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importers. The gas storage system of the Western region of Ukraine consists of five gas
storage facilities and is the basis for forming the future Eastern European gas hub. To better understand the impact of the geographical
factor on the formation of the hub, a mapping method is used, which not only depicts the primary information on the position of the
main gas storages but also provides an opportunity to analyze the effect of the location of an individual gas storage as it is used during a
particular gas year. In order to evaluate the occupation degree of gas storage facilities, as well as to evaluate the possibilities of maximal
use, the article analyzes each gas storage facility separately. There were used such methods as the comparative-geographical method,
the idealization method, and the principle of causality in this article. The last is an important tool in the study because it allows the
cause-and-effect relationship to be traced between the position of the gas storage and its fullness. Using the comparative-geographical
method, two principles are taken into account: the similarity principle and the distinction principle. Using the principle of similarity, the
article reveals similar characteristics of individual gas storage facilities, and using the distinction principle - on the contrary, highlights
the differences. The core of the gas storage system of the Western region is the Bilche-Volyzko-Uherske gas storage facility - the largest
gas storage with the total capacity of 17.050 million m®. It should be the core of the future Eastern European gas hub, as its capacity
allows to pump the largest volumes of imported gas. The region’s second-largest gas storage facility, Bohorodchanske, at the time of
peak gas pumping for the past gas year, was filled by 65% of its total capacity. The third-largest gas storage facility — Dashawske had
the highest percentage of usage for the last gas year. If necessary, this gas storage could be filled up by another 207 million m* (about
10% of the total capacity) according to the conditions of the previous gas year. Oparske and Uherske gas storage facilities were hardly
used for the domestic needs of the previous gas year. The total capacity of these gas storage facilities amounted to 2857 million m?
(1710 million m® Uherske and 1117 million m* Oparske) in the past gas year.
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I'eonpocTopoBuii po3noain mory:kHocTell 30epiranHsi razy B me:kax CXxiIHO€eBpomelchbKOro
razoBoro xaoy

Posenuax L.1., SIpomeBny M.A.
Jlvsiscokuii Hayionanvruil ynieepcumem im. 1. @panka, Jlveis, Yrpaina, maryana-ya@ukr.net

AHoTamisi. MeTol0 naHol cTaTTi € BHCBIICHHS HAsSBHOTO NpOoQimuTy moTykHOCTeH mimzemuux cxosuiy rasy (IICI') 3axigaoro
periony Ykpainu (3PY) ta o0rpyHTyBanHS MoxkiuBocTel Bukopuctanus [ICI He TibKH Ui BHYTPIIIHIX TIOTPeO AepKaBH, aje i 1is
notped iHo3eMHuX iMnoprepiB. Cucrema [ICIT 3PY ckiagaeTbes i3 m°ATH Ta30BUX CXOBHII 1 € 6a3010 11 (popMyBaHHS MaiilOyTHBOTO
Cxignoesporeiicskoro razoBoro xadby (CET'X). Jlns kpamoro po3ymiHHs BIUTHBY reorpadiuHoro ¢axropa Ha (opmyBaHHS Xaly
BUKOPHCTOBY€ETHCSI KapTorpadiqHuil METO, SIKHi 03BOJISIE HE TUIBKK 300pa3UTH NEPBHHHY iH(OPMALIO PO MOJI0KEHHS TOJIOBHUX
I1CT, arne i tae MOXIIMBICTD IPOAHATI3yBaTH BIUIUB po3TanryBaHHs okpemoro IICT" Ha Mipy #0ro BHUKOPHUCTaHHS IPOTSTOM OKPEMOTO
ra30Boro poky. s Toro, mo0 OmIHUTH CTYIIHb HAIIOBHEHOCTI Ta30BHX CXOBHII, a TAaKOX OLIHUTH MOXJIMBOCTI MAaKCHMAaJIbHOTO
BUKOPHCTAHHS, Y CTaTTi MPOaHaIi30BaHO KOKHE Ta30B€ CXOBHIIE OKpeMo. [IpH 11boMy BUKOPHCTOBYIOTHCS TaKi METOAN, SIK TIOPiBHSIBHO-
reorpadidHuil METOI, METOJ iJeai3alil, a TAKOXK 3aCTOCOBYEThCS MPUHIUI NPUIMHHOCTI. OCTaHHIN € BaXKIMBHM iIHCTPYMEHTOM Yy
JIOCTIIKEHHI, OCKIIBKH JIO3BOJISIE BiJICIIIKOBYBATH NPUYMHHO-HACITIIKOBHIA 3B’ 30K MIX TMOJIO)KECHHSIM I'a30BOr0 CXOBHIIA Ta HOTO
HAIlOBHEHICTIO. [3 3acTOCyBaHHSIM MOPIBHSUIBHO-TeorpadiqHOro MeToxy OepyThCs IMij yBary JBa NPHUHIUIIN: IPHHIMI TOAIOHOCTI Ta
HPUHIMI PO3Pi3HEHHS. 3a JONOMOTOI0 IMPUHIUITY HOMIOHOCTI Y CTaTTi PO3KPUBAIOTHCS MOMIOHI XapaKTePUCTUKN OKPEMHUX T'a30BHX
CXOBHII, @ 32 JIOTIOMOTOI0 MPUHIIMITY PO3PI3HEHHS — HABIIAKH, BUCBITIIOIOTHCA BigMmiHHOCTI. Slapom cuctemu [ICIT 3PY e Bimpue-
Bonnipko- Yrepcbke ra30CcX0BHIIE — HAHOLIBIIE TA30CXOBHIIE 13 3arajdbHOI0 NOTYXHICcTIO 17 050 MitH M?. Came BOHO MOBHHHO CTaTH
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sapom MaioyTHboro CEI'X, OCKUTBKH HOTO TOTYXKHOCTI I03BOJISIIOTH 3aKauyBaTH y MEpPCIIeKTUBI HAalOUIbIIi 00’ €MHU IMITOPTOBAHOTO
razy. Jlpyre 3a BeJIMYMHOIO Ta30Be CXOBUIIE perioHy — boropoayanchke Ha MOMEHT ITIKOBOTO 3aKadyBaHHS 3a MUHYJIMH Ta30BUH pik
OyI10 3aroBHEHO Ha 65% Bij cBOET 3aranbHOT MOTYKHOCTI. HalOimbmmil BiICOTOK BUKOPHCTAHHS 3a MHHYIIMH Ta30BUH PIiK y TPEThO-
TO 3a BEJIMYMHOIO ra30Boro cxopuila — Jlamascekoro. [Ipn HeoOXigHOCTI JaHe ra30Be CXOBHIIEC MOKHA Oyli0 O HamOBHHUTH 1me Ha 207
miH M* (6mm3pko 10% Bix 3aranbHOT MOTYXKHOCTI) BiAMOBIAHO IO YMOB MONEPETHBOTO Ta30BOro poky. Omapcbke Ta Yrepchke ra3osi
CXOBHMIIA y TONEPEIHFOMY Ta30BOMY POLIi MPAKTHYHO HE BUKOPHUCTOBYBAIKCH JUTS BHYTPIlIHIX noTped kpainu. CymMapHO BilIbHI MO~
TY)KHOCTI JJaHUX I'a30BHUX CXOBHII CTAHOBIIIM Y MUHYJIOMY ra30BoMYy poiti craHoBwin 2857 muH M* (1710 mun m* Yrepebkoro Ta 1117

MIH M OIapchKoro).

Kniouogi crosa: eazosuil xab, niozemme cxosuuje 2azy, 2a3onpoesio, puHoK NPUPOOHO20 a3y

Introduction. The problem of gas storage and trans-
portation is mainly studied in economics and ge-
ography. Scientific articles of national and foreign
scientists in transport and energy fields became the
information base for this research. This article elabo-
rates and generalizes research on specialized econom-
ic publications as well as the author’s own research.
It is based on data from information systems in en-
ergy as well as the work of scientists from the Oxford
Institute for Energy Research. They are engaged in
research gas hubs formation and operation problems.
The purpose of this work is to characterize the surplus
of underground gas storage facilities, to identify regu-
larities of the spatial distribution of underground gas
reserves, and to find out the possibilities of maximiz-
ing the use of underground gas storage facilities.

Materials and methods of research. The method-
ological basis of this article is the general scientific
and special methods, which were selected based on
the purpose and objectives of this study. In particular,
induction and deduction methods are used to char-
acterize the operation of underground gas storage
facilities and the prospects for systematic storage of
natural gas; graphical and tabular methods - for vi-
sual presentation of research results, for statistical in-
formation, for theoretical and methodological provi-
sions, which are substantiated in the work. The article
uses a cartographic method to describe the influence
of the geographical factor on the formation of a gas
hub. It is not only possible to represent the available
information on the location of gas storage facilities,
but also to analyze the impact of localization on its
occupation and subsequent use. The information ob-
tained through the cartographic method overlaps with
the results obtained by applying the comparative geo-
graphical method. Using the comparative-geographi-
cal method, two principles are taken into account: the
similarity principle and the distinction principle. Us-
ing the principle of similarity, the article reveals simi-
lar characteristics of individual gas storage facilities,
and using the principle of distinction - on the contrary,
highlights the differences The method of idealization
is also among the methods used in the article. This
method is used to describe each gas storage facility.

Its application makes it possible to compare the maxi-
mal (ideal) occupation of the gas storage with the
available indicators of occupation.

Results and their analysis. The European Union has
traditionally paid great attention to the development
of the underground gas storage sector, assessing it as
one of the key contributors to its energy security in a
highly import-dependent environment. To date, there
are 124 gas storage facilities across the EU with a to-
tal capacity of over 98 billion m* (Heather, 2012). It
is sufficient to cover about 35-40% of total daily con-
sumption over 10 days to cover peak demand for un-
derground gas storage or 43 days in the conditions of
high demand taking into account the maximum tech-
nical possibilities of gas extraction (Formuwannja ta
wykorystannja strateghicnych zapasiw, 2012).

In recent years, there has been a trend of chang-
ing the structure of natural gas imports from the
European side. In 2013-2017, the import of natural
gas to Ukraine decreased significantly (by almost
50%): from 28 billion to 14 billion m?, the segment
was opened to more importers. In 2017, there were
more than 60 natural gas suppliers, and the market
continues increasing in the share of leading European
companies in the import structure. It is important to
note that there is a surplus of underground gas stor-
age facilities (UGS) in the region. Despite this, in
times of cold snaps, European storage facilities may
not fully fulfill their direct purpose - regulating the
unevenness of gas consumption and covering peak
demand levels. This is caused by the relatively low
technical level of possible daily takeoff. According
to the Gas Infrastructure Europe (GIE) platform, the
level of gas reserves in gas storages across Europe has
fallen by more than a half over the last period - up to
49.5 billion m? as of January 22, 2016 (UGS occupa-
tion level is 48.9%). (Hazowa Infrastruktura Jewropy,
2019). According to the GIE, this level is the lowest in
the current decade. Increasing gas consumption from
storage facilities increases the importance of supply-
ing gas from the outside to the European market. Be-
sides, high gas costs create additional gas demand in
summer - the season of pumping gas into UGS to re-
store gas used during the winter. Ukraine has the most
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powerful underground gas storage network in Europe.
Today, the total UGS capacity of Ukraine is over 30
billion m?, or almost a third of the EU UGS volume.
Taking into account the data on the functioning
of recent gas years, it is possible to trace certain regu-
larities of gas storage (Yaroshevych, 2019). First, the
maximal daily extraction of gas from underground
storage facilities is steadily shifting annually by one
calendar month: if in 2014-2015 the maximal daily
extraction was at the beginning of December, then in
the current gas year the maximum was reached at the
beginning of March 2018. Secondly, the dynamics
of pumping gas into the UGSs in summer becomes
more stable and uniform every year. This could es-
pecially bee seen between the beginning of May and
the end of September 2017, as well as from the begin-
ning of May to the end of July 2018. In the previous

selection did not exceed 92 million m? within the day.
Considering the gas year 2017-2018, the maximal
daily value reached 116 million m* (Pryrodnij gas u
pidzemnych showyshcach Ukrainy, Skat trade, 2018).

Ukraine’s gas storage potential significantly ex-
ceeds the country’s domestic needs: only about a half
of the gas tank facilities is used annually. The idea of
gas storage for foreign traders has been existing for
a long time. The gas storage facilities of the Western
region of Ukraine are best suited for such purposes, as
their geographical distance from other underground
gas storage facilities not only strengthens logistical
positions but also makes it possible to consider the ag-
gregate of gas reservoirs as a European-style gas hub.
As noted above, the potential of gas storage facilities
is not fully utilized. Western region gas storage facili-
ties are no exception (Fig. 1).
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Fig. 1 Occupancy of gas storage facilities in the Western Region

two years, the dynamics of gas pumping was more
variable - frequent changes in daily quantities are ob-
served. Third, there is a clear tendency to reduce the
maximal values of daily gas extraction from gas stor-
age facilities. In winter of 2014-2015 gas year during
the day more than 130 million m? of natural gas could
be extracted from underground storage facilities, in
the same period of the gas year 2016-2017 the daily
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The total capacity of five gas storage facilities is
25.32 billion m*. This is almost 80% of the total ca-
pacity of all gas storage facilities in Ukraine (includ-
ing the Glibove gas storage facility in the territory of
the temporarily occupied Crimea). As stated in the
Energy Strategy of Ukraine until 2035, gas produc-
tion will have the following dynamics: 2020 - 22.9
billion m3, 2025 - 27.5 billion m3, 2030 - 33.8 billion
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m?, 2035 - 42.1 billion m* (Nowa enerhetychna strate-
hija Ukrainy do 2035 roku, 2017).

This means that for the next 10-15 years, the
capacity of underground gas storage will be sufficient
to store both our own and European gas. According
to the Naftogaz annual report for 2017, the volume of
gas pumped by third parties in UGS was 1.5 billion
m?. This is 15% of the total gas amount in gas storage
facilities. The volume of gas extraction by third
parties was 1 billion m*. This is 13% of the total UGS
gas extracted. These are very low indicators, given
the characteristics of gas storage facilities. The largest

gas storage facilities are located in Western Ukraine
at the intersection of key gas pipelines connecting the
gas pipelines of Belarus, Poland, Slovakia, Hungary
and Romania (Fig. 2).

The major volumes of transit gas from Russia
also pass through this gas transit route. The core of
the future Eastern European Gas Hub is to become
the largest gas storage facility in the region - Bilche-
Volyzko-Uherske, with the capacity of 17 050 million
m?. UGS is connected to the gas pipeline system of
Ivatsevichi - Dolyna III, Kyiv - West of Ukraine-II,
Bilche- Volyzko - Dolyna, which through its continu-
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Fig. 2. Arrangement of gas storage facilities concerning the main gas pipelines
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Fig. 3. Capacity of the Bilche-Volyzko-Uhersky gas storage facility

ation (gas pipeline Dolyna - Bohorodchany) connects
with the “Soyuz” and Urenhoy - Pomary - Uzhgorod
gas pipelines. The second-largest UGS in the region
is Borohodchansk. The total storage capacity is 2 300
million m3. The Bohorodchan underground storage
facility is connected to the “Soyuz”, Urenhoy - Pom-
ary - Uzhgorod, Ananyev - Chernivtsi - Borodchany
gas pipeline systems and the Bilche - Volyzko - Doly-
na gas pipeline. Dashawske, Oparske, and Uherske
underground storage facilities are connected to the
Ivatsevichi - Dolyna, Kyiv - Western Ukraine gas
pipeline systems and to each other. Also, they are con-
nected to the highly productive gas pipeline Bilche-
Volyzko-Dolyna (1420 mm diameter, 84 km long),
which, taking gas from the Bilche-Volyzko-Uherske
UGS and the three gas storage facilities mentioned
above, is essentially a gas pipeline-collector. The total
capacity of the Dashawske gas storage facility is 2
150 million m?, Oparske - 1920 million m*, and Uher-
ske - 1900 million m*. Due to the technological fea-
tures of the storage facilities, the complex creates fa-
vourable conditions for manoeuvring volumes of gas
pumping and its selection over a wide range. In order
to understand better the potential of gas storage, it is
worth considering the characteristics of each UGS in
the Western Region separately for the last gas year
(Pryrodnij gas u pidzemnych showyshcach Ukrainy:
dynamika zapasiw protjahom chervnja 2014 - lypnja
2018, 2018). As noted earlier, the largest gas storage
facility in Ukraine in general and in the Western
region, in particular, is Bilche-Volyzko-Uherske.
The total capacity of the gas storage facility, as noted
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earlier, is 17 050 million m?. Figure 3 shows actual
PSG use, total capacity, and potential usage.

In the previous gas year, the Bilche- Volyzko
-Uherske gas storage wa used by 51% of the total
capacity at the beginning of the extraction period. If
we leave 10% of the UGS volume for gas balancing
purposes, 6 575 million m® of gas volume could be
allocated for storage by third parties only within this
gas storage facility. The second-largest gas storage fa-
cility in the West region of Bohorodchanske, with a
total capacity of 2300 million m?, was used slightly
more during the past gas year: the volume of pumped
gas is 65% of the total UGS capacity (Fig. 4).

If we leave 10% of the “free” volume,
Bohorodchanske UGS could store additional 566
million m? in the current gas year. The third-largest gas
storage — Dashawske has the highest usage percentage.
The total UGS capacity is 2 150 million m?® (Fig. 5).

Without taking into account 10% of the gas
storage volume, additional 207 million m*® of gas
could be used by third parties in the current gas year.
One of the least used in the current gas year was the
fourth largest gas storage facility — Oparske (Fig. 6).

The total capacity of the gas storage facility
is 1920 million m?. As of the 18" of November,
2017 the volume of gas stored in the UGS made
611 million m?® That means the gas storage
was filled by 32% of its total capacity. The
gas pumping period for the UGS also started
relatively late: if the increase in gas in the Bilche-
Volyzko-Uherske, Bohorodchanske, Uherske gas
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Fig. 4. Capacity of the Bogorodchanske gas storage facility

storage facilities was already observed in April,
then the gas pumping in the Oparske and Dashawske
gas storage facilities began only in July. Oparske
UGS, which is one of the smallest in the region, due
to the fact that it is not being used to its full extent,
has a large enough potential for gas storage by third
parties. Only this gas storage could store up to 1117
million m? for third parties in the current gas year.

The smallest UGS of the region is Uherske with
a total capacity of 1900 million m*. The percentage of
utilization of this gas storage is also very small: at the
beginning of the selected season, the gas level in the
UGS was at the level of 637 million m?. This is about
349% of the total UGS capacity (Fig. 7).

If we leave 10% of the volume for balancing, this
gas storage facility could theoretically store about
1710 million m* of gas within one gas year.

The extent of gas storage is also determined
by its location. Gas storage facilities - Bilche-
Volyzko-Uherske, Oparske, and Uherske are within
the intersection of the main gas pipeline networks.
During the gas year, there is much more opportunity
to diversify occupation of gas storage facilities from
different sources. In spite of this fact, Bilche-Volyzko-
Uherske, which is the country’s most powerful gas
storage facility, balances the region’s gas transmission
system, leaving two smaller gas storage facilities with
less capacity. During the gas year, the Dashawske and
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Fig. 5. Dashawsky gas storage capacity
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Fig.7. Uherske gas storage capacity

Bohorodchanske gas storage facilities are occupied
sufficiently as they have some autonomy.

The value of underground gas storage is quite
significant for the entire gas transportation system
of the country. In terms of key features, Ukrainian
gas storage facilities take the first place in the world
after American and Russian. Underground storage
facilities guarantee the reliability of natural resource
transportation for both internal and external needs
(Yaroshevych, 2018). The underground gas storage
network can be considered as a liquid asset of the
country, which is a component of its energy stability.
The UGSs of Ukraine have great potential that can
be used for internal and external directions of the
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development of the whole gas transportation system
of the country and Middle East Europe.

Conclusions. The use of underground gas storage
facilities allows reducing peak loads in a single gas
supply system, to provide flexibility and security
of gas supply. Underground gas storage facilities in
Ukraine are intended primarily to regulate seasonal
irregularities in gas consumption; additional gas supply
to consumers with extreme temperature reductions,
both in separate days and during abnormally cold
winters; creation of long-term gas reserves in case of
unforeseen emergency situations, such as long-term
interruption of gas supplies due to major accidents,
natural disasters, etc .; gas backup in the event of



Ivan 1. Rovenchak, Mariia A. Yaroshevych

Journ. Geol. Geograph. Geoecology, 29(2), 398—405.

short-term emergencies in the gas supply system.
Studying the problems of the Eastern European Gas
Hub and justifying the need for its formation is an
important area of socio-geographical, in particular,
economic and geographical research.
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