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SELECTION OF THE OIL TERMINAL TANK
FARM SCHEME
BY A SET OF CRITERIA

Aim: It is known that to simplify the process of transshipment of goods at the junction of
different modes of transport, aimed at reducing the cost of transportation of liquid fuel, terminals
are used, representing the capacity of different volumes (as cargo in this article means liquid fuel).
The size of the designed terminal depends on many factors, but first of all on the mass of fuel to
be stored due to inconsistency in the interaction of modes of transport with each other. In addition
to this fundamental factor in the construction are considered and others, which in some cases may
be important when choosing a terminal scheme. Such factors include, for example, construction
costs, future maintenance costs, payback periods of the new terminal, etc.

Method: The development of the new terminal scheme is connected with the solution
of a multicriteria problem with an objective choice of the best solution possible. This article
shows such a solution using the developed algorithm [3].

Conclusion: When considering fuel transportation with the participation of terminals,
the objective method makes it possible not only to determine the best ways of transportation,
but also to find the best schemes of their tank farms.

Keywords: objective method, oil terminal, tank farm a variety of criteria, the technical
scheme.
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JUig ynpolueHus nepeBajiki Ipy30B IIPU CTHIKOBKE Pa3HbIX BUI0B TPAHCIIOPTA U I
COKpAILEHHUS PacXOJI0B MPHU MEPEBO3KE KUIAKOTO TOIUIMBA HUCIIOJIB3YIOTCS TEPMHUHAIBI, TIPE/-
CTaBISIONIME CO00I EMKOCTH pa3HOro oObeMa (B Ka4eCcTBE IPy30B B HACTOSIICH CTaThe MME-
eTcsl B BUAY KHJIKOE TOITNBO). O0beM NMPOEKTHUPYEMOTro TEPMHUHAJIA 3aBUCUT OT MHOTUX (ak-
TOpPOB, B IEPBYIO 0YEPEAb — OT MACChl TOIIMBA, KOTOPOE HY>KHO XPAaHUTh IIPU HECOTJIACOBAH-
HOM B3aUMOJICHCTBUU BHJIOB TpaHCHOpTa. Takke paccMaTpUBAaIOTCS Jpyrue (QaxTopsl,
HarpuMep, 3aTpaThl HA CTPOUTENBCTBO M Ha Oynayiiee oOCIy)KMBaHHE, CPOKH OKYMaeMOCTH
HOBOT'O TEPMHHAJIA U JIPYTHE.

Heasn: Pazpaborate cxemy HOBOTO TE€pMHUHANIA Ui OOBEKTUBHOTO BBIOOpA JIyUIIETO
pellIeHUs U3 BO3MOXKHBIX.

BeiBoasbl: [Ipu paccMOTpeHUH TEPEeBO30K TOIUIMBA C YYaCTHEM TEPMHHAIOB OOBEK-
TUBHBII METOJ MO3BOJISIET HE TOJBKO ONPEACTUTH JIYYIIUE MYyTH TPAHCHOPTHUPOBKH, HO U
HaWTH JIy4yIIMe CXEMbI PE3EPBYapHbIX ITAPKOB.

Kniouesvie cnosa. 00beKTUBHBIN METOJ], HEPTSIHON TEpMHUHAN, Pe3epBYapHbIN MaApK, TEX-
HHMYECKasi CXeMa.

Introduction

Almost in all branches of science and industry, there arises a necessity, af-
ter all conducted experiments, research and calculations, to compare several ob-
jects or technical suggestions, which are aimed at solving the same task, namely
to finally choose one of them, which fully meets the given requirements (crite-
ria). This scope of tasks also comprises the determination of the best scheme of
the reservoir farm at the junction of the ground and water transport on the basis
of comparison of different options, considering the given criteria. The essence of
the suggested method to choose a promising option lies in the consideration of a
number of criteria used for the process. The criteria used have different dimen-
sions, so the choice of the best solution here is always associated with a certain
processing (or reprocessing) of these criteria to bring them to a common "de-
nominator”, which is not an easy task. Practically, the right choice of the best
solution even by three or four criteria makes a complicated task.

Considering the overall scientific and industrial interest towards the solu-
tion of the task of this kind, this paper shows the used method, which enables
correct choosing the best solution from the criteria considered, including those
which are contradictory.

Generally, the presented approach to the solution of this kind of tasks en-
ables expanding the possibilities of the theory of the transportation management
at the expense of increase of the quality of the transportation according to the
criteria considered in each certain case. We will show the performance of the
suggested approach when solving the certain task — the choice of the scheme of
the terminal used for transshipment of the liquid fuel at the junction of the
ground and water transport.

It needs pointing out that by this time, little attention has been given to the
issue of the rational choice of the volume of the reservoir farm of the oil trans-
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shipment terminals. The establishment of the highly efficient and sustainable in-
termodal transportation system in the river and sea ports, as well as the rationali-
sation of the capacities of the existing oil terminals to ensure the interaction be-
tween the adjacent modes of transport, are described in the works [1-9]. How-
ever, the conclusions made in these works and the methods and approaches to
the solution of the future tasks need to be improved,

When determining the rational volume of the reservoir farm of the oil
terminals one uses the methods, which do not take into account the actual load
of the reservoirs and the amount of the cargo transshipped. The determination of
the rational capacity of the reservoir park without taking into account the inter-
acting traffic flows and the productivity of transshipment, leads to the increase
in idle time in ports and on railway tracks.

Problem statement

The choice of the scheme of the terminal is a task, the essence of which
consists in the simultaneous assessment of a number of factors (criteria) and
choice of their best final combination.

As for the main criteria, let us take the following ones:

Kyr — the volume of the terminal (m®);

Kce — the construction costs (thousand rubles);

K,r —the installation time (days);

Kgme — future maintenance costs (thousand rubles/year);

Kgrec — future reservoir repair costs (thousand rubles/year);

Kg —economic losses at the terminal’s downtime (thousand rubles/year);
K — risks associated with financial losses during the operation of the

terminal (points).

In the task, there is hypothesis that the presence of a large amount of car-
go at the terminal (at the set total volume) decreases the financial risks due to a
lower possibility of the simultaneous failure of the most part of the terminal.

Solution of the task

The total volume of the terminal kyr, when solving the task of the choice
of its best scheme, should be set on the basis of the preliminary analysis and cal-
culation of many factors, that ensure minimal financial losses of the participants
of the transportation process, as it is them that are interested in a uninterrupted
transportation of cargo (in this case — the liquid fuel). Thus, the choice of the
scheme of the terminal at the set total volume is the important multicriteria task.

The construction costs of the terminal ke for each scheme are determined
by the corresponding normative documents and are set in order to solve the task
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stated in the work. For each of the set options, the criteria K1, Kemc, Krre, Ker, Kr
in this task are set and used during the solution as the initial conditions.

During choosing the best scheme of the terminal, below the four options
are considered Ay, ..., A4 by the criteria given above. The options under consid-
eration differ by the amount of reservoirs of the terminal at its constant total
volume. At the same time, in the option A; one reservoir will be considered,
with 2, 3, 4 reservoirs in A,, As, A4 respectively. Below, the values V of all the
above-mentioned criteria for options Ay, ..., A4 are given, whereby it is not im-
probable that in practice, in a number of cases other or additional criteria can be
considered, which can find a more substantial solution.

Thus, it is set that:

Option A4

V5 — 20 thousand m® (one reservoir);

VZE — 59 250 thousand rubles (here and below, the values of this criterion

are indicated in accordance with the Table 1, whereby the columns of costs of con-
struction and installation are put together; the same is for options A,, Az, Ay);

Vst — 105 days (table 1);

Viuic — 3150 thousand rubles/year;
Vise — 2000 thousand rubles/year;
V¢! — 12 000 thousand rubles/year;

V4! — 0,6 (can be changed within 0+1, whereby it is assumed that the more
the level of risk is (that is, worse for the customer), the closer the figure is).

Option A;

Via? — 20 thousand m® (the total amount of two reservoirs, each of which
is 10 thousand m°);

VZE — 67 475.1 thousand rubles (table 1);

V\?? — 176 days (table 1);

V2. — 4400 thousand rubles/year;

Via. — 2600 thousand rubles/year;

V{2 — thousand rubles/year;

Va2 0,7,

Option A;

Vi3> — 20 thousand m? (the total amount of three reservoirs of 10, 5 and
5 thousand m®);
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VZE - 67 639.21 thousand rubles (table 1);
V3 — 212 days (table 1);

Vi — 5200 thousand rubles/year;

Vi, — 3000 thousand rubles/year;

VZ)® — 6000 thousand rubles/year;

Vad —0,8.
Table 1
Cost and time data
The volume of the The cost of the The cost of the The time of the
reservoir, m® structure, rubles installation, rubles installation, days

100 806 000.00 550 560.00 12

200 1171 875,00 800 480,00 15

300 1500 000,00 1024 614,00 17

400 1687 500,00 1152 690,00 20

500 1640 000,00 1130 740,00 23

700 2250 000,00 1551 320,00 25

1000 2718 750,00 1848 750,00 26

2000 4680 000,00 2839 650,00 36

3000 7290 000,00 4649 280,00 51

5000 10 350 000,00 6600 829,00 62
10 000 20 955 000,00 12 782 550,00 88
20 000 37 500 000,00 21 750 000,00 105
30 000 45 000 000,00 26 100 000,00 125
50 000 75000 000,00 42 000 000,00 160
Option A4

V\f}“ — 20 thousand m® (the total amount of four reservoirs of 5 thousand
m? each);

V& — 67 803,32 thousand rubles (table 1);

V" — 248 days (table 1);

Vit — 5800 thousand rubles/year;

Vb — 3300 thousand rubles/year;
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V{* — 4000 thousand rubles/year;

Va4 —0,9.

Solving the task in accordance with the algorithm [10], similar to the solu-
tions of the tasks in [11, 12] by numerical values V of the criteria of the options
Ay, ..., Ay, let us construct the table 2. Due to the fact the value Vt (the volume

of the terminal) is constant for all the options (independent of the option of the
scheme), it is omitted in the Table.

Table 2
The values V of the criteria for the options Ay, ..., As.
The numeri- The options
cal numbers
Of th.e A A, Az Ay
criteria
Vv 59 250 thousand | 67 475,1 thou- | 67 639,21 thousand 67 803,32
cc rubles sand rubles rubles thousand rubles
Vit 105 176 212 248
v 3150 thousand | 4400 thousand 5200 thousand 5800 thousand
FMC rubles rubles rubles rubles
vV 2000 thousand | 2600 thousand 3000 thousand 3300 thousand
RRC rubles rubles rubles rubles
12 000 thousand | 8000 thousand 6000 thousand 4000 thousand
VEeL
rubles rubles rubles rubles
VR 0,6 0,7 0,8 0,9

Using the Table 2, let us construct the Table 3 of three places “P” (the
values are in the square brackets) of the options considered (A, ..., Ay) by each
criterion and multiply these values by the corresponding “weight” (0 <w < 1) of
the criterion (further below the “weight” will be given without inverted com-
mas). It should be reminded that in accordance with [10], the more the weight
(closer to 1) is, the more significant this criterion is, and, thus, the more refined
the value of the place M (P = Mpion) 1S, in relation to others by this criterion.

Let us assign the following values of the weight to the criteria:

kcc — w=1,0; k|'|'—> w =0,75;

kFMC_) w =0,90; kRRC_) w =0,70;

kEL_) W= 0,70, kR—) W= 0,65

Let us introduce the value of m on each of the options Ay, ..., A4, where
m equals the sum of the values M on each of the options A, ..., A4 considered,
into the table 3.
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Table 3

The refined places M of the options in Ay, ..., A4 considering the weights w
of the criteria

IMoxa- The options
3aTCJ1b Al A2 A3 A4
Mcc [4]-1=4 [3]-1=3 [2]-1=2 [1]-1=1
Mt [4]-0,75=3 [3]-0,75=2,25 [2]-0,75=15 [1]-0,75=0,75
Mgrmc [4]-0,9=3,6 [3]:0,9=27 [2]-09=18 [1]-0,9=0,9
Mgre [4]-0,7=28 [3]-0,7=2,1 [2]-0,7=14 [1]-0,7=0,7
MEeL [1]-0,7=0,7 [2]-0,7=14 [3]-0,7=2,1 [4]-0,7=2,8
Mg [1] - 0,65 = 0,65 [2]-0,65=1,3 [3] - 0,65=1,95 [4]-0,65=2,6
m 14,75 12,75 10,75 8,75
na,
(Ay) 47
(A3) 37
(Az) 27
(Ay) 17 .
5 10 15 20 m

The diagram of the values m and n

Using the results given in the table 3, let us construct the dependence
m = f(n), where n=1, ..., 4 (the number of the reservoirs) — of the options
A4, ..., Agrespectively. The dependence is represented in the figure.

As it is seen from the given diagram, the distribution of m in relation to n
represents a linear reverse relationship m = m(n"), which indicates that when
choosing the options of volume schemes of the terminal reservoirs according to
the criteria, using a single container is more preferable (the maximum value of
m in the table and on the diagram), than several ones at a given total volume of
containers.

The statement relates to those conditions (criteria) which were considered
in this task. In other case (when considering other or additional criteria) the line-
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ar dependence (the equation of the straight line) can change, which may result in
other relationship between m and n.

According to the result of the solved task, we can conclude that the meth-
od of the determination of the best solution out of the possible ones can change
in practice in such tasks. The result of the solution is much dependent upon the
initial parameters of the condition of the task, i.e. in our case upon the chosen
criteria and their values and weights.

Summarising this chapter, we will use linear interpolation (the equation of
a straight line through two points) for a spot check of one of the obtained values
of M (the values are given in square brackets in table 3). Let us conduct checking
by the criterion V,r for the option As. Inserting the values V,r and 94 from the

tabl. 2 and 3 into the mentioned equation: V,*3 =V5* =212, V12 =V5? =176,
Vi =[R2 =248, My = My =1, Mpt= = MY =3, We acquire (212-
176) / (248-176) = (mk —1) /(3-1), from where the unknown M,T = mkl =2,
which coincides with the value in the table 3.

Conclusion

The results of the researches in the sphere of multimodal transportation
justified the further development of the theory of transportation in accordance
with the tendencies of time, concentrating on reduction of losses and risks for
the benefit of the customer.

In order to make a correct decision and evaluate the facility for transship-
ment of the liquid fuel, we considered the practical example of an objective
choice of the best scheme of the reservoir farm.

To achieve the set purpose, in the suggested practical example the technical
and economic parameters were used, which determined the reservoirs of the ration-
al volume in order to minimise the current and the future costs at the set risks.

The suggested approach enables unifying the interests of the participants of
the transportation market so that to minimise technical, financial and organisational
losses.

According to the obtained final results, from the competing options the
best one was chosen, judging by all criteria and considering their numerical val-
ues of importance. It should be noted, that the level of the objectivity of the so-
lution increases at the expense of increase of the quality of the weights assigned
to the criteria.
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