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Abstract

The article reviews methodological approaches to risk assessment based
on a comprehensive analysis of the frequency of natural and technological
hazards in the territory of the Kashirsky Municipal District of the Voronezh
Region.

Aim. The purpose of this article is to assess and calculate the risks of
emergency situations, based on a comprehensive analysis of the frequency
of occurrence of natural and technological hazards in the Kashirsky
Municipal District of the Voronezh Region, Russia.

Methods. The risk assessment methods employed were based on the
combined characteristics of damage and frequency of occurrence of
negative environmental or man-caused processes or hazardous events.
Events associated with certain losses or people impacted upon by dangers
were considered as negative processes.

Results. The Kashirsky Municipal District is exposed to high risks of
flooding, wildfires, biological and social processes, hazards associated with
certain housing and communal service regimes and transportation
accidents. There are also hydraulic structures and potentially hazardous
facilities which increase risks of property damage in the area.

Conclusion. It is necessary to reduce the level of social risk by carrying out
preventive activities aimed at minimizing casualties. All scheduled
maintenance requirements should be complied with in order to prevent a
rise of risk of accident in life sustaining systems and infrastructures. The
development of governmental departmental emergency monitoring
systems, quarantine procedures and timely observational measures are
recommended with the objective of reducing potential biological and
social emergencies.

Key Words
Risk, measures, flood, construction, system, warning, erosion, accident,
quarantine.
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Peslome

B cTaTbe paccmaTpuBaloTCA METOL0/10TMYECKME NOAXOAbI OLLEHKN PUCKOB,
KOTOpble OCHOBaHbl HA KOMMJIEKCHOM aHa/iv3e 4acToTbl Pa3BUTUA
NPUPOAHbIX W TEXHOTeHHbIX OMAcHOCTerM Ha TeppuTopun Kawwmpckoro
MYHULMMNANbHOro paioHa BopoHexckoi obnactu.

Llenb. [aTb OLEHKY M paccynTaTb PUCKM 4YpesBblYaiHbiX cuTyaumi (YC),
KOTOpPble OCHOBaHbl HA KOMMJIEKCHOM aHa/iuM3e 4acToTbl Pas3BUTUA
NPUPOAHbIX W TEXHOTeHHbIX OMACcHOCTe Ha TeppuTopun Kawwmpckoro
MYHMLMMNANbHOTO paioHa BopoHeXKcKkon obnactu.

MeTtoabl. B 0CHOBY METOA0B OLLEHKM MPUPOAHOrO U TEXHOTEHHOrO PUCKa
NnosioKeHa KOMOMHMPOBAHHAA XapaKTepucTuKa yuepba W YacToTbl
HEraTMBHOrO MPUPOAHOrO WM TEXHOTEHHOrO npouecca uau cobbitna. B
KayecTBe HEraTMBHbIX NPOLECCOB PacCMaTPUBAOTCA COBbITUA, CBA3AHHbIE
C onpeaenéHHbIMM NoTepaAMMU (OTKazamu) UAK peumunmeHTaMm onacHOCTMU.
Pe3synbTtatbl. Tepputopua KawMpcKOro pamoHa MoABEp)KeHa pUCKam,
CBA3AHHbIM C MOJIOBOABEM, MPUPOSHBIMKM  MOXKapamu, Huonoro-
couManbHbiMM npoueccamn, B cuctemax MKX wu  TpaHcnopte. Ha
TEPPUTOPUN  PalioHa UMEIOTCA TMAPOTEXHUYECKME COOPYNKEHUA U
NOTEHLMANbHO  ONacHble  O06bEKTbl C  MOBBIWEHHbIMW  PUCKaMKU
maTepuanbHbIX yLLepbos.

3aKknoueHue. A CHWKEHUA YPOBHA COLMANIbHOFO PUCKA HEobXoanmo
NpPoOBOAWUTL  MPEBEHTUBHbIE  MEPOMNPUATUSA, Hanpas/ieHHble  Ha
ymeHbleHne noTepb. C Lenblo HeAoMyLleHUa pocTa pUcKa aBapuii Ha
cucTemax XusHeobecneyeHus cnepyer NpoBOAMUTb BCE BUAbI MAAHOBOIO
pemoHTa. C  Uenbld  yMeHbleHua  6uonoro-coumanbHbix  YC
peKomeHAyeTcA pasBMBaTb BEAOMCTBEHHbIe CMCTEeMbl MOHUTOpMHra YC,
CBOEBPEMEHHO BBOAMUTb KapaHTUHHbIE 1 06cepBaLMOHHbIE MEPONPUATUA.

Kniouesble cnosa
PUCK, meponpusaTve, NONOBOAbE, COOPYXEHMe, CUCTEMA, OMOBELLEeHUE,
3p03us, aBapus, KapaHTUH.

© 2021 AsTopbl. K02 Poccuu: aKos02us, pazgumue. ITO CTaTbA OTKPLITOrO AOCTyMa B COOTBETCTBMM C ycnosuamm Creative Commons
Attribution License, KoTopas pa3speluaeT MCNO/b30BaHWE, PacnpoCcTpaHeHWe M BOCMpOM3BeAeHME Ha lobOomM HocuTene npu ycnosuu

NPaBUIbHOTO LUTUPOBAHUA OPUTMHA/ILHOMN PaboTbl.
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INTRODUCTION
The major hazards in the Kashirsky Municipal District of the
Voronezh Region are:

1. Natural: exogenous — gully formation and
upland erosion; hydrospheric — spring flooding; weather
extremes (strong winds, downpours, hailstorms,

snowdrifts, frosts and dry spells with associated wildfires).

2. Technological: anthropogenic — hydrodynamic
accidents in waterwork systems; accidents in housing and
communal services facilities (water supply network, electric
power and heating systems); accidents at hazardous
industrial facilities and traffic accidents (road and rail).

3. Biological and social: epidemics, epizootics and
epiphytotics.

MATERIAL AND METHODS

The Kashirsky Municipal Distict of the Voronezh Region was
the object of this research. Its located in the Oka-Don
Lowland with a total area is 1,060.20 sq. km. It is
distinguished by incised river valleys and a less pronounced
dissection of the ravine-beam network relative to other
areas of the region in the Russian Plain and Kalach Upland.
The district’s hydrographic network is represented mainly
by the Don and Hvorostan Rivers. Relief does not exceed
170 m above sea level. Suffusion depressions are often
found, with the largest forms being more than 100 m with
depths of 1.5 +2 m.

The district has a mostly temperate continental
climate. Maximum annual relative humidity is 80-85%.
Average annual rainfall is 571 mm. Westerly winds are
dominant (22%) throughout the year but southerly wind
changes are also very typical (14%) [1].

Surface and underground waters are characterized
by low water availability, the district occupying an
intermediate position according to the volume of water
resources in the region per head of population. Local
surface water runoff resources are more than 50 thousand
m? per km, while the operational resources of fresh
groundwater are 70-90 thousand m?/ day.

The Kashirsky District has floodplain meadows and
forests in the basins of the Don and Hvorostan Rivers. In its
western part there are pine and broad-leaved-pine forests
which pose a threat of large wildfires during forest fire
seasons [2; 3].

A comprehensive assessment of environmental and
technogenic emergencies investigated in the district
included: statistics of emergency accidents at objects of the
same type as has occurred in the past; a graphoanalytical
study of the causal relationships of factors leading to
accidents; expert assessments of hazardous environmental
and technogenic processes; results of express analysis of
observed parameters of functioning objects; “hazard
indices” (specially designed hazard scales for potentially
hazardous substances and relevant quantities) and risk
assessments of regional and federal governmental
departments, in particular emergency situations of a
biological and social nature.

Operational forecasting methods of Russian
EMERCOM were used in predicting the parameters of
damaging impacts and their territorial distribution.

Approved methods and scientific work carried out
under the supervision of the Russian Academy of Sciences,
Russian EMERCOM and the Russian Scientific Society for
Risk Analysis were used to determine different types of
damages [4].

Industrial facilities zoning and facilities separation
based on acceptable risk criteria was carried out using
methodological approaches developed by the Russian
Scientific Society for Risk Analysis and normative
documents of the Russian Ministry of Emergency Situations
[1; 5]. The acceptable level for risk of emergencies in the
Voronezh Region is considered to be 5.72:10° 1/year [6].
The maximum allowable value of social risk in terms of the
“victim” indicator was adopted as 10" cases per year in
relation to an expected less than 10 number of victims [7].

Natural and man-made risk assessment methods
for the Kashirsky District were based on the combined
characteristics of the damage and the frequency of
negative natural or man-caused processes or accidents.
Only those events that are associated with certain losses
(failures) of the hazard recipient were considered in
negative key.

In order to assess environmental risks, the physical
risk of damage in the territory was assessed. It should be
noted that this group of risk is crucial for calculating other
types of risk, in particular the economic risk of land
reduction as a result of exogenous processes. This is
expressed by a function [8]:

Re (H) = Rf(H)d,, (1)
where — Rf(H) is the physical risk of land loss (m /year,
ha/year, km?/ year and etc.);
d. is the distribution of material value (cost of material
distribution) (rub./ m?, rub./ha, rub./ km?® and etc.).

In order to found a new indicator of the social
risk, de can be replaced with population density d,
(inhabitants per square km or inhabitants per hectare) in
the formula above:

Ry(H)=Ri(H)d, (2)

This type of risk determines the ability of
processes (one or more) to be in the zone of catastrophic
development during a certain period of time and,
accordingly, economic, material and physical losses,
including fatal consequences.

In cases when social and other types of risk are
mapped from hazardous natural and technogenic
processes which are isolated in the field of fixing losses,
their specific indicators which directly characterise the
possible damage are used. Accordingly, the individual risk
of affecting the population with a certain result, which
determines the probability of being an injured member of
the risk group in the zone of possible damage, is a specific
indicator and criterion for ranking the territory. This type of
risk is expressed as the formula below:

R(H) = Re(H)d,P(1) = d, (H)P(1), (3)
where d , is the population density (inhabitants per square
km or inhabitants per hectare);
P(l) = 1/m means the probability that one in the risk zone
will be injured (unit fraction);
m is the size of the group (members); Ri(H) is the total
social risk of injured population (member/year).

More detailed information about risk assessment in
different backgrounds is connected with an additional
account of the vulnerability of individual objects of the
economy, population and biocenoses which are under the
influence of dangerous natural and technogenic processes
of a certain intensity and phenomena, destructive power
and duration of exposure.

The mathematical risk models considered are used
to assess elementary negative effects from dangers of
certain genesis, intensity (destructive force) and duration
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of effect on homogeneous objects (territories, structures,
population groups, etc.). The sum of the elementary
danger events for all possible cases of risks, which differ in
frequency of occurrence, intensity or rate of development
and negative consequences, expresses the full
differentiated (private) risk from this danger as inside one
as inside all objects in the affected area. The sum of the
differentiated risks from all genetic types of hazards
affecting an object (s) determines the integral (total) risk of
direct losses in the physical, economic, social or
environmental spheres of their occurrence.

RESULTS AND DISCUSSION

Risk assessment of environmental emergency

The risk of exogenous processes. The Kashirsky Municipal
District is subject to ravine erosion and medium-intensity
karst development (Fig. 1). The results of monitoring
studies in this regard were produced by TC
Voronezhgeomonitoring AO Centralnoe PGO.

According to actual data obtained about the types
of exogenous process, by analogy and extrapolation with
known values, data obtained (with an allowable error of
+ 0.5%) is shown below in Table 1.
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Figure 1. Schedule of maximum and minimum values of gully erosion and karst
PUCYHOK 1. MpadmK MmaKCMManbHOM U MUHMMANbHOW BEIMUYMHBI OBPAXKHOM 3p03UK 1 KapcTa

Table 1. The Exogenous Processes of the Kashirsky Municipal District
Tabauya 1. Kk30reHHble npouecchbl KalmpcKoro MyHUUMNaAbHOro paioHa

Form of exogenous Total area

Range of influence on the territory

processes of affected territory, km? CTeneHb NOPaXKeHHOCTU TEPPUTOPUN
Bupg, aKk3oreHHoro Mnowaab nopaxkeHHoM High, km* (%) Medium, km* (%) Low, km? (%)
npouecca TEpPUTOPUN, KM’ CunbHas, km> (%) CpepHas, kM’ (%) Cnabas, km’ (%)
gully erosion 685 312 (45,5%) 68,5 (10%) 25,5 (3,7%)
OBpakHas 3po3usa
Karst 150 68,25 (45,5%) 15(10%) 5,5 (3,7%)
Kapct

a) The methodology developed in “Assessment and
Management of Natural Risks” [8] and SNiP 22-01-95
"Geophysics of Hazard Natural Processes" were used to
assess the risk of gully erosion. In accordance with this
SNiP, the range of gully erosion was assessed as low (100
mz/kmz). Therefore, the actual risk of loss of the territory
as a result of erosion will be:
R(C) = Res(C)S;= 100'312 = 31200 m*/km* (3,110 m’/km?)

Accordingly, full ravine erosion and specific
economic risks of losses in the district will be:
R(C) = Rg(C)d.= 3,110% 1' 1,12 = 34 thousand rub/year;
Res(C) = Re(C)/S= 34/312 =109 rub/km? year

b) Karst risk is calculated using the above cited
methodology [8]. The area intensity of karst deformations
for the middle category of karst hazard is Ri(C) =0,016
m*/km? year and the density of the natural-technical
system is equal to 1.12 million rub/km?.

The karst risk of loss of territory is:
Rg(C) = Rs(C) 'Sj= 0,016 15= 0,24 m’/km” year.

The final values of the social and individual karst
risks for the population of the Kashirsky Municipal District
are defined as a medium range risk.

c) Flood risk. A number of settlements in the
Kashirsky District periodically fall into the flood zone
(Table 2).

The amount of compensation payments was taken
according to real payments for the year 2018 based on
possible flooding ranges (expert assessment).

In order to assess social and material damages for
appropriate flood protection, the method of aggregate
indicators was applied [8]. It is considered advisable to use
this method in the absence of detailed data about the
situation in areas affected by accidents and sufficient data
in geographic information systems. In accordance with this
method, the average statistical data of object
characteristics and the population density of the territory
under consideration are used.
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Table 2. Number of Flooded Buildings
Tabauua 2. Koanyectso 3ataninBaembixX JOMOB

The number of buildings flooded
at the highestwater level P %

Location Bodies of water
No . Konunuectso omMoB, 3aTaniMBaemMblx HauBbICLIUM
HaceneHHbIM NyHKT BoaHble 06beKTbI
YPOBHEM BOAbI C BEPOATHOCTLIO NpeBbleHnsa P%
1 5 10 25 50
1 Biryuchenskoye Hvorostan 19 16 1 ) 0
BuptoueHckoe XBoOpocTaHb
2 Mosalskoe Hvorostan 47 a1 8 0 0
Mocanbckoe XBOpoOCTaHb
Total 66 57 19 2 0
Bcero
Compensation payments, million rubles
pensation pay tilon ru 1,76 1,52 0,52 0,04 0

KomneHcaluMoHHble BbINAaTbl, MJIH pyb.

Assessment of social and material damages were carried
out in accordance with local regulatory requirements [6].

As a result of plans established for each area, the
locations of Buryachenko (11 buildings), Mosalskoe (9
buildings) were found as points inside the zone with
average flood impact.

d) Calculation of risks associated with weather
extremes such as strong winds, heavy rain, hail, snow
drifts, frosts and droughts are based on a statistical
method. The statistical information was taken from the
existing database of the territorial centre for monitoring
and forecasting emergencies. Social and individual risks for
this type of emergency were not considered. Frequencies
of accidents that turn into emergencies are taken from
available statistics for the past 10 years.

Over the past 10 years, the recorded number of
emergencies of these types of environmental events was
18. The number of registered municipalities in the region is
34 (31 municipal regions and 3 urban districts).

Thus, the frequency of the types of noted
emergencies: Fyind; Frainfall; Fhaiistorms Fsp; Frrosts Fd., where
Fuing, is 1,8-1/34 = 1,8-2,9410° = 5,3107 1/year. If the
emergency level for the district is considered as municipal,
therefore, economic damage for assessing financial risk is
taken as the equivalent of 500 minimum wages [9], which
means 5.640 million rubles for the year 2019. The amount
of financial risk is calculated as:

Rg = 1,8-2,94'10'2' 5,640 = 0,3 million rub./year.

e) Risk assessment of wild fires. Statistical data
from the existing database of the territorial centre for
monitoring and forecasting emergencies was utilised in
calculating risk associated with forest fires. The frequency
of wildfires is determined based on statistics of the last 10
years. The social and individual risks for this type of
emergency were not considered.

To assess this type of emergency risk, it is incorrect
to employ overall statistics for the region, because forest
cover of municipal districts varies significantly and
significant differences are also observed in forest structure.
There are some fragments of pine and broad-leaved forest
in the western part of the region. A forest fire has been
recorded once (local scale) in the last 10 years.

Thus, the frequency of this type of emergency of
the municipal area is Fryrest = 110" 1/year. The emergency
level for the area was considered as local, therefore,
economic damage to assess financial risk is taken to be the

equivalent of 500 minimum wages. The amount of financial
risk is:
Rg=1 10™" 5,640 = 0,564 million rub./year.

Risk assessment of man-made emergencies
a) Hydro-technical installations accident risks.

There are two potentially dangerous waterworks in
the Kashirsky Municipal District:

1) The Moskovsky Pond (reservoir) in the
Kondrashkin Log Ravine, 0.5 km to the east of the M-4
road. The hydro-technical installation is federal property of
the Federal State Budget Institution,
Voronezhmeliovodkhoz. In 2018, the structure was
repaired and the waterworks are in a satisfactory
condition.

Should dam destruction occur, the M-4 federal
road is located along the hydrodynamic flow path. Thus the
roadway could be damaged on the reservoir side, requiring
repair work (Fig. 2);

2) The Mosalsky Pond (reservoir) in the municipal
ownership of the Kashirsky District administration
(although it is located closer to Mosalkoye which is at a
distance of 0.75 km to the northeast).

The Mosalskoye settlement is located inside a zone
of potential danger; 9 houses of Nine Yanvarya Street could
be damaged by the influence of a potential breakout wave
(the first level, in the destruction zone, 3 buildings and on
the second, in the flooding zone, 6 buildings. Currently, the
hydro-technical installation requires repair (Fig. 3).

To determine the hydrodynamic accident indicators
of this hydro-technical installation, programme modules
Volna OO0 NPP Titan-Optima were used, the results being
shown in Tables 3 and 4.

The frequency of emergencies in Table 3 are taken
on the basis that the hydraulic facility state is in a balance
and, based on the assigned service life of the established
relevant class, accident frequency assessment corresponds
to an acceptable level of risk for a hydraulic facility of class
V.

b) Risk of accidents at hazardous industrial facilities
in the Kashirsky Municipal District.

There are two potentially dangerous facilities in the
Kashirsky Municipal District located at Kolodezniy:

1) Solvent-extraction plant manufacturer — Branch
of 000 BUNGE SNG (Safety Data Sheet dated 2015);

2) Prom-Neft-Service Petroleum Products Company
(Safety Data Sheet dated 2013) [10].
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thia Kondralhkin Logr

p. Kodnpesuges Mhor

Figure 2. Locational plan of the M-4 road, 0.5 km from the Moskovsky Pond (M 1: 10 000)
PUCYHOK 2. CUTyaUMOHHBIN NnaH Tpaccbl M-4 Ha 0,5 Km oT npyaa «Mockosckuii» (M 1: 10 000)

* '\ the Mosalskoye
. tountryside

d™ Mosalskiy"

CEMIH NPy L

the Lesnoy Log river

p. Mecwoi Mor

Figure 3. Locational plan of the Mosalskoye settlement, 0.75 km from the Mosalskiy Pond (M 1: 10 000)
PucyHok 3. CuTyaumoHHbIV naaH c. Mocanbckoe Ha 0,75 Km oT npyaa «Mocanbckuii» (M 1: 10 000)

The main indicators characterizing the safety of these
industrial installations are summarised in Table 4 (Fig. 4).
c) Risk of emergency at housing and public utilities.

Emergencies related to housing and communal
services are considered as a daily possibility of violating the
living conditions of the population of the Kashirsky
Municipal District.

Calculations of the emergency risk assessment of
housing and utilities services are based on statistical
methodology. Statistics were taken from the database of
the territorial centre for monitoring and forecasting
emergency situations and the Department of Housing,
Utilities Services and Energy of the Voronezh Region. Data

about frequency of accidents has been determined from
statistics of the last 10 years. Social and individual risks for
these types of accidents have not been considered.

1. The frequency of emergency situations of the
electric power system of the Kashirsky Municipal District is
Feps = 210" 1/year. The emergency level is classed as of the
municipal type. Economic damage for assessing financial
risk is taken to be the equivalent of 500 minimum wages.
The amount of financial risk is calculated as:

Rg=2 0™ 5,640 = 1,128 ‘10 million rub./year.

2. There has been no emergency in the water

supply systems during the last ten years.
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Table 3. Accidents at hydraulic structures
Tabauuya 3. Puck YC Ha ITC

[)] .
& wn O lg te}
s o s 2 > a z
8 3 = I g Sz g 3 gz
5§ & 2§ : g3 c s § = 3%
= = o 1 1S © =
Q: 3 g s E c 9 s E % & g to) @ o 9 <
- = 7]
Name of Hydraulic 2 BS ¢ S 2 E ¢ 5 38 £ § g3 § s §
Facilities €5 582% w2323 £c5 83 g = 829 Z o
H 3¢ 223353 P23 £g3 w8 §= wmes 8
anmeHoBaHue 8 2 azx £832 S E 2o © 5 ERCEES £
rTc (< -..0)0% Eﬁo% a9 v @ € = N= 2 £ d
Y= = 0O T o ®© S e 5 © T Q2 'G © 5 E £ § © O
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2 —
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S =) o0
2 o
Moskovsky Pond 110
Y g 3 R - - - 5,64 - 5,64
Mpya MockoBcKkuin
M Isky Pond 110
osaisky Fond | 2 - 9 1 2 5,4 2,2 7,6
Mpya Mocanbckuin
Table 4. Accidents at hazardous industrial facilities
Tabauuya 4. Puck YC Ha ONO
Emergenc
R X - gency Number of Total harm,
Name of industrial facility Emergency frequency, Death toll victims million rubles
Ha3BaHue onacHoro scenario 1/year NormBuwmx. ven Nocroa- Vilen6
Npon3BOACTBEHHOIO 06beKTa CueHapuit 4YC Yacrora 4C, ! ’ aBLumquen Mnu:; P 6’
1/ron 4 , . pyo.
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Ha‘:)f " 3,23.10° 4 96,859
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Figure 4. Risk indicators for accidents at industrial hazardous facilities in the Kashirsky Municipal District according

to the most probable scenario
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3. Regional statistics of heating systems of the Voronezh
Region as a whole have been used because there is no
statistical data for the Kashirsky Municipal District as an
entity. Boiler rooms with their heating system are taken as
an object (housing and communal services) to be studied
(there are 2,088 in the Voronezh Region). Nevertheless,
according to the statistical data regarding incidents
involving heating equipment in the Kashirsky Municipal
District, there were 11 emergencies.

Thus, the frequency of the study object emergency,
including the heating system of the region is calculated as
being:

Fheat = 1,17 1/2088 = 5,3 10 1/year (Fig. 5).

According to the information available, there are 58
such objects in the region. Therefore, the total risk
indicator will be:

Fheat = 5,310%58 = 3,1-10° 1/year.

Economic damage in the assessment of financial
risk is taken as the equivalent of 500 minimum wages,
because the emergency level is classed as of a municipal
type. The amount of financial risk is:

Rg = 3,1° 105,640 = 1,75 10" million rub./year.

d) Risk of transport accidents (Fig. 6).

1. Road traffic accident risk assessment. The result
was obtained with reference to the statistical data of the
traffic police of the Kashirsky Municipal District. The
frequency of emergency is Fpag= 210" 1/year. The
emergency level is local and of municipal type. The
economic damage for assessing financial risk is taken as the
equivalent of 500 minimum wages. The amount of financial
risk is:

Froos= 2 107" 5,640 = 1,128 "10° million rub./year.

If the average annual number of deaths from road
traffic accidents is 8 people (over the past 10 years), then
the individual risk of an accident will be:

Rrona: = 8/23802 = 3.36-10™ 1/year.

2. Railway accident risk assessment. There is no
information about emergency statistics relating to railroad
accidents in the Kashirsky District during the past 10 years.
Thus, calculations were based on regional statistics of the
number of emergencies of the Voronezh Region over the
past 10 years: i.e. 1 territorial emergency, 4 local and 4
community emergencies. Municipalities in the region with
railways number 28. Accordingly, frequencies of railway
transport incidents in the municipal area are calculated as:

— for the worst type of scenario

Fraiway = 11071/28 =3,6:107 1/year;

— for the most probably type of scenario

Fraiway = 8107°1/28 =2,9'10™ 1/year.

The worst type of emergency is at the regional
level, while the most probably type of scenario is at the
municipal level. Therefore, the economic damage through
financial risk assessment is taken to be in the amount of
247,5 million-ruble as an average criterion for a regional
type of emergency [11] and the equivalent of 500
minimum wages is taken as the most probably type of
scenario (Fig. 7). Accordingly, the amount of financial risk
is:

— for the worst type of scenario

R¢=3,6 10'2'247,5 = 8,91'10 million rub./year;

— for the most probably type of scenario

Rg = 2,9'10’1'5,640 = 1,64'100 million rub./year.

Social and individual risks of railway accidents were
not calculated due to the lack of statistics.

1,2 1,128
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0,25
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!053 0

Water supply/
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mm Total harm, million rubles/ MarepuanbHeii ywept, maH.py6.

—— Emergency frequency, 1/ year/ Yacrota coBbiTvii, ea.s rog,

I
Heat supply/
TennocHabeHue

Figure 5. Dependence graph of financial damage of an accident occurring with housing and communal services
PucyHoK 5. [paduK 3aBUcMMOCTM PprHaAHCOBOTO ywepba Npy HACTyNNeHUN aBapmm Ha 06bekTax KX
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Figure 6. Graph of financial damage of an accident according to different modes of transport
PucyHoK 6. [paduk 3aBucMmocTn prHaHCcoBOro ywepba npy HaCTynaeHUn aBapum
Technogenic emergencies / YC TeXHOI€HHOTO XapakTepa
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Figure 7. General assessment of the risk of material damage to technogenic emergencies
PucyHoK 7. O6Lwan oLeHKa pUcKa maTepuanbHOro yuiepba TexHoreHHbIx YC

Risk assessment of socio-biological emergencies

a) Risk of epidemics. Regional statistics were used to assess
the risk of emergencies in the territory of the Kashirsky
Municipal District, because there were no emergencies
with an extremely high index of the incidence or mortality
rate in this area (i.e. exceeding the average annual by more
than 3) [11].

The municipal level of emergency epidemic
situations has been registered once in the Voronezh Region
over a 10 year period. Based on the information that the
Kashirsky Municipal consists of 32 territories, the
frequency of this type of emergency is calculated as:

F eociat, = 1 10%1/32 = 3,1-10° 1/year.

The economic damage for assessing financial risk is
taken as the equivalent of 500 minimum wages, because
the type of emergency on the area is considered as
municipal.

In this case, the amount of financial risk is:

R social. = 3,1° 10 5,640 = 1,75 * 10” million rub./year.

b) Risk of epizootics. There are no cattle farms and
pig farms in the Kashirsky Municipal District. Consequently,
statistics of the animal incidence of the Voronezh Region as
a whole were used to assess the risk of emergencies in the
Kashirsky Municipal District.

Emergency situations of epizootics have been
registered once on a municipal level in the Voronezh
Region (32 municipal districts) for the last ten years. Thus,
the frequency of this type of emergency (taking into
account the absence of pig farms in the municipal district)
is calculated as:

Fanimals. = 1 10%1/32 = 3,1-10° 1/year.

The emergency level of epizootics in the Kashirsky
District is classed as of municipal type. The economic
damage for assessing financial risk is taken as the
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equivalent of 500 minimum wages.
The amount of financial risk is calculated as:
Rg = 3,110°5,640 = 1,7510 million rub./year.

c) Risk of epiphytotics. The prevailing hazardous
pests and diseases of crops and forests are considered in
the territory of the Kashirsky Municipal District:

Pests affecting crops:

« Rodents — these occur annually during the spring-
summer or autumn-winter periods when there are
favorable weather conditions in most of the area.

e Locusts — a local population which has no
economic value.

e Moths — 1-2 times during the season over a
period of 6-12 years. Pest outbreaks with increased density
may occur if weather conditions have been favourable in
May-June for two consecutive years (i.e. T = 20-25°C and
humidity of more than 75 %). It is possible that moths
migrate from adjacent territories that provide natural
habitat foci.

« Bugs — approximately every 10 years, individual
foci occur with high numbers. If weather conditions are
favourable in the spring-summer period with the earth to
20°C, the insect begins to move in active searching pf
winter cereal crops.

o Colorado beetle — outbreaks occur every year,
insecticide treatments being used against the larvae of the
pest’s first generation, while treatment of 30-50% of the
entire sown area of potato is required against larvae of the
second generation [12].

2. Crop diseases:

« Septoria leaf spot — occurs every two years when
there is a combination of favourable weather conditions
(wet) a month before crops starting to sprout;

« Brown leaf rust — occurs every two to three years,
its progression being based on a relatively warm winter,
rainfall in the first half of the growing season and cool,
humid weather in August and September. Treatments are
carried out when the disease occurs, during tillering and
exit into the tube.

Regional statistics were used to assess the risk of
crops succumbing to diseases and pests in the territory of
the Kashirsky Municipal District.

The territorial level of emergency situation has
been registered once in the Voronezh Region during last 10
years. 32 municipalities in the region were taken into
consideration. Thus, the recurrence of the risk of crops
death from diseases and pests is calculated as:

F.=110"1/32=3,1-10° 1/year.

The emergency level is classed as of the municipal
type. The economic damage for assessing financial risk is
taken as the equivalent of 500 minimum wages. The
amount of financial risk is calculated as:

Rg = 3,1'10°5,640 = 1,75'10" million rub/year;
d) Pests and diseases of the forest.

1. Forest pests: Forest cockchafer — a local
population which has no economic value.

2. Forest diseases: Heterobasidion annosum -
extensive foci of this disease require radical control
measures. It is the principal cause of drying of pines over
large areas. Regional statistics of the Voronezh Region
were used because there is no statistical data about the
Kashirsky Municipal District specifically. Conifers constitute
24% of the total forest value of the Voronezh Region (118.5
thousand ha). Environmental reports of the territorial
administration of Rosprirodnadzor indicate that radical
measures for the control of Heterobasidion annosum
require annual processing of about 9 thousand hectares
(Fig. 8) [13].
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Figure 8. General assessment of the material damage risk of biological and social emergencies
PucyHok 8. O6Las oLeHKa pUcka MmatepuanbHoro yuwepba 6uonoro-coumansHbix YC

The area of coniferous forest in the district is 3.58
thousand ha and the risk of coniferous forest disease is
determined as follows:

Frores= (9/118,5)-3,58-1/34 = 8,0-10° 1/year.
The emergency level is classed as of the municipal

type and the economic damage for assessing financial risk
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is taken as the equivalent of 500 minimum wages. The

amount of financial risk is calculated as:

Rg = 810°5,640 = 4,51'10 2 million ru b/year.

Analysis of risk assessment results

The frequency of the most possible risks of emergencies in

the Kashirsky Municipal District of the Voronezh Region is

presented in Table 5.

Table 5. The main possible risks of an emergency on the territory of the Kashirsky municipal district of the Voronezh region
Tabnuua 5. OCHOBHble BO3MOKHble PUCKM BO3HUKHOBEHMA YC Ha TeppuTOpUM KalMpcKoro MyHMLMNANbHOTO paitoHa

BopoHexKcKol obnactu

Risk
Puck

Processes
Mpoueccbl

Risk indicator — frequency
of accident, 1/year
MokasaTenb pucKa — YacToTa
peanusauum cobbitus, 1/rog,

Specific of manifestations
KoHKpeTHble NpoABaeHuns

Environmental emergency / NMpupogHbie YC

Occupies 64.6% within the territory of the

Gully erosion municipal area
[ 0.06
3 % OspaxHas s3po3ua 3aHumaeT 64,6% B Npeaenax Tepputopmn
S I MYHULMNANAbHOrO paiioHa
]
205 Occupies 0,10% within the territory of the
9 2 Karst municipal area
© ® Cyddo3MoHHbIe NpoLecchl 0.02 .
(KapcTb) 3aHumaet 0,10% B npeaenax Tepputopun
MYHULMNANbHOTO paioHa
o @ Floods the settlement Biryuchenskoye
= S . o
g § Spring flood on the river 0.04 MoaBepKeH 3aTONEHWNI0 HACENEHHbIM NMYHKT
§ z Hvorostan BuptoueHckoe
o
"C;{ S BeceHee nososoabe Ha p. Floods the settlement Mosalskoe
< %‘ XsopocTaHb 0.03 MoaBepKeH 3aTONNEHMIO HAaCeNEHHbIN NYHKT
=z Mocanbckoe
Strong wind Within the territory of the municipal area
. 0.04 B npepenax TeppuTOpMM MyHULIMNANBHOTO
CunbHbIN BeTep paﬁpo:; ppuTOp YHUL
Rainfall Within the territory of the municipal area
e 0.04 B npepenax TeppuTOpMM MyHULIMNANBHOTO
g NneHu VP ul ppuTop yHUL,
@ z paitoHa
€3 Hail Within the territory of the municipal area
g E Ioa 0.03 B npegenax Tepputopmun MyHULMNANbHOTO
39 paa paiioHa
2 3 Within the territory of the municipal area
é g Snow drifts 0.03 B npepenax e M'\I{O MU MYHU Msaanoro
o 2 CHeXHble 3aHoCbl ' up A ppuTop YR
25 paiioHa
© E Frost Within the territory of the municipal area
=
0.04 B npepenax TeppuTOpMM MYHULIMNANBHOTO
* 3amopocku vp 5 PRYTOP YAnY
paitoHa
Drought Within the territory of the municipal area
g 0.03 B npegenax TepputopmMmn MyHULMNAAbHOTO
3acyxa paitoHa
Areas of pine and broad-leaved forests are
92 Forest located in the Western part of the region
& ; TecHbie 0.04 B 3anagHoM YacTu paioHa pacnosioXKeHbl
T2 dparmeHTbl COCHOBOIO U LUIMPOKOANCTBEHHOTO

neca

Technogenic emergencies / TexHoreHHble YC

the Kondrashkin Log ravine
[TC B 6anke KoHapalwkuH Jlor

Hydrotechnical facilities closer to

0.06

The pond "Moskovskiy" is placed 0.5
kilometers to the east of the M-4 route
BocTtouHee oT Tpaccobl M-4 Ha 0,5 km —
pacnonoxeH npysa « MoCKOBCKUn»

Mosalskoye countryside
[TCy c. Mocanbkoe

a) hydrodynamic
rmapoanHammyeckmne

Hydrotechnical facilities near the

0.04

The pond "Mosalskiy" is placed at a distance of
0.75 km to the Northeast

Ha yaanennn 0,75 Km Ha ceBepo-BOCTOK —
pacnonioxeH npya «MocanbCcKuiny

Kolodezniy
dunmnan OO0 «BYHIE CHIM»
B8 KonoaesHom

Accidents / Asapuu

Branch of 000 "BUNGE SNG" in

0.04

The territory of Kolodezniy
n. KonoagesHoii

000 "Prom-Neft-Service"
000 «Mpom-HedpTb-Cepauc»

b) Industrial
MPbILWAEOMHHbIE

0.06

The territory of Kolodezniy
n. KonogesHoii
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Electro-power systems

On electro-power systems within the territory
of a municipal area

0.03 Ha anekTpo-aHepreTMyeckmnx cuctemax B
- CucTembl aNeKTpoCHabKeHnA
- nprve,qenax TEPPUTOPUU MYHULMNANBHOTO
w 3 < paiioHa _ :
3 g ; Water systems within the territory of a
2 v 7 Watersystems 0.03 municipal area
S g g BopocHabxkeHune ' Cuctembl BOAOCHabKeHNUA B npeaenax
" o
E g \'é TEPPUTOPUN MYHULMNANIBHOIO panoHa
S 8 Heat supply systems within the territory of a
< Heating systems 0.04 municipal area
TennocHabxeHue ' CucTeMbl TENIOCHABXKEHWA B Npesenax
TEPPUTOPUM MYHULMNANBHOTO pPalioHa
. 2 Road Within the territory of the municipal area
S I ABTOMOGUNBHBIE 0.14 B nvpep,enax TEPPUTOPUN MYHULMNANBHOTO
a g paiioHa
g g Railway Within the territory of the municipal area
T o 0.06 B npepenax TeppuTOpMM MyHULIMNANBHOTO
F KenesHof0poKHble .
paioHa
Sociobiological emergencies / buonoro-counansHbie HC
8 < The result was obtained from the
g s average statistical data of the Within the territory of the municipal area
s g Voronezh region 0.02 B npepenax TeppuTOpMM MyHULIMNANBHOTO
gz PesynbTaT nosyyeH no cp. crar. paiioHa
w7 OaHHbIM NO BopoHeXcKoi 061.
8 < The result was obtained from the
5= average statistical data of the Within the territory of the municipal area
§ § Voronezh region 0.02 B npepenax TeppuTOpMM MyHULIMNANBHOTO
& B PesynbTaT nosyyeH no cp. crar. paiioHa
=° AaHHbIM NO BopoHeKcKoi 06:.
.g s Crop pests; Crop diseases; forest
g :§ pests; forest diseases Within the territory of the municipal area
s é. Bpeautenu c./K. KynbTyp; 0.06 B npegenax Tepputopmun MyHULMNANbHOIO
:‘,‘ N 60ne3HU C./K. KyNbTyp; paitoHa
s ® BpeauTenn neca;,6onesHn neca

The principal output of the risk assessment for the territory

of the Kashirsky Municipal District of the Voronezh Region
was the construction of the following diagrams of social
risk and risks of damage to property (F / N-F / G-diagrams)

An analysis of Fig. 9 defines the social risk for the

area as slightly higher than the maximum allowable. This is
based, first of all, on the presence of 11 zones of
inundation from flooding and from 2 ponds (reservoirs)

(Figs. 9 & 10). which pose a direct threat to population.
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Figure 9. Social risk
PucyHok 9. CoumanbHbI pUcK
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Figure 10. Risks of damage to property
PucyHok 10. Puck maTepuanbHoro yuepba

Based on analysis of Fig. 10, the following conclusions can
be drawn: the territory of the Kashirsky District is subject to
dangers from floods, the presence of potentially dangerous
hydraulic facilities, wildfires, biological and social dangers;
moreover, there are risks of accidents from housing and
communal systems and with transport. The risks of
property damage are high enough for emergencies within
potentially dangerous situations, but, nevertheless, they
can occur.

Potentially hazardous facilities with worst type of
scenarios are in the zone of acceptable risk of emergency.
According to the most probably type of scenarios, the level
of regulatory acceptability is exceeded [8].

CONCLUSION

Recommendations for reducing the risk of emergency

So as to minimise the levels of social risk, preventive
measures aimed at reducing losses caused by floods must
be achieved by:

- bringing hydraulic structures into
compliance with safety level requirements of regulatory
documents and developing measures to alert populations
at a time of threat - which should significantly reduce
potential mortality.
clearing riverbeds to increase the flow
capacity of flood waters, considering the question of
possible dam construction in certain areas and conducting
other related engineering activities.

It is advisable to increase the reliability of safety
regimes of hazardous facilities and of hydraulic structures
operations to minimise the consequences of emergencies.
In these cases, procedures should be implemented to
accelerate operational services’ response time, to improve
emergency equipment and to develop warning systems for
populations located in areas of potential risk.

In order to reduce the risk of forest fires and
mitigate their consequences during the fire hazard period,

@ — BHOADO-CoUMEALMe HE

it is necessary to restrict access to forests and to prepare

and equip voluntary units to extinguish forest fires.
Recommendations for reduction of the negative

impact of exogenous processes on the Kashirsky Municipal

District and its economy through stabilization and
protection of vulnerable lands include 2 groups of
approaches:

- for gully erosion: embankments and

afforestation of developing ravines; planting of bottom
plantations for sludge filtration (poplar, willow) in order to
reduce bottom erosion; limitation of water-retaining
capacity shafts on slopes to reduce soil erosion; meadow
formation for side ravines in places of pipeline incision
together with strengthening with stones.

for karst processes: regional planning which
involves filling fissures with clay, backfilling of funnels,
water-collecting plumbing systems with channels to drain
rain and melt water.

In order to prevent the risk of a rise in accidents to
life sustaining systems of housing and communal services,
scheduled repair compliance, gas system and electricity
monitoring and a review of water payment protocols are
recommended. This is because any disconnection which
arises from malfunction places the life support system and
infrastructure at risk.

Based strictly on the objective of reducing potential
biological and social emergencies, it is recommended that
government departmental emergency monitoring systems
be developed whose units will be located in the territories
where dangers may occur. Moreover, their equipment,
quarantine and observational measures must be improved.
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