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Abstract: The issue of environmental risk assessment currently deserves great attention. In order to
protect the environment, maintain healthy living conditions, and prevent environmental damage,
the member states of the European Union have adopted a Directive of the European Parliament
and of the Council on environmental liability with regard to the prevention and remedying of
environmental damage. The directive classifies two types of operators with different liability regimes
for environmental damage, namely, the regime with no-fault (strict) liability and liability for fault.
With the adoption of the directive, among experts, operators and the general public have posed
questions about how to assess the risk of environmental damage. At present, there is still no uniform
procedure for assessing environmental risks, which would create a comprehensive methodological
framework for assessment for this type of risk. Due to the non-existent risk assessment methodology
for operators with strict liability regimes and the lack of a systematic search for risk sources, a risk
assessment procedure is proposed that provides guidance in a sequence of several steps on how to
implement the obligations arising from the adopted Environmental Liability Directive. The proposed
procedure was verified on a specific operator with a strict liability regime. The environmental risk
analysis performed through the proposed procedure provided information on possible operational
problems and verified its applicability. Last but not least, the use of the proposed procedure makes it
possible to identify serious sources of risk and to establish necessary preventive measures to prevent
the occurrence of environmental damage.

Keywords: diesel fuel; emergency scenario; environmental risk assessment; environmental damage;
filling station; petrol; source of risk

1. Introduction

Major accidents usually cause disruptions to the life of any society, in particular
through their consequences for life, human health, property, and the environment. More-
over, major accidents can cause both direct damage to the exposed population and vast
damage to the environment that, as a result, might indirectly affect the population by the
contamination of land, surface water, and groundwater [1].

An environmental risk assessment caused by the activities of companies is an im-
portant part of the safety documentation required by the applicable legislation in the EU
member states. The number of industrial accidents with negative consequences for human
life and health and the environment accounts for the salience of this issue. Examples are
the dioxin leak in Seveso (1976), the explosion of a chemical plant in Bhopal (1984), and the
cyanide leak from a mine in Baia Mare (2000), to mention a few.

The rapid growth of urbanization has created greater demand for vehicles, which
results in more fuel consumption, which, in turn, leads to the need for building more
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petrol stations. A filling station (FS) is a place catering to the fuel need [2]. In recent years,
many filling stations have been built within urban areas, close to residential areas, and
in protected landscape areas. Filling stations are facilities that often contain, store, and
handle large quantities of hazardous materials, mainly gasoline and diesel. In addition,
some petrol stations carry specialty fuels such as liquefied petroleum gas (LPG), natural
gas, hydrogen, or biodiesel. Therefore, an emergency event at a petrol station might lead to
significant human losses and potentially cause damage to the environment.

Generally, a filling station is, to a certain extent, one of the most widely distributed
hazardous sites. Some case studies showed that many previous accidents occurred in petrol
stations, resulting in property losses and casualties [3].

In particular, direct risk assessment for the population resulting from emergency
events—accidents (fires, explosions, leaks of hazardous substances) has attracted great
attention recently. Existing studies dealt primarily with negative consequences for life,
secondly with the health of the population [4–8], and thirdly with the assessment of the
safety of the filling stations [9–11]. On the contrary, less exploration into the quantitative
assessment of the risk due to the environmental consequences of accidents was carried out.
According Bonvicini et al., wide attention has been paid to date to the assessment of the
direct risk to the population from major accidents (fires, explosions, toxic releases). Less
work has been devoted to the quantitative assessment of the risk from the environmental
consequences of major accidents. [1].

The above analysis of the scientific literature and studies shows that more and more
studies have now been carried out to assess the risks and determine the negative con-
sequences for humans [5–9]. However, in the case of service stations, there is limited
literature aimed at determining the negative effects on the environment. Environmental
protection constitutes one of the pivotal factors for maintaining healthy living conditions.
The EU’s goal in this area is to halt the loss of biodiversity, prevent the deterioration of wa-
ter quality, reduce water supplies, and protect the land for present and future generations.
For this reason, the member states of the European Union have committed themselves to
the prevention and mitigation of environmental damage in case such an event occurs.

The environmental liability regimes within the EU member states differs in terms
of the extent of the environmental damage they handle and in respect to the mitigation
requirements. In 2004, the European Union undertook steps to introduce a more uniform
regime for the prevention and remedying of environmental damage by adopting Directive
2004/35/EC on environmental liability with regard to the prevention and remedying of
environmental damage. The legislation introduced a comprehensive liability regime for
environmental damage explicitly for the first time within the EU [12]. The Directive was
issued on 21 April 2004.

In conjunction with the adoption of the Environmental Liability Directive (Directive
2004/35/EC), the issue of environmental liability became a much-discussed topic world-
wide, and various publications from several perspectives assessing environmental liability
appeared [13–21]. According to Lee, “Environmental liability as a part of administrative
law is increasingly significant and controversial, and the proliferation of schemes creates
difficult legal problems” [13]. Sikorova et al. stated, “The EU Member States employ
different approaches and schemes to satisfy the requirements of Environmental Liability
Directive in the issue environmental risk assessment” [12].

Pouikli stated, “However, the efficient implementation of this sui generis legal frame-
work regarding prevention and remediation of the environmental damage has been proved
really problematic at the European level due to legal discrepancies and technical defi-
ciencies. Eleven years after the adoption of the Environmental liability Directive (ELD)
particular interpretation issues concerning the determination of the responsible operator,
the application of the optional provision of the ELD, the extent of the exceptions, the
financial security, and the role of the competent authorities remain unanswered” [14].

The literature review revealed the positive impacts of the Environmental Liability
Directive towards environmental protection, but the lack of a uniform framework seems to
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limit its performance [16], especially the lack of a holistic approach concerning environ-
mental liability [19].

Accordingly, Goisis and Stefani summarized this development as follows: “Recent
jurisprudential developments conferred new impulse to the debate revolving around the
scope and significance of the polluter-pays principle” [22].

Thus, although the Environmental Liability Directive undoubtedly is an important step
in the harmonization of environmental liability in the European Union, the Environmental
Liability Directive has not been implemented in the member states in a uniform way. It
should be noted that this could have an impact on the approach to be taken in case of
transboundary incidents and possibly makes it more difficult for the public authorities to
successfully deal with such cases [23].

The Environmental Liability Directive, with regard to the prevention and remedying
of environmental damage, differentiates two types of operators to which the legislation
applies. The first group includes operators performing occupational activities that pose
a risk for human health or the environment. The second group is made up of operators
performing any other occupational activities causing potential environmental damage that
protected species and natural habitats of European importance are exposed to, but only at
their fault (violation of the law).

The different regime of liability for environmental damage applies to each of these
groups (see Figure 1). In the case of operators belonging to the first group, a system of
no-fault (strict) liability applies. This means that in order for the operator to be held liable
for damage to land, water, protected species, and natural habitats of European importance,
no fault has to be established. In the case that the operators belong to the second group, a
system of liability for fault applies, and the operator might be held liable only if he/she is
at fault or found negligent. Nevertheless, these operators might be held liable solely for
damage to protected species and natural habitats of European importance [24].
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The issued directive comprises various operators, including filling stations (hereinafter
referred to as FS). An FS is undoubtedly an important facility, but it is reported that it has
high potential for degradation of natural resources, pollution problems, environmental
degradation, and hydrological, geological, and socio-economic hazards, and therefore the
site selection of such facilities is an essential problem [25,26]. In many cases, FSs are located
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in residential areas, close to watercourses and protected areas. They are not seen as a
significant source of risk during normal operation. Statistics show that the likelihood of an
emergency is, in most respects, low, but the effects of such an event are unacceptable and
might cause significant damage to the environment, such as protected species and natural
habitats, water, and land.

Considering the mentioned legislation, filling station operators are subject to strict,
no-fault liability. The operators are obliged to prevent the threat of environmental damage
by taking and implementing preventive measures. Furthermore, in case of environmental
damage they must take and implement corrective measures. Operators should, in the
first place, perform an environmental risk analysis and assess whether their activities are
believed to be susceptible to causing environmental damage (e.g., whether they are located
in an area with protected species and natural habitats of European importance, etc.).

For the needs of our case study, the authors chose a filling station located near a
watercourse. For the most part, an emergency associated with an eventual fuel spill outside
of an emergency tank could have a negative impact on the environment.

Therefore, the paper aims to fill the existing gap in the operators’ knowledge in the
application of the polluter-pays principle. Besides that, it provides filling station operators
with simple instructions on how to implement a must arising from the Environmental
Liability Directive, including the procedure for carrying out an environmental risk analysis.

2. Materials and Methods

Currently, no uniform approach towards environmental risk assessment exists in
EU countries. The current legislation only stipulates general requirements for safety
documentation; however, it does not set requirements or recommendations for the use of
individual risk assessment methods. Approaches to environmental risk assessment differ
essentially in the methods developed in individual EU member states.

2.1. Approaches to an Environmental Risk Assessment

The approach to an environmental risk assessment is based on a societal risk assess-
ment process [27]. However, at present, a uniform approach to an environmental risk
assessment is not precisely defined, since the latter is a uniform methodological approach
to the assessment of this risk [28]. Hence, the approaches to the societal risk assessment
constitute a model for environmental risk assessment. The procedure for assessing societal
and environmental risks is, as a rule, similar. More precisely, the procedure relies on the
principle of determining the acceptability of a risk based on the ratio of the frequency of
occurrence of an event and the fatal consequences of that event. The primary difference
lies in the assessed subject. To put it in a nutshell, although the subject of assessment is
human as the only biological species in the case of societal risk, we are convinced of the
need to assess the probability of adverse effects on plants, animals, and parts of the environ-
ment occurring in real ecosystems of individual components in the case of environmental
risks [26].

The approaches to an environmental risk assessment differ mainly according to the
methods developed in individual EU member states. The following section discusses a
range of approaches to environmental risk assessment in selected EU countries, England,
and the USA.

2.1.1. The Netherlands

In the Netherlands, Proteus modeling software is frequently used for risk analysis,
which allows the impacts of large-scale accidental releases of hazardous substances on sur-
face waters to be modeled. As far as the methodology used is concerned, it comprises two
models, VERIS and RISAM. The VERIS model evaluates the risk based on a questionnaire.
The RISAM model analyzes the data from industrial equipment [29].

The risk assessment in the Netherlands is established based on the so-called QMFT
(Quantity, Mass, Frequency, Time) factors (hydraulic flow Q, amount of chemicals M, fre-
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quency F, time range of leakage T). This procedure takes into account the general situation,
and, for this reason, it is necessary to consider certain conditions concerning the technical
condition or technological procedures related to the case. For local specifications, the
so-called “local correction factors” identify the technical condition of safety management.
Accordingly, technical correction factors describe, for example, the effect of alarms, auto-
matic shutdown, and robustness of construction materials with regard to both the quantity
and the probability of hazardous chemical leakage (extensive databases containing the
causes of accidents are sources of data for these factors). An inevitable part of the risk
assessment is a questionnaire that considers the influence of the level of industrial equip-
ment, relevant accident scenarios, and, in addition, the quality of safety management. The
questionnaire contains 41 questions divided into 5 areas that might impact the occurrence
and course of an accident.

The result of the assessment is a comprehensive report identifying first, the extent of
accidental effects; second, the impact of leaked substances on the environment; third, the
number of toxic units; and finally, the impact of the effectiveness of the safety features.

2.1.2. Sweden

In the Swedish approach, the establishment of the so-called EAI (Environment–
Accident Index) plays a pivotal role. The methodology was first put forward in 1995
as a tool for [30]:

• Preventive planning;
• Examination of environmental risks;
• Identification and classification of risk areas.

It is intended for the use by the relevant administrative authorities, rescue services,
and industry.

The EAI index calculates the acute toxicity values of a given substance (LC50 / EC50),
the stored or transported amount of the substance, its viscosity, and its solubility in water,
as well as the properties of the environment into which the substance escapes.

The EAI (Environment–Accident Index) is a tool for the identification and evalua-
tion released substances that are hazardous to the environment. The values of the EAI
determine the method of further evaluation, i.e., which of the analyzed units requires a
more detailed analysis of environmental risks. The EAI method includes both a combi-
nation of environmental characteristics (soil and water) and chemical properties (toxicity,
density...). Scientists calculate the EAI index based on three factors: acute aquatic toxicity
(Tox), stored/transported amount (Am), and substance and environmental properties
(viscosity, solubility, environmental properties). More precisely, they calculate the third
factor as a function of the viscosity of the leaked substance, the solubility of the leaked
substance, and the properties of the environment (ability of soil penetration, depth and
slope of groundwater). The formula for calculating the EAI is as follows:

EAI index = To × Am × (Con + Sol + Sur) (1)

where:

Tox—acute toxicity to aquatic organisms [mg/L];
Am—stored/transported quantity [t];
Con—viscosity of the substance [cSt];
Sol—solubility [wt.%];
Sur—properties of the environment (distance to the nearest water flow, groundwater depth,
groundwater gradient, soil thickness above groundwater).

Based on the EAI calculation, a classification scale was devised by outlining other
procedures (see Table 1).
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Table 1. Classification scale for the EAI method [30].

EAI Value Proposed
Procedure Comment

1–100 Input hazard analysis (HA) The study covers the properties of substances related to mobility, degradation,
toxicity, classification, etc.

100–500
Initial hazard analysis (HA) +

initial environmental risk
assessment (ERA)

The study includes an extended form of HA (data on the site where the
schematic substance is handled) and the determination of the affinity for a

particular environmental compartment.

>500 Extended environmental risk
assessment (ERA)

The study includes a comparison of the predicted watercourse concentration
(PEC) with concentrations without a negative effect on the watercourse

(PNEC), the determination of emergency scenarios, and the modeling of the
impact of the watercourse. This part of the evaluation also includes an

evaluation of the impact of a hazardous substance on groundwater.

2.1.3. The Czech Republic

In order to assess environmental risks, the index methods H&V and ENVITech03 are
recommended by the Ministry of the Environment of the Czech Republic [31].

The H&V index method assesses the severity of an accident involving a dangerous
substance in the environment. The severity of the accident is scored by indices in which
hazard indices of the substance and environmental vulnerability indices alongside their
separated determination take on a key role. In conjunction with them, the resulting
severity of an accident emerges as a combination of the hazard index of the substance,
the environmental vulnerability index, and the amount of the substance leaked into the
environmental component during the accident. Finally, the output of the method is a risk
matrix according to which its acceptability is assessed.

The H&V index methodology is primarily intended for the assessment of short-term
releases of hazardous substances into the environment not exceeding hours or days in their
time horizon. Due to this fact, the evaluation of long-term releases of previous ecological
burdens into the environment is not feasible with the methodological approach. Thus, the
method does not, in theory, apply to the biodegradation of substances in environmental
components, as they are not relevant to massive releases of hazardous substances into
the environment. Furthermore, the method also does not address synergies or domino
effects. Undoubtedly, the assessment of the impacts of accidents involving a dangerous
substance on the environment cannot be carried out independently without knowledge of
the risk analysis outputs of a major accident. Let us now turn to the first step establishing
the criteria for the acceptability of a major accident (severity and probability/frequency).
These criteria must be set before the risk analysis itself and arise on the basis of social
consensus, law, or by the company on the basis of its internal standards and priorities.
Second, the risk assessment requires an analysis of the risks of a major accident, which,
among others, reveals the possible threat to the environmental components. If a major
accident does not threaten the environmental components on the whole, assessors skip
the evaluation. Otherwise, the probability of leakage of the dangerous substance into the
environment is involved in the risk analysis section.

ISATech, Ltd. devised the Envitech methodology of environmental vulnerability
analysis [32]. The principle of this methodology is the determination of two parameters, A
(characterizes the evaluated component of the environment) and B (includes the outputs of
technological analyses of risk—probability).

The term “environmental vulnerability” expresses the relationship between the prob-
ability of an accidental leak and the ability to reduce the range and extent of accidental
manifestations. The ratio between indices A and B expresses a five-level risk classification
(very low vulnerability to very high vulnerability).

The result of the environmental vulnerability assessment is the assignment of one
of the five classification classes, which, however, does not handle the amount of leaked
hazardous substance.
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2.1.4. The Slovak Republic

Within the conditions of the Slovak Republic, safety engineers promote the primary
classification approach when assessing environmental risks. In the next step, significant
issues are tackled. The purpose of the initial assessment is, in general, to offer important
insights regarding whether there are sources, equipment, or technologies for which a
detailed environmental risk assessment is required or whether an initial assessment is
sufficient.

Accordingly, simpler applicable methods are recommended for the initial assessment,
such as index or screening methods (e.g., EAI, risk index Z, Environmental Harm Index),
whose results are ultimately presented as risk indices (levels) [33]. On the contrary, more
demanding methods are recommended to perform a similar analysis for sources with the
worst indices. This approach sets out to reduce the number of facilities in the company
assessed in detail in order to simplify risk analysis on the whole and to attract assessors’
attention to the most serious sources of risk.

Nevertheless, experts from various fields conduct a detailed assessment when rec-
ommended. Their expertise includes the prevention of serious industrial accidents, waste
management, nature and landscape protection, geology and hydrogeology, safety and
health protection, etc. In line with the detailed risk assessment, they must apply vulner-
ability analyses (calculation, quantification of the relevant damage) with regard to the
probability of occurrence of the analyzed adverse event.

2.1.5. United Kingdom

The environmental risk assessment methodology used in the United Kingdom is
very comprehensive. It features first, a systematic approach to identifying sources of risk;
second, determining the probability and severity of the risks; and third, an acceptability
assessment of the risk [34].

In line with this, an environmental risk assessment is the formal process of hazard
consequence evaluation as well as its probability. The assessment itself, for the most part,
involves four stages:

1. Identifying the hazard(s);
2. Assessing the potential consequences;
3. Assessing the probability of the consequences;
4. Characterizing the risk and uncertainty.

The security engineers apply the approach based on the existing situations with
possible hazard to the environment in which, in turn, the assessment of the risk they
pose must be scrutinized. However, it should be noted that in cases of animal health
risk assessment, hazard identification is part of risk analysis and in no case the official
assessment process [35].

2.1.6. The USA

In the USA, the United States Environmental Protection Agency (EPA) covers environ-
mental protection. According to EPA [36], “ecological risk assessment is the process for
evaluating how likely it is that the environment may be impacted as a result of exposure
to one or more environmental stressors such as chemicals, land change, disease, invasive
species and climate change”.

An ecological risk assessment includes three phases:

• Problem formulation;
• Analysis;
• Risk characterization.

First, problem formulation focuses on gathering information that helps to identify
what poses a risk for plants and animals and what needs protection. Second, analysis is the
determination of what risk plants and animals face, to what degree they are exposed, and
whether that level of exposure is likely or not to cause harmful ecological effects. Third, risk
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characterization includes two major components: risk estimation and risk description. Risk
estimation comprises exposure profiles and exposure-effects. Risk description provides
salient data for interpreting risk results. Furthermore, it identifies a level for harmful effects
on the plants and animals concerned. The risk assessment scheme is shown in Figure 2.
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2.1.7. Evaluation of Methodologies and Approaches to Environmental Risk Assessment

As already mentioned, currently no uniform view exists on the assessment of envi-
ronmental risks. Index methods unfortunately do not provide us a holistic view of the
risk [38]. They usually draw on previous risk analyses and must be supplemented by a
subsequent quantitative assessment of environmental risks.

In a similar vein, the Swedish approach can be traced to the determination of an index
as well. Nevertheless, the input parameters, including both the properties of substances and
the environmental properties, make it feasible to obtain values (Environmental Accident
Index), with a value establishing the potential threat to the unit.

The Dutch Proteus method is used to obtain a quantitative output, or volume, of
contaminated surface water for an accident scenario identified by other methods.

The approach to environmental risk assessment in the Czech Republic and the Slovak
Republic is similar. The Ministries of the Environment recommend the use of index methods
in the assessment procedure. Within the context of the Slovak Republic, the Ministry
recommends conducting a similar analysis by means of more demanding methods for
sources with the worst indices.

The USA’s and England’s methodologies appear to be among the most comprehensive
approach to environmental risk assessment. As for the proposed environmental risk
assessment procedure, it puts forward the identification of sources of risk and concludes
with the assessment of the acceptability of environmental risks. It utilizes the outputs of
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detailed analyses for determined accidental leaks as well, thus moving it into a sort of
methodology based on engineering knowledge and procedures.

2.2. Design of a Methodological Procedure for Environmental Risk Assessment

The procedure for environmental risk assessment was designed in accordance with
the directive on environmental liability with regard to the prevention and remedying
of environmental damage for operators who are covered by the strict, no-fault liability
regime for environmental damage under the directive (see Figure 1). The risk assessment
procedures constitute the following steps to be carried out:

1. Determination of the type of liability for the environmental damage (in concordance
with the directive).

2. Identification of sources of risk and determination of emergency scenarios.
3. Initial assessment of emergency scenarios (by index methods).
4. Detailed assessment of major emergency scenarios (based on the results of the initial

assessment).

The initial step is to determine the type of liability for environmental damage according
to the type of occupational activity of the operator, which is categorized in Directive
2004/35/EC on environmental liability with regard to the prevention and remedying of
environmental damage.

The next step is to identify emergency scenarios conducted by means of utilizing the
data of both operational activities and technological processes in the company, the location
of the company, a list of hazardous substances, their location in facilities, information on
the quantities of hazardous substances present in the company, and finally, information on
the environment.

The third step is an initial risk assessment processed in order to identify the sources
of risk. For its implementation, a comparison of the most frequently used methods was
performed (see Section 2.1.). For the purpose of risk source assessment and the utilization
of simpler methods, the so-called index, or screening methods, is proposed. Risk indices
(levels) form as a result of risk source assessment. Such an approach sets out to reduce
the number of facilities within the company assessed in detail. In addition, it simplifies
the whole risk analysis and, finally, it focuses attention on the most serious sources of
risk [39,40]. The method selected for the initial assessment was the EAI index.

The final step involves a detailed risk assessment and a proposal for measurements to
prevent an emergency for facilities being assessed as significant sources of risk. As far as
the detailed assessment procedures are concerned, as a rule, they require in-depth analysis
by more sophisticated methods through a team of experts or specialists.

2.3. Characteristics of the Filling Station Facility

The case study’s writers carried out an environmental risk assessment associated with
the operation of the filling station at a selected filling station facility. In conjunction with
the request of the operator to maintain the anonymity of the filling station, the paper will
neither publish data such as the name of the company nor mention a detailed identification
of the location of the investigated facility.

2.3.1. An Identification of the Subject and Its Activity

The filling station facility is situated in the cadastral district of a municipality (town).
The filling station area is a part of the industrial–commercial zone in the town residential
area with residential buildings and adjacent streets, located near the watercourse of a river.

Turning now to the premises of the fuel FS, it comprises the main buildings as follows:
the service facility, the roofing of dispensing points, the washing line, and the storage
of tanks. The operating facility and the object of the fuel FS provide all the required
functions for unloading, filling, storing, and dispensing fuels by means of individual parts
of technological equipment.
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The technological and operating facility of the fuel FS provides the following activities
and services:

• Unloading of fuels from tanks into storage tanks;
• Dispensing of fuels into the tanks of customers’ vehicles alone;
• Control of fuel dispensing from the service room of the filling station;
• Additional functions (washing vehicles in the washing line, inflating tires for passen-

ger cars, dry cleaning of vehicle interiors—vacuuming).

At a total of six dispensing points, fuel is dispensed to customers in the following
range: diesel (diesel fuel)—45 m3 of stored volume and petrol “Natural 95”—45 m3 of
stored volume.

The unloading of fuels is performed at the unloading station point at the unloading
shaft (situated on an island of the outer dispenser, see Figure 3). The unloading shaft is
situated on the edge of the dispenser point roof located on the side of the public road,
whereas the tank set (tractor + semi-trailer) partially extends into the fuel filling station.
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2.3.2. An Identification of the Sources of Risk and Their Location

Petrol and diesel (liquid hydrocarbons) pose the main sources of risk, and are stored
and handled (while unloading and dispensing to customers) at the fuel FS facility. In
the event of an uncontrollable fuel spill, these substances might contaminate individual
components of the environment.

The road tankers import the substances listed in Table 2 into the FS facility and they
are stored in underground tanks.

Table 2. Hazardous substances present at the FS facility.

Hazardous
Substance Equipment Quantity (kg) Physical Form of the

Substance Classification H-Phrases

Diesel fuel
Storage tank 39,100 Liquid H226 (Cat. 3); H351 (Cat. 2); H332 (Cat. 4); H304 (Cat. 1); H315

(Cat. 2); H373 (Cat. 2); H411 (Cat.2)Tank 30,505 Liquid
Petrol

“Natural 95”
Storage tank 36,800 Liquid H224 (Cat. 1); H304 (Cat. 1); H315 (Cat.2); H361 (Cat. 2); H340

(muta 1B); H350 (carc. 1B); H336 STOT Single exp. 3; H411 (Cat.2)Tank 27,978 Liquid

The technological process of fuel unloading is associated with the risk that arises from
the following facts:
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• A large amount of hazardous substances is unloaded from the tank vehicle into the
storage tanks and, at the same time, recovered gases are discharged from the storage
tanks into the tanks;

• The handling area for the unloading of fuels is not fenced, i.e., it is accessible to
unauthorized persons who may interfere with the unloading of fuels;

• There is a risk of fuel spillage;
• There is a risk of the storage tanks being overfilled.

2.4. An Identification of Emergency Scenarios

Penetration of hazardous substances directly into groundwater and subsequently into
surface waters might happen, especially in the case of a fuel spill over unpaved terrain [41].
In a similar vein, workers (and customers) handle the fuels in the process of unloading and
dispensing them within the premises of the fuel FS. Real cases in which fuel spills might
occur are given in Table 3.

Table 3. Emergency scenarios.

Emergency
Scenario Type of Spill Cause of Spill Consequences of the Spill

1.
Fuel spill during

unloading

One-time leakage of the entire
transported quantity or only

one chamber

Damage to the integrity of the
tank shell

Leaked fuel will get outside the
paved area.

Continuous leakage of
unloaded fuels

Rupture of the unloading hose,
or its incorrect installation on

the connections with the
unloading pipe or the tank;

overfilling of tanks

Leaked fuel will not spill outside
the paved area; it will be caught in

the emergency tank.

2. Fuel spill from the
storage tanks Continuous Tank leak

Leaked fuel will not spill outside
the paved area; it will be caught in

the emergency tank.

3. Fuel spill from the
storage tanks Continuous Rupture or leakage of the

transport line

Leaked fuel will not spill outside
the paved area; it will be caught in

the emergency tank.

4.
Fuel spill from

dispensers during
refueling

Continuous
Damage to the dispenser or

dispensing guns when
refueling customers’ vehicles

Leaked fuel will not spill outside
the paved area; it will be caught in

the emergency tank.

3. Results

The authors conducted the environmental risk assessment resulting from the operation
of the FS using the EAI method. The Ministry of the Environment of the Slovak Republic
recommends this method for our purposes, in conjunction with the valid legislation in
this area. According to the international regulations for the transport of dangerous goods
(ADR), the fuels are classified in the third hazard class, that is, flammable liquids. Therefore,
they were subject to an environmental risk assessment.

Results of the Assessment of Emergency Scenarios

In general, workers (and customers) carry out the process of handling fuels (unloading,
dispensing of fuel) and their storage is on a paved surface. Besides, any leakage of a small
amount of fuel onto the handling area is captured in the fuel trap in the emergency tank.
Typically, the pipe of the fuel trap is closed using an emergency closure, which prevents
fuel from leaking into the public sewer. The emergency shut-off valve works automatically
on the principle of a float body, which closes the drainpipe and redirects the contents
of the fuel trap to the emergency tank when the surface reaches a defined amount of oil
substances [41]. With the help of the built-in device intended for the separation of oil
substances, the oil substances can be sucked out at any time. Finally, fuel residues that



Sustainability 2021, 13, 12452 12 of 15

have not run off the handling area or do not have the option of being drained are removed
using absorbent material (perlite, vapex sorbent, sawdust) [42].

In the event of a one-time leakage of a large amount of fuel (e.g., leakage of the
entire amount of fuel from the tank during unloading), the leaked fuel spilling outside the
handling (paved) area might cause contamination of the subsoil and enter the rain sewer.

When trying to identify the emergency scenarios, we considered the amount of fuel
spilled outside the paved area. As a result, fuel spills (of diesel fuel and petrol) during
unloading refer to significant emergency scenarios. For this reason, the Environmental
Risk Indices were established only for the leakage of diesel fuel and petrol in the unloading
process for the entire volume of the tank and for the volume of one tank chamber.

In terms of the characteristics of the environment, the following parameters were
identified for the calculation of the EAI:

• Distance to the nearest watercourse (DNW): approx. 60 m;
• Groundwater depth (DGS): 2–5 m;
• Slope of the groundwater level: the groundwater level tends to have water flow;
• Strength and character of the soil above groundwater: concrete area.

Table 4 presents the results of the index calculation for the selected emergency scenar-
ios: petrol/diesel fuel spill from the tank.

Table 4. EAI for the selected scenarios.

Hazardous Substance Equipment Quantity (kg) Tox Am Con Sol Sur EAI

Diesel fuel
Tank (the entire volume) 30,505 4 5 4 1 5 300

Tank (1 chamber) 4136 4 3 4 1 5 120

Petrol
Tank (the entire volume) 27,978 6 5 4 1 5 200

Tank 1 (chamber) 3525 6 3 4 1 5 180

In absolute terms, if the EAI value is greater than 100, a detailed risk assessment must
be carried out by qualified personnel [43].

4. Discussion

The presented manuscript deals with the issue of environmental risk assessment
by operators who perform work activities considered to be risky under the applicable
legislation in the field of environmental responsibility. The aim of the authors was to
point out that there is currently no uniform systematic procedure for the quantitative
assessment of this risk for operators who are subject to a system of strict liability for
environmental damage. In the area of environmental liability risk assessment aimed at
quantifying environmental risks under the Environmental Liability Directive, not much
attention has been paid so far. A similar study to assess the environmental liability risk
assessment was performed by Good et al. [44]. However, it was conducted for operation in
accordance with EPA guidelines. Based on the above facts, a methodological procedure for
environmental risk assessment was proposed. The proposed procedure allows operators
with strict liability for environmental damage to implement the process of environmental
risk assessment in a logical sequence of several steps.

The proposed procedure is based on the initial assessment of environmental risks
using index methods, in which operators, by completing a set of tables, identify scenarios
with the potential for environmental damage in relation to their work or permitted activities.
Relying on the results of the initial assessment, operators will be able to decide whether
this assessment is sufficient or whether a more detailed risk analysis will be required
depending on the scenarios they experience. Our results also shed light on the fact that
detailed assessment procedures require a deeper analysis, the implementation of which
requires a team of experts and specialists.

Referring to the assessment of environmental risk sources resulting from the operation
of the fuel filling station discussed above, the authors state that from the point of view of
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environmental protection, unloading fuel from a tank truck into storage tanks appears to
be problematic at the FS facility. This statement by the authors is also confirmed by the
results of studies aimed at determining the sources of risks and emergency scenarios in
FS facilities. This was demonstrated in studies by Bonvici et al. [1], Ma and Huang [9],
Mirae et al. [45], Tahmid et al. [46], and Tang et al. [47].

The event of an accidental fuel spill while unloading from the tank to the storage
tanks might endanger the quality of the environment (groundwater and surface water,
soil). Drawing on both the calculated values of the EAI as well as according to the EAI
methodology (value in the range of 100–500) [30], our recommendation is fora detailed risk
assessment to be conducted by qualified professionals.
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