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Abstract

It was showed results of GBtorage capacity estimation in aquifers and hyahtwan deposits in Poland, which were achieved
within realization of 6 FP project EU GeoCapacity. frage capacity was calculated in Mesozoic acpdé regional scale
(Lower Cretaceous — 7,647 Mt, Lower Jurassic — 43,BR, Lower Triassic — 26,494 Mt) and for selecte® geological
structures (3,522 Mt). Storage capacity calculdfi@d Polish hydrocarbon fields, using an assumptainl:1 volumetric
replacement of hydrocarbons with supercriticab(d©®764.32 Mt and storage capacities of particiigdds are diverse.
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Introduction

The EU GeoCapacity Project (run within frames & EU " FP in 2006 — 2008) aims to spot and list main, CO
emission sources in European countries, espedmll® countries not covered already within the fearof previous
EU R&D projects (Bulgaria, Croatia, Czech Repuhblisfonia, Hungary, Italy, Latvia, Lithuania, Polafbmania,
Slovakia, Slovenia, Spain) together with as wellt@sestimate regional and local gGtorage potential of the
mentioned countries, the Project participants.

Within frames of the EU GeoCapacity Project auttemtimated C@storage volume within aquifers in Poland of
regional magnitude (Lower Cretaceous, Lower Jucassiwer Triassic) and in tectonic structures pthoe these
aquifers (R. Tarkowski & B. Uliasz-Misiak) as wels in hydrocarbon deposits (A. Wéjcicki). Capaeisgimation
was performed according to methodology proposddarProject.

Estimation of CQ storage volume within deep brine aquifers andtémtonic structures localized there was
limited to calculation of the volume resulting fratructural trapping.

In case of hydrocarbon fields the selection of fidsstorage sites was based on ultimate resepredifction by
now plus remaining proven reserves of oil and/@)geeservoir depth — ensuring €®@ill appear in supercritical
conditions there and production history.

1. Deep aquifersand geological structures suitable for CO, storage

The best conditions for underground £&dorage occur within significant part of the Plollsowlands (Northern
and Central Poland). There are found sedimentazksrof miscellaneous age (mainly Mesozoic and Ceiopz
geologically well defined. They do possess goo@masr properties while being characterized by datigickness,
extent and porosity, less by fractures or fissiFég. 1). At the top they are sealed with thick anmeable rocks
[9].

An analysis of deep aquifers in the Polish Lowlami®lved data on the existence of thick reservoaks, lack
of contact with potable water aquifers, positionage depth (below 1000 m), good geologic recogmitevel,
existence of the overburden indicate 3 Mesozoidfaxgu(Lower Triassic, Lower Jurassic and Lowert@ceous) as
the most adequate sites to quest for reservoirdomadions of geological structures for undergrooadoon dioxide
storage [9]. It does not exclude any possibilityd&fining suitable locations within other areasotiner deep
aquifers (e.g. Upper Triassic).

Lower Cretaceous. The Lower Cretaceous reservoir horizons consiainip of sandstones and sandy and
carbonate-sandy deposits of Barremian-Albian adeyTare separated by discontinuous series of lodvreom
permeable sediments composed of siltstones andtamgds Depth of the Lower Cretaceous successiondaps
between 0 m (at outcrops) to over 2800 m belowstiréace level (Mogilno Trough).

Total thickness of the Lower Cretaceous successinges from several dozen metres at basin periphenas
to several hundred metres (500 m) in the Mogilnough. Percentage of water bearing deposits withénLiower
Cretaceous section is versatile and varies betd@gn- 100% [1].

Within Lower Cretaceous section, the sandstonesetamd Middle Albian age make up a potential resierv
suitable for CQ storage. This deposits display the best reseproijperties within sections of the Mesozoic Polish
Lowlands. The Lower Cretaceous formations are aimrbver most of the area by Upper Cretaceous rocks
(limestone, chalk) characterized by low permeabditd being a very good seal for the Lower and Nidklbian
sandstones [4].

The permeability coefficient varies from 5.5%@ 1-10° m/s. It has been assumed that the permeability
coefficient is approximately 2-fOm/s. Open porosity of Lower Cretaceous rocks, rdgéted by laboratory
analyses, ranges between 3 and 45%, most frequefalls within the interval of 15 - 25% [7].

Lower Jurrasic. Lower Jurassic aquifers are composed of sandstongplexes of Hettangian, Sinemurian,
Domerian and Upper Toarsian age. They are sepafatediscontinuous series of low permeable sediments
(claystones, mudstones, fine-grained sandstonegthlo the top of the Lower Jurassic sequencesdetween 0
m (at outcrop zones) to over 3900 m below the serfavel (Mogilno Trough). Total thickness of Lowhirrassic
succession ranges from several - 100 metres at paspheral zones to 800 - 1200 m in the PomeramiaKujawy
Swell area. Percentage of water bearing deposttsinsihe Lower Jurassic section is versatile andegabetween
25% - 100% [1].



RadoslawTarkowski, Barbara Uliasz-Misiak, Adam &\éji / Energy Procedia 00 (2008) 000—000 3

Mazury - Suwatki
Elevation

600

Podlasie
Depression

400

odfanow
22 & J
- \ anowg’

- \ “\Dzierz
AN {
\\Tﬁr'ek m\\\ \V%OVE\S

200

T\USZXI"I*\‘J 0

\J\\i \’i\ 0
76642M CO, S
1,264.8 Mt CO,

[m]

[m]

Manaj]; zezno  NowaWies \\ 1600
Wielkie

Chagbowo 3 1500 1400

2J Suliszewo

1200

1000

T al Trzeﬁe . s
oy Algisandrow K

800

N Lodzki 600

400

200

L
43,825.7 Mt CO,
572.7 MtCO,

2

0 100 200 300 km
.

* structure with CO, storage * stucture with CO, storage
capacity over200 Mt capacity 100 - 200 M
structure with CO, storage 43,8257 MtCO, aquifer storage capacity
capacity below 100 Mt 572.7 Mt CO, structure storage capacity

Fig. 1. Tectonical sketch of geological units ifdPa (after Pgaryski [5]) (a) and thickness maps of the Lowert&reous (b), Lower Jurassic
(c) and Lower Trissic aquifers (d) with geologisaiuctures selected to G&torage

The best conditions for GQunderground storage are displayed by the Uppersiamaage, Lower Aalenian
sandstones, as well as by the sandstones of UflipasiPachian age. Clay series overlying Lower Jicadeposits
(Upper Aalenian) of diverse thickness 100 - 160renaagood sealing horizon [4].

The permeability coefficient varies from 1@ 2.10" m/s. The average value is 5°1@/s. Open porosity of
Lower Jurassic water-bearing rocks, determined fiaoratory measurements, is up to 33% [7].

Lower Triassic. The top of the aquifer (Lower and Middle Buntanfistone) in the central part of the Pomerania
and Kujawy Swell, Warsaw Trough and Szczecin-Mamilddz Trough, lies at a depth of about 1500 - 5300 m
below the surface level. Total thickness of the EpWriassic succession in this part of the basneggrom 200 to
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1600 m. At the basin peripheries, the Lower Triassiquence occurs at a depth of several hundreesrstlow the
surface level, and its thickness is reduced tors¢de®zen metres.

The sandstones of Lower and Middle Bunter Sandstteposits are regarded as the rocks suitable for CO
underground storage. This sandstones are sealddeatop by Roethian silty and clastic-carbonatepevia
sediments (Upper Bunter Sandstone). ThicknesseoRthethian and its equivalents ranges between &tfuim to
about 100 m [4].

Effective porosity is 15% - 30%. Permeability oésle deposits is highly variable ranging from apjmnately 70
to 140 mD, and locally even up to 2410 mD [9].

Within the Polish Lowlands area numerous tectotriecsures were defined (anticlinal structures arabgns).
They are a manifestation of salt tectonism. Somghe, having been minutely examined, may makedggaate
geological structures suitable for carbon dioxidderground storage [9, 10].

Within the Mesozoic aquifers of the Polish Lowlandéthin frames of the EU GeoCapacity Project, ¢heere
chosen 18 tectonic structures (anticline — 15pt@ctgrabens - 3). These structures occur in Ld@vetaceous (6) —
Bodzanow, Dzierzanowo, Sierpc, Turek, Tuszyn, ZyrimaLower Jurassic (7) — Aleksandrow Lodzki, Chabel,
Choszczno, Marianowo, Nowa Wies Wielkie, SuliszeWzesniew and in Triassic (5) — Chabowo-T, Klicako
Kobylnica, Szubin, Trzebiez.

CO, regional storage capacity in the Lower Cretacebagjer Jurassic and Lower Triassic aquifers ofRloéish
Lowlands were estimated. The following data weredugor calculation of C@® average porosity, average
contribution of permeable layers, average dendit€@, in-reservoir condition, structural and thicknesspmaf
relevant horizons (Tab. 1).

Table 1. CQstorage capacity in the Lower Cretaceous, Lowmssic and Lower Triassic aquifers and parametad for calculation

Formation Area [k Porosity [%] Net gross ratio [%]  pcoz[kg/m?] Storage capacity [Mt]
Lower Cretaceous 24,562.0 20.5 40 800 7,646.9
Lower Jurassic 70,106.0 17.3 60 700 43,825.7
Lower Triassic 112,036.0 9.7 70 600 26,494.1

It was assumed that the storage will be done iaraa where the aquifer is at a depth interval 66e1m — -3000
m. Average porosity, net gross ratio and,@@nsity was calculated for each aquifer. It wa® a@lssumed that the
sandstone pore water will not be totally removeagéguestrated GOAssumed sweep efficiency is 2%.

The largest C@storage volume occurs in Lower Jurassic formatitass in Lower Triassic formations, the least
in Lower Cretaceous formations.

Total storage volume (77,966.7 Mt) covers Polar®d8 year emission, allowing emission level of 31¥IR2in
2004 [11].

Storage volume of the defined 18 tectonic strustwes calculated as product of the structure afective
thickness, porosity, CQdensity in deposit conditions and sweep efficieB0%6. Storage capacity of the structures
in the Mesozoic of the Polish Lowlands varies frésh Mt (Chabowo-J anticline) to 575 Mt of G{Bodzanow
anticline) (Fig. 2).
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Fig. 2. CQ storage capacity of tectonic structures in Lowest&eous, Lower Jurassic and Triassic aquifetfseiiPolish Lowlands

Total storage capacity within the defined tectostimictures equals 3,522.2 Mt of carbon dioxideallbws to
store Poland’s 11 year emission in 2004 year. dtgest CQ storage capacity occurs in structures seated wek.o
Cretaceous aquifers — 1,264.8 Mt, less in Loweashic — 572.7 Mt and least in Triassic — 1,684.7 Mt

2. Hydrocarbon fields suitable for CO, storage

Possibilities of C@ storage within depleted/depleting hydrocarbordfigh Poland have been analysed from the
viewpoint of availability of such sinks in not tatistant future, i.e. taking into consideration thproduction
history. Storage capacity figures were calculasdguapproach of FP5 GESTCO project [6] based saragtion of
1:1 volumetric replacement of extracted hydrocasheith supercritical COwithin reservoirs.

Hydrocarbon fields in Poland [2, 3] are generatigdted in two areas, which differ in geology anddurction
history (Fig. 3).

The first area is located in SE part of the coumthere oil production started in 1850/70s (in Ctrjaa flysch)
and is still ongoing though for a very small extéstier also in the Carpathian Foredeep/Carpafhigm area where gas
production was developed after WWII (mostly of Meoe, rarely of its Mezo-Paleozoic basement). Thelevarea is
dotted and particular fields are represented agypok and triangles (indicating storage capacities)

These are twelve relatively big gas fields (storeggacities from 4.17 Mt of Uszkowce to 244.57 MPaemysl;
both fields can be found in easternmost part) téatan the Carpathian Foredeep or at the frontasp@thians. They are
usually depleted in 80% - 90% of original proveseames.

Three small oil fields are denoted there (roughlthe centre), of storage capacities from 0.42Xdstfzabka) to 1.87
Mt (Weglowka). The field Jastrzabka is denoted bseaPolish government and petroleum industry pdamall-scale
CG; injection experiment there [8]. Weglowka and Osoarields are practically depleted and, despit¢hefr small
size, some (though minor) EOR potential existgHem.

Total storage capacity for this (SE) area is 42MB5vhere one big gas field — Przemysl makes badft

The second area encompasses western part of PBlalish Lowlands, where Rotliegend and Zechstemfigdds
occur, which have been developed after WWII, andharthern part of this area also two oil fields Zdchstein
Hauptdolomite are exploited (one of them is theyegy oil field in the country, but developed a guécently, another is
practically depleted). In this area — in westertaR®d there are 13 gas fields mostly of Rotliegethé @otted area
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determines the range of Permian basin where Zéch&iemations are also enclosed) and Zechstein (@he
Carboniferous) of various sizes. Their storage cifipa vary from 2.41 Mt (Gorzyslaw — in north) 81.88 Mt
(Zuchlow — in south). They are usually depletedb(iar 90%), especially in case of the bigger ones.
In northernmost part of this petroleum provincesel to the shoreline and not far from German boraleeady
depleted (40% of OOIP produced) Kamien Pomorskfieltl of storage capacity 3.93 Mt occurs — likaly CO2-
EOR candidate. South of Kamien Pomorski (~150 Kme)kiggest oil and gas field developed recentlipatand is
located, of storage capacity 34.18 Mt. Though itaiher in an early stage of production (~20% afvpn reserves
extracted), the field might be useful as a sinkl{iding secondary oil production) in a not veryseldbut in a not very
distant either) future.

Total storage capacity for this (western) area{&x26 Mt.
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Fig. 3. CQ Storage potential of hydrocarbon fields in Polégeblogical unit extend after Karnkowski [2])
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The only offshore oil field exploited at this mondB3) is of middle Cambrian, located about 70 kartim of
northernmost part of Polish coast, and does nohigeb both these above mentioned hydrocarbonnwesi Its storage
capacity is estimated as 7.0 Mt. By present, cutimelail production gave over 50% of original praveserves (it was
developed in 1990s). So, it is expected the figlbdb& depleted by 2016 and the use of CO2-EOR aabe excluded
then.

Total storage capacity in these (selected) hydbocafields of Poland is over 764 Mt. Four fieldsidastorage
capacities over 50 Mt (one gas field in SE Pol#imeke gas fields in western part).

3. Conclusions

Carbon dioxide storage capacity estimation accahpll within frames of the EU GeoCapacity Project
confirmed that C@storage within aquifers is the best option forahdl Due to large capacity the aquifers allow to
store carbon dioxide coming from large emissiorreesifor many years. GQ@torage in hydrocarbon deposits may
be of local importance due to much less storagemelavailable in hydrocarbon reservoirs, especiallgil ones,
comparing to tectonic structures (aquifers). Inecafdepleted or depleting oil reservoirs it cobelcombined with
secondary oil production (CO2-EOR), but such casesare in Poland.
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