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Introduction

Of primary importance for the cities and townships
whose core enterprises had been industrial mining
facilities that suffered major declines resulting from
the change in the economic order is to justify their
territory revitalization scenarios and to determine
their development strategy. Here, one of the key
components of the integral assessment is the index of
reducing natural and technological hazards, which is
based on the risk analysis of potential emergencies.

Hazardous geological processes manifestations on 
Solotvyno territory (Shekhunova, 2015-2019)

An example of post-mining territories is the township
of Solotvyno, where such technogenic factors as salt
mining, territory under working (the presence of
abandoned mines and drainage underground
workings), flooded salt mines alongside with natural
factors (floods, steep slopes, the presence of karstable
rocks, extreme weather events) create risks of both
material and human losses.

Therefore, the aim of the research has been the
development of a risk analysis procedure for
preventing emergencies as exemplified by the
situation in the abovementioned township.

Methods and Materials

The risk analysis methodology consists of the
following stages: detecting hazardous geological
processes (HGP), determining the probability of their
occurrence, the vulnerability of risk elements,
evaluating the possible consequences of the process
occurrence and calculating the risk value. The risk
has been quantified, relying on the numerical values
of the probability, vulnerability and consequences,
and described qualitatively (processes intensity and
the expected losses). The risk has been quantified by
the expression

R(H) = {P(H), E(H), V(H), D},          (1)

where P(H) is statistical probability of DGP
occurrence (Hazard); E(H) is the probability
(geometric one – in space) of occurrence (Exposure);
V(H) is vulnerability – the probability of losses
(economic or social) resulting from the emergency; D
is the cost of tangible assets or the population
number. The parameters involved in the formula are
complex functions of multiple variables. Depending
on the risk type (economic or social), the parameters
of formula (1) had different dimensions and were
calculated using different procedures.

The objective of the research is the probability of the
occurrence of HGP. The research subject is the size
of losses (the risk) resulting from HGP (karst,
landslides, subsidence, flooding, floods).

The study relies on the geological database
developed by the Institute of Geological Sciences of
the NAS of Ukraine (Shekhunova et al., 2015; 2019),
geological maps of various scales, the data of the
Public Cadastral Map of Ukraine (Public…, 2020),
the data of engineering geological surveys performed
in various time periods, historical and archival
documents.

The methodology of risk assessment was
implemented in the geoinformation software product
ArcGis 9.3. Graphic materials were adapted to
Universal Transverse Mercator (UTM) coordinate
system (datum WGS84, zone 34N). The method of
square-wise territory assessment (25×25 m) was used
to organize the data.

Scheme of risk assessment for the settlement

(NGP - hazardous geological processes,

OKI - objects of critical infrastructure).

Results of assessment

Both differential and integral assessments of
economic and social risks at the object (site) and
locality (township) levels have been carried out. It
has been determined that the gravest geological
hazards on the territory of Solotvyno township are
karst-suffosion processes that cause surface
subsidence, the formation of karst-suffosion collapse
sink-holes and swallow-holes and are accompanied
by slope mass movements of various scales. The
probability of their occurrence in the central part of
the territory is as high as 1.

The differential analysis of erosion-gravity processes
(slope mass movements, landslides) should be carried
out taking into account possible abnormal weather
events (downpours, snow melting) (Kril and
Shekhunova, 2021). Under excess humidification, the
slope stability coefficient drops to 53% (Kuzmenko
et al., 2017), which increases the probability of
landslide process realization.

At the object level, the economic risk has been
evaluated (43.5×10-4 thousand UAH /m2 per year),
which shows the necessity of protective engineering
measures, and the individual risk (5.86×10-4
pers./pers. per year), which is well in excess of the
average values for the territory of Ukraine.

Integral economic risks have been calculated and
respective schematic maps compiled for the territory
of Solotvyno township. The graphic representation of
possible losses resulting from HGP on the territory
studied, according to the worst scenario, is given in
Figure 1. The intensely colored areas have the
highest values of economic risk (UAH/year).

Schematic map of the integral economic risk at the 
locality level, Solotvyno township (the numbers show 
the probability of HGP occurrence): 1 – the outlines 

of hazardous processes spread;  2 – buildings and 
structures; 3 – highway; 4 – railway; 5 – critical 

infrastructure facilities.

Conclusions

The risk analysis conducted includes choosing the
research scale, detecting the hazardous geological
processes, determining the probability of their
occurrence, determining the vulnerability of risk
elements – engineering structures (housing and
industrial, transport highways and main railways,
critical infrastructure facilities), assessing the
possible occurrence of an individual process and
calculating the risk value. It is proper to consider
both the integral and differential risks. When
determining the probability of individual process
occurrence, the effect of abnormal weather events
must be taken into account.

The proposed methodology of assessing territories in
terms of possible consequences of HGP occurrence
can be used in similar mining regions of Ukraine to
develop the strategy of reducing natural and
technogenic hazards.
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