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APPLICATION OF GIS FOR INVENTORY POLLUTION SOURCES
AND STORAGE SITES OF CARBON DIOXIDE

A. V. Osipova, A. V. Dvoynikov, M. V. Beskrovnaya

Introduction. Performed analysis of Ukrainian stationary sources of carbon dioxide emissions (CO,) into the
atmosphere and the geology of eastern regions leads to a number of preliminary recommendations for further
scientific and technological research to be carried out to provide process of implementation of CCS technologies
in Ukraine.
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The study was carried out in the framework of the Grant No. DCI/ENV 2010/243-865
“Low-Carbon Opportunities for Industrial Regions Of Ukraine (LCOIR-UA)”, which is
implemented by the Donetsk National University (Ukraine) and funded by the European
Union.

The potential of Sourses of CO, Emissions. Using the information of the 5 open
databases: IEA, BELLONA, CARMA, DTEK and BIOMASS,- as well as new more data
obtained directly from the thermal power plants, iron and steel, coke, cement, chemical plants
and oil refineries, geographic information system(GIS) sources of CO, were established. The
study covers five eastern regions of Ukraine (previously mentioned).

This GIS in the test mode is available on the LCOIR-UA project website and businesses
can read this data about their emissions of CO,, which are listed in network connections, and
correct the data in accordance with the actual volumes of emissions of the enterprise.

Using this GIS, one can estimate the amount of CO, emissions from a particular
company, as well as obtain data about its geographic location and other useful information
about the company (5 variants of icon size of enterprises conform to the following gradation
of enterprises in terms of emissions of CO,: 1Mt/year or less, 1-4 Mt/year, 4-7 Mt/year, 7-10
Mt/year. 10 Mt/year or more).
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Fig. 1. GIS of CO, sources of emissions in eastern Ukraine.
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GIS makes it possible to simultaneously analyze all the enterprises of chosen industries
of the Ukrainian economy (Fig.1), or consider only companies in selected industries: coal-
fired power stations (as of 2011, the share of coal in the fuel thermal power plants is more
than 97.5% vs 52.3% as shown in the CARMA) is currently represented in the G1S4 12 gas-
fired plants-1; steel mills-13; coking plants-14; cement plants-8; various chemical plants
(including oil)-3 [1].

It is planned to extend this database with data on CO, emissions from all enterprises
which are the major air pollutants in these regions — the enterprises of housing and communal
services of the city, houses in the private sector, as well as from road transport.

As this GIS is based on informal sources of information, the real value of the volume of
CO, emissions from particular company may differ from the values presented in the GIS. In
such cases, an enterprise may apply to the LCOIR-UA project website with a proposal to
update the information on the volume of CO, emissions, to be in line with the official
statistical reporting of the enterprise. Such regular updates on the amount of CO, emissions
would indicate a commitment to a responsible attitude towards the problems of global climate
change and an awareness of the role of a “carbon footprint” in the occurrence of these
problems [2].

The potential of CO, Storage Reservoirs. Pumping of CO, in geological formations
has more than thirty years of experience working to improve oil and gas recovery beds. In
addition, in recent times numerous studies on the geological storage of CO, are held in
various countries. As a long-term storage of CO,, porous or fractured sedimentary rocks
(collectors) are mainly considered, limited by the surrounding mountain environment and the
earth’s surface with low permeable or substantially impermeable rocks (confining or tires).

It should be noted that natural gas storage (including combustible ones) of natural
genesis are reliable over hundreds of thousands or millions of years, leakage of these gases
are negligible. There are three main types of formations where geological storage of CO; is
possible: oil and gas basins which are depleted or are in some stage of depletion deep lying
saline formations and have no commercial coal seams.

There are three main types of formations where geological storage of CO, is possible:
oil and gas basins which are depleted or are in the stage of depletion, deep lying saline
formations, and have no commercial coal seams. Among other possible geological formations
basalt and shale oil are also considered, but their potential remains insufficiently studied.

The success of the method of the geological storage of CO; is confirmed by the results
of experiments carried out at different times of the companies MRCSP, MGSC, SECARB,
SWP, WESTCARB, BIG SKY, PCOR (USA), as well as in projects Weyburn, Fenn Big
Valley (Canada), Sleipner (Norway), Yubari (Japan), Qinshui Basin (China), ets.

Search and selection of geological structures and horizons that can serveas long term
storage of CO; in oil and gas basins is based, as a rule, on the results of the previous searching
and exploration works, and the determination of the potential areas for CO, storage requires
additional research.

In Ukraine, there are large oil and gas provinces with large amounts of productive
horizons. One of the largest oil and gas regions- the Dnieper-Donets Basin is located within
the boundaries of two large structures-the Dnieper-Donets Valley (DDV) and the Donets Coal
Basin (Donbass). Gas presence of Dnieper-Donets basin is closely related to the clastic
sedimentary rocks of the Middle and Upper Carboniferous and Lower Pernian. The Methane
gas content of Donbass is also associated with the coal-bearing Carboniferous strata.

The results of previous exploration works has shown that the geological conditions of
DDV and Donbass one of the most promising gas-bearing areas are the areas with the stored
hydro chemical sediments of Permian age. The important role of hydro-chemical sediments of
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Permian age. The important role of hydro-chemical deposits in their good insulating
properties (alternating-tight oil and gas layers of rock salt, gypsum and anhydrite dense). The
location of hydro chemical sediments in the upper part of a large cycle of sedimentation
where lithofacies composition is dominated by rocks with good reservoir properties is also
important [3].

These factors combined with high power gas permeable sedimentary rocks, have creted
favorable conditions for the free migration of hydrocarbons and their concentration under an
impenetrable veil oh hydro-chemical sediments. In the Donbas Lower Permian hydro-
chemical formations are developed in the north-western part within Bakhmutskaya and
Kalmius Toretskoy-basins. The structure Bakhmutskaya and Kalmius-Toretskoy basins
contains three floors: the Paleozoic, Mesozoic and Cenozoic. Mesozoic and Cenozoic
structural floors are unpromising in terms of the geological storage of CO..

The results of analysis on the possible areas of geological storage of CO, have been
merged into a single GIS of storage of CO; (fig. 2), which is available on the project website
and shows the following: Devonian salt stocks, Permian salt bearing sediments,
Carboniferous coal-bearing deposits, Devonian boundary saline aquifers horizons, the border
of the Paleozoic sediments, the Dnieper-Donets gas-and oil-bearing basin and the Donetsk
coal basin, as well as the location of the main sources of CO,-energy enterprises and steel
sectors.
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Fig.A2. GIS of CO, éforage areas in the Ukrainian target regions.
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Fig. 3. Geographlc Iocatlon scheme of clusters of sources of CO, emissions, p055|ble sites for the geological
storage of CO, and the direction of transport of CO, from emission sources to the geological storage sates.

Recommendations on the allocation of plots of CO, storage. Operation proceeds to
the step, which includes analytical studies of reservoir properties of each layer at different
depths, mineralogical and spectrographic analyzes of rocks that form the horizon, the study of
hydrodynamic, hydro-geological and structural-tectonic features of the entire thickness to the
depth of the proposed store. Based an these data collector capacitance can be calculated.

Only when the full complex of studies will be carried out, the conclusions about the
suitability of the selected horizons for long term storage of CO, will be made, and most
importantly — the conclusion of the environmental services of process safety injection and
storage of CO; to the environment and people, it will be possible to proceed to the stage of
preparation of experimental studies. Based on the results of foreign geological storage of CO,
and features of the geological structure of the Donets Basin Districts (Novomoskovskiy,
Petrikovskiy, Lozovskaya, Starobelsky and North-western outskirts of the Donbass) are
proposed for further study of their potential geological storage of CO..

Summarizing the results of these preliminary studies, which are based on open sourse
information, the geographical location scheme of clusters of seurces of CO, emissins, possible
sites for the geological storage of CO, and the approximate direction of transport of CO, from
emission sources to storage tanks was built, where conventional sources of CO; clusters are
marked with yellow hatched ovals, from which the blue arrows indicate the approximate
direction of transport of CO; to the alleged sites of storage — brown dash-dotted ovals (fig. 3).
Furthermore, black squares show the location of existing coal mines near which reservoirs for
CO, storage fundamentally cannot be placed [4].

The Figure 3 shows the location of exploration wells from which the samples were
taken in order to determine the porosity of rocks by means of computerized tomography on
the synchrotron.Hereinafter 5 samples have been studied in the software avizofire with 2-
times and 10-times enlargement. Obtained porosity value is about 3, which allows us to make
a preliminary conclusion of the promising use of Donbas sedimentary deposits for long-term
CO, storage [5].
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VJIK 544.18-544.176
MP2 TA DFT JOCJIIJPKEHHS BHY TPIITHbOMOJIEKYJIAPHOT
JUHAMIKMU 2-TTITPIAUH-2-1JI-1H-BEH3IMIZIA30JIA

K. B. Pynvosa., O. B. Pakxwa

Pestome. Y pobori npencrasneni pesynbsratd DFT i MP2 TeopeTHdHHX DOCHTIIKEHb BHYTPIITHBOT TUHAMIKA 2-
(mipunuH-2-im)-1H-6er3iMina3zony. B HaOmmkeHHI NaHMX METONIB PO3paxoBaHI CTPYKTYpHI MapaMeTpu Ui
KoHpopmepiB 2-(mipuauH-2-i1)-1H-0eH30imMina3omy, OIiHEHI 3HA4YeHHS BHYTPIMIHIX Oap'epiB OOepTaHHSA,
pospaxoBani ximiumi scysu smep 'H i '°C. BukoHaHO TOpIBHSNBHMII aHANi3 pO3PaxOBaHHX Ta
eKCIIEPUMEHTAJIbHUX BETUUUH.

Kniouosi  cnosa.  2-nipinun-2-in-1H-Oensimigazon, DFT, MP2,  wmonekynsipHe  MOZEIIOBaHHS,

BHYTPIIIHFOMOIIEKYJISIPHA TUHAMIKa, KOH(pOpMepH.

Beryn

[ToximHi OeH3IMiga30ily — MEpPCHEKTUBHI CIONYKU-TiIEpH B JU3aiiHI JIKAPChKUX
IpernapariB, 10 MarThb AHTHUMIKpPOOHY, NMPOTUBIPYCHY Ta HPOTHPAKOBY AaKTHUBHICTH [1].
BBenenns B cTpykTypy O€H31Mia30y MIPHAMHOBOTO (parMeHTa 3ade3neuye JT0JaTKOBUMA
KOOpAMHALIMHUN IIEeHTp 1 BIAKPUBAE LIMPOKI MOMIMBOCTI JJISi CTBOPEHHS HAa OCHOBI TakKoi
CTPYKTYpH OIOMIMETUYHUX KATANITUYHUX 1 CEHCOPHUX cHCTeM. EdeKkTuBHICTh 1
CEJIEKTUBHICTh TaKUX CHCTEM Oyze 3ajie)XaTu BiJ KOHPOPMALIHHIX BIACTUBOCTEHN MipiIUH1I-
O€H31M1/1a30JIbHOTO (PparMeHTa.

IToxigni OeH3iMiZa30idy, SK BiOMO, MaroTh IlikaBi (oToximiuHi 1 (oTodiznyHi
BIacTHBOCTI [2-6]. ¥ pobotax [7-12] 2-mipigun-2-in-1H-0eH31Miga301 MPONOHYETHCS SIK
MOJIeJIbHA CIOJNyKa /s BUBYEHHS BMICTY BOJM Yy MeMOpaHax NaJUBHUX €JIEMEHTIB.
Mornekyna icHye SIK MOHOKATIOH, JIKaTioH abo y HeWTpanbHiil (opMi B OCHOBHOMY CTaHi,
3aJIeKHO Bl  KHMCJIOTHOCTI  CcepeloBHINA 1 3a3Hae  30yI)KEHOro  CTaHy IHpu
BHYTPILUTHBOMOJIEKYJISIPHOMY T€pEHECEHHI NMPOTOHA 3 YTBOPEHHSIM TayTOMepHOi ¢opMi y
30ymkenomy ctadi [10]. Lleit npouec BiiOyBaeThes uepe3 BOJHUI MICTOK, IO CKIIAJAETHCA 3
OJTHI€T MOJIEKYMH BOJM, a00 MUISXOM Iepefadi aToMa BOJHIO 3 a30Ty IMiAa3oiy B a30T
nipuauny [10-13].

Mertoro nmaHOi poOOTH € BHBYEHHS BHYTPIIIHHOMOJICKYIISIPHOT TUHAMIKH 2-TTipianH-2-
in-1H-6en3imizasony Ta mapamerpis ioro SMP ‘H i *C crekrpis MeTonamu xomm'ioTepHoi
Ximii.

ExcnepumenTajibHA YaCTHHA
ExcriepuMeHTanbHi criekrpockorigni SIMP 'H i BC nocmimkenns 2-nipiguH-2-i1-1H-
oenzimigazony (PBI) Bukonani Ha mpuctpoi Bruker Avance II 400 (400 MI'u st simep 'H i
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