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at the Ukrainian Antarctic Akademik Vernadsky station

Abstract. The paper examines the technical condition of metal structures of the fuel storage facility and pipelines at
the Ukrainian Antarctic Akademik Vernadsky station, the development and implementation of measures to increase
the reliability of their work, and the organization of their regular annual monitoring. At the preparatory stage, the
analysis of design and operational documentation for fuel storage facility VST-200 was performed, technical inspec-
tion methods were selected (ultrasonic thickness measurement, tightness control, visual and eddy current control,
level and theodolite surveys, and others), equipment and auxiliary equipment were selected for performing diagnostic
work by non-destructive testing methods (flaw-detectors, thickness gauge, leak detector, level, theodolite, and others).
An instrumental inspection of the condition of metal structures of the double-skinned fuel storage tank VST-200 and
pipelines was carried out using non-destructive testing methods to detect defects and damage in structural elements
and welded joints, as well as inspection of the condition of the foundation and base of the tank. Anti-corrosion work
was carried out on the bottom of the station's fuel tank VST-200, and pipelines with corrosion damage were replaced.
All elements (foundations, walls, bottoms, and roofs of the external and internal reservoirs) are in working technical
condition. They meet the norms and standards for design, manufacture, and operation. The static strength of the walls of
both reservoirs is adequate for the project and current regulations. Thanks to the anti-corrosion work on the bottom of
the internal tank, it is possible to continue its operation until 2029 by providing the rules of the technical operation of
the fuel storage facilities and the organization of annual monitoring of the technical condition of the tank and tech-
nological equipment. The old decommissioned fuel storage tank HST-150 is modified into a dry solid materials store.

Keywords: damage, defect, fuel tank, non-destructive testing methods, pipeline

of the HST type operate at Eduardo Frei, King
Sejong, and Bellingshausen stations, with 20—
150 cubic meters volume. Reservoirs of the VST

1 Introduction

Reservoirs for storing petroleum products and

diesel power plants have become the basis of life
support for Antarctic research stations. Today,
Antarctic stations operate mainly two types of
reservoirs: horizontal steel tanks (HST) and ver-
tical steel tanks (VST). For example, reservoirs
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type have been installed, for example, at Palmer,
Rothera, and Arctowski stations, with a volume
of 200—2000 cubic meters.

Currently, the diesel fuel double-skinned steel
tank VST-200 (Fig. 1), installed in 2007 at the
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Figure 1. The fuel tank VST-200, outside and inside view

Figure 2. The decommissioned old fuel tank HST-150, outside and inside view

Ukrainian Antarctic Akademik Vernadsky station
(from now on — Vernadsky station), is in op-
eration. Additionally, two small process tanks
with a volume of about six cubic meters are in
operation inside the generator shed to prepare
fuel before its supply to diesel generators and
boilers for water heating of the station’s premis-
es. The VST-200 tank has been installed to re-
place the old fuel tank HST-150 (Fig. 2), built
in 1978-1979. The old fuel tank HST-150 was
taken out of service following the 1995 Memo-
randum of Understanding between the British
Antarctic Survey and the Ukrainian Antarctic
Centre on transferring the British Faraday base to
Ukraine, with the subsequent new name of the
station — Akademik Vernadsky (ATCM, 2007).
In 2016, work on monitoring the technical condi-
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tion and preventive maintenance of the fuel stor-
age facility at the Vernadsky station was started
and continued in 2019-2023.

Tanks for storing fuel products are considered
objects of increased danger (Law of Ukraine, 2001) !.
Therefore, their periodic technical diagnostics is
a mandatory type of control, which, together with
constant monitoring of the technical condition,
ensures trouble-free and safe operation. At the same
time, accident-free operation of tanks in Antarc-
tic conditions is of great importance from the point

! Verkhovna Rada of Ukraine. (2001a). Zakon Ukrainy.
Pro obiekty pidvyshchenoi nebezpeky 2245-111 [Law of
Ukraine. On Extremely Dangerous Objects No 2245-111].
The Official Bulletin of the Verkhovna Rada of Ukraine (BVR),
15, 73. https://zakon.rada.gov.ua/laws/show/2245-14?lang=
en#Text
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of view of environmental protection, environmen-
tal, man-made, and fire safety. Ukraine joined
the Antarctic Treaty in 1992 (Resolution of the
Verkhovna Rada of Ukraine, 1992)2, and the Pro-
tocol on Environmental Protection to the Antarc-
tic Treaty in 2001 (Law of Ukraine, 2001)3. Since
1996, it has been conducting research at the Ver-
nadsky station. The Antarctic Treaty Parties are
subject to strict environmental protection re-
quirements (COMNAP, 2016).

International Antarctic organizations have de-
veloped several documents that regulate mea-
sures to ensure environmental safety at Antarctic
stations. In these documents, special attention
is paid to the storage and use of oil products
and measures to localize accidents and elimi-
nate their consequences. It is possible to ensure
the fulfillment of these requirements only under
the trouble-free operation of tanks and pipe-
lines. The basis of the requirements of interna-
tional and national standards concerning tanks
for the storage of petroleum products are regu-
latory provisions on ensuring the operational
reliability of (API, 2014; European Committee...,
2004; Goskomitet..., 1988; Ukrnaftoprodukt,
1997; 1998; VBN..., 1994; DBN... 2009; DSTU
B V.2.6-183, 20124). At different stages of the

2 Verkhovna Rada of Ukraine. (1992). Pro pryiednannia
Ukrainy do Dohovoru pro Antarktyku 1959 roku, No. 2609-
XI dated 17.09.92 [Resolution of the Verkhovna Rada of
Ukraine on Ukraine’s Accession to the Antarctic Treaty
1959, No. 2609-XI dated 17.09.92]. The Official Bulletin of
the Verkhovna Rada of Ukraine (BVR), 41, 602. https://
zakon.rada.gov.ua/laws/card/en/2609-12

3 Verkhovna Rada of Ukraine. (2001b). Zakon Ukrainy.
Pro pryiednannia Ukrainy do Protokolu pro okhoronu
navkolyshnoho seredovyshcha do Dohovoru pro Antark-
tyku [Law of Ukraine. On Ukraine’s Accession to the Pro-
tocol on Environmental Protection to the Antarctic Treaty
No 2284-111]. The Official Bulletin of the Verkhovna Rada
of Ukraine (BVR), 16, 78. https://zakon.rada.gov.ua/laws/
show/2284-14?ang=en#Text

4 DP «UKRMETRTESTSTANDART>». (2012). DSTU
B V.2.6-183:2011 Rezervuary vertykalni tsylindrychni sta-
levi dlia nafty ta naftoproduktiv. Zahalni tekhnichni umovy
[DSTU B V.2.6-183:2011. Vertical cylindrical steel tanks for
oil and oil products. General technical conditions]. Min-
istry of Infrastructure of Ukraine.
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“life cycle” of tanks, they are reduced to the
following:

1. At the design stage — the provision of a re-
serve of bearing capacity of structures due to the
selection of materials, technology of welding
joints, shape, and geometric dimensions.

2. At the stage of factory production of elements
and construction — ensuring the conditions of high-
quality delivery, assembly, and installation of tank
structures.

3. At the stage of operation — periodic technical
diagnostics of metal structures, constant monitoring
of the technical condition, timely preventive repairs,
and implementation of anti-corrosion measures.

In this paper, we investigate the technical con-
ditions of the metal structures of the fuel storage
facility and pipelines at the Vernadsky station. The
non-destructive testing methods of fuel tank ele-
ments and instruments for the test are described in
Section 2. Section 3 discusses the results of check-
ing the welded joints of the VST-200 fuel tank,
measurements of the horizontality of the bottom
and the verticality of the wall, checking the tight-
ness of the bottom, applying an anti-corrosion
coating to the bottom, and calculating the strength
of the wall, as well as given the historical descrip-
tion of the decommissioned old tank HST-150
state, followed by conclusions in Section 4.

2 Methods and instruments
for fuel tank diagnostics

The program of technical diagnostics of fuel tanks
is determined by the requirements of the standard
(DSTU, 2009)3, so we performed the following
works using instrumental non-destructive testing:
e visual control of metal structures and welded
joints (viewing and measuring magnifiers, calipers,

5 DP «<UKRMETRTESTSTANDART>». (2009). DSTU
NBA.3.1-10:2008 Upravlinnia, orhanizatsiia i tekhnolohiia.
Nastanova z provedennia tekhnichnoho diahnostuvannia ver-
tykalnykh stalevykh rezervuariv | DSTU NBA.3.1-10:2008.
Management, organization and technology. Guidelines for car-
rying out technical diagnostics of vertical steel tanks|. Min-
istry of Infrastructure of Ukraine.
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rulers, weld templates, metal cleaning products,
and lighting equipment);

e ultrasonic control of the thickness of the bot-
tom and wall sheets (ultrasonic thickness gauges with
piezoelectric transducers and control samples);

e measuring the horizontality of the bottom
(level SL60-2);

e measuring the verticality of the wall (theodo-
lite T2);

e measuring the internal dimensions of the tank
(laser and tape measures);

e control of tightness of welded joints of the
bottom (straight and angular overhead vacuum
chambers NK-175 with vacuum gauges, vacuum
pump 2NVR-1D);

e eddy current control of welded joints (flaw
detectors VD3-71);

e recording of visual information on digital me-
dia using the VK/TVA-1 device and its archiving
for subsequent decoding;

e photo and video recording of technological
processes of bottom preparation for control and
repair operations;

e estimated examination of the condition of the
tank structures based on the results of the instru-
mental survey;

e analysis of the results obtained from the tank
survey and preparation of the expert opinion.

In addition, the tools for preparing the bottom
for applying an anti-corrosion coating (sandblast
cleaner, air compressor, vacuum cleaner), anti-
corrosion coating thickness gauge, and methods of
its application were used. The results of the stages
of fuel tanks’ technical diagnostics are presented in
papers (Posypaiko, 2016a; 2016b; 2017; Zhuk et
al., 2017) and technical reports stored at the State
Institution National Antarctic Scientific Center.

3 Results

3.1 General characteristics and technical
conditions of the VST-200 fuel tank

The VST-200 fuel tank was built at the Vernadsky
station in 2007 under the project of the Ukrain-
ian V. M. Szymanovsky Institute of Steel Con-
struction and the Institute of Oil Transport. The
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tank construction is a double-walled vertical cylin-
der with two bottoms and two roofs, according
to the “glass-in-glass” principle. Two hermetic
shells of the tank prevent leakage of the oil prod-
uct into the natural environment and ensure reli-
able operation of the tank in the conditions of
the ecologically vulnerable Antarctic. The fuel
tank was built in the conditions of the Antarctic
summer, characterized by winds, rain, snow, and
an air temperature of 0 = 5 °C.

For the external tank tank, the height of the wall is
6.58 m, the diameter is 6.96 m, the thickness of the wall
sheets is 5 mm, the thickness of the bottom sheets
is 8 mm. The internal's height of the wall is 5.96 m,
the internal diameter is 6.63 m, the thickness of the
wall and bottom sheets is 5 mm, the bottom area is
34.5 m?. The distance between the walls of the inner
and outer tanks is 0.16 m. The tank roof comprises
two metal shields connected by an overlay welded
joint. The thickness of the roof sheet is 4 mm.

The tank’s foundation consists of seven paral-
lel reinforced concrete strips 8300 x 460 x 650 mm.
The foundation strips are fixed to the rock base
by holes and steel rods. Fifteen steel I-beams
with a height of 140 mm are laid along the foun-
dation tapes, perpendicular to their length, fixed
by welding to the foundation plates. These beams
are the basis of the bottom of the tank. The tank’s
walls are assembled from individual sheets of
3000 x 1500 mm, 5 mm thick, and joined by
manual arc welding on both sides at the assem-
bly site. All welded joints are butt joints.

Visual control of the walls of the tank showed
that there are no rolling defects on the surface of
the metal sheets — cracks, delamination, dips,
burrs, shells. Corrosion of the metal surface un-
der the protective coating is insignificant at the
level of rolling scale. The protective paint coat-
ing of the wall is mostly in good condition. The
exception is some areas in the zone of the sec-
ondary seam, where the paint coating has peeled
off due to corrosion processes.

Welded joints of the tank generally meet the
requirements of standards (VBN..., 1994; DSTU,
2012%). The width of seam reinforcement rollers is
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12—14 mm (vertical seams) and 10—12 mm (ho-
rizontal seams), height is 1—2.5 mm. The legs of
the corner seam of the wall and the bottom are
6—8 mm. In the seams, there are no unacceptable
defects of welded joints (surface cracks, pores,
undercuts, voids, unwelded craters) that exceed the
dimensions allowed by the standards. However,
there are some deviations in the seam reinforce-
ment roller’s shape, which cannot affect the op-
erational characteristics of the welded joint. In the
welded joints, the following was found: linear
displacements of the edges up to 1 mm (4—5% of
the length of the seam), excess convexity of the
weld seam (4—5% of the length), splashes of met-
al (10—15 pcs m™'), undercuts (up to 0.5 mm) of
the upper edge of horizontal seams (10—15% of
the length).

Measurements of the horizontality of the bottom
and the verticality of the wall were made by a lev-
eller SL 60-2 and a theodolite T2, which were in-
stalled around the fuel tank on snowdrifts due to
the absence during the measurements of an open
rock surface. All indicators of the bottom’s hori-
zontality and the walls’ verticality are within the
limits of current regulations. The maximum devia-
tion of the fuel tank from the vertical on the outside
is 22 mm, and in the middle, it is 26 mm. The
maximum difference in the levelling points of the
bottom contour is 6 mm. The verticality of the wall
of the inner tank was measured using a hanger fixed
under the roof with a U-shaped magnet. The max-
imum deviation of the building wall from the verti-
cal on the outside is 38 mm, and in the middle,
31 mm. The maximum difference in the levelling
points of the bottom contour is 6 mm.

The strength of steel tanks in operation is as-
sessed based on the results of their technical ex-
amination using the general scheme for calculating
building structures according to limit states (Ukr-
naftoprodukt, 1997). In general, the strength condi-
tion for any structural element is written as follows:

c<y-R, (1

where o is the estimated (maximum possible) stress
value in the structural element, determined by the
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corresponding calculation; R is the permissible
stress value for the structural element. For fuel tank
wall belts made of the St3ps steel, the R value is
240.3 MPa; vy is the coefficient of working conditions,
determined by regulatory documents. According
to (VBN..., 1994), y = 0.6 and 0.7 for the wall’s
first and second belts, respectively.

The calculation of the value of the ring stress
in the first and second belts of the cylindrical
wall of the tank, based on the actual thickness of
the metal sheets and under the condition of max-
imum filling of the tank, was performed accord-
ing to the methodology proposed in (Ukrnafto-
produkt, 1997; Posypaiko, 2016a).

The maximum possible ring stress in the first
(c,) and second (o,) belts of the wall are o, =
= 44.3 MPa, o, = 34.1 MPa with permissible
values of 144.2 MPa and 168.2 MPa, respectively.
Thus, the strength condition (1) is fulfilled with
a significant margin.

According to the results of levelling the outer
contour of the bottom, the parameter AU,, which
characterizes the unevenness of the settlement,
and ©,, which characterizes the general roll of the
tank, were determined (Ukrnaftoprodukt, 1997).
The calculation of these parameters is given in
(Posypaiko, 2016a). The value of the parameter AU
and uneven bottom subsidence for the VST-200
tank meets the requirements (VBN..., 1994) and
is 4, and its permissible value is 40. The value of the
parameter ©, of the total roll for the tank meets
the requirements (VBN..., 1994) and is 0.0004,
and its permissible value is 0.006.

The bottom of the internal tank is made of steel
sheets of 5.0 mm to 5.2 mm thickness. The sheets
are assembled into strips by butt-welded joints, and
the strips are joined together in an overlay. External
inspection and visual control of the bottom of the
tank showed that the surface of the metal sheets and
welded joints were affected by pitting corrosion up
to 2.0 mm deep. Corrosion ulcers of different depths
are grouped in areas of 20—40 cm? and scattered
over the sheets, mainly along the welded joints. The
characteristic corrosion impressions of the bottom
sheets are shown in the photo in Figure 3.
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Figure 3. General view of corrosion damage at the tank’s bottom

Welded joints generally meet the requirements
of regulatory documents (Goskomitet..., 1988;
VBN..., 1994; Ukrnaftoprodukt, 1997; 1998). There
were no unacceptable surface defects of welded
joints in the seams — cracks, undercuts, voids,
unwelded craters, pores of industrial origin, and
critical corrosion ulcers. The width of the rein-
forcement rollers of the butt-welded joints is
10—12 mm, and the height is 1—2.5 mm. In
overlay welded joints, the size of the seam legs is
5—7 mm. The transition of welded seam metal to
sheet metal is only sometimes smooth.

Separate corrosion ulcers with a depth of up to
2.0 mm were also found in the weld seams. There are
splashes of metal along the seams. The general ap-
pearance of corrosion damage to the bottom weld-
ed joints is shown in the photo in Figure 4.
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Controlling the tightness of the bottom’s weld-
ed joints was carried out to detect cross-cutting
damage or leaks. The vacuum method carried out
airtightness control (Ukrnaftoprodukt, 1998). At the
same time, overhead vacuum chambers were devel-
oped and manufactured by the E.O. Paton Electric
Welding Institute (project NK-175) and vacuum
pump 2NVR-1D. No leaks were detected in the
welds. In addition, control of the tightness of weld-
ed joints of the bottom and walls as a whole is
performed by checking the presence of fuel in the
space between the two bottoms of the tank. An
outlet pipe with a valve is installed in the outer
bottom of the tank. Fuel stored in the internal
tank can enter the space between the walls and
bottoms only if there are leaks in welded joints
or metal sheets of industrial or corrosion origin.
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Figure 4. General view of corrosion damage of welded joints at the tank’s bottom

By opening the valve of the outlet pipe at the
bottom of the external tank, it is possible to en-
sure the presence or absence of fuel in the space
between the two bottoms. Performing this opera-
tion showed that there was no fuel inside. That
means there is no leakage in the internal tank.

During the examination of the tank’s bottom,
a test of the VK/TVA-1 visual information record-
ing device was carried out, as shown in Figure 5.
The VK/TVA-1 device is equipped with a video
camera and a unit for wireless transmission of
information to a smartphone. The device allows
the examination of the welded joints of tanks
and recording visual information about their
condition. This information can be transmitted
over communication lines to Ukraine to special-
ists in non-destructive testing for professional
analysis using computer equipment in laboratory
conditions.
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One of the main conclusions of tank diagnostics
was the need for priority anti-corrosion protec-
tion of the bottom of the internal tank. Anti-corro-
sion coating of the bottom was installed in 2019.

3.2 Anti-corrosion coating
on the tank’s bottom

Preparation of the bottom for the application of
an anti-corrosion coating included several stages
of its cleaning: collection of fuel residues and sed-
iment, cleaning of the bottom with spatulas from
paint residues, sandblasting of welded joints, near-
seam zone and areas of metal affected by pitting
corrosion, degreasing of the bottom surface with
acetone.

Today, many anti-corrosion materials are ap-
plied to the inner surface of fuel storage tanks. In
order to select modern anti-corrosion materials
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Figure 5. Testing of the VK/TVA-1 visual information recording device on the welded joints at the bottom of the
VST-200 tank

and rational technology for their use in Antarctic
conditions, studies were conducted on samples
with the participation of leading companies per-
forming anti-corrosion work in tanks during
2016—2017. As a result of research and analysis,
preference was given to a combined coating, the
first layer of which is a suspension of flaky metal
non-oxidized zinc in a system of polymer bind-
ers, the so-called “cold galvanizing” with Lig-
uidZinc material. The next three layers are two-
component liquid ceramic coating ZingaMetall
CeramCoatCN1-N.

The LiquidZinc material forms a stable chemi-
cal bond with the cleaned steel surface. The per-
centage content of zinc in the material is 88—
92%. The specific gravity of the material is 2.90—
2.95 g cm™3. The two-component liquid ceramic
coating ZingaMetall CeramCoatCN1-N forms a
dense elastic layer, providing metal protection
and water in an aggressive environment. It can
be applied in several layers. The time of com-
plete drying is seven days. The solvent is acetone.

Adhesion of the LiquidZinc material layer was
tested by the “knife scraping” method. The in-
spection showed that the material is not removed
in a layer, remains on the metal, and is scraped
off only in the form of zinc powder. Adhesion of
the ZingaMetall CeramCoatCN1-N coating was
tested on reference samples. When applied to the
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bottom, each layer’s thickness was measured with
a thickness gauge.

3.3 The state of the decommissioned
HST-150 tank

In our work, we also studied the state of the de-
commissioned HST-150 tank, which has a his-
torical value for knowledge of the durability of
these tank type. The HST-150 fuel tank was built
in 1978—1979 using the “Braithwaite” technol-
ogy, which involves assembling a wall from steel
stamped elements of a square shape measuring
1220 x 1220 mm, with diagonal stiffeners with a
height of 40 mm. This technology allows the as-
sembly of containers of different volumes with-
out welding and lifting mechanisms. Steel square
elements are fastened together with screws using
elastic sealing gaskets and sealant. The thickness
of the metal sheet, from which such elements are
made by hot stamping, is 5 mm. In 1986, an in-
ner hermetic shell made of corrosion-resistant
steel sheets with a thickness of 3 mm was assem-
bled and welded in the tank.

The HST-150 tank is divided in half by a her-
metic partition into two containers of the same
volume, connected by an external pipeline with a
diameter of 80 mm. A 2.5-inch valve is installed
at the outlet of each container. The tank has the
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shape of a parallelepiped, and its dimensions are
7340 x 7340 x 3660 mm. Internal dimensions of
containers: 7250 x 3570 x 3660 (£10) mm. Limit
height of pouring: 3600 mm. The structural strength
of the tank is provided by internal oblique and trans-
verse rods made of 70 x 70 mm angle. The roof of
the tank is made of sheets measuring 1220 x 1220 x
x 4 mm, which are connected with screws and
installed on arched beams resting on the walls.
The height of arched beams is 300 mm. The met-
al structures of the tank are made in the UK.

The tank’s foundation is seven mutually paral-
lel reinforced concrete strips measuring 8000 x
x 600 x 800 mm. The foundation was built in
1978 on a rock foundation. The deviation of the
surface of the foundation tapes from the hori-
zontal plane was measured using an SL 60-2
level. Leveling points are selected at the corners
of the tank. Measurements showed that the hor-
izontal plane of the foundation is inclined along
the longitudinal axis by 110 mm. Such an incli-
nation of the foundation was included in its de-
sign to incline the tank towards the drain pipes.

The metal surface of the square-shaped steel
stamped elements that make up the outer shell of
the tank walls is uniformly smooth, painted, and
has no rolling, stamping, or shape deviation defects.
There are no traces of fuel leaks on the surface.

The inner shell of the HST-150 tank’s walls and
bottom are assembled and welded from sheets of
anti-corrosion steel measuring 2000 x 1300 mm
with a thickness of 3 mm. The sheets are connected
by overlay seams and to the steel elements of the
outer shell by “slit” seams. Thus, all welds are
angular with legs of 3 mm to 4 mm. No unac-
ceptable defects in welded joints and metal were
found. The most common drawback of welded
joints is the uneven shape of the seam reinforce-
ment, which, however, cannot affect the opera-
tional characteristics of the joint. No corrosive
damage to metal and seams was detected.

The verticality of the tank walls is measured in
eight directions. The starting points for measure-
ments are chosen near the corners of the tank.
The deviation of the tank walls from the vertical line
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corresponds to the slope of the foundation: the
front wall is inclined to the middle of the tank
(—67+—70) mm, and the back wall is inclined to
the outside (+55++70) mm. The side walls slight-
ly differ from the vertical up to 20 mm.

The tank bottom design is similar to the design
of the walls. Square-shaped steel elements rest with
their edges on 180-mm-high I-beams located on
foundation tapes. The surface of the metal, which
can be inspected between the concrete strips of
the foundation, is uniformly covered with atmo-
spheric corrosion, and there are traces of ancient
painting. No rolling, stamping, or shape deviation
defects were found on it. There are no traces of
fuel leaks on the surface.

The roof of the tank is made of flat steel sheets,
1220 x 1220 x 4 mm in size, connected by screws,
and installed on arched beams resting on the walls.
The thickness of the metal sheets is 4 mm. The
height of arched beams is 300 mm. The surface of
the metal is uniformly smooth and painted and
has no rolling, stamping, or shape deviations.

In response to the 2008 Agreement for Bilat-
eral Cooperation in Antarctica between the State
Institution National Antarctic Scientific Center
and the British Antarctic Survey, the old fuel tank
HST-150 was taken out of service. The waste
fuel and sludge were carefully removed in a spe-
cial container without causing pollution from the
Antarctic Treaty Area and then utilized properly
following the provisions of the Protocol on En-
vironmental Protection to the Antarctic Treaty,
as well as recommendations of the inspections
carried out under the Antarctic Treaty (ATCM,
1999; 2005). Due to financial and technical dif-
ficulties in demolishing and removing the old
fuel storage facility, the decommissioned fuel
tank HST-150 is modified to a dry solid materi-
als store by fitting a door in a side wall, as it has
already been done with another smaller old fuel
storage tank with a capacity of 33 m? (ATCM, 2008).

4 Conclusions

As a result of the inspection of the technical
condition of the fuel tank at Vernadsky station,
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the preventive repair of the bottom of the VST-
200 tank was accomplished, and conclusions
were drawn about its state.

All elements (foundations, walls, bottoms, and
roofs of external and internal tanks) are in work-
ing technical condition and comply with current
norms and standards for design, manufacture,
and operation. The static strength of the wall of
the external and internal tanks corresponds to
the project and current regulations.

Thanks to anti-corrosion work on the bottom
of the internal tank of the VST-200, it is possible
to continue its operation until April 1, 2029, in
provisions of the rules for the technical opera-
tion of the tanks and the organization of annual
monitoring of the technical condition of the tanks
with appropriate technological equipment. Every
year, it is necessary to clean the tank from sedi-
ment and inspect the condition of the anti-cor-
rosion coating of the bottom, considering that in
the existing operating conditions of the tank (lack
of cathodic protection, close location of power
generators, presence of sediment-forming sub-
stances in the fuel, use of general-purpose St3ps
steel), corrosion processes cannot be avoided. It
is necessary to identify the places of violation of
the anti-corrosion coating at each inspection of
the bottom and restore it.

The pipeline connections between the VST-200
fuel tank and the diesel power plant were replaced
with new ones and tested for tightness and strength
before commissioning. The technical condition of
fuel tank and pipelines should be monitored an-
nually during seasonal maintenance, and inspec-
tion of potential fuel leakage sites should be done
daily. The old decommissioned fuel storage tank
HST-150 has been cleaned and modified to a dry
solid materials store.
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protection methodology, performance of works.

Conflict of Interest. The authors declare that they
have no conflict of interest.

ISSN 1727-7485. Yipaincoiuii anmapxmuunuii acypran, 2023, T. 21, Ne 2, htips.//doi.org/10.33275/1727-7485.2.2023. 721

References

American Petroleum Institute (API). (2014). API 653-
2014. Tank Inspection, Repair, Alteration and Reconstruc-
tion. www.api.org/pubs

ATCM. (1999). Report of a Joint Inspection Under
Article VII of the Antarctic Treaty Inspection Program-
me: January, 1999. Working Paper WP-023, submitted by
Germany and the United Kingdom at the 23rd Antarctic
Treaty Consultative Meeting (Lima, Peru, 24 May 1999 —
4 Jun 1999). https://documents.ats.aq/ATCM23/att/
ATCM?23_att001_e.pdf

ATCM. (2005). Report of Antarctic Treaty Inspections
undertaken jointly by the United Kingdom, Australia
and Peru in accordance with Article VII of the Antarctic
Treaty and Article 14 of the Environmental Protocol.
Working Paper WP-033, submitted by Australia, Peru, and
the United Kingdom at the 28th Antarctic Treaty Consultative
Meeting (Stockholm, Sweden, 6—17 June 2005). https://
documents.ats.aq/ATCM28/att/ATCM28_att270 e.pdf

ATCM. (2007). The Replacement of Fuel Tanks at
Vernadsky Station. Information Paper IP-030, submitted by
Ukraine at the 30th Antarctic Treaty Consultative Meeting
(New Delhi, India, 30 April 2007 — 11 May 2007). https://
documents.ats.aq/ATCM30/ip/ATCM30_ip030_e.doc

ATCM. (2008). On the Issue of the Replacement of
Fuel Tanks at Vernadsky Station. In The Final Report of
the Thirty-first Antarctic Treaty Consultative Meeting (Kyiv,
Ukraine, 2—13 June 2008). https://documents.ats.aq/
ATCM31/fr/ATCM31_fr001_e.pdf

COMNAP. (2016). Accident Incident and Near Miss Re-
porting (AINMR) System. https://www.comnap.aq/

Derzhavni budivelni normy Ukrainy (DBN). (2009). Ob-
schie printsipyi obespecheniya nadezhnosti i konstruktivnoy
bezopasnosti zdaniy, sooruzheniy stroitelnyih konstruktsiy i
osnovaniy [ DBN V.1.2-14—2009. General principles of ensu-
ring the reliability and structural safety of buildings, structures,
building structures and foundations]. Minrehionbud Ukrainy.

European Committee for Standardization. (2004). EN
14015-2004. Specification for the design and manufacture of
site built, vertical, cylindrical, flat-bottomed, above ground,
welded, steel tanks for the storage of liquids at ambient
temperature and above. Management Centre.

Goskomitet SSSR po obespecheniyu nefteprodukta-
mi. (1988). Pravila tehnicheskoy ekspluatatsii rezervuarov
i instruktsii po ih remontu | Rules for the technical operation
of tanks and instructions for their repair]. Nedra.

Posypaiko, Yu. M. (2016a). Defektoskopiia v Antark-
tytsi: tekhnichne diahnostuvannia rezervuara RVS-200 na
Ukrainskii antarktychnii stantsii «Akademik Vernadskyi»
[ Defectoscopy in the Antarctic: technical diagnostics of
the RVS-200 reservoir at the Akademik Vernadsky sta-
tion]. Technical diagnostics and non-destructive testing, 4,
46—51. https://doi.org/10.15407 /tdnk2016.04.08

265



Yu. Posypaiko, A. Andreev: Condition of the fuel storage facility at Vernadsky station

Posypaiko, Yu. M. (2016b). Technical diagnostics of
the RVS-200 reservoir at the Akademik Vernadsky sta-
tion. In 8% National Scientific and Technical Conference
“Nondestructive Testing and Technical Diagnostics”, 22-24
November, Kyiv (pp. 104-109).

Posypaiko, Yu. M. (2017). Reservoirs in the Antarctic:
construction and diagnostics. Zvaryuvalnyk, 4, 44-49.

Ukrnaftoprodukt UO. (1997). Pravyla tekhnichnoi ek-
spluatatsii rezervuariv ta instruktsii po yikh remontu. Dopov-
nennia ta zminy | Rules for technical operation of tanks and
instructions for their repair. Additions and changes]. UO
Ukrnaftoprodukt.

Vidomchi budivelni normy Ukrainy (VBN). (1994). Re-
zervuary vertykalni stalevi dlia zberihannia nafty i nafto-
produktiv 7 tyskom nasychenykh pariv ne vyshche 93,3 kPa
[VBN V.2.2-58.2-1994. Vertical steel tanks for storing oil
and oil products with saturated vapor pressure not higher
than 93.3 kPa]. Derzhkomnaftogaz.

Zhuk, G. V., Moroz, 1. V., Barvinko, A. Yu., Barvin-
ko, Yu. P., & Posypajko, Yu. M. (2017). Peculiarities of
construction and service of Tank RVS-200 for storage of
disel fuel in Antarctica at the Station “Akademik Vernad-
sky”. The Paton Welding Journal, 2, 33-37. https://doi.
org/10.15407 /tpwj2017.02.07

Ukrnaftoprodukt UO. (1998). Pravyla tekhnichnoi eksplua-
tatsii ta okhorony pratsi na naftobazakh [Rules of technical ope-
ration and labor protection at oil depots]. UO Ukrnaftoprodukt.

Received: 17 September 2023
Accepted: 22 January 2024

1O. Iocumaiiko *, A. AHapees *

! InctutyT enexrpo3BapioBaHHs iM. €.0. [latona HAH VYkpainu,
M. Kuis, 03150, Ykpaina

2 lepkaBHa ycraHoBa HaulioHanbHUII aHTapKTUYHUI HaykoBuii ieHTp MOH Ykpainu,
M. Kuis, 01601, Ykpaina

* ABTOp M1 KOpecnmoHIeHnii: posypaiko.yurii@gmail.com

MoHiTOpUHT TEXHIYHOTO CTaHy MAJMBHOTO pe3epByapy Ha YKpaiHCbKii
AHTAPKTUYHII cTaHuii «Akanemik BepHaacbkuii»

Pedepar. B cTaTTi pO3IIsSHYTO AiarHOCTYBaHHSI TEXHIYHOIO CTaHY MeTaJeBUX KOHCTPYKIIiii pe3epByapy Ta TpyOo-
MPOBOJIIB Ha CTaHIIil «AKaaeMik BepHaacbkuii», po3poOKy Ta peajizallilo 3aXOdiB 3 MiABUILEHHS HAIIHOCTI iX po-
00TH, OpraHi3alliio iX PeTyJIsSIpHOTo LIOPIYHOr0 MOHITOpMHTY. Ha minroroBuoMy eTarti BUKOHaHO aHaJjli3 IIPOEKTHOIL Ta
eKCIUTyaTaliiiHoi JokyMmeHTalii Ha pesepByap PBC-200, o6paHo MeToau TeXHIYHOTO OOCTEXKeHHs (yJIbTpa3ByKOBa
TOBIIMHOMETPisl, KOHTPOJIb T€PMETUUHOCTI, Bi3yaJIbHUII Ta BUXPOCTPYMOBUII KOHTPOJb, HiBeJlipHA Ta TEOMOJIiTHA
3IIOMKU TOILIO), MigiOpaHo obOJagHaHHS Ta JOMOMIiXKHE MPUIaals AJs BAKOHAHHS AiarHOCTUYHUX POOIT MeTomamMu
HEPYHHIBHOTO KOHTPOJIO (IeeKTOCKOMU, TOBLUIMHOMIpP, Te4olllyKay, HiBeaip, TeOAOMIT Tollo). BUKoHaHO iHCTpY-
MEHTaJIbHE OOCTEXEHHSI CTaHy METaJJOKOHCTPYKIIili pe3epByapy Ta TpyOOIpOBO/IiB METOIaMU HEPYHHIBHOTO KOHTp-
OJIIO 3 METOIO BUSIBJICHHS Ne(eKTiB Ta MOIIKOIKEHb Y KOHCTPYKIIMHUX eJIeMEHTax Ta 3BapHUX 3’€MHAHHSIX, 00CTe-
JKeHHS cTaHy (DyHIaMeHTY Ta OCHOBM pe3epByapa. BUKOHaHO MPOTUMKOPO3iliHi pOOOTH Ha THUILI MAJIMBHOTO pe3ep-
Byapa ctaHuii PBC-200 ta 3amiHeHO TpyOOIpOBOIY, 110 MaJIM HEIOITyCTUMI KOPO3iiiHi momkomkeHHs. Bei enemenT
pe3epByapiB ((pyHIAMEHTHU, CTIHKHU, THUIA Ta TMTOKPiBJIi 30BHIIIIHBOTO i BHYTPILIHHOIO pe3epByapiB) MalOTh POOOUMIA
TeXHIYHWI CTaH i BiAMOBiZalOTh YUHHUM HOPMaM i CTaHIapTaM Ha MPOEKTYBAHHSI, BUTOTOBJICHHS i €KCILTyaTallilo.
CraTuyHa MilIHICTb CTIHKM 30BHILIHBOTO Ta BHYTPIilIHBOTO pe3epByapiB BiAMOBIAA€ MPOEKTY Ta AilOYMM HOPMATUBAM.
3aBIsSIKM TIPOBEACHHIO aHTUKOPO3iiHUX pOOIT Ha THUILI BHYTpiltHbOro pesepByapa PBC-200 MoxHa MpoaoBXUTH
iioro ekcrutyaTanito 10 2029 poky 3a yMOBM BUKOHAHHSI MPaBWJ TEXHIYHOI eKCIulyaTallii pe3epByapiB Ta oprasizaitii
LLIOPIYHOTO MOHITOPUHIY TEXHIYHOIO CTaHy pe3epByapiB i TEXHOJIOTIYHOro 00JagHAaHHS. Y CBOIO Yepry, CTapuii BU-
BelaeHUIt 3 ekcrutyaralii pesepyap PI'C-150 nepeobiagHyeTbes 1isl 30epiraHHs CyXHMX TBEPAMX MaTepialliB.

Kimouosi cioBa: nedexr, MeTo1 HEpYITHIBHOTO KOHTPOJIIO, MOIIKOMXKEHHS, pe3epByap, TPyOOMpOBi
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