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Abstract

This paper describes an overview of particulartsahs and approaches to dealing with the issueudfan dioxide storag
options in the Slovak Republic. It also deals with bptions otapture and subsequent storage of carbon dioxidedergroun
geological formations. The Carbon Capture and Stof@@S) technology, which seems to be very promisintis context, i
one of such technologies. Smaller or larger CCS piojre carrié out in different countries around the world. Tedmtributior
emphasizes the overview of solutions and approatthéise issue of dealing with G@nd options of its storage in Slova
Concept of C@storage in deep geological formations has bothufgporters and opponents. Global climate changésikeiy
be a very important factor that could significarthange the life conditions on the Earth.

Keywords:Carbon Capture and Storage, Carbon Dioxide, coahsgadepleted hydrocarbon deposits, salt deposits.

Introduction stored over tens or even hundreds of years.Thedarg
Various debates on the effects of greenhouse gas#srage quantities are offered by these potertisbhge
on the global warming affecting the Earth are heldites:

nowadays. According to many climatologists, these i depleted oil and natural gas fields

no doubt that humans and their activities, pardidulin coal seams

the form of increasing greenhouse gases (suchrbsrca deep saline aquifers (Fig. 1).

dioxide), are the main factors of the increasingrage The total capacity of particular storage options is

annual temperature. According to the so-called afém listed in Table 1 [5].
sceptics, however, the natural cycles, such as th
fluctuation of solar activity, are the main cau$global

warming. A theory about whether a thing like global

Fable 1 - The global capacity of particular carbon
dioxide storage options [5]

warming even exists is worth thinking [1-3]. Type of structure Storage capacity
in Gt of CQ
Carbon dioxide storage Deep saline aquifers 400 — 10 000
For energy storage gases there are usually uggSkpleted oil and natural gas fields 930
high volume underground tanks or above grountcoslseams 30

pressure tanks including tanks for storage of dqui
gases [4]. Various methods, which are used forazarb

dioxide storage in suitable geological formatioesol |,-4¢aq sufficiently deep down below the surfackere
f[he . Ea_rth S surface, are currently  undetyore are such strong pressures that would kedjprzar
investigation.This technology is called CCS (Carbogjoyide in liquid state of matter. Otherwise, it wid

Capture and Storage). _expand, find access to the surface and leak into th
Injection of CQ into underground geological atmosphere [5].

formations is the basis of the carbon dioxide gfera
method. Geological structures offer enormous caigsci
so that global emissions of carbon dioxide could bﬁatu

There is a precondition that these sites must be

Options for CO, storage in depleted oil and
ral gas fields

The first method, which has successfully been
implemented for several years, is £Q@toring in
depleted oil and natural gas fields.This idea camén
connection with ultimate recovery of the last remmag
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Figure 1 — The large pollution sources with estimatd carbon dioxide production
exceeding 1 Mt of CQ in 2010 together with the major regional sourcesy]

enhanced by using GQnjection (it is the so-called Power plant capturing COz
EOR method, the Enhanced Oil Recovery) by 10 t
15 % (Fig. 3), are the potential storage sites (]—1
Ideally, enhanced petroleum yield can eliminat
the costs of C@capture and storage. This method ha
been applied for several decades, particularlyhie t'
United States. Two objectives are achieved this wa :.'_\
(Fig. 2): CQ storage and enhancement of petroleur g
R

Coal seams

Pipeline
yield making the methodology cost-effective. The
following basic conditions must be met in the above
mentioned cases: Depleted oil and natural
minimum depth of the storage site must b gas fields
approximately 800 m below the Earth’s surface, whet
carbon dioxide is in the so-called super critidates that
is represented by a pressure of 0.74 MPa (7.4 bac)
a temperature of 31.1°C. It has properties of aidigand
a gas in this state.
hanging wall of the storage area must b
impermeable and undamaged (by tectonic activities u
previous wells). Figure 2 — Ways and options for CQ storage [8]
the sealing effect of the reservoir is required too
Inert gas injection experience should be used 1
create CQ@ storage. Such projects have beel
implemented in France [9]. The implementation pssce ¥
should include the following stages: _
reservoir selection;
reservoir data collection and analysis;
modeling of injection. _____ﬁ_]:__d__ﬁ_ =
Reservoir selection part should include the .

Deep saline agquifers

COz injection well

following information: T o . ""'\“"
total storage capacity; CcO:  |displd
number of existing wells; }
strategic importance to the company's system. ——J. e

The first two criteria are based on economic an..
technical considerations; the last prescreeninter@  Figure 3 — Scheme of C@storage by the so-called

are risk-based criteria that allow a company tdwde a EOR method [4]
field that has high strategic importance. Durinig trart
of the project the fO”OWing features should be ghiu absence of |arge-sca|e heterogeneities;
and evaluated: existence of a well (or wells) for G@njection;
high base gas fraction; existence of wells for monitoring performance
high structural closure; after injection;
isolated area for C{placement; existence of a well (or wells) for tracer testing;
large downdip area; availability of data for reservoir modeling.
thin reservoir; These criteria are based on technical or technical-

favorable porosity and permeability in the probabl@conomic considerations.
CGO; injection zone;
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The objective of data collection is to provide data  Historical pressure/withdrawal data are an
required for an engineering analysis of any po#tntiimportant part of a reservoir simulation study. The
site. Two levels of data are required. First, etodgta specific data desired include injection and withexbh
on the site are needed to qualify the site as miging rates, flowing and static well pressures. Ideally,
candidate for such a project. Second, more detdig¢d injection and withdrawal rates will be available &ach
are required to perform an engineering analysis toell. Alternatively, injection and withdrawal ratesay
formulate an implementation plan for project useaat be available on a field-wide basis only. Allocatioh
qualified site. A general description of requirestalis field-wide rates to individual wells requires knedbe
provided in this section. of well performance, pressures in the gatheringesys

Most of these data are required to provide input tand in the reservoir, and the usage pattern ofswasll
reservoir models and can be put into the followinghe operator. Periodic backpressure tests on wells

categories [11-18]: provide an excellent basis for allocation of figlitte
reservoir data; flow rates. Liquid production rates should be afxdi
fluid data; as well. These data are used for history matching
performance history data; purposes to refine the description of the reservoir
dispersion data. Generally, flow rate data are input to the modet] the

Defining the reservoir includes detailed geologicatomputed pressure data are compared with actual
data (e.g., depth to the top of the structure, neteasured pressures as functions of both time and
thickness, position of a gas/water contact, exwm position in the reservoir.
strength of any associated aquifer, and the degrkes For such studies we can use extensive experience
layering of the reservoir), petrophysical infornoati in the analysis of cyclic operation of undergrouyas
characterization of injection/withdrawal and obsgion  storage in Western Ukraine [21-23].
wells, and inventory data. This information is uged The degree to which G@nd natural gases mix in
characterize the structural or stratigraphic tragpi a gas storage reservoir will have a large impacthen
mechanism, establish the areal and vertical liofithe design of any C@project. Reservoir heterogeneities of
reservoir, identify the presence of lenses andhgints, all scales (from variations in individual pore tato
and delineate the distribution of fluids in theam®ir. dimensions to larger scale areal and vertical tiaria
Sources of this category of information consistraiiily  in rock properties) do affect mixing and must be
of well logs, analyses of core and/or cuttings fronaccounted for in the reservoir simulation to arratea
wells, well completion and testing information. 8mic meaningful CQ injection strategy. The best method of
data, if available, can be used in defining stietand estimating the dispersion coefficient is to perfoem
stratigraphy. Knowledge of regional geology helps itracer test a direct measurement of dispersionhen t
filling data gaps by extrapolation/interpolationaneas reservoir in an area of the field where the @@tural
where well data are sparse. gas interface is expected to be. A tracer testhuagothe

The desired petrophysical data include porositypjection of natural gas spiked with a small
water saturation, permeability, relative permeé&hili concentration of tracer gas. The concentrationhef t
capillary pressure, and rock compressibility. Théata tracer is then monitored as it mixes with untraged in
are used to compute gas-in-place; to describe adpatihe reservoir.
variations of porosity, water saturation, and The objective of the modeling is to describe the
permeability; and to determine the transmissivify ostatic (reservoir pore volume) and dynamic (chariges
reservoir fluids. Primary sources of these datavesl reservoir pressures as a result of storage inject/
logs, well testing, and core analyses [18—20]. withdrawal operations) characteristics of the gjera

Characterization of wells includes compilingreservoir and any associated aquifer. The finadrxesr
information on exact bottom-hole location, size oflescription arrived at by the engineering analghisuld
tubulars, type of completion, completed intervédbwf be able to predict the long-term performance ofghs
potential, skin (damage or stimulation), and workov storage in the presence of €@¥oject. The results of the
history. These data are essential for reservoiulgition  engineering analysis will be used in the detailest r
and can be found in well files. The required inoent assessment for assigning probabilities to the eveat
data include an estimate of total gas in the fizéda As the calculations are too complex to be done by
function of time and as determined by volumetrid anconventional tools of reservoir engineering,
material balance methods. The purpose of this eerc mathematical models are used to describe the piysic
is not only to determine the integrity of the styggdield processes occurring in a reservoir. The equatices u
but also to generate confidence in the estimateel&i in such models are generally non-linear and require
the storage reservoir. If gas has been lost franfithid, numerical solutions using a computer program.
there is also needed an estimate of when and has.mu

Fluid data required include  viscosity, Options for CO, storage in depleted coal
compressibility, and density for gas and liquid $¢® deposits
For both phases, these properties are input asciidn One of the options for CQOstorage is non-

of pressure. Primary sources for these data aiedier produced or abandoned coal seams. Deep coal seams
sample analyses for fluids produced and/or injedtéd  can not sometimes be mined because they are toorthi

not uncommon to simply have compositional analysgdaced too deep, which reduces their economic
performed on samples. importance. However, they usually contain a certain
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amount of methane [5]. Coal can absorb carbon dexi CO, storage options in the Slovak Republic

very well. Therefore, it makes suitable environmfemt Although the sites in the Vienna Basin are
its storage. Gaseous GQs injected through wells, considered to be the most suitable for this purpthesy
flows through a porous coal system, is disperstxddtie are and will probably be used for natural gas sggra
coal seam and is adsorbed into the micro pores {ffig even in the futureA feasibility study of hydrocarbon
Forcing CQ into coal seams showed that £kbnded deposits located in Eastern Slovakia, which aneatsd
coal better than methane, which resulted in reledise near several producers of carbon dioxide, is ctigren
methane. The coal seam produces methane, which dsing prepared. The sites are, for example, Senné,
be used economically, due to the placement of earb&tretava, PozdiSovce — Trhoviste. There are alsdlam
dioxide. Since coal seams had been storing metfmgine potential storage sites such as Banovce nad Ongdavou
tens of millions of years, it is very likely thatay will ~ PtrukSa, Vi#ov, TrebiSov and Kravany (Fig. 5). The
similarly bond CQ for next tens of thousands of yearstotal potential storage capacity of these ared9i8 Mt

The CQ storage in coal seams is subject to: of CO,. Since the Senné storage site was considered as a
the physical properties of the stored carbopossible future natural gas underground storagétyac
dioxide. it appears to be the most promising out of all thoe
the physical properties of coal. purpose of carbon dioxide storage. It was foundtioat
the geological characteristics of the potentiathis area can store about 15.2 Mt of £8n important
storage site. factor when considering the storage in these sitéise
bt fact that several large G®ources, such as Vojany — an

Producing well annual CQ production of over 2.6 Mt and the
compressor station of Vké KapuSany — C&production
of 0.45 Mt, are located only a few kilometres frtmase
potential CQ storage sites. On the other hand, these
ased suitable storage structures are located in popllate
areas, and therefore the residents will naturallytd
avoid having a facility like this near their homes.
Another option, which can be used to store carbon
dioxide in Slovakia, is coal seams (Fig. 6). Th&eptal
storage sites of this type are located there wbeat is
currently extracted in the Slovak Republic.
Theoretically, these areas will be available for,CO
storage after having been depleted. These sitdsdimc
Novéky, Handlova, Cide which are located in the
Upper Nitra Basin. Another important area of brown
coal occurrence is located in the South Slovak Basi
where there are verified coal seams in the Modry
Kamaei, Horné Strhard.uborietka, Zitava,Cerveiany
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methane

change of partial pressure
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Figure 4 — Scheme of coal methane displacement
by CO, injection into coal seams [4]
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Figure 5 — Options for CO, storage into the depleted hydrocarbon fields
in the Eastern Slovak Neogene Basin [6]
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® exploited deposit
© non - exploited deposit

The following exclusive brown coal and lignite dsjis are registered in Slovakia:
Brown coal: 1st Novaky, 2nd Citje3rd Handlova, 4th Modry Kanig5thuborietka, 6th Ziltava,
7th Horné Strhéare, 8th Viey Lom, 9thCerveiany, 10th Starovo-Obid,;
Lignite: 11th Gbely, 12th Katy, 13th Stefanov, 14tk3arska Nova Ves, 15th Beladice, 16th Pukanec,
17th Kosorin, 18th Hnojné

Figure 6 — Brown coal and lignite deposits in SloJaa [6]

and Véky Lom deposits, in the Lower Miocene. There
is a known brown coal deposit, Starovo (Obid), fie t 10000
Danube Basin, in the Starovsky Palaeogene. Lignii 9000
deposits located in the Slovak part of the VienaaiB, 80004
Gbely — Kity, where the only deposit, Gbely, is 7000
extracted, are also significant. Beladice and Pe&an gggg
(Fig. 6) are famous lignite deposits in the nonthpart
of the Danube Basin, in the Komjatice Valley. The
famous deposit of Hnojné of low rank lignite seams
been located in the Eastern Slovak Basin since s.95(
There are not any verified potential storage cajgacin
relation to the future COstorage options in these 1000
deposits [5, 6, 10]. (
The largest producers of carbon dioxide ,O6®
2013 are mainly companies which are located mamly
the territory of Eastern Slovakia (see Fig. 7).rRran
economic point of view it would be stored carbor
dioxide into the excavation hydrocarbon deposibts
in the territory in the eastern part of Slovakia.
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Conclusions

The notion of CQ storage in deep geological
structures also has its opponents. Some of them cla
and are convinced that this is a dead end of téahno
gical development, particularly because it is vengrgy
demanding. They argue that the CCS technology id-igure 7 — The largest producers of carbon dioxide
mostly promoted by particular mining, petroleum and COs in Slovakia (Mt / year)
natural gas exploration and production companiég T
mining companies see carbon dioxide-emissiomeans for other methods of €€missions reduction;
reduction like a way to continue mining and burnofg in particular for the equipment and energy efficie
coal, the latter like the opportunity for increapimsage development and renewable energy sources, which are
of oil and natural gas fields. Their other objectis a potentially more sustainable. The issue of veryrgye
fact that the CCS technology is not sustainablaligivs demanding operation of the CCS technology is mainly
putting off solving the current problems to theuhet worth considering. Global climate changes will likbe
and that technology itself causes other problerhgeyT a very important factor that could significantlyacige
argue that the financial means, which would be ste@ life conditions on the Earth. According to our dpims
in the development and operation of the CCS tdoggp and due to the aforementioned fact, it is neceseargt
would drain off a portion of the allocatiishncial part of science research to focus on the issuearbbn

dioxide capture and storage.

Slovenské elektrarne a.s. Novaky
Povazska cementarefi a.s. Ladce

Slovenské elektrarme a.s. Vojany
SPP a.s. Zavod 01 Vel'ké KapuSany
SPP a.s. Zavod 03 Velké Zlievce

PPC Enetgy Group, a.s. Bratislava

SPP a.s. Zavod 02 Jablonov nad T
Carmense Slovakia s.r.o. zavod Kogice
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MoxxnuBocTi Ta nepcnekTMBU NiA3eMHOro 36epiraHHA BYrneKuUcrioro rasy
B CnoBaubkKin Pecnybniui

A HiHKal, I IIleomuHCKul, 0. CycaK2

Y Texniunuii yHigepcumem 6 m. Kowuye;,
Jlemns 9, 04200 Kowuye, Pecnybnixa Cnosaxis

2 . . . . . . . . i
leano-Dpanxiscokutl HayionanrbHull MexHivnull yHisepcumem nagmu i 2azy,
eyn. Kapnamcoxa, 15,m. Isano-@panxisecvk, 76019, Vrpaina

B crarTi mogaHO OIS KOHKPETHUX PIIICHB 1 MiJXOJIB 0 BHUPIMICHHS MUTAHHS MPO MOXIUBOCTI 30epiraHHs
nBOOKUCY Byriemo y CroBauymHi. PO3MISHYTO TakoXK NUIAXHM YJIOBIIOBAHHS 1 IOAANbIIOTO 30epiraHHs
BYTJICKHCIIOTO ra3y B MiI3EMHHUX reoJIOTiYHUX (opmanisx. TexHooris ynoBmoBanHs i 36epiranus Byriewio (Y3B),
sIKa 31a€ThCS TOCUTH MEPCICKTHBHOK B JaHOMY KOHTEKCTI, — OJIHA 3 TaKUX TEXHOJOTrii. B pi3HMX KpaiHax CBITY
BUKOHYIOTh BeNUKi 1 Maii mpoektu 3 Y3B. Ile 3yMOBIIO€ BaXIMBICTh IOIIYKY pIilIEHb Ta MiIXOMIB J0 IUTaHHSI
CO, i moxmuBocTelt #oro 30epiranHs B CnoBavyuuHi. Konnenmis 30epiranas CO, B MIMOOKHX TIeOJOTIYHUX
(dhopMarisx Mae IPUXMWILHUKIB Ta IPOTUBHUKIB. [ T00ANBHI 3MiHH KIIIMaTy — JAy)Ke BOKIUBUN (QaKTop, SIKUH MOXKE
CYTTEBO 3MIHUTH YMOBH KHTTS Ha 3eMITi.

KirrouoBi cnoBa: suchasiceni podosuya 8y2ne8o0Hie, 8yeiibHi naacmu, 0800KUC 8Y2aeyio, COMSAHI po0osuyd,
VAOBNI08AHHSL MA 30epicants 8y2reyio.
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