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1. Introduction

ABSTRACT

Transportation of oil and oil products through main pipelines is accompanied by the
outpouring of these components into the environment, which creates risks of reducing
the level of environmental safety and emergencies.

The object of research is the factors and methods of environmental and civil safety
management of cross-border transportation of oil and oil products through pipelines.
Investigated problem is the analysis of environmental and civil safety management
factors for cross-border transportation of oil and oil products through pipelines has
been carried out and new technical and organizational solutions have been proposed
to improve the level of management. The environmental safety of oil and gas facilities
is defined as the state of environmentally safe functioning of oil and gas facilities and
the absence of harmful environmental impact on these facilities. On the basis of the
analysis of emergency situations on the linear part of the main oil pipelines, five main
reasons leading to depressurization have been identified and ranked. The oil pipeline
emergency is presented in a mathematical form. The analysis of depressurization of
main oil pipelines in the world and in the Lviv region is carried out. The international
normative legal acts regulating the management aspects of environmental and civil
safety of cross-border transportation of oil and oil products are analyzed.

Innovative products — in case of water pollution as a result of a catastrophic inflow
of oil products, it is proposed to use a patented installation for modeling the process of
pollution of running water and a method of physical modeling of the process of spread-
ing pollution as a result of a single discharge of oil products into the river. In the case of
soil contamination with oil products, it was proposed to use a patented installation for
modeling the process of filtration of contaminated solutions through the soil or bottom
sediments. The advantages of the proposed new technical solutions based on known
analogues are shown.

The area of practical use of the research results is the subdivisions of the Ministry
of Environmental Protection and Natural Resources of Ukraine, the State Service of
Ukraine for Emergency Situations, NJSC Naftogaz of Ukraine, higher educational in-
stitutions, research institutes of oil and gas ecological profile.

© The Author(s) 2020. This is an open access article under the CC BY license http://creativecommons.org/licenses/by/4.0).

Transportation of oil and oil products through trunk pipelines is a complex organizational

and technical process. Depressurization of oil pipelines causes pollution of environmental compo-
nents, reduces the level of environmental safety and creates risks of emergencies. Improving the
management of this process, including by introducing new technical solutions and ways facilitates
the level of environmental and civil safety.
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1. 1. The object of research
The object of research is the factors and methods of environmental and civil safety man-
agement of cross-border transportation of oil and oil products through pipelines.

1. 2. Problem description

The development of the oil and gas industry is impossible without the development of
pipeline transport infrastructure. In such areas, the anthropogenic load is much higher and is
comparable to agricultural or residential areas.

According to statistics, Ukraine annually consumes up to 10 million tons of oil and oil
products, 40 thousand tons of which are officially recorded losses as a result of the outpour-
ings [1]. Such outpourings are sources of soil, groundwater and surface water pollution [2, 3].
In case of contamination of territories near drinking water intakes, conditions for an emer-
gency are created [4]. Therefore, the study of factors that lead to a decrease in the level of
environmental and civil safety of transportation of oil and oil products through pipelines and
the development of methods for managing these factors is an urgent task. The urgency of this
task is significantly increasing in border areas, where an oil spill may subject the country to
tough international sanctions.

1. 3. Suggested solution to the problem

The oil and gas industry of Ukraine is represented by 6 oil refineries with a total pri-
mary processing capacity of 51-54 million tons of oil per year [5]. The system of main oil
pipelines of Ukraine includes 4767 km of oil pipelines (in single-line terms) with a diameter of
up to 1220 mm inclusive [6].

In order to increase the level of environmental and civil safety at the enterprises of NJSC
“Naftogaz of Ukraine”, a management policy has been developed. The elements of such manage-
ment are emergency response units and services, voluntary fire brigades, persons responsible for
the fire condition, regulations and instructions, conducting briefings and testing knowledge on
fire and technological safety. The safety of work and emergency response at drilling, production,
transportation, storage and processing facilities for oil and gas is ensured by emergency recovery
and repair teams, a site, line maintenance services, and other emergency response units that are
part of the structural units of enterprises. To prevent and eliminate emergencies, in 2018, heli-
copters overflew the pipeline route, bypassed pipeline sections by services, performed scheduled
preventive and preventive maintenance, and reviewed hazardous areas [5]. All these measures
significantly increase the level of environmental safety and civil security, however, the risks of
emergencies of environmental genesis in such territories are still significant.

The aim of research is to analyze the factors of environmental and civil safety of
cross-border transportation of oil and oil products through pipelines.

2. Materials and methods of research

To achieve the aim of research, the appropriate general scientific and special methods
of scientific knowledge based on the principles of an objective, comprehensive and complex
analysis of natural and technical processes and phenomena were used. The dialectical method
made it possible to comprehensively and volumetrically study the formation of environmental
and civil safety management factors for cross-border transportation of oil and oil products
through oil pipelines, as well as to determine the objective causes of problems in the process
of organizing the control system. The general scientific method of analysis made it possible to
identify the causes of depressurization of oil pipelines, and the mathematical method of vector
analysis — to mathematically describe an emergency situation on oil pipelines that occurs at a
certain point in time. Methods of physical modeling and setting up experiments were used in
the development of installations and a method of physical modeling. Generalization and induc-
tion methods are applied in the process of formulating conclusions.

3. Research results
Environmental safety of oil and gas facilities can be defined as the state of environmen-
tally safe operation of oil and gas facilities and the absence of harmful environmental influ-
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ences on these facilities. In areas with a high concentration of oil and gas facilities, environ-
mental safety issues are closely interconnected with civil protection issues, since large-scale
outpourings of oil and oil products lead to emergencies.

Having analyzed emergency situations on the linear part of the main oil pipelines, it is
possible to identify and rank five main reasons leading to depressurization (Fig. 1).

5%

Fig. 1. Scheme of the main reasons for depressurization of main oil pipelines:

1 — external physical (force) actions on pipelines, including criminal tie-ins, which led to
the origins — 34.7 %; 2 — violation of the norms and rules of work during construction and
repair, deviations from design solutions — 24.7 %; 3 — corrosion damage to pipes, shut-
off and control valves — 23.5 %; 4 — violation of technical conditions in the manufacture
of pipes and equipment — 12.4 %; 5 — erroneous actions of the operating and maintenance
personnel — 4.7 % (processed according to [7])

Proceeding from this and modifying the vector, an emergency situation on oil pipelines
was proposed in [8], which occurs at a certain moment in time E(f), can be represented in a
tuple of the form:

<0(), F(), M), L(t)>,
where O(f) — the vector of state variables of the object at which the emergency occurred;

F(f) — vector of external destabilizing factors; M(¢) — the vector of control impacts aimed at
reducing the scale of emergency situations; L(f) — plan of emergency liquidation (localization),

moreover:
0.347x, ()
0.247x, (¢)
F(t)=]0.235x(7) |,
0.124x, ()
0.047x ()

where x, — external physical (force) actions on pipelines, including criminal tie-ins that led to
the origins, x, — violation of the rules and regulations for work during construction and repair,
deviations from design solutions, x, — corrosion damage to pipes, shut-off and control valves,
x,— violation of technical conditions in the manufacture of pipes and equipment, x, — erroneous
actions of operating and maintenance personnel.

Losses of oil and oil products occur at all stages of oil usage. The most dangerous
threats to the environment are associated with emergency oil outflows that occur during the
operation of oil pipelines and are accompanied by the ingress of spilled oil into water bodies.

According to the Lviv State Inspection for 20162019, on the territory of the Lviv region there
were 6 emergency situations caused by illegal tie-ins into pipeline transport. As a result of such inci-
sions, 7502 m? of land and surface waters of the Yablunivka and Struga rivers were polluted.
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In world history, there are numerous examples of emergencies caused by the leakage
of oil or oil products. According to [7], December 5, 2014, on the Ashkelon-Eilat oil pipeline
in southern Israel, as a result of unsuccessful repair work on a ruptured pipe, 21.9 thousand
barrels of oil spilled into the Arava desert, which caused economic damage in the amount of
7.6 million USD, catastrophic pollution of environmental zones, hospitalization of more than
80 people (Fig. 2).

Fig. 2. Results of the accident at the Ashkelon-Eilat oil pipeline (photo by the Israeli Ministry of
Ecology): a — view from a height of 1.5 m; » — view from a height of 600 m

Technical solutions and measures have been developed to improve the level of envi-
ronmental and civil safety management of cross-border transportation of oil and oil products
through pipelines.

In case of water pollution as a result of a catastrophic inflow of oil products, an installa-
tion has been developed for modeling the process of pollution of running water [9] and a meth-
od for physical modeling of the process of spreading pollution as a result of a single discharge
of oil products into the river [10].

In contrast to the known analogous installations for modeling, the proposed installation
makes it possible to simulate the propagation of contamination in two-phase system water -
bottom sediments and to control the speed of water movement, which increases the reliability
of the results (Fig. 3). Taken together, the patented installation and method make it possible
to quickly predict the dynamics of a natural-man-made system that has undergone man-made
impact, including as a result of depressurization of the oil pipeline.

|

1= Rl T — — = — —— - — _

7,
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/|
)
y
\
<,‘:%j

Fig. 3. Longitudinal section of the installation, physically simulates
the process of river pollution by emergency discharge of pollutants:
1 — water supply hole, 2 — section for introducing pollutant, 3 — partition,
4 — water flow with pollutant, 5 — water meter, 6 — bottom sediments,
7 — water outlet

In case of soil contamination, let’s propose to use an installation for modeling the pro-
cess of filtration of contaminated solutions through the soil or bottom sediments [11]. The
installation makes it possible to physically simulate the penetration of pollutants through the
soil (Fig. 4).
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Fig. 4. Cross-section of an installation that simulates the process of soil pollution by emergency
discharge of pollutants: 1 — container with chemically inert material, 2 — fastening system,
3 — first compartment, 4 — filter system, 5 — second compartment, 6 — filling level scale,
7 — tap for collecting and draining water, 8 — water level sensor

4. Discussion

At the present stage, the problems of environmental and civil security go far beyond national
borders and have a transboundary, regional or even global character. The world community is trying
to solve such problems by means of instruments for the adoption and implementation of international
legal acts. International treaties are the main source of international law. In Ukraine, they are part of
national legislation and are applied in the manner prescribed for the norms of national legislation [12].
The authors analyzed the international normative legal acts that regulate aspects of environmental and
civil security of cross-border transportation of oil and oil products. The main ones are:

« international Convention on Intervention on the High Seas in Cases of Oil Pollution Accidents;

» convention for the Protection of the Black Sea against Pollution. Protocol on Cooperation in
Combating Pollution of the Black Sea Marine Environment by Oil and Other Harmful Substances in
Emergency Situations;

« international Convention on Civil Liability for Oil Pollution Damage.

International conventions and protocols are analyzed that make a positive contribution to improv-
ing environmental and civil safety in water bodies, but none of these documents contain mechanisms
to compensate for the harm that can occur as a result of industrial accidents on an international scale.

Since September 1, 2017, the Association Agreement between Ukraine and the EU is in effect.
Cooperation in the field of environmental protection is provided for in Articles 292-293 of Chapter 13
“Trade for Sustainable Development”, Chapter 6 “Environment” of Section V “Economic and Industrial
Cooperation” of the Association Agreement, and Annexes XXX and XXXI.

Cooperation aims at preserving, protecting, improving and reproducing the quality of the en-
vironment, protecting public health, prudent and rational use of natural resources and encouraging
measures at the international level aimed at solving regional and global environmental problems. The
parties pay special attention to issues of a transboundary nature [13].

According to the Transition Book 2019 “European and Euro-Atlantic integration” [14], the
main tasks for Ukraine, among others, are the rational management of water resources.

The proposed solutions have a number of limitations. International treaties are capable of
increasing the level of environmental and civil safety only if they are unconditionally fulfilled by
all parties. The proposed installations of physical modeling, which are designed to reduce the time
and increase the validity of management decisions in the event of an oil spill, do not provide for the
possibility of changing pressure, which makes it impossible to use them for physical modeling in
conditions of deep horizons.
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(8]
(]

(10]

(11]

[12]

(13]

[14]

Prospects for further research lie in the area of developing a methodology for managing envi-
ronmental and civil security of cross-border transportation of oil and oil products through pipelines.

6. Conclusions

1. Transportation of oil and oil products through main pipelines creates risks of lowering the
level of environmental safety and emergencies.

2. Environmental safety of oil and gas facilities, this is the state of environmentally safe oper-
ation of oil and gas facilities and the absence of harmful environmental influences on these facilities.

3. An emergency situation on oil pipelines that occurs at a certain point in time E (t) can be
represented in a tuple of the form <O(¢), F(¢), M(¢), L(f)>, where O(f) — vector of state variables of the
object on which the emergency occurred; F(f) — vector of external destabilizing factors; M(f) — vec-
tor of control impacts aimed at reducing the scale of emergency situations; L(?) — plan of emergency
liquidation (localization).

4. In the case of water pollution as a result of a catastrophic inflow of oil products, it is ad-
visable to use an installation for modeling the process of pollution of running water and a method
of physical modeling of the process of spreading pollution as a result of a single discharge of oil
products into the river.

5. In the case of soil contamination, it is advisable to use an installation for modeling the
process of filtration of contaminated solutions through the soil or bottom sediments.
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