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Factors determining the construction and location bunderground gas
storage facilities

Kornelia Osieczkd Andrzej Gazdaand Dusan MalindzaR

The growing demand for earth gas results in needtiaring proper volumes of this fuel to ensureioral energy security. Poland
has its own earth gas reservoirs, but their expliiin cannot fully cover the constantly increasdgmand. Most of the required volumes
are covered by gas import, mainly from the Rus&iederation. However, long-term agreements do neisage seasonal variations, which
causes that surplus volumes must be stored at grmlerd storage facilities. Additionally, Poland'stidnal Energy Policy imposes an
obligation to store the reserves of this fuel. éflithese factors determine the construction anceldgwment of underground gas storage
facilities.

In recent years, a growing trend in building newdaxtending the existing gas storage facilities Ib@sn noticeable in the European
Union. Most often, depleted gas and oil reservaest caverns and aquifers are used for that puepd$he most suitable locations of these
types of storage facilities are areas near urbantees that are the final gas recipients. The camgion of underground gas storage
facilities is also related to the development & gas transmission system. EU countries, inclufioand, continue development of UGS
facilities, aiming at diversification of gas sumgdi It is also related to other activities, suchlasnching the LNG terminal iSwinoujscie
and searching for alternative gas suppliers.

Creating an efficient system of underground gasag® facilities should be focused on securing efyat reserves, balancing
seasonal demand variability and optimising the srarssion system throughout the country. In ordegrtsure the undisturbed function of
the entire economy, countries maintain gas reseimesase of a failure or an interruption in the donity of supplies. Additionally,
continuous development allows using undergroundsg@sge facilities commercially.

Keywords:underground gas storage, location, geological stwe, energy security

Introduction

According to the BP Statistical Review of World Eme 2016, world demand for energy is rapidly
growing. That growth is expected to stay around 3d%e period from 2015 to 2035, with an averagarly
rate of 1.4% (PGl, 2017). Current forecasts indic¢aat fossil fuels should remain the major sounfesnergy
until 2035. They are believed to constitute up @&e80f the world power supplies, covering 60% of ¢lxpected
demand increase (Charun, 2004).

The demand for earth gas grows most rapidly whempeoed to other fossil fuels (IEA, 2014). This fisel
used in many branches of economy, in the induskyyices sector, in households, as well as in kbetrie
energy production sector (Mokrzycki, Szurlej, 2003)

Considering the world forecasts presented aboveietisas earth gas exploitation in Poland, whickiere
28.5% of the total usage, according to the da20db (PGl, 2017), the efforts made to guaranteficgrit gas
reserves in the following years seem understand@erently, the remaining gas volume is importéte
major earth gas supplier, not only for Poland W& éor other European countries, is the RussiateFraion.

Taking into account the need to ensure energy sgafrthe country, reliability of gas supplies nise
guaranteed through diversification of sources aaedolme less dependent from a single major suppiies.
document signed in 2009, "Poland's Energy Poliayl @030" envisaged the construction of the infrasture
allowing to reorganise gas import using the gedgig situation of Poland with access to the Ba@a. This
goal has been reached, and the LNG terminaimoujscie was launched in 2015. It has become a major gas
hub in the north-east of Europe, performing tranpfecedures and regasification of liquefied egdh, offering
the possibility to import gas from Norway or the AJ§Egging, Holz, 2016). It is worth considering tharious
options for building natural gas storage faciliti€&ehabilitation of abandoned mines makes it ptesdib
implement new ways of use of closed mines and inmithe economic and ecological situation in "mining
cities" (Migaleva et al., 2018). An important elarmhés also a way to obtain information from thekstaolders
and take them into account when making decisionbék et al., 2019).

Considering the energy security of Poland, anotimgrortant aspect can be distinguished, related with
securing gas reserves based on extensive storeiigefs to allow to respond to the changes in dadisupply
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and fluctuation of prices. One of the instrumentowang to fulfil these assumptions, by encouraging
competition on the gas market and improving theggnsecurity of Poland, is increasing the workirgjumes

of underground gas storage facilities (UGS). Addisilly, the amendment to the Polish Energy Law wy J
2005 contained a provision concerning the obligatio store imported gas. The legal aspect, as agelhe
internal policy, lead to searching solutions irstarea (Kochanek, 2007). The purpose of this paperpresent
the factors determining the construction and lecatf underground gas storage facilities, as welioaprovide
an outline of the principles of UGS functioningingsthe example of the Strachocina USG.

Based on the forecast of the need to create najasalunderground gas reserves in Poland in 2035 and
possible current locations for natural gas stoeagkthe construction of new gas storage, it dependsnumber
of different economic, environmental, capacity, dinmvestment, policy, security. The problem cardbéned
as the role of multi-criteria assessment. The lartproposes a methodology and a solution to hows®
individual locations to increase the USG's neecbicer the gradually rising level of natural gaseress.

Methodology and theory background of solution

Deciding on serious strategic investments requaescientific approach to decision making, decision
making on a wide range of factors, and the varemess between which it is difficult to describeati@nships.
Such issues are addressed by multi-criterion detisiaking methods as Weighted Method, AHP Method,
Scoring Method, etc. (MalindZak et al., 2015). Boe solution of the problem, a weighted sum methvad
applied.

In case we want to concentrate all factors or aitsto one decision — into one indicator, we tisis
method:

- Factors have a different character from quantificaind casualness point of view,
- Factors are from different areas — business, maturfag, distribution, etc.
- They have different significance related to thelysia objective.

Algorithm of such method follows:

a) Factor and criteria selection for the evaluatiod dacisiorF,, F», ... F,.

b) Evaluation of important factors contributing toudfifiment of the main objective — assigning of fais’
weightsw,. It is advised to select the factors and defirewieights by an expert. Weights wi express
factor's importance but at the same time, expressptoportion of significance among the factors.
From a practical point of view, it is advised tokedahe sum of weights equal to number 1. (It iatesd

to a visual dividing of a "unit circle cake"). Figul shows evaluation according to the Ratio-index
method.

n
2w =1
i=1
In case this is not valid, factors are normalised.
W.
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And the sum is =1 :
Particular variant¥; are evaluated with the help of selected factdig ¢ variant evaluatiol,).

We evaluate particular factoFs — (HF;) for each varianV;. Factors are evaluated according to a pre-defined
interval, so-called potency ratek—

HF, DL K)

Potency rate value means the evaluation intemdldefines the sensitivity of the method. The lathe
amount of variants and factors is the larger irgkrand higher potency rate becomes.

HV, =3 HF, Ow

Variant evaluation i=1
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Fig. 1. Evaluation according to Ratio-index method

Factors are evaluated according to a pre-defintedvial, so-called potency ratek—

HFU- (1, K)

Potency rate value means an evaluation intervaldafities the sensitivity of the method. The lartper
amount of variants and factors is the larger irderand higher potency rate becomes.

n
HV, => HF, Ow,
Variant evaluation i=1
Analysis can be defined by minimalisation, meanthgt the smaller evaluatiokiF; is the better,
respectively vice versa by maximisation. The highEj is, the better and the same is valid for the wisigh

The solution then is
V; (optim) = mj|n<HVj )
In the case of company analysis and evaluatiom the are talking about the evaluation of only one

variant.
It is necessary to formulate both negative andtivesiactors in one form so they will become thenea- either
positive or negative. For example, in the casevafuation of suppliers:
for exampleF; — the amount of distribution per month (the bigdlee better)
F, — the time from the order till delivery (the sneallthe better)
In the case, for examplE; will be re-formulated — intervals between disttibn (the smaller, the better) in

case of a minimalisation task.
From a practical point of view, it is necessargiteate the following evaluation table 1:

Tab. 1. Example evaluation table

Title of factor i Factor | Variant 1 Variant 2 Variant j
weight
Fi
HFZl-Wl HFj]_.Wl
R W HFy HPw. W HF HF 22w HF; HFp. W
F3 W HE HF 2., HE HE
FA W3 12 . 22 : 2
Fn Wy HF4, HF1nWh HF2n HF2n Wy HF, HFj. Wy
Total variant HV1 HV2 HVj
evaluation
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Characteristics of usage and reasons behind eartlag storing

Earth gas belongs to the group of energy carriétls growing market participation due to economic an
ecological considerations. It consists of a mixtofehydrocarbons (methane, ethane) and small pertimf
hydrogen, nitrogen, oxygen, hydrogen sulfide, meliand carbon disulfide. Gaseous fuels are easyansfer,
storage and distribution. Their scope of applicaticludes the generation of thermal and electigrgy as well
as powering combustion engines. In comparison oiitler fuels, gas combustion processes are chassttdyy
lower emission of contaminants. Earth gas is ugefaiunicipal services and in households. Furtheemio the
chemical industry, it allows reducing the power@iamption of various processes (PGNIG, 2017).

Poland has 292 earth gas reservoirs, includingex@ibited and 53 unexploited reservoirs. The exalimin
of 32 gas reservoirs has been ceased. The voluetiditable gas resources was 125.04 billion cuistres in
2015. Most of the documented gas resources arevoaselocated in the Polish Lowlands (66.5%). Tamest
high-methane earth gas reservoirs in that areadecPapré, Zakcze, Kdcian, Braisko, Baranéwko-Mostno-
Buszewo, Radlin anduchléw. Around 29.3% of the resources are locateitié Carpathian Foothills area. The
largest earth gas reservoir in Poland is Prz&nwith over 86 million cubic metres of this fueDther areas
where earth gas can be found are Pilzno, Jasibmekajsk, Zotynia, Jarostaw, Dzikéw and Lubaczow. Figure 2
presents earth gas reservoirs locations in Poland.
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Fig.2. Gas fields in Poland (PGNIG, 2018)

The 2015 data indicate that gas in the volume #4749 million cubic metres was extracted from ddines
sources in Poland. The remaining part of the den{ad¢l74.48 million cubic metres) was covered bg ga
imported from Russia (9,549.1 million cubic metre@ermany (1,625.16 million cubic metres) and Czech
Republic (0.22 million cubic metres) (PGI, 18.12.20 In Poland, earth gas is distributed by pipsinThe
largest volumes of this fuel are supplied by RussEazprom, through the Yamal-Europe pipeline. Tbey f
capacity of the first leg is 32.3 billion cubic rmes.

The documented Polish earth gas reservoirs remadterucontrol of thePolskie Gornictwo Naftowe
iGazownictwoS.A. (PGNIG). Their capacity reaches 98 billiobicumetres. Currently, PGNiG supplies gas to
6.5 million customers, including households, conigmn combined heat and power plants, steel milld a
nitrogen compounds plants. Within the last few ge#lne volume of gas extracted by PGNIG increaseuah f
approx. 3.6 hillion cubic metres in 1998 to appr4x billion cubic metres in 2015. Extraction ofjlimethane
gas recorded by the Sanok branch of the comparchedal.9 billion cubic metres, while the facility Zielona
Gora delivered 2.4 billion cubic metres.

The dynamic economic growth of Poland requiregroiing gas storage facilities located in evergios.
Due to the lack of natural reservoirs in central anrth Poland, further development of the natigyeed supply
system should be based on the underground gagstfaeilities (UGS), built not only in depleted eesoirs but
also in aquifers and salt caverns (Filar, Kwild&208).

Previously, the primary function of underground gtsage facilities was to maintain commercial rese.
Their primary goal is to secure gas supply continin emergency situations, or in case of an unetquk
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demand increase, and also to minimise the conseqsef incidents threatening the national energwrsty.
Long-term gas import agreements do not provideséasonal consumption variations that are commahen
European climatic zone. In summer months, surplysoited gas is stored at UGS facilities and copewek
demands during winter months, caused, among othgrsicreased gas consumption for heating. Additign
underground gas storage facilities allow respondinigmcreasing or decreasing blue fuel prices (Braki and
Wawrzynowicz, 2014).

The gas supply standard assumed in Poland is apé@xmillion cubic metres for 30 days of extrathig
earth gas consumption. Taking into account the erpeincrease in earth gas consumption in the power
engineering sector, from 3.5% in 2013 to 30% in®QfFeat emphasis is placed on ensuring the gtabflithe
gas supply system and securing access to suffistereage volumes (BiP, 2018). The total workingazaty of
UGS reached 2.5 billion cubic metres in 2014. UBAR1, that capacity should increase to 3.3 billboibic
metres, which would be 20% of the envisaged denfiangias during that period.

As far as the other EU member states are conceooestruction and development of underground gas
storage facilities are related with energy poliajogties, the scale of gas consumption and the siz the
existing gas transmission and distribution syst@snyell as the wealth of the country and its intzatts. Table 2
presents the number of UGS facilities in individuabuntries, total working capacity and maximum
deliverability in 2010 and 2015.

Table 2. Underground gas storage facilities (USGIEU countries, 2010 and 2015 (Eurogas, 2014).

2010 2015
TOt‘f"l Maximum Tot_al Maximum
No. Country IS(S)ig3an6 Number of \é\’:‘;g'cni?y deIiv_e_rabiIity Number \é":r;l;g?y deliv_e-rability
UGS o [millions of UGS e [millions
[millions m3/day] [millions m3/day]
m3] m3]
1. Austria AT 5 4,744 55 8 8,250 95
2. Belgium BE 1 600 25 2 1,085 57
3. Bulgaria BG 1 600 4 1 550 4
4. Croatia HR 0 0 0 1 553 6
5. Czech Republic cz 8 3,127 52 8 3,617 59
6. Denmark DK 2 980 16 2 1,035 25
7. France FR 15 11,900 200 16 12,894 265
8. Spain ES 2 2,367 13 4 2,457 16
9. Ireland IE 1 230 3 1 230 3
10. Latvia LV 1 2,325 24 1 2,300 30
11. Netherlands NL 3 5,000 145 6 12,078 305
12. Germany DE 47 20,804 494 51 24,588 637
13. Poland PL 7 1,640 32 9 2,915 41
14. Portugal PT 1 175 2 6 333 8
15. Romania RO 8 3,110 28 7 3,050 28
16. Slovakia SK 6 2,770 34 2 3,156 46
17. Slovenia SL 0 0 0 1 2,300 30
18. Sweden SE 1 9 1 1 9 1
19. Hungary HU 5 4,340 55 5 6,330 74
20. Great Britain GB 6 4,480 86 8 4,528 154
21. Italy IT 10 14,336 152 13 16,696 332
Y 130 78,793 - 153 108,854 -

Underground gas storage facilities secure the tiparaf gas transmission systems in individual ¢des
(Bergman, 2006; Hill, 2006). The data presentedable 2 indicates a growing trend in launching né@s
facilities. From 2010 to 2015, 23 UGS facilitiesrvduilt, which resulted in an increase in the vimgkcapacity
by 30,061 million cubic metres. Poland was in thhéhIplace in this ranking in terms of working capacThe
largest number of USG facilities operated in Gernynan

Gas storage capabilities characteristics

Building an appropriate network of USG facilities Poland should secure the basic functions relattd
maintaining strategic reserves, balancing seasgaal consumption variability and optimising the gas
transmission system in terms of estimation of gzlaae to be imported (Ciechanowska, 2016). In Rbléns
both possible to develop the existing storage atftecture and build new facilities. Suitable geatagstructures
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can be found and staff experienced in designinghanlding USG facilities is available. The develogm of
underground gas storage facilities is followed s mecessity to extend the transmission pipelines.

Storing gas underground is much safer and morensalgaous than constructing gas storages on the
ground, which require a lot of space and are mateerable to acts of terrorism. Due to strict safgandards
that must be met, the costs of construction andnteaance of that type of storage facilities is bigh
(Czapowski, 2006). The basic requirements for ugrdeind storage facilities are complete tightnesklaok of
any adverse reactions between gas and the surrmunaiks. Other desirable features include locatiothe
vicinity of urban or industrial areas, closenesexisting gas pipelines and large capacity.

DEPLETED

S RESERVOIRS

AQUIFERS

MINES
SALT
CAVERNS

Fig.3. Gas storage using geological structures (AG2 Feb 2017)

Hydrocarbons are stored underground in depletecagdoil reservoirs, salt caverns and selectedferguli
and also in natural hard-rock caverns or old miRragre 3 presents all these types of structures.

Storage in selected aquifers is very expensivetaltiee protection of groundwater reservoirs. Adutitlly,
selecting a suitable structure requires a lot @l@ation and identification work. When a suitalsteucture is
selected, it might not be properly tight (Schafieale 1993). Therefore, no structures of this tilpge been used
in Poland so far. The advantages of storing gaaquifers include high deliverability rate, the pbgiy of
performing a number of cycles during the season taedfact that they are usually located close talfi
recipients. Mesozoic, Jurassic and Cretaceouseaguifithin the anticlines: around tdVarsaw and Szczecin,
are also expensive in use but offer quite convérseorage conditions (Polit et al., 2010). Tabl@rgsents
financial outlays and average construction tim&GfS facilities depending on the type of structure.

Table 3. Cost and time of construction of difféetgpes of UGS

Type of UGS Average financial outlays [euro/m3] Aage construction time [years]
Aquifers 0.7-1 10-12
Depleted reservoir 0.6-1 5-8
Salt cavern 0.8-1.2 5-10

A relatively cheap and most common form of storafjgaseous hydrocarbons (75% of all facilitieshia t
world), is injecting gas into the porous spacesdepleted gas and oil reservoirs. This method ig/ ver
advantageous due to the available storage capaathing hundreds of millions up to several billicubic
metres of gas. Depleted reservoirs are usually exted with pipelines, there are already existinglsyand
their structure is known due to performed seismid geophysical analyses as well as exploitatioartsc It is
reflected in lower costs of construction of thipeéyof storage facility.

The most suitable rocks in terms of using porouacspare sedimentary rocks, especially sandstones,
characterised by permeability that allows migratéord formation of natural accumulation zones. Thae7
earth gas storage facilities of this type in PolaHds6w, Strachocina, Swarzéw, Bfméca, Wierzchowice,
Bonikowo and Daszewo. They are mostly situatechan Mleso—Cenozoic gas reservoirs. Figure 4 preseets
location of underground gas storage facilities adlaRd. The UGS facilities located in depleted resies are
usually capable of performing only a single injentextraction cycle during a year.
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Fig.4. Gas storage facilities in Poland (PGNIG, 8c 2012)

Caverns formed in halite deposits serve as undengratorages of a special type. When compared with
storage facilities in depleted oil and gas resesydhey are more expensive in construction bugroffiany
advantages. This solution ensures complete angfasiction of the injected medium and the striegwan be
used for waste disposal when they are no more asedas storage facilities. These UGS facilities are
characterised by very large injection and delivditgbrate. They are also capable of being usedeneral
injection/extraction cycles in a year, which enabbalancing lower, for example, daily variationseafth gas
demand and supply. The building of this type ofrage facilities is related to high investment oygland
operating costs.

Favourable conditions for building salt cavern gasage facilities are in bedded salt deposits wiittple
and homogeneous structure as well as Zechsteite lsatuctures in salt domes. There are two undengrsalt
cavern gas storage facilities in Poland: Mogilna a&osakowo (Czapowski, 2006; Kochanek, 2007). Salt-
bearing rocks provide good storage conditions dwecdnstant temperature and low humidity. Salt is
impermeable and very suitable for storing earth tigsefied gas and chemical substances (Evardt,e2009).
Gas can be stored in old salt mines and salt cavennin specially designed and built storage clemb
(Kunstman et al., 2009; Siemek, Nagy, 2007). Gegnteas the largest number of cavern storage fasliti use
(32 storage facilities in 266 caverns with a taggbacity of 19.98 million cubic metres) (EID, 2017)

Operation of the Strachocina underground gas storagfacility and development plan

The Strachocina underground gas storage facilityciated in south-east Poland, in the Sanok andzémz
communes area. The geological fold in that regiontains flysch rocks of the Lower Cretaceous period
(Stasiowski, Wagner-Staszewska, 2010). Until trepisé half of the 19th century, that fold was a sabpf
geological and drilling analyses, due to the oanre of gas exhalations and oil outflows. The gasmoir was
discovered in 1928 when the first wells were ddill& decision to transform the reservoir into umggleund gas
storage was made in the 1990s.

Gas pipelines are installed in directional wellsdmay horizontal drilling. The currently used dnd
technology allows reducing the costs of exploitatiof power resources, improving the availability tbe
reservoir. The purpose of the horizontal wellshat $trachocina UGS is to reduce turbulences andase gas
storage efficiency (Pielech, 2017). The workingamfy of that UGS is 360 million cubic metres.

Taking national energy security into account, isfracture development is another important facesides
building underground storage facilities. Currenthg transmission system of the Strachocina UGtisnded
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and modernised, along with the new Poland-Slovajaa interconnector. 72 kilometres of gas pipeline
Hermanowice-Strachocina shall be completed by 20it8)ding the execution of other related investtriasks.

It is an important part of the implementation oé t@entral-European North-South Gas Corridor conaept
Poland. The primary function of the new gas pipelis the improvement of the technical conditiongya$
transmission and improving the continuity and safétgas supply to recipients. The planned investsan the
national gas transmission system are presenteigjume5.

o Planned Gas Pipeline
Flanned Gas Pipeline 1 Poland-Lithuania
Baltic Pipe B GDANSK
ING Termnal f
Swinoujécie \ 5

ITH REMBELSICIVINA
ﬁ, WARSTAWA

:
Planned Gas Pipel
Poland-Slovakia

| Planned Gas Pipeline
Poland-Czech Republic

Fig. 5. Planned investments in the Polish gasgnaission system until 2023 (Gaz-System, 2015)

Gas pipelines (for example, Poland-Lithuania, Pd&zech Republic) are under development throughout
Poland. It aims at building a well-functioning amehiform (in terms of operating parameters) main gas
transmission network. Directions of physical gagmes will be diversified, ensuring flexibility ancontinuity
of supplies, and also creating conditions for tg@d growth of the national economy. It is envightjeat every
client will have an option to buy gas from a sedecsource by 2023, getting better access to theablgas
market through the LNG terminal §winoujscie (Gaz-System, 2015).

Design of energy use capacity

For the case analysed, the authors selected exgnepii@ria that can be taken into account wheroshw
gas storage facilities. The weights were assigaéddividual criteria.

F1 - Economic - the cost of expanding the undengtdagas warehouse; = 0.3;

F2 - Infrastructure - the distance from the aggloation,w; = 0.15;

F3 - Safety - the distance from other warehousges,0,2;

F4 - Environmental — the distance from nationakpaw;, = 0,1;

F5 - Technical — the injection capacity,= 0,25.
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For the criteria defined and the weights assigoathém, a list of variants for existing undergrouradural
gas storages was developed. The development afngpis an example of the development of a propasal,
what order underground storage facilities shouldobeupied or extended to cover the growing demamd f
natural gas consumption. The following table isexample of the order of selection of warehousebeo
expanded; then it can be applied to potential nesations of underground gas storage facilities €€xio,
Polaszczyk, 2018). The sum of the weights is 1. §dwe of the assessment ranged from 1-5 pointsvasd
adjusted to the data concerning gas storage fasiliicated in Poland.

Table 4. Multicriteria model for the selectionwfderground gas storage facilities to be expanded

_ — (qV] ™ < Te) © ~ [oe] (o))
- € c c € € c € c €
2 " < 5] (S (S 8 5] < 5] <
3 £ S a a a a i a i a
st K=y > > > > > > > > >
o (4]

o H

= el gl gl sl sl glal £ lulglal sl s

TR T|E| T E| T E|S| R OE T E|TE|SE

F1 03| 5| 15 5| 183 3/ 0% § 15 3 09 (5 15 |5 45| B5| 5| 15
F2 0,15 2 0,3 5107 5 [0,75 4 06| 4 06| 5| 0,75 2[ 03 3(045| 2 0,3
F3 0,2 5 1 3 0,6 5 1 3 0,6 4 0/8 |3 0,p 3 06|2 02 0,4
F4 01| 5| o5 4/ o4 5 o5 § o055 %5 05 (5 05 |5 DP5|®| 5| 05
F5 0,25 2 0,5 2 0,5 2 0,5 4 1 5 1,252 0,5 1| 0,29 30,751 3 |0,75
Total

variant

evaluati| 1 3,8 3,75 3,65 4,2 4,05 3,85 3,15 3,6 3,45
on

Variant 1 — Daszewo
Variant 2 — Bonikowo
Variant 3 — Kosakowo
Variant 4 — Wierzchowice
Variant 5 — Mogilno
Variant 6 — Brzénica
Variant 7 — Swarzow
Variant 8 — Husoéw
Variant 9 — Strachocina

The cost of expanding the warehouse:

5 - Depleted reservoir, Mines, 4- Aquifers, 3- Qalvern.

Infrastructure - the distance from the agglomerati (gas transmission infrastructure) - up to 59-k5, from
50 - 100 km - 4, from 100 - 200 km - 3, from 20®5Bm - 2, over 500 km - 1. Adopted cities for
agglomerations - Warsaw, Krakéw, Katowice, @slg Wroctaw, £6d, Pozna.

Safety - the distance from other warehouses (8gareip to 50 km - 1, from 50 - 100 km - 2, fro®01- 150
km - 3, from 150 - 200 km - 4, over 200 km - 5.

Environmental - the distance from national park® national park in the area of 5 km - 1, fromH-km - 2,
from 10 to 20 km - 3, from 30 to 50 km - 4, overls0 - 5.

Technical - the injection capacity - up to 1 noilim3/day - 1, from 1-2.5 million m3/day - 2, frab to 5
million m3/day - 3, from 5 -8.5 million m3/day - d4bove 8.5 million m3/day - 5.

Table 5. The proposal of the order of expansionnaferground gas storages

No. Variant number Name Total variant evaluation Targe_t Cap‘;‘c“y
million m
1. 4 Wierzchowice 4,2 1200
2. 5 Mogilno 4,05 841
3. 6 Brzenica 3,85 100
4. 1 Daszewo 3,8 60
5. 2 Bonikowo 3,75 200
6. 3 Kosakowo 3,65 250
7. 8 Huséw 3,6 500
8. 9 Strachocina 3,45 360
9. 7 Swarzéw 3,15 90
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Based on the information available on the pageBadish Mining and Gas Extraction Company (Polskie
Goérnictwo Naftowe i Gazownictwo), a multi-critemiaodel for the development of existing gas storagdifies
was developed. The results presented in Table 4rastempt to choose the order of expansion oéharses
in connection with the growing demand for naturak gn the coming years. The criteria should be saegl
accordingly to the requirements and expectationanaferground gas storage facilities. Based on theria
defined by the authors and the weights assigneteim, a certain sequence of extending existing hearges
was established along with the target capacitynmlbon cubic meters. The offer is presentedable 5,along
with the target capacity in a million cubic metéfhe proposal is presented in Table 5.

The proposed use of the multicriteria model ancreining the order of selecting individual objeids
only an example that can be used to select newidmsafor underground gas storage. The authors taldlee
lack of access to detailed information, chose tliter@a allowing for the use of publicly availabttata. When
selecting the location of gas storage, a numbé&natbrs related to technical aspects, construaasts, distance
from main pipelines, expansion of the gas transonsistallation, and distance from end users ghbel taken
into account. It is also recommended to pay aterth safety-related aspects by considering tapeieded to the
risk of explosion and fire.

Conclusion

Most EU countries rely on the import of earth g#sis followed by the growing significance of
underground gas storage facilities as the keygfdhe gas supply system. USG facilities ensurersgcagainst
sudden supply interruptions and balance seasonahmt® variations, optimising the operation of the gapply
system in a given country. As a strategic tool,argtbund gas storage facilities improve the ensegyrity, but
may also be operated as commercial undertakingsyrielg compensation of the financial outlays armal/joling
profit from the fees charged for storing fuels ébiner countries.

Poland has proper geological structures, suitaiéhe development of underground gas storagetfesil
Currently, Poland's energy policy is focused onueng energy independence of the country by the
diversification of sources and directions of suggpli Certain projects aimed at the development and
modernisation of the gas extraction and transnissifrastructure are being executed. Another egddattor
is the development of underground gas storageitfasil A growing trend in the numbers and the capaaf
UGS can be noticed in all EU countries.

Ensuring proper reserves of the blue fuel determthe energy security of a given country. Deplejad
and oil reservoirs, salt caverns and aquifers camuded as storages of fuel resources. Gas stoaagdities
should be situated over the entire area of the tepupossibly closest to the recipients. Additidpathere is
a need to extend the existing storage capacitytaltize obligation to maintain gas reserves in adsefailure
or a sudden increase in consumption. The foreeasisme a fifty percent increase in gas consumptien the
next few years. Therefore the analysis of the gasage system indicated the necessity of furth@idra
development of the underground gas storage netwloéely related to using gas as an energy carrier.

One of the elements facilitating the decision-mghkinocess may be an application of a multi-criter@del
to the selection of a location and establishing dppropriate sequence of development of undergraasd
storage facilities. The selection of required cidterelated to construction costs, depending ontyipe of
warehouse, costs of infrastructure developmenhnieal, environmental or security aspects and tloeation
of appropriate weights, may facilitate decision ingkin the face of high investment expenditures emantry
security related to the growing natural gas demdik proposed solution based on appropriate paesmet
important from the perspective of the strategiclgoathe state may prove to be a helpful tool.
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