
pollution after fire in chemical industry has been
researched (US EPA (US Environmental..., 2018).

Currently, there are many programs for
calculating chemical contamination parameters,
such as ALOHA. The program is powerful, written
in English. It is not adapted for the departments of
the CP of Ukraine (Everything you need..., 2019;
Ginsberg et al.,, 2019; Yudaev et al., 2019a;
Yudaev et al., 2019b; Zykova et al., 2019;
Rabinskiy and Tushavina, 2019). It is therefore
understandable that the methodology for
assessing the chemical environment should be
investigated, studied, calculated and the results
obtained — analysed. In order to promptly calculate
the chemical situation, make timely decisions on
protecting workers and residents who are affected
by PS or HTS due to accidents at chemically
hazardous sites, civil protection professionals
need to have software that will speed up the
calculation and enable them to take timely action
on localisation and elimination of consequences of
accidents at chemical industry facilities (Oltra et
al., 2017; Richmond-Bryant et al., 2018; Jennifer,
2020).

The aim of the article — on the basis of the
analysis of the existing methods of assessment of
the chemical environment and the necessity to
quickly respond to the consequences of accidents
occurring at the facilities of the chemical industry,
to develop an operational assessment of chemical
contamination, to calculate the chemical situation
without using software and with its use, to analyse
the reliability of the results obtained.

Research objectives:

1) To analyse existing methods of
calculating chemical contamination parameters.

2) To develop an algorithm for calculating
the chemical post-accident assessment of a
chemical facility (Figure 1).

3) To develop an operational assessment
of chemical contamination.

4) To evaluate a chemical situation without
the use of an operational assessment of chemical
contamination and with its use, to analyse the
reliability of results.

5) To analyse the results obtained using an
operational assessment of chemical
contamination.
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2. MATERIALS AND METHODS

In order to determine the scale, nature,
extent of exposure of hazardous substances to
humans, animals, plants, foodstuffs, and the
development of appropriate actions of the CP and
the population before liquidation of chemical
contamination and works on the site, chemical
conditions are evaluated (Melnyk, 2013; Melnyk,
2014). The baseline data for assessing the
chemical situation are:

1) the area and time of application of the
HS or release into the environment of HTS;

2) type and amount of HS or HTS;

3) the degree of protection of humans,
animals, food;

4) storage conditions (under pressure,
without pressure) and the nature of hazardous
chemicals entering the environment;

5) topographical conditions of the terrain,
nature of development, presence of forest
plantations on the way of spread of contaminated
air. The configuration of the terrain, as well as all
natural and artificial objects located on it (rivers,
forests, shrubs, mountains, settlements, (closed
terrain) affect the final result of the software
calculation. This condition is taken into
consideration upon entry of the initial data;

6) meteorological conditions: wind speed
and direction in the surface layer, air and soil
temperature, degree of vertical stability of air.

The degree of vertical stability of the air
ground layer can be determined from the data of
meteorological surveys. In addition, it can be more
accurately determined by the wind speed at an
altitude of 1 m and a temperature gradient
(Equation 1) where ;- air temperature at a height

of 50 cm; ¢, — air temperature at an altitude of 200

cm from the earth's surface. When the ratio of
magnitudes Ar/v*> <-0.1 there will be inversion,
—0.1<At/v? <+0.1- isothermy, and Ar/v*>+0.1-
convection. HSs are characterised by their toxicity
(toxikon — poison). It is an important characteristic
of HS that determines their ability to cause
pathological changes in the body that lead to
severe consequences or death. The quantitative
characterisation of the toxicity of HS is determined
by a dose (Vozza, 2017; Sarma et al., 2018). The
dose of a substance that causes a certain toxic
effect is called the toxic dose (D). The toxic
properties of HS are determined experimentally on
different laboratory animals, so they are more

likely to use the concept of specific toxic dose —
the dose attributed to the unit of live weight of the
animal and expressed in milligrams per kilogram
(mg/kg). Toxic doses (Alexandrov and Emelyanov,
1990) are divided into:

1) mortal,
2) incapacitating vital activity;
3) initial.

Toxic doses of HS of skin and resorption
action are divided into:

- Lethal toxic dose LD (from Lat.
letalis — lethal) — is the amount of HS that causes
death upon penetration into the body with a certain
probability, it is denoted respectively p,, or p

(100%, 50% of wounded).

- Toxic dose that incapacitates vital
activity /D (from the English “incapacitate”) —is the
amount of HS that infringe vital activity both
temporally or lethally of a certain percentage of
wounded when penetrating a body, it is denoted
respectively p , or i ,(100%, 50 % of

wounded).

507

- Initial toxic dose PD (from English
‘primary”) — the amount of PS that causes the
initial signs of damage to an organism with a
certain probability or the initial signs of damage in
a certain percentage of humans and animals.
Initial toxic doses are denoted pp,, or pp,,. (100%,

100
50% initial signs of a lesion).

It is more difficult to calculate toxic doses
for PS that enters the human body as a vapour by
inhalation. First of all, it is suggested that the
inhalation toxic dose is directly proportional to the
concentration of PS in the air, C, and the time of
inhalation 7. In addition, it is necessary to take
into account the intensity of breathing V', which
depends on physical activity and human condition.
In a calm state, a person takes about 16 breaths
per minute and absorbs 8-70 I/m of air on average.
During medium exercise, the absorption of air
increases to 20-30 I/m, and during heavy physical
exertion is approximately 60 I/m. Thus, if a person
weighing G (kg) inhales air with a concentration of
PS C(mg/l) in it during t (min) with the intensity of
breathing V (I/min), then the specific absorbed
dose of PS (the amount of PS into the body) will
be equal to Equation 2.

In (Alexandrov and Emelyanov, 1990), the
German chemist F. Haber proposed to simplify this
expression. He made the assumption that the
relationship is constant for humans or a specific
species of animals that are in the same conditions.
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Divide both parts of the equation in this relation, he
obtained the Equation 3.

F. Haber called C -7 toxicity coefficient and
assumed it as a constant. Although this product is
not a specific toxic dose, it does allow comparison
of different PSs by inhalation toxicity. If, for
example, C - for yperite is 1.5 mg -min/l and for
phosgene 3.2 mg -min/l, it is clear that inhalation
of yperite is about 2 times more toxic than
phosgene. Notwithstanding many other factors
that affect toxicity, the value C-ris used to
evaluate the inhalation toxicity of PS and is
referred to as relative inhalation toxicity. For the
characteristics of the lethal, life-threatening and
primary toxicity of the PS, which affect the human
body by inhalation in the form of steam or aerosol,
use the same letters and indexes as with toxic
doses of skin-resorptive action. They are denoted

respectively ~ LCr,,and  LCry,, IC7)yand

ICty,, PCt,, and PCry,. The relative toxicity

C -7 during inhalation depends on the physical
exertion on the person. For people engaged in
heavy physical labour, it will be much less than for
people who are at rest. With increasing respiratory
rate, the rate of action of the PSs increases. For
example, for GB with pulmonary ventilation, the
value is 0.075 mg - min/l and 0.025 mg - min/l,,
respectively, and if for phosgene the product C -7
3.2 mg - min/l at respiratory rate is medium lethal,
then for pulmonary ventilation 40 Fmin is
absolutely lethal. Table 1 shows the toxicological
characteristics of HPs.

Tabular values of skin resorptive PS are
valid only for infinitely large exposure, that is, for
cases where PSs, that hit the skin surface, are not
removed or degassed. In fact, for the
manifestation of one or another toxic effect on the
surface of the skin, there must be a greater
amount of poison than the toxicity of toxic
substances given in the table. This amount and the
time during which PS is on the surface of the skin
during absorption, in addition to toxicity, is largely
due to the rate of absorption of the PS through the
skin. Thus, according to US specialists, a
substance VX characterised by a skin-resorptive
toxic dose LDso 6-7mg per humans will enter the
human body if the droplet-liquid vx amounted at
200mg is on the surface of the skin for 1 hour, or
approximately 70mg — for 8 hours. Due to the
protective properties of the clothing, this amount is
increased, and in the summer for 8 hours
exposure will be approximately 95mg.

It should be noted that the table values of
the constant C-r are valid for short exposures,

which differ significantly for different poisonous
substances depending on their physical,
physicochemical and chemical properties. For AC
this value is valid if 7 — several minutes, and for
CG — within one hour. The extent of damage
caused by accidents at chemically hazardous sites
depends first of all on the number of PSs,
meteorological and topographic conditions of the
area, the type of storage of HTSs (under pressure,
without pressure). From the above it can be
concluded: protective measures and, above all,
the forecasting, detection and periodic monitoring
of the chemical situation, alerting the personnel of
the enterprise, the population and the CA forces,
should be carried out with extremely high speed.

To create an operational assessment of
chemical contamination and enable timely
decision-making on taking measures to localise
and eliminate the consequences of accidents at
chemical industry facilities, it is necessary to
develop an algorithm for civil protection
professionals to evaluate chemical contamination
parameters. It must start from the moment of
receipt of the initial data on an object at which an
accident occurred, its location, settlement, if any,
the number of residents who live in it, ending with
calculations of the consequences of chemical
contamination, possible loss of working staff at this
facility, a population that is projected to fall into the
zone of chemical contamination.

1) Develop an algorithm for
calculating the chemical post-accident
assessment of a chemical facility (Figure 1).

2) Develop an operational assessment of
chemical contamination.

a) Create a new project “Windows Form
Application”.

b) Add software elements.
c) Write the program code.
d) Add reference material.

e) Run the program and enter the

corresponding output data.
f) Calculate the problem.
g) Obtain the results of the calculation.

The program works in accordance with the
algorithm provided in (Figure 1). Let us enter the
source data. In accordance with the input data, the
software determines the degree of vertical stability
of the air (inversion, convection, isothermy).
Considering the topographic conditions of the area
(source data), the Depth (D) and the area (S) of
chemical contamination are calculated (Figure 1).
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The next step is the time it takes to reach and the
time it takes to affect people with toxic substances.
Further, the software calculates population losses
by degrees of severity, taking into consideration
the availability of personal protective gear. The
software interface is as follows (Figure 2).

Table 2 provides statistics on past
accidents. Table 2 was developed with the use of
software modelling of data.

3. RESULTS AND DISCUSSION:

The study was conducted on the following
input data (Melnyk, 2014):

1. An emergency object: Kind of HTS —
chlorine; Quantity of HTS — 10 t; Type of container
— unbuttoned; Number of employees — 600 people;
Gas supply is 70%.

2. Settlement: Distance to the village R-3
km; Number of inhabitants 1000 persons; Gas
mask security — 90%; Terrain — open;
Meteorological conditions — Vy = 2 m/s, At°C =
70.1

Calculation sequence:

1. Determine the degree of vertical stability
of the air: Wind velocity Vw = 2 m/s and At°C = 0,1
— isothermy.

2. Determine the depth of CCZ: D = 7 km.
Take into account the correction coefficient of wind
speed: D=7km-0.7=4.9km; D =4.9 km.

3. Determine the width of CCZ: W =0.15 -
G —isothermy. W =0.15- 4.9 km = 0.74 km. W =
0.74 km.

4. Determine the area of CCZ: S =1/2- G
-W.S=1/2-49km-0.74km=1.8km2; S=1.8
km?

5. Map the predicted CCZ (Figure 1).

6. Determine the treacnh Of contaminated air
to the locality: treach = 3000 m/(3 m/s 60) = 16.66
minutes.

7. Determine the HTS tasection: affection =
1.3h-0.7=0.91 h.

8. Calculate the possible losses of
employees:

600 - 18%/100% = 108 persons — total
losses (t.1.);

108 - 25%/100% = 27 persons with lesions
of mild degree (m.d.);

108 - 40%/100% = 43 persons of moderate
and severe degree (m.s.d);

108 - 35%/100% = 38 persons — fatalities
(f.).

9. Calculate the possible population loss:

1000 - 9%/100% = 90 persons t.I.;

108 - 25%/100% = 23 persons m.s.d.;

108 - 40%/100% = 36 persons m.d.;

108 - 35%/100% = 31 persons f.

The results of the calculation are shown in
Table 3.

4. CONCLUSIONS:

Comparative analysis of the results
obtained from the solution of the problem of
chemical post-accident assessment at a chemical
industry facility conducted in two ways: without
using an operational assessment of chemical
contamination and with its use testify to the
correctness of the developed an operational
assessment of chemical contamination software
product in accordance with the proposed
methodology. The novelty of the obtained results
is that a methodology for the assessment of the
chemical situation after accidents at the chemical
industry facilities is improved and an operational
assessment of the parameters of chemical
contamination is developed.

The existing methods of calculation of
chemical contamination parameters were
analysed. The algorithm of calculation of chemical
contamination parameters was given. An
operational assessment of chemical
contamination using Microsoft Visual Studio
(Visual C#) was developed. The software can be
downloaded from
https://visualstudio.microsoft.com/ru/vs/express/
for calculation and estimation of a chemical
situation after accidents and destruction at
chemical industry facilities. The chemical situation
without using an operational assessment of
chemical contamination and with its use was
estimated, the reliability of the obtained results
was analysed. The developed operational
assessment of chemical contamination will enable
the specialists of city and district departments of
civil protection and defence-mobilisation work to
make calculations on chemical situation more
promptly, to take timely measures of protection of
workers, population and territories that will be
under the influence of HS and HTS.
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Table 1. Toxicological characteristics of HP. Source: the author

Name of poisonous substances and Lesion through the respiratory Lesion t'hrough

their code system skin

LCrso (mg-min)/l  ICrtso (mg-min)/I LDso, mg/person

Sarin (GB) 0.075 0.055 1480
Soman (GD) 0.05 0.025 100
VX (VX) 0.01 0.005 7
Yperite (AD) 1.50 0.200 -
Nitrous yprete (HN) 1.00 0.100 5000
Hydrogen cyanide (AC) 2.00 0.300 1000
Cholorocyan (CK) 11.00 7.000 -
Phosgene (CG) 3.20 1.600 -
Bi-et (BZ) 110.00 0.110 -
Chloroacetophenone (CN) 85.00 0.030 -
Adamsite (DM) 30.00 0.030 -
CS (CS) 25.00 0.020 -
CR (CR) - 0.001 -

Table 2. Comparative analysis of accident development scenarios

The statistics of accidents at chemical facilities Data calculated with the use
of software
Accident HHC The Depth of  Area of The Depth of  Area of The
location type amount affection affection number affection affection number
of HHC (km) (km?) of (km) (km?) of
(tonnes) people people
affected affected
1934, chlorine 15 - - 1 10 4.5 30
Niagara
Falls,
(USA).
1989, ammonia 7000 30 37 36 35 43.3 50
Jonava
(Lithuania)
1991, chlorine 300 - - 500 30 371 700
Mexico
2008, ammonia 0.6 - - 2 0.4 0.007 10
Balakovo
(Russia)
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Table 3. Calculation of chemical contamination parameters. Source: the author

Without an With an
operational operational
List of tasks assessment of assessment of
chemical chemical
contamination contamination
1 Determination of degree of vertical stability . .
of air isothermy isothermy
2 Determ!nat!on of depth of chemical 4.9 km 4.93 km
contamination zone
3 Determ!nat!on of the width of the chemical 0.74 km 0.75 km
contamination zone
4 Determ!nat!on of the area of the chemical 1.8 km? 1.8 km?
contamination zone
5 Mapping the predicted CCZ
6 Determ!nation the time of reaching the 16.66 min. 16.8 min.
contaminated air to the settlement
7 Determination the time of HTS lesion 0.91 h. 0.91 h.
Calculation of possible losses of 108 person t.l. 108 person t.l.
8 employees 27 persons m.d. 27 persons m.d.
43 persons m.s.d. 43 persons m.s.d.
38 persons f. 38 persons f.
Calculation of possible population losses 90 persons t.l. 90 persons t.l.
9 23 persons m.s.d. 23 persons m.s.d.

36 persons m.d.
31 persons f.

36 persons m.d.
31 persons f.
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Input data: HPS type, quantity of HPSs, Type of storage tank(T),
umber of employees(Ne), Gas masks stas(G), Distance to
R, Number of citizens(Nc), Type of land(L), Meteoralog
conditions (Vwind, At)

v [ Determine the depth 0) of
Determine the degree of verical »  chemical ination zone
armmn«(wm}:hwwndl] [ (002)-

& ND

- | - I mmm, Bﬂahl::;m(m.‘ D_ME “] mﬁ:;?::tw n:mnnmn}:
l - J

"

Y

DMNMﬂmMmS o the area (A) of Determine the width (W) of
Mimmmeww - heCCZ. S = U2.DW MOCZW-—;DW

r

Determine the time of affection by Calculate possible losses of Calculate possible losses of
HTS. latecsicn= _| employees(Pe). Pe = Ne* the population(Pp). Pe = Me *
TableData(coefficient) * TableData(G) * coefficcient TableData(G) * coefficcient
TableDala(time) degree affection

Figure 1. Algorithm for calculating the chemical situation evaluation after accidents at chemical
facilities

Figure 2. Software Interface
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