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Abstract

The purpose of the article is to determine the optimal approach to assessing the risk of oil production objects as potentially dangerous objects. The
current regulatory documents and international standards governing the process of risk assessment in the event of an emergency at oil production
facilities became the methodological basis of the studies. The scientific and methodological basis of research is a modified deterministic and
probabilistic approach to determining the risk of an emergency using fuzzy logic methods in the form of neural networks. The significance of
anthropogenic disturbances of the natural environment at all levels was assessed according to the following parameters: spatial scale; time scale;
intensity. Comparison of the values of the degree of impact for each parameter was evaluated by a point system according to the developed criteria. A
comprehensive (integral) assessment of the load on individual components of the natural environment from different sources of impacts was set at the
level of 6 points, which is identified as an impact of low significance. The studies were carried out on the example of consequences of emergency
situations on the territory of the Sumy region for the period 2017-2021. The article gives recommendations of an organizational and technological
nature to eliminate or reduce the degree of risk from emergencies associated with an oil spill.

Key words: environmental safety, risk, hazard assessment, probabilistic approach, deterministic approach, fuzzy logic, oil production, accidents.

Problem statement

In the field of modeling and assessing the safety
(risk) of potentially hazardous facilities and industries,
there are two approaches, which have been developed
and applied in the world. They are known as
deterministic (zero risk) and probabilistic (non-zero
risk) approaches, which contributed to the expansion of
ideas about the relativity of safety and the birth of the
concept of “acceptable” risk.

The probabilistic approach is based on the
knowledge about the dangers of systems and bringing
the latest achievements to make the tasks of risk
management systematic. The disadvantages of these
methods are eliminated by developing and applying
active approaches in the analysis and assessment of
safety, which include the logical and probabilistic
method for establishing the probability of incidents.

If it is possible to describe the properties,
preconditions and relationships in the form of
comparable parameters and functions, then the measure
of the certainty of the occurrence of an incident can be
obtained in the form of the exact measure - the measure
of necessity. If the initial data are presented as random
variables and processes with the complete set of all
preconditions and their relationships identified at the
same time, and the conditions for all random variables
are taken into account (which is unattainable in
practice), then the measure of certainty of the incident
can be obtained in the form of a probabilistic measure.
If the initial data on the systems are vague and

inaccurate (which often happens in practice), then the
measure of certainty of the occurrence of an incident
can be obtained in the form of a possible measure.

The construction of a complete group of sources and
receivers, hazard factors and channels are common for
the methodology of deterministic and probabilistic
safety assessment. Such conditions as the analysis of an
incomplete group according to the selected “defining”
elements, the method of extreme indicators and extreme
situations and the solution methods for the maximum
design situation are typical for the deterministic safety
assessment  methodology. The methodology of
probabilistic safety assessment provides for building a
logical model of the most undesirable outcome based on
a logical model of failure of a potentially dangerous
object (determining events); determination of the
probabilistic model of the most undesirable outcome
according to the forms and rules of the transition;
calculation of the values of the probability measure of
the most undesirable outcome.

The result of the first methodology is the project of a
safe complex technical system with selected extreme
indicators concerning the most undesirable outcome.
The result of the second methodology is the design of a
safe complex technical system, taking into account the
identified values of connections; frequency or
hypothetical substantiation of the risk of damage and the
strategy of the balance of indicators «efficiency —
safety — cost».
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1. There are statistics for active failure or data to
substantiate the characteristics of the hypothetical
probability functions.

2. There are difficulties in defining and describing
the complete group of situations in the system and, as a
result, the assessment for extreme situations (maximum
design accidents) may be incomplete and (or) not
sufficiently reliable.

3. The inevitability of the presence of approximate
and (or) unreliable data about the object, unregulated
factors and their propagation is recognized,
nevertheless, there are no methods that allow

a) to take inaccurate information into account and

b) to calculate safety and risk indicators.

4. There are no general models for the group of
indicators such as “efficiency — safety — cost: in order to
determine the ‘“‘acceptable” risk and (or) define their
optimal balance.

5. The impossibility within the framework of these
approaches of non-static finding of measures of
certainty (uncertainty) of the incident occurrence and
the most undesirable outcome in the system.

Analysis of the recent researches and
publications

According to [1] such critically important objects
(CIOs) as oil refineries, petroleum organic synthesis
plants, petrochemical plants and shale processing plants
belong to the group of chemically dangerous objects
from potentially hazardous and critically important
objects (PHCIO). However, fire and explosion hazard
and fire hazard objects include in particular oil related
objects as follows enterprises of the oil industry, gas
industry enterprises, shale industry enterprises, gas and
oil wells, offshore oil platforms, enterprises of the oil
refining industry, petrochemical industry enterprises,
enterprises of the gas processing industry, stocks of oil
and liquid petroleum products, offshore platforms, semi-
submerged and underwater oil storage facilities, oil
pipelines, gas pipelines. Three groups of calculation
methods with the necessary databases should be
included in the tools for the analysis of the PHCIO:

1) methods for assessing processes and ways
occurrence of adverse events (accidents, natural
disasters and disasters);

2) methods describing the consequences of adverse
events, such as the release, behavior and spread in the
environment of dangerous substances and the
mechanisms of damage to these substances of the
human body;

3) methods for assessing economic loss and
optimizing the use of funds to prevent or mitigate the
effects of adverse events.

For functioning pipelines the main factors affecting
the environment are product leaks (gas, oil, ammonia,
etc.) and extreme emergencies (explosions, ruptures due
to land subsidence, stress corrosion cracking), which
pose a danger to the environment as a whole and to
human life and health, respectively. According to the
authors [2] there is no clear methodology for ensuring
the safety of pipeline networks in Ukraine. When
designing, according to existing regulations, if the
project meets all current requirements, a separate safety
analysis and a thorough risk analysis with an assessment
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of the number of possible failures and forecasts of their
consequences are not carried out. This practice leads to
the fact that we hear more and more about serious
accidents on pipelines transport.

Accidents of process pipelines are often
accompanied by the release of flammable substances to
the atmosphere, which is caused by construction
defects; pipe corrosion and unauthorized cuts.

On the basis of the conducted experiments relating
to the study on the influence of the properties of solid
surfaces on the change in the liquid spillage area, the
following result was received. During subsequent
experiments, the area of the spilled liquid does not
increase in a straight line with the same increase in the
volume of the liquid, but changes taking into account
the surface phenomena based on the interaction of the
liquid and the solid. Such phenomena such as wetting
and adhesion, close to adsorption, are determined by the
intensity of interaction between the molecules of
various substances.

The main difficulty of risk assessment is
heterogeneity of the input information about current
state of the pipeline segments based on the results of its
examination, information about operation and
maintenance, the influence of external factors.
Furthermore, risk assessment is complicated by the
dynamic character of the risk factors determining the
current level of risk along the trunk pipeline in general
[3]. In such circumstances, most of deterministic and
statistical models for risk assessment don’t reflect the
current risk condition of hazardous pipeline.

Risk assessment is based on the preliminary risk
prediction analysis using deterministic and probabilistic
models of emissions of hazardous substances, followed
by the construction of a potentially dangerous zone at
the specific facility while designing. In general, it
should be noted that the use of various methodological
approaches to assessing technical risk at the stage of
declaring the industrial safety is restrained due to the
impossibility of assessing the reliability of the obtained
results on the forecast of emergencies because of the
lack of operational monitoring of non-stationary risks.
Moreover, the traditional idea of the frequency of
occurrence and the development of emergencies in
terms of stationary processes with a normal distribution
is considered to be incorrect [4].

The theory of fuzzy logic will allow avoiding
disadvantages of deterministic and probabilistic
approaches, which are mentioned above, and therefore,
it is proposed to use fuzzy neural (hybrid) networks to
assess the current level of risk. The use of linguistic
variables in the assessment of uncertain input data in the
establishment of risk factors will allow us to identify all
indicators of these risk factors.

Statement of the problem and its solution.
Approaches to the methodology

There are different approaches to the risk assessment
declared in regulatory documents at the level of
individual countries (USA) and the European Union,
there are also international standards and guidelines for
determining the degree of safety of technological
objects for the environment. Figure 1 demonstrates
methods for risk evaluation after spills.
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Figure 1 — Integrated strategic risk analysis methods

Risk evaluation and management include such steps:

—  Description of project;

— Hazard identification;

— Identification of consequences;

— Magnitude of consequences;

— Probability of consequences;

— Risk management.

The ISO 31000:2018 risk management process is
comprised of a number of stages, as shown in Figure 2.

There are five main stages in the generic risk
management process: Stage 1 “Establishing the
context”, Stage 2 “Risk identification”, Stage 3 “Risk
analysis”, Stage 4 “Risk evaluation” and Stage 5 “Risk
treatment”. Steps ii) to iv), i.e. risk identification,
analysis, and evaluation, are usually referred to as risk
assessment [5].

Stage 3 “Risk analysis” consist of four steps:

Step 1 “Estimating the probability of the event
occurrence”;

Step 2 “Estimating the severity of the consequences
in case of event occurrence”;

Step 3 “Assessing the strength of the evidence for
the probability and consequence estimation”;

Step 4 “Combining probability, consequence, and
strength of evidence in a risk scale”.

In the functional diagram of the risk analysis
methodology (Figure 3), a distinctive feature (in
comparison with already known schemes) is the
presence of a module for determining the relative risk
indicator, which allows taking into account the time
change in the conditions of the occurrence and
development of emergencies, and a module of risk
minimization control, which allows managing an
acceptable risk value according to the quantitative
criterion of early recognition of a pre-emergency
situation [6]. The system risk assessment, as well as the
impact damage assessment, is a complex hierarchical
system with non-stationary technological processes
occurring at various stages of the implementation of
design solutions in different time intervals [7].

Different software is highly wused for risk
assessment, as it is indicated in Table 1, taking into
account three steps of risk assessment.

A perspective approach to risk assessment can be a
modified method of deterministic risk assessment that
uses risk indices (index of state 1), as well as fuzzy logic
methods to combine initial quantitative and qualitative
(expert) information about the state of a potentially
dangerous object. This methodology corresponds to the
recommendations of IEC  31010:2019. “Risk
Management — Risk Assessment Methods. NEQ” [9]. In
practice deterministic scores of the state were presented
in the form of risk indices and used as data to assess the
probability of accidents and the development of a
probabilistic risk assessment methodology. The studied
database, obtained due to examinations and checks, as
well as the collection of the results of expert
assessments, is the main source of information for the
procedure to assess the probability of an emergency.
The proposed method provides for combining the initial
quantitative and qualitative (expert) information about
various damages.
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Figure 2 — The Risk Management Process as described
by 1SO 31000:2018
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Figure 3 — Functional diagram of building a system of analysis of “technical risk” [8]

Table 1 — Applicability (Strongly applicable) of the OpenRisk Toolbox*

Screening risk
management Basic Extended Intermittent Strategic
process (stage)
none Delphi ERC-M Delphi
Risk identification BowTie
FRAM
AISyRisk KPls, SoE PAWSA PAWSA,
MarinRisk ADSAM-C/G SBOSRT
RiskData Hub SeaTrack Web ISRAM
Risk analysis KPIs NG-SRW SoE
SoE ERSP Calculator
EBSP Calculator
EDSP Calculator
SoE
KPls KPls RM-PCDS RM-PCDS
Risk evaluation ALARP RM-PCDS ALARP ALARP
ALARP CBA CBA

*MarinRisk — Marin Risk Index; KPIs — Key Performance Indicators; SoE — Strength of Evidence Assessment Schemes;

ALARP — As Low as Reasonably Practicable Principle; Delphi — Delphi Method; RM-PCDS — Risk Matrices and Probability Consequence Diagrams;
ERC-M — Maritime Event Risk Classification Method; BowTie — BowTie Method; FRAM — Functional Resonance Analysis Method,;

PAWSA — Ports and Waterways Safety Assessment; ADSAM-C/G — Accidental Damage and Spill Assessment Model for Collision & Grounding;
NG-SRW — Next Generation Smart Response Web; ERSP Calculator, EBSP Calculator, EDSP Calculator — Response System Planning Calculators;
CBA - Cost-Benefit Analysis; SBOSRT — Spatial Bayesian Oil Spill Risk Tool; ISRAM — Integrated Strategic Risk Analysis Methods
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To solve the task of determining the safety of the oil
production process and subsequent operations with the
extracted raw materials, it is advisable to use a fuzzy
neural hybrid network, which usually consists of four
layers: the fuzzification layer of input variables, the
layer of aggregation of values of condition activation,
the layer of aggregation of fuzzy rules and the output
layer. In this case, the fuzzy neural network operates in
a standard way based on real numbers. Only the
interpretation of the results is fuzzy. A fuzzy neural
hybrid network is a neural network with crisp signals,
weights, and an activation function, but with the
combination of x, w, and p2 using the t-norm, t-conorm,
or some other continuous operations. Inputs, outputs
and weights of a fuzzy neural network are real numbers
belonging to the segment [0, 1]. A fuzzy neural network
is usually called a clear neural network, which is built
on the basis of a multi-layer architecture using “AND”,
“OR” neurons.

Impact assessment in case of emergencies (risk
analysis)

According to the State Ecological Inspectorate in
Sumy region from 2017 to 2021 in Okhtyrka there were
17 emergency oil spills due to depressurization in oil
pipelines, oil collectors or due to the discharge line of
the well. The total area of soil pollution resulted from
oil was 39.899 m?, moreover, the most large-scale and
unprofitable emergency situation with the polluted area
of 11.970 m? occurred on February 3rd, 2017 due to
depressurization of the oil reservoir of GMP — the node
connected to the pipeline. The most dangerous
emergency situation for the environment occurred on 19
November, 2021 during the depressurization of the
pipeline belonging to the underground networks of
PTUO OGPD “Okhtyrkanaftogaz” PJSC “Ukrnafta”
and caused soil contamination by petroleum products
with excess of the maximum allowable concentration —
more than 851 times, by chlorides — 700.1 times more.

In order to prevent emergencies, it is necessary to
make the possible causes of technical risk and the risk
of failure more systematic. Factors of the technical
condition of the investigated section of the pipeline
according to the pipe inspections determine the impact
on the probability of an accident, the parameters of
defects detected by in-pipe projectiles (table 2). The
high accuracy of measurement of geometrical
parameters of defects by in-tube shells with high
resolution allows carrying out calculations of defective
sites based on durability. According to the calculation
on durability, dangerous defects are defined in those
zones where a pipeline destruction may occur.
Dangerous defects must be repaired as soon as possible.
Some of the defects, which remain in the pipes at the
moment of investigation, for example, during in-pipe
diagnostics, do not require urgent actions concerning
repairs, but these defects can further develop and
become dangerous. Structural and technological factors
determine the impact on the probability of an accident
of the design features of pipeline networks and the
quality of construction and repair work. Factors of
operational load of potentially dangerous pipelines
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define the impact on the probability of an accident
based on the degree of loading of the construction
during operation and take into account the cyclical load
of internal or external transport pressure, the placement
of compressor stations in the study area, and the
possibility of water hammer. Factors of corrosion
influence determine the influence on the probability of
an accident of pipeline system parameters that
contribute to the occurrence and development of
corrosion defects. Anthropogenic factors determine the
probability of damage to pipeline networks due to
anthropogenic activity in the area of their location,
which is to increase the risk of damage to the pipeline
because of unauthorized work on their routes and
accidents at neighboring sites. Factors of natural
influences are the parameters that characterize the
possibility of damage to the pipeline due to soil
movement. These factors are determined by the
landscape-geochemical position, climatic  and
hydrogeological conditions of the territory of the control
objects, namely, oil and gas pipelines.

According to the monitoring of the methodology of
risk analysis during the operation of hazardous
industrial facilities, it should be mentioned that the
problem of taking into account the non-stationarity of
technological processes to solve the problems of
managing risk minimization in the oil and gas complex
has never been considered before. The applied
technologies of monitoring risk management during the
operation do not take into consideration the constantly
changing non-stationary nature of production processes
and their systemic interconnections.

At the first stage of the risk analysis, according to
the models of “fault trees” for the events known as
“Depressurization  of  process equipment” and
“Explosion in the heating module™, there are factors
which cause non-stationarity of technological processes
due to both external and internal reasons for the
operation of technological equipment.

The second stage of the “fault tree” model is the
failure of elements of technological equipment in the
form of depressurization with the release of the product
from the apparatus, which leads to spillage, evaporation,
fire transformation according to scenarios that are
considered using the subsequent construction of models
of “event trees”.

The main reasons for the technical risk of pipeline
failures in accordance with Table 3 [10].

In order to build a “fault tree” of technological
installations, taking into account non-stationarity, the
following sequence is recommended in terms of
algorithmization [11]:

— quantitative  assessment  of
indicators belonging to HIF;

— construction of correlation matrices of the impact
of damaging factors on the degree of synergistic risk;

— correlation analysis of the frequency of emergency
situations on the value of coherence and correlation
interval of emergency events;

— building models of “fault trees”.

non-stationary
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Table 2 — Factors for assessing the feasibility of accidents in oil and gas transport pipelines

Name of the group
of factors

Names of factors

Factors of the technical
condition of the oil and gas
pipeline section according
to non-destructive testing

1. The number of dangerous defects.

2. The relative indicator of loss of communication strength due to the presence of
dangerous defects.

. The amount of time needed for repairs of sites with dangerous defects.

. The number of detected minor defects.

. The probability of developing minor defects before reaching a dangerous state.

Structural and technological
factors

. The length of the communication section.

. Structural and dimensional parameters of communication.

. The thickness of the communication walls.

. Steel grade, and its mechanical characteristics.

. The service life of the area.

. The manufacturer of communications.

. The category of the site according to the complexity of the works.
. Availability of protective coatings.

. Characteristics of underwater transitions.

Factors of operational loads
of pipelines

. Passport productivity.

. Average annual volumes of loading.

. Data on pressure.

. Bearing capacity of the soil.

. Physical-chemical characteristics of the transportation product.

Factors that cause corrosion

. Soil corrosion activity.

. The climatic region.

. The type of external insulating coating (material, design and the method of
application).

4. The duration of operation of communication without any replacement of an
insulating covering.

5. The protection of a site along the length by means of electro-chemical protection.
6. Data on the presence of areas where communication comes from the ground into
the water or air and vice versa.

7. The corrosion activity of the transported product.

WNRFRPOORMWNRPOOONOOODEAWNERIO AW

Anthropogenic factors

1. The level of economic activity near the site of the underground communication.
2. The location of neighboring industrial facilities (gas pipelines, product pipelines,
roads, etc.).

Natural factors

1. The possibility of soil deformation (landslides, land subsidence, soil lifts etc.).
2. The possibility of uneven land subsidence.

3. The possibility of soil erosion due to changes in riverbeds or groundwater.

4. The terrain change.

Table 3 — The main reasons for the technical risk of pipeline failures

Groups of reasons

Reasons

Industrial (man-made)

— internal corrosion of pipes;

— defects of construction origin: dents, scratches;

— defects which are of metallurgical origin: metal shrinkage, bubbles, axial pores, fine-
grained cracks, cuts;

— weld defects: overlap, craters, cracks, incomplete fusion, incomplete penetration.

Natural

— landslides and land subsidence;
— abundant precipitation.

Anthropogenic

— errors in the design, construction, and maintenance, errors the operation of pipelines;
— excavation work;
— malicious damage.

Requirements for the construction of formalized
models of “event trees” taking into account the non-

stationarity of risks:

— data collection and statistical analysis of occurred

emergencies;

—accounting and analysis of non-stationarity of
explosion and fire hazard and toxicity of combustible

substances;

—analysis of the conditions for the sequence of
scenarios which are about the development of an
emergency event;

— assessment of the frequency of implementation of
the conditions for the development of emergencies;

— determination of the structure of the “event trees”
based on the calculation of probabilistic estimates
according to the accident development scenarios;
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—the definition of regulations for technical and
organizational solutions to localization and liquidation
of emergencies.

— assessment of the frequency of implementation of
the conditions for the development of emergencies;

— determination of the structure of the “event trees”
based on the calculation of probabilistic estimates
according to the accident development scenarios;

—the definition of regulations for technical and
organizational solutions to localization and liquidation
of emergencies.

The impact assessment of emergencies is
specifically determined in the same way as for accident-
free ones. Taking into account the duration of the
accident, the dynamics of impact reduction is
determined and, in case of cumulative impact, average
values can be determined. The assessment is based on
the determination of the complex impact and its
significance, the development of proposals for the
strategy for the elimination of the accident.

It is difficult to quantify the environmental change
for most environmental impact assessments. The
proposed methodology is a semi-quantitative one, the
score-based assessment is given below. The significance
of anthropogenic disturbances of the natural
environment at all levels is assessed according to the
following parameters: spatial scale; time scale; and
intensity. For a comprehensive assessment of the impact
on the natural environment, a multiplicative
(multiplication) calculation methodology is used, in
contrast to the additive (addition) methodology adopted
for the social sphere.

Determination of the spatial scale of impacts is
carried out on the basis of the analysis of technical
solutions, mathematical modeling, or on the basis of
expert assessments.

Comprehensive (integral) assessment of the
impact on individual components of the natural
environment from various sources of impact

A comprehensive assessment is a multistep process.

Stage 1. To determine the complex impact on
individual components of the natural environment, it is
necessary to use tables with impact criteria.

The complex score is determined by the formula

Q:ntegr :Q|t : Q|S : Q.Jy (D)

Table 4 — Enhanced risk matrix [12]
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where Qimegr — is a complex evaluation score for a

given impact; Qit — the score of temporary impact on

the i’s component of the natural environment; Q] — the
score of spatial impact on the i’s component of the
natural environment; Q/ — the score of intensity impact

on the i’s component of the natural environment.
In case of the oil spill, we have the following data:

Q:ntegr:Q} Q.S Q,J =2-1-3=6.

Therefore, due to the impact of low significance, the
effects are detected, but the magnitude of the impact is
quite low (with or without mitigation and also within
acceptable standards), or the receptors are of low
sensitivity/value.

The impact of the average duration— the impact that
occurs over a period of time covering from one season
(3 months) to 1 year.

The local impact is the impact that affects the
components of the natural environment, limited by the
territory (the water area) of the exact location of the
object or slightly exceeding the area (up to 1 km?).

The moderate impact is based on the changes in the
natural environment that exceed the limits of natural
variability, lead to a violation of individual components
of the natural environment. The natural environment
retains the ability to self-healing.

Stage 2. The category of significance is determined
by the range of values depending on the score obtained
due to the calculation of the comprehensive assessment.
With an integral score of 6 points, the significance
category is defined as an impact of low significance.
The risk matrix is built on the basis of data on
consequence/ severity, strength of knowledge and
probability (Table 4).

High severity of consequences that means death,
serious personal injury or illness, extensive pollution,
extensive damage to equipment or material assets,
significant deferred production, substantial gas/oil leak,
safety integrity weakened for all or large parts of the
facility. For the period of last five years probability of
the emergences with oil spills is high, i.e. probable,
occurrence assessed as possible several times in a year.
Strength of knowledge is strong.

An overall risk assessment obtained by comparing
consequences, probability and strength of knowledge.

Probability
Consequence/ Strength . .
severit?/ of kngwledge Low Medium High
Weak Medium Medium High
Low Medium Low Medium High
Strong Low Low Medium
Weak Medium High High
Medium Medium Medium High High
Strong Low Medium High
Weak High High High
High Medium High High High
Strong Medium High High

14
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Discussion

In order to comply with the requirements of
environmental safety for each field, a plan for
localization and elimination of emergencies (PLES) is
developed, according to which potentially dangerous
objects are identified in terms of accidents. In particular,
production wells and injection wells are among of them.
The plan contains instructions for notifying the relevant
services and organizations that should be involved in the
elimination of accidents and their consequences, a list of
necessary technical means, neutralizing reagents, and
methods of collection and disposal of pollutants. The
hazard analysis of the entire system of production,
collection and transportation of hydrocarbon products
shows that the most probable accidents during oil and
gas production are oil and gas (open) fountains with
subsequent fire and oil and gas pipeline bursts and the
ignition of emissions.

The most probable occurrence of an accident related
to the collection and transportation in the field is the
spillage of oil and water in the event of a pipeline leak
due to corrosion or mechanical damage.

To prevent the causes of accidents and mishaps, oil
and gas operators must:

1. Strictly adhere to the technological mode of
operation.

2. Timely eliminate oil and gas leaks in flange
connections and stuffing boxes.

In case of a spill of oil and oil products, the soil is
cut to the depth of contamination (approximately
0.15 m). The polluted area must be outlined with 20-
25cm depth of plowing. In case of average and
considerable spills in the field, it is necessary to build
trenches and equip them with protective screens for the
prevention of intensive infiltration of oil products into
soil. Spill collection must be carried out using special
oil collection equipment. An adsorbent (such as
hydrophobized perlite, vermiculite) is applied to the
surface of contaminated areas before applying the fertile
layer of soil at the rate of 0.1...0.2 kg per 1 m? of
contaminated area. As soon as the pollutants are
collected from the soil surface, technical and biological
reclamation of the territory is carried out, which is
regulated by the relevant regulatory documents.

The frequency of bursts of pipelines increases due to
their exploitation, the untimely replacement of worn

ISSN 2522-1892

pipes, and insufficient inhibitory  protection.
Defectoscopy of pipe products before the installation of
pipelines and the use of inhibitory corrosion protection
of pipes during their operation are deterrents against the
impact of man-made causes. Anthropogenic causes are
prevented by timely maintenance of pipelines (the
planned replacement of worn-out pipes, carrying out the
necessary earthworks in the area of pipeline networks
with the help of an operator who is familiar with the
exact location of the routes) [13].

The scheme of distribution of management goals and
strategies according to [14] is shown in Table 5.

Since an environmental risk is a combination of the
probability or frequency of occurrence of a certain
hazard and the magnitude of the consequences of such
an event, therefore, recommendations for reducing risks
of an accident should be based on: the reduction in the
probability of accidents; and the minimization of the
consequences.

In addition, the proposed activities should be both
technological and organizational in nature.

Technological measures are as follows:

—the restriction on the use of hazardous
technologies;

— the reduction in the number of explosive and toxic
substances which are used;

— the creation of systems for automatic control and
provision of design parameters (pressure, temperature,
volume);

— the creation of safety zones (explosion protection,
separating distances);

—the location of technological equipment, taking
into account the organization of emergency evacuation
routes for personnel from production facilities and
recommendations given by the rescue team.

Organizational measures are as follows:

—the development of safety regulations and their
observance;

— fire protection and emergency signaling;

— the manual for the personnel training;

— the allocation of responsibilities for the enterprise
safety;

—the organization of control of storage sites for
toxic and explosive substances, as well as waste storage
sites, etc.

Table 5 — The scheme of distribution of management goals and strategies [14]

Security conditions of the object of management

Obijectives of security management

Normal security status. Optimal values of the security
parameter

Optimal security management

Normal security status. Values of the safety parameter
that correspond to the normal one

Security management

Transition to optimal security management

Normal security status. Negative trend. Threat

Elimination of threats

Prevention of forecasted emergency

Prevention of predicted violations of the normal state of
security

Violation of the normal state of security

Transition from infraction to normal security

Violation of the normal state of security. Emergency
situation

The achievement of an acceptable level of security

Transition from emergency to normal security

Violation of the normal state of security. Emergency
response

Minimization of the consequences of an emergency

Transition to normal security
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Conclusion

With regard to various conditions and levels of
damage, there are certain proposals given for practical
implementation to ensure the safety of wells and
pipelines in the process of monitoring, research, and the
development of a reconstruction project and its
examination. The current regulatory documents and
international standards governing the process of risk
assessment in the event of an emergency at oil
production facilities became the methodological basis of
the studies. The scientific and methodological basis of
research is a modified deterministic and probabilistic
approach to determining the risk of an emergency using
fuzzy logic methods in the form of neural networks. To
test the developed methodology, data on accidental oil
spills in the Sumy region for the period of 2017-2021
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were analyzed. As a result of the research, it was
established that the significance of anthropogenic
disturbances of the natural environment at all levels is
assessed by the following parameters: spatial scale; time
scale; intensity. In the event of an oil spill incident, the
study statistics gave a comprehensive impact score of 6,
indicating an impact of low significance, impacts are
being experienced, but the magnitude of the impact is
quite low (with or without mitigation) and within
acceptable standards or receptors have low sensitivity.
In the cases of individual assessments in determining
environmental risk, then the following results were
obtained: time parameter — impact of medium duration,
spatial parameter — local impact, intensity — moderate
impact.
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Abaeesa L. 10, Ilnanyk JI. JI., Tpynosa L. O., Bypaa O. A., Kpacyas b. O.

HAYKOBO-METOAYHI OIXO! 1O OLIHKH BE3IEKH KOMILIEKCIB HA®TOBUJIOBYBAHHS SIK IOTEHIIMHO
HEBE3INEYHHUX OB'EKTIB

Mera crarTi mojsrae y BH3HAUYEHHI ONTHMAJbHOTO MiJXOAY IO TPOBEACHHS OI[HIOBAaHHS PU3MKY 00’€KTiB Ha(TOBOro BUAOOYBAHHS SIK
MOTEHIifHO Hebe3nmeuHnX 00’ €KTiB. MeTo0NI0TIYHOI OCHOBOIO JUIS IPOBEICHHUX JOCII/KEHb CTall YHHHI HOPMATHBHI JIOKYMEHTH Ta MiXKHAapOJIHI
CTaHAAPTH, HIO PETYNIOITh MPOIEC OLIHKM PHU3MKY Y pa3i BUHUKHEHHsS HaJ3BUYaiiHOi cutyanii Ha HadToBMmOOYBHHMX 00’ekTax. HaykoBo-
METOJUYHOI0 0a3010 AOCIIDKEHb € MOAN(IKOBaHUN NIETEpPMIHOBaHMU Ta WMOBIPHICHUH MiIXOQW A0 BU3HAYEHHS PU3UKY BHHHKHEHHS aBapiidHOL
cHTYallii 3 BAKOPHCTAHHSM METO/IiB HEYITKOI JIOTIKK y BUIIISI HEMPOHHUX MepeX. 3HAUYMMICTh aHTPOIIOTCHHHX TIOPYIIEHb IPUPOJHOTO CepeIOBHUIIA
BCIX PIBHSX OLIHIOBAJNACs 3a TAKMMH [IapaMeTpaM: IIPOCTOPOBHI MacIiTad; 4acOBHI MacIuTal; iHTCHCHUBHICTb. 3iCTaBICHHs 3HAYEHb CTYIICHS BIUIHBY
10 KO)KHOMY HapaMeTpy OLHIOBANOCS 3a 0aJbHOI CHCTEMOIO 3a po3pobiieHnME KpuTepismu. KoMruiekcHa (iHTerpaibHa) OlliHKAa HABAaHTA)XXEHHS Ha
OKpeMi KOMITOHEHTH NMPHPOAHOTO CEPEIOBHINA Bi Pi3HMX JUKEpEN BIUIMBIB Oylla BCTaHOBIEHA Ha piBHI 6 GaiiB, MmO iNEHTU]IKYETbCS SK BILUIMB
HHU3bKOI 3Ha4MMOCTi. JloCimi/pkeHHsI MPOBOIMIINCS Ha NPHKIAAi aBapiifiHUX cuTyanii Ha Tepuropii Cymcbkoi obiacti 3a mepiog 2017-2021 pp.
BcraHOBIEHO, €KOJOTIYHUI PU3HK € KOMOIHAILi€r0 WMOBIPHOCTI a00 YaCTOTH BHHUKHEHHS NMEBHOI HEOE3MEKH Ta BETMYMHHU HACIIJIKIB TaKol MO,
TOMY PEKOMEHIALIT 010 3MEHIICHHS PU3MKIB BiJl aBapil IOBHHHI 3BOAUTHCS 0 3HIDKCHHS IMOBIpHOCTI aBapiii Ta MiHiMi3awii HacHiAKiB. Y cTaTTi
HaJaHi peKOMeHMallli opraHi3aliifHOro0 Ta TEXHOJOTIYHOIO XapakTepy IIOAO YCYHEHHs abo 3HWKCHHs CTYNCHS PU3HKY BiJ aBapiiiHUX CUTyaiii,
OB’ I3aHUX 3 PO3IUBOM Ha(TH.

KrouoBi cioBa: exonoriuHa Oe3reka, pU3HK, OLIHIOBAHHS HeOe3MEeKH, WMOBIPHICHHMI MiAXiA, AeTepMIHOBAaHMIl MiAXiA, HEUiTKa JOTiKa,
BU0OYTOK HadTH, aBapii.
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