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1. Introduction

Surface extraction has a long tradition in the Central European region.
Since time immemorial, the surface method of extracting raw materials has been
one of the irreplaceable activities of our ancestors, and this method, considering
modern technologies, has an important economic dimension as well as social and
societal dimension. Ancic et al. (2017) point out how the extraction of minerals
leaves indelible marks on the cultural and economic development of the mining
region.

In recent years, high environmental demands have been placed on all
methods of obtaining raw materials. In the case of surface extraction of raw ma-
terials, these requirements are particularly strict. Rotz et al. (2018) note the need
to increase the efficiency of already approved quarries in relation to the increasing
requirements for the authorization of new areas for extraction. At present, the
environmental requirements for the operation of a quarry have been noticeably
increasing. Ogrodnik et al. (2019) consider the main problem in extractive indus-
tries to be addressing the negative impact of extraction on the environment. For
this reason, quarry operators are forced to renew material and technical equip-
ment used for the extraction and subsequent transport of raw materials. Patyk et
al. (2019) state that a rational choice of components used in extraction must meet
economic, environmental and safety requirements. Regular modernization of
quarry facilities contributes to increasing ecological standards protecting the en-
vironment and also the people working in the quarry or living in its immediate
vicinity. Rodovalho et al. (2020) take the view that, in connection with the ex-
traction of minerals, the handing of waste generated during the extraction process
and its subsequent disposal should not be neglected either. It is undeniable that
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irresponsible management of mining waste can have adverse consequences for
nature and for the health of the population.

Kong et al. (2017) argue that it is necessary to find a balance between eco-
nomic development and environmental protection. It is essential to try to minimize
the environmental impact on the area in all activities related to the extraction of
mineral resources. Randelovic et al. (2014) are of the view that in minimizing the
environmental burden on the area extracted from, it is necessary to individually
examine the soil characteristics and appropriately choose the form of environmen-
tal reclamation used. Urosovic etal. (2018) considers mining to be an important
source of pollution in adjacent areas. Babi et al. (2016) are of the opinion that the
role of the extractive industries in sustainable development is to balance economic,
environmental and social burdens with the benefits of extraction.

Since the end of the 19th century, increasing efforts by companies have
been observed to protect employees at work. National legislation seeks to mini-
mize adverse events in the work process. With economic development, new chal-
lenges arise in the field of safety at work. According to Kahraman, et al. (2019)
globalization brings many threats to working life. These threats are generally
linked to the level of economic development of countries. In the European Union,
the working conditions of employees are extremely strict concerning safety. Ziel-
inska et al. (2019) consider health and safety in the work environment to be basic
prerequisites for the quality of work. Unfortunately, despite high standards of
protection for employees at work, undesirable situations still commonly occur
which endanger or harm the lives or health of employees. Santos et al. (2020)
claim that, despite improving working conditions in the world, each ye hundreds
of thousands of people die from occupational injuries and around 2 million people
die from occupational illnesses, which offers considerable room for improve-
ment. In the event of harm to health caused to an employee during the perfor-
mance of work tasks, or in direct connection with them, regardless of their will
by a short-acting, sudden and violent action of external influences, we call such
an event an accident at work. Pereira et al. (2020) considers accidents at work to
be a complex phenomenon and one of the main public health problems.

The existence of an injury at work has a negative economic and social
impact on the employee as well as the employer. The employee is excluded from
the normal work routine due to the harm to their health and a significant impact
on their social ties is also possible. Jonczy et al. (2019) highlight the interesting
fact that workers in the extraction sector are exposed to levels of danger that are
difficult to reduce or easily eliminate, and so have a low occupational safety cul-
ture in comparison with professions where the level of danger is lower or easy to
eliminate.
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After an accident at work, the employer loses the employee's labour for
a certain period of time, which is associated with economic losses for the company
and at the same time the employer's attractiveness in the eyes of potential new em-
ployees decreases. Singh et al. (2020) and Tilabi et al. (2019) argue that workplace
safety management is an urgent requirement for organizations and companies, es-
pecially in a highly competitive world, where the success of companies depends on
the overall productivity of organizations. Despite the clear motivation of both sides
of the working relationship, surface extraction of minerals is unfortunately an ac-
tivity that is associated with the relatively frequent occurrence of accidents at work.
The role of the employer is to create a working environment that will minimize the
possibility of accidents at work. Lopez-Garcia et al. (2019) consider the organiza-
tion of working conditions to be an important task.

Wiganowska et al. (2018) and Trebuna et al. (2019) are of the opinion
that the creation of a suitable working environment affects the health and safety
of workers at work. Amponsah-Tawiah, et al. (2017) state that the employer's
management should invest its resources in protecting the life and health of its
employees. Zinoviev et al. (2014) argue that the insufficient allocation of the em-
ployer’s financial resources for protection and health at work results in the threat
to the life and health of employees multiplying.

There is no doubt that the right choice of extraction method has an ex-
ceptional impact on the incidence of accidents at work. Ozturk et al. (2019) ar-
gues that mining accidents are one of the critical safety issues worldwide.

Kazanin et al. (2016) and Izarikova (2019) highlight the need to obtain
and evaluate information on the stress-strain state of the rock mass with reference
to the importance of this information in terms of safety.

Work in a quarry is based on the deposit exploitation plan. In this plan, it
is necessary to assess the dangers and threats which cannot be removed and to
propose and suggest measures to eliminate these dangers and threats. The assess-
ment of workplace safety is currently an integral part of the preparatory work
before the start of extraction. Szeszenia-Dabrowska et al. (2013) are of the opin-
ion that careful monitoring of working conditions and implementation of preven-
tive health programs should be carried out in areas and divisions of the national
economy where a high risk of occupational diseases has been identified.

Measurable and non-measurable factors must be taken into account when
assessing the degree of risk. With regard to eliminating or minimizing the degree
of risk, it is more difficult to remove non-measurable factors, which largely lie in
the human factor in the actual performance of work. Chen et al. (2019) are of the
opinion that physiological fatigue, mental fatigue or mental illness are frequent
determinants of dangerous situations in the workplace. According to Dieterich et
al. (2020) it is necessary to know the exact circumstances of each accident in
order to identify the risks that must be minimized for prevention. This view is
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also held by Lombardi et al. (2019), according to whom the analysis of accidents,
as well as their main causes and determinants, can definitely contribute to the
development of more effective preventive interventions.

The aim of the presented paper is to offer a comprehensive and systematic
procedure for risk assessment, as well as to apply it in selected activities at the
Kecerovsky Lipovec quarry. This procedure can assist in the decision-making
activities of quarry management, especially with regard to the environmental and
safety requirements of the operation.

2. Methodology for the approach for determining risk values
for a quarry operation

Measures to ensure safety and health at work are an important part of
every quarry operation, and are generally based on the basic safety regulations in
force in the Slovak Republic.

In order to carry out an analysis of the examined state of extraction oper-
ations, it is necessary to understand basic concepts such as danger, threat and risk.
We can imagine danger as an essential property of a material, machine, work
activity, etc., which can cause harm to health or damage to machinery. Technol-
ogy and working activities are characterized by the ability to create an unexpected
negative consequence of harm to a person or property. A threat can be defined as
an active property of an object, machinery, technology and work activities that
can cause a negative phenomenon, or the possibility of activating a threat in a spe-
cific space and time. We understand risk as expressing the probability of the oc-
currence of a negative phenomenon and the consequence of this phenomenon.
The risk (R) is thus a function of the probability (P) and consequence (D) of the
negative event.

Mathematical expression of a non-linear function of risk:

R=f(Px D) (D

Due to the efforts to take into account the risk of other factors when quan-
tifying risk, a broader description of risk is applied:

R=PxDxExO 2)

where:
Ex — exposure, exposure to threats,
O — application of protective measures.

This means that the value of risk as a function of probability and conse-
quence is multiplied by a coefficient expressing human exposure in the danger
area and a coefficient expressing the impact of protective measures. However, the
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risk is affected by many more factors than those given in the last definition
(Ex, O). These factors can be divided into measurable and non-measurable (see
Table 1). The factors listed in Table 1 affecting probability must be taken into
account when determining probability and consequence. These factors are there-
fore the parameters of probability and consequence. It follows from these consid-
erations that it is important for normal work practice, especially in small and me-
dium-sized enterprises, to be able to identify all the relevant factors that affect
risk and to be able to assess their impact on the final effect. Therefore, it is ap-
propriate to use methods that give instructions on how to assess the effect of mul-
tiple risk factors.

Table 1. Factors influencing the probability of an accident

Factors influencing the probability of an accident

Measurable Non-measurable

human factor, attention,

duration of danger, time of exposure . .
ger, P classification, stress, etc.

system parameters (machine speed, etc.) level of maintenance activities

quality of inspection
and testing activities

suddenness of event reliability and compliance
with security measures

diversity of threat existence

There is an increasing emphasis on safety in quarry operations, so risk
assessment is an integral part of any such operation.

In practice, there are cases where a dangerous situation is not addressed
by a risk prevention measure. In this case, it is up to the experts and the quarry
owners to estimate the degree of risk.

An obvious legal obligation of the employer is to provide a workplace,
machinery, working conditions and work aids that do not endanger safety and
health at work, which must be an integral and equal part of the performance of
work and production tasks.

The analysis is followed by a risk assessment. It is based on an assess-
ment - an estimate of the probability of an accident and an assessment - an esti-
mate of the consequences of this accident or adverse event. Factors influencing
the probability of an accident are described in Table 1.



The Level of Risk and Decision-making in Managing Industrial Activity... 135

It is also worth noting that when estimating the probability of an accident,
we start from different levels of input data, which are defined in more detail
in Fig. 1.

When estimating the probability
of an accident, we start from

4/l\g

From past From accident data in From data from qualified
accident data similar establishments expert estimates

Fig. 1. Relationship of data with the probability of an accident. Source: own elaboration

Determining the influence of the severity of individual factors on the fre-
quency of a particular negative phenomenon is shown in Table 2, where the main
aspects are seen as probability, the frequency of occurrence and the duration of
the effect of the threat.

Table 2. Determining the influence of the severity of individual factors
on the frequency of a particular negative phenomenon

prpiy | clas | P | Tempord
Very high A Very often Nonstop
High B Several times Temporary threat
Moderate C Sometimes Rare
Low D Rarely Very rare
Very low E Almost none Almost impossible

The consequences of the negative manifestation of the phenomenon are
shown in Table 3. It should be borne in mind that different risk factors may take
different levels. It follows from Table 3, that with the decreasing severity of in-
dividual factors, the consequences of negative phenomena in the quarry also de-
crease.
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Table 3. Determining the influence of the severity of individual factors
on the consequence of a negative phenomenon

Consequence type | Category Description of the consequence

death due to an accident at work
Catastrophic L or complete destruction of the system,
irreparable damage

serious accident at work, occupational
disease or extensive damage
to the system, loss of production,
large financial losses.

Critical 1I.

registered occupational injury, suspected
Little significant 1. occupational disease or minor damage
to the system, minor financial loss

registered occupational injury, negligible

Negligible v. system failure, no financial loss

After determining the effect of probability and the consequence of an ad-
verse event, we use Table 4. The highest risk is value 1 and the lowest is value 20.

Table 4. Determining the influence of the severity of individual factors on the
consequence of a negative phenomenon

Result Catastrophic | Critical | Low significance | Negligible
Probability L. II. 1. Iv.
A —very high 1 7 13
B — High 2 9 16
C — Medium 4 11 18
D —-Low 8 10 14 19
E — very low 12 15 17 20

Numerical values for risk resulting from Table 5 must then be divided
into four groups as shown in Table 5.
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Table 5. We classify numerical risk values into groups

Point range Risk scale Safety criteria

the system is unacceptable
1-5 unacceptable — immediate application of protective
measures, immediate shutdown of the system

the system is dangerous

6-9 adverse - :
— application of protective measures
10-17 moderate the system is .safe, C(')ndltl.OIlal on training
of operators, inspections, instructions, etc.
18-20 acceptable the system is safe

For the first two levels, the system cannot be considered safe. Appropri-
ate measures must be taken to remedy the problem. The third level, moderate,
enables the assessment of the system to be completed however with certain con-
ditions, e.g. employees must be trained. The fourth level is acceptable and there-
fore the situation in the workplace can be considered to be safe.

3. Application of methodology — Case Study in the Andesite Quarry
in Eastern Slovakia

The andesite quarry we analysed is located in the eastern part of Slovakia,
near the town of KoSice at the western foot of the hills known as the Slanské
vrchy. This quarry is one of the most important deposits in Slovakia. It is used
for quarry stone and crushed stone. The extracted raw material is mostly used for
the construction of roads. Dark-grey andesites with feldspar outgrowths appear
in the wall of the quarry. The properties of the mined raw material are given in
Table 6.

Table 6. Properties of the raw material mined in the quarry

Property Dimension Value
absorbability % 1.2
porosity % 1.8

abrasion % 21.4
weight loss after ventilation % 0.1
weight loss after freezing % 0.2
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During the exploration of the deposit, the extraction is guided by surface
extraction by a wall quarry through an external notch in 3 levels of the quarry, in
a combined manner of face fronts. The method of rock separation is subordinated
to the main production in the quarry, namely gross stone production. The man-
agement of extraction works is determined by the current state of digging in the
quarry. Methods of mechanical rock separation are used in extraction.

Based on the method mentioned in the previous chapter, a risk assessment
was performed for the core work activities in the extraction operation at the
Kecerovsky Lipovec quarry, which are level preparation and extraction. In both
cases, the points-based method was used to assess the risk.

During the process of preparatory work or when opening a new level, it
is necessary to take into account the threats that most often occur during the pro-
cess in question. These threats include, in particular, injuries to the upper and
lower limbs, fall of the extraction machinery, damage to the extraction machin-
ery, etc. Table 7 shows the assessment of the probability, consequence and the
result of the threat.

Table 7. Risk assessment for preparatory work, overburden work to open a new level

Threat identification Probability | Result | Result
Injuries to the leg and other parts
of the body when descending and exiting D 1. 14

the extraction machinery

Fall from the machinery during

maintenance work and cleaning work c L 1
Injury caused by extraction machinery D I 10
(crash, push, pass) )
Fall of the extraction machinery to depth, D I 10
overturning of the extraction machinery ’
Damage to the extraction machinery 1 14

by other extraction machinery — an accident
Fall while working with hand tools D II1. 14

Injury to employees caused by a fall
or landslide

D III. 14

Table 7 therefore leads to a risk assessment during the preparatory work,
or overburden work. According to the established procedure, the level of risk was
calculated, where the sum of points for the overburden is 83, the number of the
parameters for the overburden is 7, the arithmetic mean is therefore 12. From the
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given data it is clear under Table 6, that the assessed extraction work activity is
moderate on the risk scale — moderate. In this case, however, the importance of
the measures must not be forgotten, especially in the form of quality expert train-

ing, inspections, instructions, etc.

Table 8 represents the results according to the set methodology, based on
which number of points for overburden is 131, the number of parameters for over-
burden is 10, the arithmetic mean is 13. From this data it is clear that overburden
belongs in the moderate risk group. The Kecerovsky Lipovec quarry can be con-
sidered a safe workplace, but we must always keep the relevant safety criteria for

individual work activities in mind.

Table 8. Risk assessment for preparatory work and overburden work to open a new level

Identification of threat Probability | Result | Result
Injuries to the leg and other parts of the body when
. .. . : D I1I. 14
descending and exiting the extraction machinery
Fall from the machinery during cleaning D ML 14
and maintenance
Collision injury, pressed by machinery D 1L 10
Overturning of the machinery D 111 14
Damage to the machinery by other extraction
. . D 1. 14
machinery — accident
Employees falling during the performance of work D 1. 14
Injury to employees caused by a fall or landslide D II1. 14
Injury carrying load D 111 14
Injury to the leg or other parts of the body while
. oy . D I1I. 14
descending from and exiting the machinery
Fall from the machinery during maintenance
. C 1. 11
and cleaning work
Injury caused by the extraction machinery-impact, D I 10
pressing, running over '
The fall of the extraction machinery in depth, D I 10
the overturning of the extraction machinery '
Damage to the machinery by other extraction
. . D 1I. 14
machinery — an accident
Employee falling in the performance of work D III. 14
Injury to employees caused by a fall or landslide D 111 14
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Given the cases of both risks, which are at an acceptable level according
to the methodology used, it is necessary to inform employees about the measures
taken and the residual risks. It is important to know whether the safety measures
at the workplace are sufficient and it is necessary to monitor whether there are
ongoing threats, especially when introducing new machines, using new sub-
stances, etc. In the event that a new risk arises, every effort must be made for its
mitigation. Each official information provided for employees must be properly
documented so that there is no doubt that employees are not aware of the possible
risks. This makes it possible to minimize any legal claims in the event of acci-
dents or incidents.

4. Conclusion

We analysed an andesite quarry in Eastern Slovakia, which is one of Slo-
vakia’s most important andesite deposits and it is able to ensure the supply of the
entire immediate vicinity with sufficient excavated rock. In terms of economic
supply, mineral extraction is a promising opportunity for the development of the
whole region. As early as the quarry’s design phase, high requirements were
placed on a low ecological footprint of the structure, but the main goal of the
design activity was to define extraction processes so that the work activities of
employees in the quarry would fulfil high safety criteria. However, despite the
perfect and detailed design, it cannot be expected that nothing undesirable will
occur during extraction as a result of subjective and objective influences. With
this in mind, the task of this paper was to evaluate the degree of risk of individual
activities associated with the operation of the quarry and on the basis of that data
to adapt the extraction of andesite in the Kecerovsky Lipovec quarry to high en-
vironmental and safety requirements.

It is undeniable that the degree of risk in quarry operation depends on the
specific phase of quarry use. For this reason, it is desirable to consistently distin-
guish between risk in preparatory work — overburden work and risk in work per-
formed as part of extraction. The basic monitored criteria for assessing the degree
of risk was the result of the threat, which resulted from the identification of the
threat, probability and consequence. The identification of the threat included
a variety of adverse events that may adversely affect the physical safety of work-
ers and the operability of the extraction facilities. As for the probability of the
occurrence of an adverse circumstance, it is based on the frequency of the threat
and the length of its duration. The consequences of the adverse event can range
from negligible to catastrophic. From the analysis and evaluation, it is clear that
the level of risk in both monitored phases of extraction activity in the quarry is in
the moderate risk group.
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The main benefit of the paper is a comprehensive and systematic view of
the risk assessment of individual activities in the Kecerovsky Lipovec quarry. The
paper offers a description of threats, with the main emphasis on the resulting level
of risk based on the determination of the probability and the consequence of the
event. It is clear from the research that the extraction activity in the Kecerovsky
Lipovec quarry is at a minimum level with regard to the burden on the environment
and workers and does not represent such a threat to its surroundings that could be
assessed as undesirable. The facts presented in the research part can serve as an
important basis for decision-making activities associated with the operation of the
quarry so that solutions are selected are those that minimize the potential negative
effects on the environment. However, it is necessary to ask the question whether
the extraction activity in the Kecerovsky Lipovec quarry, in addition to the envi-
ronmental and safety point of view, also meets the economic requirements for the
rational use of the environment and resources. It is also necessary to take into ac-
count the lack of staff for individual extraction jobs in the region resulting from the
significant outflow of this type of labour out of the region.

The submitted paper is a part of the projects “Projects of applied research
as a means for development of new models of education in the study program
of industrial logistics” KEGA 016TUKE-4/2020 and the project “Research and
development of new smart solutions based on the principles of Industry 4.0,
logistics, 3D modelling and simulation for streamlining production
in the mining and building industry” VEGA 1/0317/19.
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Abstract

This paper focuses on the assessment of the degree of risk in all phases of ex-
traction activities in a selected quarry in the Slovak Republic. The research part of the
paper assesses the degree of risk resulting from the assessment of the threat, the proba-
bility of the threat and the consequence of an adverse event in extraction activities. The
paper offers an important basis for decision-making in quarry management in order to
eliminate the negative consequences of andesite mining on the environment, equipment
and people. The extraction activity in analysed quarry is assessed by this paper as low
risk for two phases of extraction, specifically the preparation phase, and the extraction
itself. The paper also highlights the importance of taking measures. Regarding the safety
criteria in the analysed quarry, it is possible, based on the results of the analysis and eval-
uation, to consider the quarry to be safe. However, a condition for this is the necessary
expert training of workers in all activities performed while working in the quarry. Here,
the need for personnel to strictly adhere to the set standards for extraction activities is of
prime importance. This finding confirms the above that the aim of diagnosing and naming
the potential for adverse events in the extraction process must be to minimize risks, as
their absolute exclusion is not possible due to the human factor and unforeseeable cir-
cumstances.

Keywords:
risk, danger, threat, risk analysis, risk assessment
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