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DEVELOPMENT OF A METHOD FOR
SELECTING A WAY OF RAW MATERIAL
TRANSPORTATION FROM THE OFFSHORE
DRILLING PLATFORM TO THE ONSHORE
INFRASTRUCTURE

O6’exkmom docnidacenns € nPoyec MpanHcnopmyeanis O0OYmMuUX KONaiun 6i0 MOPCoKUx Oyposux niamgopm @
wenvax mopie do bepezosux pesepsyapis. Oonum 3 HaubLILW NPOOIEMHUX MICUDb € HeobXIOHIcmb 6ubopYy 3ac00is
mpancnopmy i cnocoby mpancnopmyeanis 000ymux eyeneeoonis 6id mopcokux dyposux niampopm (MBII) do
bepez060i indpacmpyxmypu.

3acmocosyrouu memoo pieHOSHAUHUX BeTUUUH, OYL0 6CINAHOBICHO ZPAHUYHT SHAUCHH S BUKOPUCTILAHHS MPYOOnpo-
6i0H020 mparncnopmy 6 3aiexcnocmi 6i0 giddanenocmi mopcvokux eudodysuux niamgpopm (MBB) 6id bepeza.

B x00i docridacernst 0nst 600CKOHANCHHS OP2AHIZAUTT MPAHCNOPMYBANHsL 6U000YMUX 6 Web(i MOPIE 8Y21e600Hi8
Oy6 po3pobaeHutl arzopumm w000 0OTPYHMYEAnHs cnocoOy MPAHCNOPMYBantsl 8 3aieicnocmi 6id eiddarenocmi MBIT
6id 6epeza. A maxodc 00TPYHMOBAHUT KpUmMepitl 6ub0pYy Mpancnopmuozo 3acody ma pPo3zisnyma CUcmema noKaA3Hu-
Kie 015t popmysanns xpumepiro. Memoduunuii noxio 3a uGOPOM MPAHCROPMY CKAAOAEMBCS 3 HACMYNHUX eMAaAnie:

Akimova 0.,
Kravchenko 0.

— (opMyrOMLCS NOKASHUKU KANIMALLHUX, eKCHAYAMAUTUHUX MA HABCOCHUX SUMPAM NO KONICHOMY 6UlY

mpancnopmy;

— BUBHAUAEMBCA ZPAHUNHE SHAUCHHS NOKASHUKA NPUBCOCHUX sumpam 04 mpybonposionozo mpancnopmy
i dns docmasku wammau-mankepamu ma 3a 00NOM02010 MOPCOKUX bapici-OyKcupnux ckiadie é 3aiexncnocmi 6io

siddanenocmi MBII 6i0 6epeza;

— BUB0OUMDBCS Kpumepill epexmusHocmi subopy 6udy mpancnopmy;

— PO3PAX0BYEMBCSL NOKASHUK NUTMOMUX BUMPAT HA MOPCOKOMY T MPYOOnposionomy mpancnopmi;

— BUSHAUAECTNDCSL ZPAHUYHE SHAYCHHS BUKOPUCTAHHS 00H020 3 0eKIIbKOX 6UNIE MPAHCNOPMY.

Pospobrenuit memoduunuil nioxio sabesneuye o0rpynmosanuil nioxio 0o eubopy cnocody mpancnopmyeans.
i 6udy mpancnopmy npu opzanizayii docmaexu eudobymoi cuposunu 6id MBII do bepez06oi ingpacmpyxmypu,
aKUL 3a0e3neuye HauMenui NUmomi sUmpamu 3 mpancnopmyeanisi.

Y nopisnsuni 3 ananoziunumu idomumu memooamu, sKi 3acmocosymocs 0t 6uOOPY MPaAHcnopmy npu
HasemMHomy 6udoOymKy i mpancnopmyeanmi, 6 MOPCoKOMYy Hapmosudodyenomy Oizneci nodibui memoou ne 3a-

Cmoco8Y8aiucs.

Kmouesi cnosa: mpy6onposionuil mpancnopm, cyona-xabeieykiadaroHuxu, 00Cmaska wwammi-mankepamu,
Mopcoki 6yposi naamgpopmu, bepezosa inppacmpyxmypa, docmaska dapaice-OyKCUpHUMU CYOHAMU.

1. Introduction

According to [1], by the end of 2017, global oil con-
sumption increased by 1.8 % or 1.7 million barrels per
day, which is higher than the average of 1.2 % over the
past 10 years. Oil production increased by 0.6 million
barrels per day. While maintaining the existing rates of
oil and gas consumption, it will be enough for more than
54 and 52 years respectively, and taking into account the
annual increase in world proven reserves of oil and gas due
to the discovery of new fields both on land and at sea,
hydrocarbon raw materials will be enough for humanity
for a longer period. However, it is becoming more and
more difficult to produce oil and gas every year. World oil
production on land from fields with traditional reservoirs
decreases by an average of 2-6 % per year [2].

In order to meet the growing demand for energy, oil
and gas companies increasingly have to introduce deposits
into the development, from which it is difficult to extract
reserves. These are offshore and offshore fields. For their

cost-effective and environmentally safe operation requires
the creation of new and continuous improvement of exis-
ting techniques and production technologies.

Today, 20 % of world oil reserves and 45 % of gas
reserves are located on the world shelf. Most of the large
reserves of natural gas were found in the open sea, espe-
cially on the deep and deeper shelf. Thus, the number
of oil and gas platforms in 2010 amounted to 270 units,
and in 2030 this number will be 618 units [3].

According to the French Petroleum Association (IFP
EN) [4], the most promising areas for offshore oil and gas
fields are the shelves of Brazil and West Africa, the con-
tinental margins of East Africa, especially in Mozambique
and Tanzania. There are also many other opportunities
in the Gulf of Mexico, the Mediterranean, Australia and
the Arctic region.

In Ukraine, oil and gas production on the shelves of
the seas is organized by Ukrgasvydobuvannya, which ex-
pects to start exploratory drilling on the Black Sea shelf
in 2019-2020. And to go into industrial production in the
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beginning of 2021 by 2020, Ukrgasvydobuvannya plans to
invest 3 billion USD in the purchase and modernization
of new equipment for oil and gas [5].

Based on the foregoing, the study is relevant, concer-
ning the decision on the choice of method of transporting
hydrocarbons from offshore drilling platforms to onshore
reservoirs in the development of deposits in the shelf of
the seas.

2. The ohject of research
and its technological audit

The object of research is the process of transportation
of mined minerals from offshore drilling platforms (ODP)
in the sea shelves to onshore reservoirs.

The following technical means are used to deliver the
extracted oil and gas from the extraction site to the onshore
infrastructure:

— piping system;

— shuttle tanker;

— barge-towing vessels.

Currently, pipeline systems are widely used in the de-
velopment of offshore oil and gas fields with a diameter
of up to 1.220 mm at depths of up to 130 m. Pipe lay
vessels for depths of up to 600 m are designed. For this
purpose, pipelay vessels (PV), a specialized vessel intended
for laying underwater pipelines, are used. The pipelay vessel
body has a simplified shape. Sometimes barges and vessels
of other types refit in pipelay vessels. Perspective hull
catamaran type or with stabilizing columns, especially for
operation in areas with harsh weather conditions.

The technology of laying the underwater pipeline with
pipelay vessels is in building it up by successive welding
of the pipe sections on the deck. At shallow depths, a cur-
vilinear descender is used to move the pipeline from the
deck to the seabed, through which the pipeline is exten-
ded from the stern of the ship to the bottom as new pipe
sections are welded. With an increase in the depth of the
sea at the stern of the vessel, an additional hinge sup-
port stringer is installed to support the pipeline during
its downward movement and to prevent its large bends
when leaving the court.

A shuttle tanker, also called the Floating Pipeline, is
used to transport crude oil from oil platforms to oil storage
tanks and refineries onshore. As a rule, shuttle tankers
are equipped with a sophisticated specialized cargo sys-
tem located in the bow of the vessel, which makes it
possible to receive oil from offshore facilities even in se-
vere weather conditions. Shuttle tankers are distinguished
by the presence of two or three bow thrusters, as well
as stern thrusters, and are provided with an adjustable
pitch propeller. The hull design is significantly enhanced.
The length can be about 230-270 m. These tankers have
more stringent requirements and standards that meet the
offshore industry.

The barge-towing vessels (BTV) of the marine desti-
nation use an innovative semi-rigid «sea» clutch, which
remains operable at a wavelength of up to 7 m. For the
delivery of hydrocarbons from the ODP to the onshore
infrastructure, specialized gas-carrying barges and barge
bunker are used.

When using the BTV, it is necessary to apply a qualita-
tively new level of organization of work when transporting
hydrocarbons in the shelf of the seas, namely, when one

pusher serves 2—3 barges. This approach is called «drop-
and-swop» [6].

One of the most problematic places is the need to
choose the means of transport and the method of trans-
porting the extracted hydrocarbons from offshore drilling
platforms to the onshore infrastructure.

3. The aim and ohjectives of research

The aim of research is development of a method ap-
proach to substantiating the method of transporting oil
from offshore drilling platforms in the sea shelves to on-
shore facilities.

To achieve this aim it is necessary to perform the fol-
lowing objectives:

1. To determine the criteria for selecting the technical
means for the delivery of hydrocarbons from the ODP
to the onshore infrastructure.

2. To form a criterion for choosing the method of trans-
portation and technical means.

4. Research of existing solutions
of the prohlem

Issues related to the choice of transporting oil from the
production sites in the shelf of the seas to the processing
sites were considered in the works of many scientists.
Thus, in [7], a method for choosing a mode of transport
for transporting oil for export was considered. In this
case, the criteria take into account the capital costs of
the purchase or construction of the means of transpor-
ting oil for export during its surface production. In this
work it is indicated that one should consider several or
a whole range of options for delivery methods only by
numbered them according to an increase in capital or ope-
rating costs and consider options in which the increase
in capital expenditures is compensated by a decrease in
operational costs. At the same time, the work does not
take into account that the choice of technical means should
be carried out not by absolute, but by relative indicators,
such as cost price or reduced costs. In [8], mathematical
modeling was developed for the composition of the shuttle
tankers, the barge-towing structure, the main transport
pipeline, the single-point offshore mooring and the floating
storage. At the same time, the reduced costs are accepted
as the main criterion for optimality, but only the method
of building ships is considered.

Criteria for the selection of options on sea transport
are formed by a system of economic indicators. In [9] it
is emphasized that the choice of the mode of transport
is carried out according to relative economic indicators.
At the same time, in the theoretical aspect, to achieve
an optimal result, the criteria are either maximized or
minimized.

The main directions of development of technology for
the extraction of oil and gas in the shelves of the seas
were considered in [10]. At the same time, not enough
attention is paid to the choice of the method of trans-
portation of carbohydrates from offshore drilling platforms
to the onshore infrastructure.

The cyclical work of the barge-towing vessels is reviewed
in source [6], but it lacks the methodology for calcula-
ting BTV performance indicators on a cyclical basis. The
practical aspect of oil transportation by pipeline transport
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in the shelf of the seas was considered in [11]. It was
determined that the speed of transportation depends on
the viscosity of the oil, which in turn depends on the
temperature in the pipeline.

The general theory of stocks in the offshore industry is
considered in [12]. However, due attention to the defini-
tion of criteria for selecting the method of transportation
of mined raw materials is not given. Methods for selec-
ting the optimal variant of oil and gas field platforms for
the development of the shelf were considered in [13]. In
particular, in this work, the priority was given to hydro-
meteorological, engineering-geological, geological, tech-
nological, industrial and environmental factors affecting
the choice of the type of marine oil and gas producing
hydraulic structures. However, the method of transporta-
tion is considered as a factor that influences the choice
of platforms. And in [14] it was shown that the design
of the offshore oil and gas hydraulic engineering structure
has a multi-purpose character, which should be carried
out as a multi-criteria optimization process using the fol-
lowing main criteria, such as «functionality», «economy»,
«strength», «safety», «environmental friendliness». But it is
not disclosed what indicators these criteria are measured.

The development of technologies and technical means for
the extraction of oil and gas in offshore Arctic fields are
considered in [15]. This paper presents the main pipeline
systems for the delivery of hydrocarbons from offshore
Arctic fields and identifies the main problems of their
design and construction. But the work does not pay at-
tention to other ways of delivering raw materials from
the ODP to the onshore infrastructure.

The assessment of the economic efficiency of forms of
attracting investment in the search, exploration and pro-
duction of oil and gas was carried out using the developed
technology of strategic management of the development
of an oil and gas company based on approved «target
tree» schemes [16]. However, in work [16] investment in
technical means is considered without preliminary type
of funds being used.

In conditions of the fact that both oil and gas are
extracted in the shelf of the seas from the ODP, the ap-
proaches to the organization of transportation of gases by
sea transport were studied, revealed in studies [17]. The
method of gas transportation proposed in these studies
makes it possible to abandon the ship installation for gas
recondensation, which allows considering the organization
of gas delivery to barge-towing vessels. But in these studies
there is no justification for the delivery of gas depending
on the ODP distance.

Thus, the results of literary analysis suggest that stu-
dies to substantiate the method of transporting oil from
offshore drilling platforms in the sea shelves to onshore
facilities are promising and require further study.

5. Methods of research

For making decisions on the choice of the method
of transportation of hydrocarbons from the ODP to the
onshore infrastructure, use the methods of options, or mathe-
matical methods of optimization.

The choice of a particular mode of transport for the
transportation of hydrocarbons from the place of produc-
tion to the offshore onshore infrastructure refers, as a rule,
to a multi-criteria task [18-20].

When solving a multi-criteria task, it is often neces-
sary to normalize (norm) the criteria, that is, to bring
all the criteria f,(X) to a single scale and dimensionless
form. The most frequently used replacement of criteria
with their dimensionless relative values:

e
M(X)= 1A (1
where fk*zr)rggg;fk(X).

Normalized criteria have two important properties: first,
they are dimensionless quantities, and, secondly, they satisfy
the inequality 0<A,(X)<1 forany X eD. These properties
allow to compare the criteria among themselves [21-23].

The method used to reduce a multi-criteria task to
a single-criterion one is in singling out one (main, main)
criterion F1 and strive to turn it into a maximum (mini-
mum), and impose only some restrictions on the remaining
criteria F2, F3 ... Fm any given values. Thus, the idea of
the main criterion method is that individual criteria are
usually unequal between themselves (some of them are more
important than others) and this allows to single out the
main criterion, and consider other criteria as additional,
related. Specific values of these additional constraints can
be established, for example, using statistical methods, or
expertly on the basis of informal considerations. This
distinction allows to formulate problems of multicriteria
optimization as the problem of finding the conditional
extremum of the main criterion.

However, this method has a number of fundamental flaws.
First of all, this method greatly simplifies the structure of the
original problem, does not take into account the difference in
the values of the criteria, moved into the category of restric-
tions. In addition, a rather difficult task is the formulation
of restrictions on the values of less important criteria [24].

6. Research results

To determine the criterion for the choice of trans-
portation method, it is necessary to form an indicator of
unit expenses for each delivery method, depending on the
distance from the ODP to the OI (onshore infrastructure).
To do this, let’s define and analyze technical means for
each mode of delivery of hydrocarbons from the ODP to
the onshore infrastructure (Table 1).

There are two ways to acquire technical equipment
for the transportation of hydrocarbons — this is rent and
purchase. With the pipeline method of transportation, two
types of capital investment are the lease of a pipelay ves-
sel and the purchase of a pipe. When using barge-towing
vessels and a shuttle tanker, one of the possible ways is
considered — rent or purchase (Fig. 1).

Accordingly, when purchasing all three means of trans-
portation, as a criterion for choosing a method of trans-
portation, it is advisable to use the reduced cost indicator,
which consists of the specific operating costs and specific
capital investments.

The general formula for determining the cost of shipping is:

Rgen = sz‘ b +Cl 'tl ’ (2)
where C,, C,
laying, respectively, USD /day;
vehicle trip, day.

— the daily cost of the vehicle under way and
te, t; — the time of the
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Tahle 1

Advantages and disadvantages of methods for transporting minerals from offshore drilling platforms to onshore reservoirs

The method
of transportation
of hydrocarbons

from offshore
drilling platforms

Technical
means involved
in transporta-

The advantages of transportation

The disadvantages of transportation

Pipes for trans-

Only the pipelay vessel is rented.

to the onshore tion
infrastructure
Pipeline Pipelay vessel | Does not require payments for the lease of the pipe. Used at depths up to 600 m.

Restriction on the maximum transportation distance.

bunkers, tows

Ability to work at wave heights up to 2 m

portation Does not depend on weather conditions Large one-time investment in the purchase of the
pipe and its equipment.
Impossibility of use after deposit closure
Barge-towing Specialized Barges and tows can be rented or purchased. Dependence on weather conditions.
vessels barges: gas- Low running costs. Limited work distance from shore.
carrying barges | Small crew size (2-3). Capacity of one barge in one pass is limited (5 thou-
and barge Short parking time to replace barges in the port. sand tons)

Shuttle tankers

Shuttle tankers

Can be rented or purchased.

Load capacity is limited by the characteristics of the site.

There are no restrictions on the maximum distance of transportation.
Decrease in specific operational expenses at increase in distance

of transportation

The high cost of the rental rate.
The high cost of investment in construction.
The high cost of explant expenses

from mining sites to the onshore infrastructure

Options for the acquisition of vehicles for the transport of hydrocarbons

where K,, — coefficient taking
into account the cost of insurance
of the vessel; C,, C,, C,y — daily

Pipeline

Shuttle tanker

\4

BTV

expenses for depreciation, repair,
delivery, USD/day; C. — average

y

Capital expenditures (purchase)

Rent

&

Efficiency criterion, taking into account capital expenditures

daily expenses for the mainte-
nance of the crew, USD/day;
— when renting vehicles:

C;’ivr =fr+Cdel+Cc+Cpnnr (6)

where f, — the rental rate, USD/day.
Variable expenses are the same

Efficiency criterion, does not taking into account capital expenditures

for both ways of purchasing:

Fig. 1. Stages of formation of the criterion for choosing the method of transportation:

Let’s consider the costs for the case of the acquisition
of vehicles in two ways: subject to purchase and subject

to rent.

BTV - barge-towing vessel

— laying:

Daily expenses under way consist of the following

elements:

sz,' =C fix + szf;ar + Cz‘;;dm ’

C\lmr ijpflkly

3)

— under way:

=ay Py by (M

where g — fuel consumption under way, t/day; Py — fuel
price, USD/t; k — lubrication coefficient;

)

where Cj, — daily fixed expenses, USD/day Cy" — daily
variables under way, USD/day; C2" — administrative daily
variables, USD/day.
Daily expenses for laying:
CI :Cfix +C\l'ar +C]adm7 (4)
where C;* — daily variable expenses for laying, USD/day.
Direct fixed costs Cj, are defined as the sum of the
items:
— when buying vehicles:

Cro =Kins Ci+C, +Cyy +C,, (5)

where g — fuel consumption during the laying, t/day;
P/ — fuel price, USD/t; k - lubrication coefficient.
Total expenses for renting ships:

’
Rgm

=C,-t,+C/t,. )

As a criterion for choosing a vehicle for transporting
raw materials from the offshore drilling platform (ODP)
to the onshore infrastructure (OI), let’s the unit expenses
indicator, in USD per ton-mile.

Let’s consider the formation of the indicator of spe-
cific costs for each method of delivery of raw materials:
pipeline, barge-towing and shuttle tankers.

;28
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For the pipeline method of delivery, a pipelay vessel
is used, which is purchased on a time-charter basis, and
capital investments directly for the purchase of a pipe.

The capital costs of laying the pipeline along the bot-
tom of the shelf include: the cost of equipment, materials,
works on the construction of the object.

Previously, to calculate the expenses it is necessary to
determine the diameter of the pipe, which depends on the
planned capacity of the field. The capital expenses of the
linear part for a given diameter of the pipeline and the
capital expenses of pumping stations, as well as operating
costs for repairs, are determined. Then the indicator of
reduced expenses is formed.

Specific capital expenses for pipeline transport [6]:

K,=C,L, (10)
where C, — specific cost of the pipeline, USD/m; L — pipe-
line length of the, m.

Thus, as the selection criterion for the pipeline method
of transportation, an indicator of reduced costs in ton-miles
is taken, which is determined by the formula:

R, +E-1000-K,

Sor = oL

, USD/t-m, (11)

where Q — amount of hydrocarbons, which it is planned
to produce per year, t; L — the total mileage of tonnage
from the ODP to the onshore infrastructure and in the
opposite direction, m; E — coefficient of specific capital
investments.

Or, if substitute the expression (10) into the formula
and execute the transformations, let’s obtain the following
type of criterion:

’
gen

Cﬂ
+— USD/t-m.

SQL7 Q L Q

(12)

When transporting a shuttle tanker, and barge-towing
vessels, let’s consider only the purchase of ships for rent.

Unit expenses indicator:

— for shuttle tankers:

(13)

where Ry, , — the general expenses of the shuttle tanker,
operated under the rent;
— for barge-towing vessels, general expenses are deter-
mined not during the voyage, but for the cycle of work
with one barge [6], therefore the formula will have
the following form:

formulas (3), (4); C’P — cost of barge maintenance,
USD/day; n™*, n"* — the number of barges and tows
necessary to work on the cycle; n, — the number of tow
voyages per cycle; T, — the cycle time of the barge-towing
pair, day.

Cost of barge maintenance:

B, — dl
Cwarge _Cﬁx +Cz(:l m

(16)

The number of barges and tows necessary to work
on a cycle is determined when the barge-towing vessels
operate on the «drop & swop» principle [6]. The work
is organized in such a way that all vessels and loading
equipment at the berths can work without interruptions,
and the ratio is observed:

[ ]+[Nove ]=[mr] an

The number of barges tanks can be calculated by the
formula:

Qp
nil‘_qTT, (18)

where Q, — the amount of hydrocarbons to be transported
during the year, t; ¢ — the capacity of one tank, t; p —
the product density, t/m? 7 — cycle (number of voyages
per year) of a tank barge; Nopp — the number of offshore
drilling platforms.

The number of cycles is determined by the formula:

365

7%‘:7
T’

(19)

where T; — the total turnover time of one tank per day.

The cycle period is determined by the variant of the
work of the barge-towing vessel. Under the option of
«2 tows+3 barges», the cycle time is calculated by the
formula:

TT = (3 : Tmn ith BTempty +3 Tmr with BTloaded ) + T’ (20)
where THT with BTempty ) W with Blloaded the transition time of the

tow with an empty and loaded barge-tank, respectively;
3 — means that during the cycle the barge makes three
voyages in each direction; AT — the difference between
the laying of the tow and the tank:

r= (3 ' (Tl’”“" T T”’l' with Blempty )+ 3 : (T/m,mml T T”T with BTload ))’ (2 1)

Ré/‘mzm - R;%m o + Ré:’”lﬁa rge ) (14)
where T, ., T, , — the time of the tank laying under
where Ry, - general expenses of the tow, USD; Ry, . — loading and unloading, day.
general expenses of barge, USD: Thus, the criterion for determining the efficiency of
transportation by barges towing vessels is as follows:
R;rmBVT =n, (C,',,m“ . tryﬂ‘uzo +C[’Tozu ) t;bzu),nrom +
+ C/Bmge . T( . nl.‘iargeY 15 S' _ gengry _
c ( ) BTV QL
where C.*v, C/™ — cost of under way and laying main- _ (Cplome - glow 4 CTow - Jo ). plow 4 C7Barge . T, . pBerse 22)
tenance of the tows, USD/day, which is calculated by the QL ’
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In formula (22) let’s substitute the value of time on
the move:

L
= 2
=g (23)
where [, — the transportation distance with cargo, km;
V, — operational speed of tows, km/day.
Laying time is determined by the formula:
2Q
tl :E, (24)

where M, — the weighted average handling rates of ships
and barges in ports, tons/day.
For shuttle tanker:

c

C'Bage 3. "¢y Barge
oL
n,-n1ow (CLw +3C70™)  2m, -piow . Clov
) Qv, ML
=Sk + Shrv, (25)
where Sgv — the under way component of the cost of

transportation for BTV, USD/t-m; Sk - the parking
component of the cost of transportation, for BTV, USD /t-m:

n,- nTom (C;Tow + SC;TUIU)

Qv,

Laying component of transportation costs:

Skrv =

Tow ’Tow
2"1: -n ow 'Cl ow

M,L

A —
SBTV -

(26)

Similarly, let’s transform the unit expenses formula
for a shuttle tanker. Let’s substitute in the formula the
value of time under way and in the laying and denote
the amount of cargo through the net load capacity, let’s
obtain the following formula:

P C., 2C G 4 g .
= 4 =S'v 4

s=t QV(, MHL s=t s=t» ( )

where 8% — the under way component of the cost of

transportation for BTV, USD/t-m; S/, — the laying com-
ponent of the cost of transportation for BTV, USD/t-m.

Let’s define the limit value of the distance between
barge-towing delivery method and the shuttle tanker using
the method of equivalent values. Let’s compare the cost
of transporting raw materials by BTV and shuttle tanker:

After the transformations, let’s obtain the critical value L,
in which the shuttle tankers should be used:

QVO (2nv .pTow . C]/Tr)m _ 2C1
L=— .
M, (C,, —nn T (CLFow 4 3C o

(C2Y)

The choice between pipeline transport and marine is
done graphically. At the first stage, the distance at which
it is advisable to use one of the three delivery methods
should be determined. To do this, for a given volume of
production per year, it is necessary to cross out the graphs
of the dependence of unit expenses in ton-meters (Fig. 2).

S red
0.14
0.12

0.1
0.08
0.06
0.04
0.02

—BTV

tanker

=== pipeline

Fig. 2. An example of calculating the dependence of unit expenses on
the distance between offshore drilling platforms and onshore infrastructure

As can be seen from Fig. 2, at the distance of the ODP
up to 180 m under other permissible conditions, only pipeline
transport should be used. At a distance of 180 to 250 m —
pipeline transport and barge-towing vehicles, at a distance of
more than 250 m — shuttle tankers or BTV. For distances
from 250 to and more — BTV and shuttle tankers.

Thus, to justify the type of technical equipment in one of
the three options for the delivery of hydrocarbons from the
ODP to the onshore infrastructure, the choice occurs among
the technical and operational characteristics of one type of
vehicle. For example, in the first section with the option of
delivery by pipeline transport, the choice occurs only among
the options for the diameters of the pipe and the pipelay vessel.

In the case of a barge-towing delivery method, options
for selecting technical means are among the technical and
operational characteristics of barges and tows.

When using shuttle tankers — among the technical and
operational characteristics of vessels of this type.

To do this, it is necessary to determine the variant
with the highest value of the indicator corresponding to
the worst variant, and then determine in relation to it
the dimensionless criteria for other types of transportation:

Sred k
max.sS,,

(32)

k

where & — type of transportation method of hydrocarbons
from the ODP to the onshore infrastructure, namely: BTV,
shuttle tanker; pipeline.

7. SWOT analysis of research results

Strengths. The efficiency of the operation and maintenance
of facilities located in the shelves of the seas depends on the
proper organization of the work of vehicles at the planning
stage. The organization of the delivery of hydrocarbons from

S+ S =Sk + Shiv, (28)
S5 =Sk = SJIBTV - S;f[, (29)
Cw n, nTnm (C;‘Tnn' + SC;,BmgP)
Qv, Qv, -
27’10 . nszv .C;Tow 2Cl
- _ - (30)
MmL Mn'L
G 30
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the ODP to OI according to the developed method allows
to choose the best delivery method for the best technical
and operational characteristics of vehicles. Compared with
peers, depending on the performance criterion, this allows to:

— substantiate the technical and operational charac-

teristics of vehicles with each method of delivery of

hydrocarbons from the ODP to the OI;

— minimize the cost of delivering hydrocarbons from

the ODP to the OI;

— minimize the cost of purchasing vehicles to organize

the delivery of hydrocarbons from the ODP to the OI;

— minimize the cost of transportation of hydrocarbons

from the ODP to the OIL

Weaknesses. The weaknesses in the developed meth-
odological approach are:

— only one selection criterion was considered — mini-

mum reduced costs;

— requires additional calculations to substantiate the

technical and operational characteristics of vehicles

with each method of transportation.

Opportunities. In a further improvement of the develo-
ped methodological approach to determine the method of
delivery of hydrocarbons from the ODP to the OI with a
larger number of vehicle options, an economic-mathematical
model should be developed for various performance criteria.

The introduction of the developed methodological approach
at the enterprise will allow the company to reduce the cost of
transportation of hydrocarbons from ODP to the OI This is
achieved by choosing the best delivery method and the best
vehicles for each method. A methodical approach developed
can be interesting for both Ukrainian and foreign companies.

Threats. When introducing the developed methodological
approach to the choice of the delivery method, it is especially
important for the company to determine the mode of transpor-
tation for a known sense of the ODP distance from the coast.
To do this, it is necessary to additionally develop a system
of factors influencing the definition of the delivery method.

The implementation of the proposed methodological
approach does not require additional costs for the company.

An analogue of the developed methodological approach
can be methods of justifying the type of vessel for ser-
vicing the ODP.

1. It is shown that as a criterion for choosing the method
of delivery of hydrocarbons, a complex indicator of reduced
costs for each technical means is used. This indicator is made
up of the cost of transportation of hydrocarbons and the specific
investment for the purchase of a vehicle. The indicator takes
into account two ways to purchase vehicles: rent and purchase.

2. The study adopted as a selection criterion for a multi-
objective task a dimensionless indicator 0< M(X )£ 1, which
allows not only to choose the method of transportation, but
also to choose technical tools from the corresponding method
according to their technical and operational characteristics.
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