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Figure 1, Large emission sources of carbon dioxide and capture technologies
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It is now widely agreed that capturing G&om flue gases and the subsequent injection into geological formations can signif-
icantly contribute to reducing CQemissions, the principal greenhouse gas. As well as having benefits in terms of reduging CO
emissions into the atmosphere, the deployment of Carbon Capture and Storage (CCS) can also allow nations around the wol
to continue using important domestic fossil fuels, such as coal, in an economic and environmentally sustainably way. Amonc
the CCS technology, Enhanced Oil Recovery (EOR) utilizing anthropogenid<iaelieved to be an effective use of @Qror
commercialization of CCS and EOR, scale-up of equipment and energy reductionf@a@tire and compression are essential
considerations.

Mitsubishi Heavy Industries, Ltd. (MHI) has developed a high efficiency chemical solvent process to capiurer@he
flue gas, the KM CDR Process, in collaboration with Kansai Electric Power Co., Inc. Since 1990 MHI has continued R&D
programs of CQ capture technologies using laboratory research and the CO2 recovery pilot plant at Nanko Power Station. As
a result, the KM CDR process has been applied to eleven (11) commerciat&@ure plants for natural gas-fired boilers or
heavy oil-fired boilers and all of these plants are now in commercial operations.

MHI has also focused on carbon capture technologies for coal fired power plants since 1999, performing numerous test prc
grams for plant performance, optimization, and evaluation of flue gas impurities and their impact at the 1 tonne per day pilot tes
facility at MHI's R&D center in Hiroshima, Japan. MHI also completed several test programs capturingtiiéing the 10
tonnes per day slip stream test facility from the flue gas of a commercial 500MW coal fired power plant in Matsushima, Japan
in 2006. Based on these R&D commercial experiences and scale-up studies, Southern Company Services, Inc. and MHI su
cessfully started the world’s first full chain anthropogenic carbon capture and sequestration (CCS) project applied to a coal-fire
power plant. The plant, with a GQcapture capacity of 500 tonnes per day, began operation in June 2011 at Alabama Power
Company’s James M. Barry Electric Generating Plant, and 100,000 tonnes,dfa@®een successfully injected into a geologic
structure, the Citronelle Dome, as part of the Department of Energy (DOE) funded Southeast Regional Carbon Sequestratic
Partnership (SECARB) phase-Ill "Anthropogenic Test”.

In July 2014, MHI received an order for the world’s largest post-combustiopn €&apture plant (with a C®capture capacity
of 4,776 tonnes per day) from an enhanced oil recovery (EOR) project mainly promoted by NRG Energy Inc. and JX Nippon
Oil & Gas Exploration Corporation. Captured CO2 will be utilized for EOR at mature oil fields in the Gulf Coast region in U.S..
The operation will be started in 4th quarter, 2016 and it is expected that oil production will be enhanced from 500 barrels/day
to approx. 15,000 barrels/day. Furthermore, 1.4 million metric tons of greenhouse gas will be used annually or injection into
geological formations.

This presentation will introduce MHI's CQOcapture technologies and the current activities including the results of the CO
capture and storage demonstration test.

F—T— F: CO2[BIUTH, A A, 77, KS-1WUXi#, KM CDR Process
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Bioelectrochemical Conversion of geologically sequestered Carbon Dioxide into Methane
by using Indigenous Microorganisms
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Carbon dioxide capture and storage (CCS) is the primary technological option to redyeas@3ion into the atmosphere.
Furthermore, carbon capture, utilization, and storage (CCUS) has recently become widely recognized asdu€ion mea-
sure. CQ-enhanced oil recovery (EOR) is profitable owing to oil production and is considered a major CCUS technology. It also
provides economic incentives for G@itilization. An ecologically sustainable energy production system usingEXOR that
yields additional economic incentives has been proposed. The proposed system uses the microbial conversion of injected C(
into methane in oil reservoits Itis expected that oil reservoirs have applications as geo-bioreactors and can be used as microbial
energy production systems in subsurface environments (Fit).1n this process, hydrogen that is required for methanogenesis
supplies by degradation of hydrocarbons via thermophilic fermentative bacteria in oil reservoirs. Hawsiemmethanogen-
esis after injections of COhas also been demonstratédt the thermodynamic process that results in anaerobic hydrogenesis
from hydrocarbons such as hexadecane in oil reservoirs is unlikely to®cditere is a major problem associated with main-
taining a stable supply of hydrogen for methanogenesis in oil reservoirs. A solution for this issue will be a breakthrough in
geo-bioreactor technology.

To date, feasibility studies of the bioconversion of £© methane in domestic and foreign oil fields based on laboratory
tests have been carried out. 16S rRNA survey of DNA extracted from production water confirmed the existence of ther-
mophilic hydrogenotrophic methanogens suchMiethanothermobactespp., mesophilic hydrogenotrophic methanogens such
asMethanoculleuspp. andViethanofollissp., and thermophilic hydrogen-producing fermentative bacteria sutheasiotoga
sp., Thermoanaerobactapp. Thermodesulfobacteriurapp., andDesulfotomaculunsp. in oil reservoirs. Laboratory gas pro-
duction tests under high-temperature and high-pressure conditions were performedviei¢éiagothermobactesp., Thermotoga
sp., orThermoanaerobactap. as model microbes, methane and hydrogen production under reservoir conditions was observed.

These results demonstrated the potential for microbial conversion of injectedn@Omethane in oil reservoirs, and high-
lighted some difficulties in the realization of geo-bioreactors. The number of microbes in oil reservoirs is low; generally, their
density is less than 2Qells per ml of reservoir brine. In particular, hydrogen-producing fermentative bacteria were not highly
represented in the oil reservoir microbial community. A stable supply of hydrogen would be difficult to achieve using these
microbes. With respect to biomass, few microbes were available to activate microbial reactions. The shortage of microbes i
subsurface environments is one of the bottlenecks in the realization of geo-bioreactors. To remove this bottleneck and establis
geo-bioreactor technology, the development of effective microbial growth controls and environmental improvements suitable for
microbial activity in subsurface environments is essential.

References,

1) Kano et al. 2009. J. Jpn. Petrol. Inst. 52, 297-306.

2) Nakamura et al. 2013. Asia Biohydrogen and Bioenergy 2013. Abstracts, 0.S.1-2-3.
3) Nakamura T. 2015. Seibutu-kougaku. 93, in press.

4) Kawaguchi et al. 2010. J. Biosci. Bioeng. 110, 106-108.

5) Dolfing et al. 2008. ISME J. 2, 442-452.
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An attempt of geostatistical modeling for spatial mud content: a case study of the Nagaok:
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The geological storage of carbon dioxide is considered one of the technologies for mitigation of greenhouse gas emission:
The storage of CQin saline aquifers is the most favorable option. The reservoir characterization such as lithology, petrophysical
properties and geological modeling is important for assessing laterally and vertically reservoir heterogeneity, which affects or
CO, behavior inside the reservoir rock. It is known that reservoir heterogeneity of lithology has effects.obe@G&vior.
Therefore, detailed reservoir characterization is essential to estimate thee@@vior for a long-time scale and storage capacity.
Here we present 1) depositional environments, and 2) lithologic model in terms of mud content using geostatical modeling
technique under the sequence stratigraphic framework as a case study of the Nagaoka pilot site.

The CQG reservoir is interpreted as deltaic or coastal plain deposits characterized by upward-shallowing successions from she
to shoreface environments. It is known that sedimentary facies agrees with mud content in shallow depositional environment
(e.g., Ishihara et al., 2013). At the Nagaoka pilot site, the sediment core analysis indicates that mud content is available for th
classification of the depositional environments; mud content in outer shelf is 62.0 % in average, that in inner shelf is 33.7 % in
average, and that in shoreface is 20.4 %, respectively. This fact implies that spatial mud content distribution can be regarded as
lihtologic model. The lithologic model estimated by geostatistical modeling technique indicates the heterogeneity of mud conten
distribution. This lithologic model is reasonable for explaining the geophysical monitoring results showing the heterogeneity of
CQ, distribution inside the reservoir rock. This result indicates that the lithologic model in terms of mud content is a useful for
prediction and estimation of the injected €@istribution.

F—TU— R: CO2MPlir e, &R, thBkiviat>e, iR, R
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Effects of heterogeneity on the distribution of GO Numerical simulation in a CQ
storage reservoir at Nagaoka
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This paper discusses heterogeneity of petrophysical properties in the reservoir for geological carbon dioxidtof@ge
at Nagaoka pilot site in Japan. Detailed site characterization is critical for successful geological storage No€Canly the
traditional site characterization techniques, but also the injection and monitoring data can be used for the geological modelin
with heterogeneity. In this study, we carried out numerical simulations using reservoir models with heterogeneity, and compare
the results to investigate effects of heterogeneity in the reservoir.

Nagaoka pilot-scale CQnjection site was used in this study. Nagaoka project was undertaken in order to verify an ability of
CGO;, injection into Japanese formation. @@as injected into a thin permeable zone at a depth of 1100m, and the total amount
of injected CQ was 10.4 k-tons. Bottom-hole pressure, time-lapse well loggings and cross-well seismic tomography were con-
ducted as the monitoring of injected €O

For the modeling of the reservoir at this site, the method presented by Ito et al. (2015) was used; constructed a profile of th
reservoir using seismic results, and generated horizontal distribution of petropysical properties by applying Random functior
Gaussian Simulation. It is worth to note that the feature along N-S direction had reported at this site (Chiyonobu et al., 2013)
The derived models showed that the high porosity and permeability area located in the eastern part of the reservoir.

For the reservoir simulation, hydrological properties for the multiphase flow are also important. We measured capillary pres-
sure function using mercury injection tests. The measurements indicated that the functions in sandy and shaly rocks wer
different. For the relative permeability function, we referred the results reported by Ohtake (2013), and approximated to van
Genchten function. We did not assume hysteretic functions in this study.

We made simulation using the reconstructed models and TOUGH2 simulator. For the history matching, bottom-hole pressur
and CQ saturation data were used. Several absolute permeability models were tested manually in order to find the best matc
between the monitoring data and the reservoir simulation. We could find a geological model reasonably matched to the monitol
ing data. The result of CQdistribution was also consistent with the observed velocity anomalies by the cross-well tomography.
The numerical results revealed the migration ofsGflume to up-dip direction. This explained the behavior of,;Qistribution
observed by the wire-line logging very well.

During the history matching, sensitivity analysis of the model was conducted. The results suggested that anisotropy of the
permeability was essential to explain the monitored, ®@haviors. This anisotropy could be created during the depositional
process of the reservoir. It should be noted that not only the permeability distribution, but the properties depending on facie:
were also important to the matching.

This work was supported by Ministry of Economy, Trade and Industry of Japan under the research contract "Development of
Safety Assessment Technology for Carbon Dioxide Capture and Storage”.

F—U— R: CO2Hhltyd, Y1 &, 2R, ~MIE
Keywords: CO2 geological storage, Nagaoka site, multiphase flow, heterogeneity
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Sensitivity Analysis of internal structure and rock properties on Long-term Behavior of

CO2 Injected into Multi Layers

I R SR VS S R (£ K - 155
KANO, Yuki'* : ISHIDO, Tsuned ; SORAI, Masad

LSRR A IS M B TR B S R 2
LInstitute for Geo-Resources and Environment, AIST

CO, HFRF RN B TIHDENCIL S T 20 HIE D X 5 IS EiRERE L KR BREDEIE /T N3 HIS 0T %
5. COIIFEBEIC KD Ty BV TMRNUTER « W HA RSy BV T A X LMEK T EDNRfENE, —
FICHERE SIS DWW TR ST L SRE A CIRIBRICHE M2 52 % T EMNZ 0D, EEOHIEIC B W TIEEICHEO A
JERSERAET S, FRREESICHERDPEALTVWSZLICK>TZEDOES BEITENECTWRIEAND L EDLE
Z6N%, TNEDOENIELED 2RI, FERBRIEMAETH > TE CO, DEMARIMIEEE NIXT A REMNH %,
AW TN BE B EO HERICEN T, SEONEME N SO YITENEA CO, DEHZRFICED L S I
B AR I 2 L— 3 VKO E Lz,

VR a2 L—¥ 3 VT U ERE T IVIZKESTIIC 20 kme $3EJTIAIC 1.4 kmOFEZ RS & U, R idkiE
200 mOFEZRE U THE 10°C, 171 2.0 MPaD &2 54E Uiz, i BERD 300 mICIZREFEHEBYIWN D Mm L, Z0D
IR 120 mOERS B g & s B EMN R HICET 8 1A % (20 960 micb iz 2 B/ OFE S ImD 7Y v Koy
HE10mE L), i MO 100 midHE S & Uic, SPHED EOIRBEZRIEEE - /K FE/7mIC 10/100 mD e b
1/10mD & 0.1/1 mD®D 2 DD E =G Uiz, S BREEEMBBEOETIVE LT, 1) 120 MEDO—HEE 2 HA L
LT, 2QFNMEREREGT 2 30 MEOWEE - IBEES 2K 5% “MaHEEETIV ., 3)FLHHREREET %
10 MEOWEE - IBEES 6 KK B k% “MHEEETIV". 4) 120 MEDOARE/KS bV 7 ZIHYEIRD A - 72 % 7 )UK
aY7 4 (MINC) EF VDI DDON)IT—> g iEkEZT, 2)&3)D “MoHEETIV Tk, IWEELIREEDR
BREZ N5 OIS X OEMFEEN WHBBEEE L IZERBED) ZNFNMETME X /K mORER
Wixb &9 E LT,

EHETIE van Genuchtei? & L, AL v ¥ 3L RIE Py, 135Z58h 5185 N7zBRZ W TIEIRER k, DBIEE LTE
Z1zo TORIEUCIIRI 7Y A XD E RS E NMIERZEADOERN DS bNTz 2 D2l Uiz, £iz. FEIT CO,
RS AWEIC BT BHMEERE ATV Y ADEICDOWVTE T — AT EiT5 120 IKKR T COy DFRHERD
B e ATV v AZREREEE L. ZNF N van Genuchtefi! )z UF CoreyI TR ENZEDE Lz, CO, 31
940 m» 5 1,060 miE OIS B EICHER 1005 F D L— M TH0FEMEAT NS EDE Lz,

D EDETIICKD 4 X 2 X 2 X 2=327—ADKREfNT & U THEANIO 50 4/ N UZ D% 10004 BT %
CO, T IV— LD R K NDIARRFICET S I aL—a v riTol, dHEIE, WHTFREY I 21L—%
STAR & IREES R SQSCO2% VT W5,

VIalb—yaryoO/R, EBFBREO K, =1mD, FEEHRAL YY)V FEDT—ATiE, 1) D 120 mE—FREE
DY, 10004EF£ICIE COy MR 640 ME T LA L72AN, 2) 30 m/EL 3)10 mED “MinHIEET IV OLEIEHEE
WKEB Ty EVTIRMBEDIEZICE D EAMEBE L TOEN EAPEME N, EAELEZOREKBBEAD Co,
EFRIFBESNTZEDE R STz, £z, 4) D MINC EFIIVOEEIR, i@, (KA L v ¥ a)b RIEO SR 7Z A
1kt CO, D FFEDFIK o 7272 LIEEE 700 mb 5 360 mO[ TIREE M BIHICHz U5 T & T ERM Ik E N,
10004EBICHB VW TIFIEE 120 METO LR K>z, TDE I 120 MEOBBE. N H 8O ERERNEET
HoTE. ZONEFHLEIC K > T CO, DEMABIICIEIREZIRBVDRLNAERE X ST,

Fiz, BEEARROZAL Yy Y3 )V RE (k,=1mD TPy, =377 kPa ZHW3 & 120 m—HEEE DS & TLFEAEIEE
D CO, FHRIFFEL HIIE NS &0, FHC "M BEihE” CRIHMNRZERE A7V ¥ ADMRIF LR/ N WS &
I EDHSMTIER - T2,

AWIFE, RFHEER DD OEFWIZE T LR ERIUY « Bk 2R (R REZ#iEd % CO,
R R AT ORIFE) | O—iBE UTHEA L 7z,

F—T— K COHAIH, Bk, FRHES, S50, Bl I 2 L—v g >
Keywords: geological CO2 storage, saline aquifer, multi layers, anisotropy, numerical simulations
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Prediction of the fingering CO2 flow in homogeneous and porous sandstone

Jukt F2E 1+ ; Christensen Kenneth ; Pais {& 3 ; ik 0% 3 ; Finley Robert J.
KITAMURA, Keigo™* ; CHRISTENSEN, Kenneth T.; NISHIZAWA, Osamt ; ITO, Takumd ; FINLEY, Robert J*

VIUNRY: =Ry Za— b I)b « Z3)VF—EBEWSE, 2/ — MVE LRE, 3 HUERERSE ESERAN T ehsns, 4 1V /

A PN A A A

'WPI-I2CNER, Kyushu University?University of Notre Dame?Research Institute of Innovative Technology for the Earth,
4Illinois state Geological Survey

CO, flow mechanisms in porous geological materials are essential to understandimg&®ior in CCS reservoirs. Recently,
computer simulations based on Lattice Boltzmann method (LBM) illustrated characteristic fingering-flow patterns associatec
with invading CQ displacing the resident brine in porous materials. These studies also indicated that these fingering flow
patterns are strongly controlled by transport properties (e.g., capillary nu@herand viscosity ratioM). On the other
hand, injected C@behavior in the reservoir is monitored by geophysical and geo-mechanical parameters. In particular, seismic
survey is the most useful for GOnonitoring. Unfortunately, we have only a little knowledge about the relationships between
mechanisms of two-phase flow in the porous rock and measurable physical properties. In this study, we condJgteddhe
strain measurements to elucidate the relationship between transport properties and geophysical properties by using Mt. Sim
sandstone (porosityy=26.4). The Mt. Simon sandstone has a high absolute permeability (105 mD) and a unimodal pore-size
distribution (peak size: 28m). We set thred/ ,-measurement lines and two strain gages (vertical and horizontal) at the center of
core. We observed changes in flow rate, volumetric strain and the differential pressure between the two pumps during the draina
and imbibition processes. In the drainage stage; (Snjected at a constant rate into the sample upto 2.17 PV (1PV=95.1 ml)
for 429 min. During this stage, differential pore pressure increased slowly from 0.1 MPa to 0.12 MPa. The upward flow rate
is constant at 0.5 ml/min during drainage, which corresponds to the flow velocity I.6xi. All the V,-measurement lines
indicate simultaneous small velocity reductior206), after 2.17PV C@injection, lower than the values reported in previous
studies. Some previous studies reported over 1¥ 4reduction in drainage. In contrast, the strain data indicate expansions
of over 200Qieand 140@e, at the up- and down-stream side of the flow, respectively. The amounts of the strain are consistent
with previous studies. Since the changes/ip should be directly related to the changes ins&aturation around the P-wave
propagation paths. These results suggest a possibility that there are no large saturationHufwe@er, strain data indicate
the existence of injected GOn pore-space. Thus, we presume that the, @@kes a channel out of the Fresnel zones of all
V ,-measurements lines. We also estimate the Ca based on flow rate data and viscosity ratiand @G@ter. Our estimated,
is low (2 x10~%). From these transport properties, it is clear that the flow within the porous rock resides in the capillary fingering
domain. This estimation based on fluid mechanical analysis is supported by direct flow monitoring experiments with X-ray CT
scanner. These studies illustrated the change of flow pattern of the non-wetting phakel(Gte case of low flow rate, CO
makes a few thin paths through the porous rock. Together, these results suggest the potential for petro-physical properties to inf
the characteristics of the heterogeneous two-phase flow in porous rock.

F—U— R THA, 2ALEWE, FY TV T o ) TR, PRGEEE, TR LR
Keywords: two-phase flow, porous sandstone, Capillary number, fingering flow, P wave velocity, Carbon Capture and Storage

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

HRE28-11 21105 Refil:5 A 25 H 12:00-12:15

CO2itihflr &M R T @/)Ezak:]bb‘@k@%“lﬁ@ﬁ NTARAEEIC B9 % 5%
Effective confining stress-dependence of hydraulic properties of mudstones under cond

tions of geological storage of CO2

B &, B E— 2 JHER B!
FUJII, Takashi* ; UEHARA, Shin-ich? ; SORAI, Masaé

VHNIATBOGEN  EREANKS G, 2 R BESATS AL anEERETRI AR
INational Institute of Advanced Industrial Science and TechnoRiggpartment of Environmental Science, Facurity of Science,
Toho University

CO, HirP AR IV T, FEEE/KEAND CO, 1A & B EHROEZ IS, Ty vy 0y 72 ST ER
WEET 2T ENTHREND, £z, TOER LIRS, KERHEDO—DTH B ALy ¥ a)V RIEEZ(LT S A[HEMED
BB, TT T AFETIE. ZOXD HENEZLAF vy 7Oy 7OKEE (ALY ¥ a)V RE, @5R) I KIFT
RIS %, BARMICIX, BE SN2 EBEKEOWE « BRESMF GRFE 400 C?ﬁwgr—mMmiu%w
T, Fryvy 7Oy 70— ThHrEEEZNRIC, ALvya)l RE, BEUEBBROGMFLEFEHICOWTHN, F
Toeo ZNHORERIT, RT7IIRFE OB ARV EE L HEAICA Y 5 JIANEREICKFT 52 e b, HOESAIE DV
T, EARE M (SEM) I K2 RMmEHLE, BIUKERO Y A= XML AOWE, %5 CITmfiD%E
BRER DN Z ATz, M Lizamatkhd, Bt e HeERto KHARE (OTD). KEE (OHR)., &5 T
WIEAEE (NMH) OIS ZH Wz, LRI S NI DWW TR S,

* NMH JEE B KT OHRIBAICIITF 5 SEMIC K 2 R HEBIEOFER, G2 T 2Bk, SL2OJETE
TZFOREIIEVHASN, TNEORABICRIMICIE, BI 70 A —ZORFFIROIRPLEZ, &5 TITHM;
EHOTALBD I L TWAB T ML E Ko T, EHIC, RERAETICIE, BEEMILAMNEERIN, (LaORE
BEASLILBRO—Fi & /x> TV REEAVRE Nz,

« BRIEICHT BRI DO b 2 FARTZAER, NMH Je5 OB /KEEIE, ARIEOHEIMEWERICHE DL, 1 MPa
DIRAMESE FTOMEICEN, BXZ 1ORADENEEREI Nz, —77, OHRIEAIE, NMH EEDEGERECHE
%0, BXZE5MPaLfElc BTSN RSN, ﬁwFW5W%#51OW%®WTmmMﬁﬁ%ﬁkﬁm¢%@ﬁ
MNRENz, ZORIBRENTEKFEROWVEZ, RRKTEEZ 3N THo T,

« B D Z OBGRIEITIED < S A O EAREIARD S BRSO MEZ HEE U5 5H, OHRIES B XU NMH BHEIE,
FNZFNH 5 MPa & 7 MPalZ SIS DIEIENH S & ix - Tz,

« KHEETHESNTE NMH JBEB X UC OHRIEEDFERIE, AL v 3)b R EBE/KIEBO A ORI OMHEBEMEIC &3
ITEE;EE, KAMESLOBZDBHBNED SN, ZOMODIS IS TIEHHBEMCEE T %, FE LT 2/82—cy
HEINBTEDHOMNEE ST,

FCRAEFTH S NMH JIEE B XU OHRIBERX, & BICHLILEMILEDAZEDICEhhb 5T, JEMEICIES EK
HBIXCAL Y Y 3V RFEOZLEENN L TREREVDS RSN, TOERERIE, &4 DA OR AL
PN EZDOEFICERT S T ERENT, UEDT S, AREDK RICK ST+ v 7 1y 7 OZ2EE) AR
PERESDKFRMEREIC MIF I 0L, SRR AEDOMIRDEWIC KD BB MM R oT, &I, T ZRETD
EUNKI IO VREOMNEKREES THoE LT, TOXI ANz ERHOEER, T v a7 OMHIERE
RIKEEREZ RO 5 HER HRDO—D L R B [REMEAVRE Nz,

F—U—FR: ALvw ¥ a)V NE, RER, Jea, AAE, CO2ithir
Keywords: threshold pressure, permeability, mudstone, effective pressure, CO2 geological storage
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Quantitative interpretation of experimentally-observed poroelastic behavior of Berea sanc
stone in two-phase fluid system

TR A b s SRR L TR IIRE L (LA BE 2 IV SR R B 2
GOTO, Hirokit* ; AICHI, Masaatsti ; TOKUNAGA, Tomochikad ; YAMAMOTO, Hajime? ; OGAWA, Toyokazd ;
AOKI, Tomoyuki?

VUK, 2 KRR MR S Fiffitz o & —, 3 se KRk st Bl 2 o 2 —
LUniversity of Tokyo,?Technology Center, Taisei CorporaticigFormer) Technology Center, Taisei Corporation

TR LR ER PRI B W TRAE T 2 G MATVICE LT, TAHRE) - ZTREBGERHIED SHEIDED SN TE T
% (BIA1E, Rutquistetal., 201D, &AM, HARRTRAET 2 ERERITERONIEMNFITER L TEMARLOL
5B, TOMRINTLERSTIEEV, TOXS GG, BNFERZHVTHRELSHEOR ML, £
NICHED T ERATORNZ A5 T ENERNET TO—FD—DIl /525 LEZBNS, ki, Gotoetal (2014 &=
WEERZ JHO C —MFRIATAE P B % Berealm O ZALEFIER I 2 BIZ L, & 5 HIRE) - 2R I 2 L—
T a VKD EBRERZHI U, ARETE, BUE I 2 L— 3 VITHEDZ Goto etal. (2014 AWM 7z FBiS 572 fi
I3 EeLbic, TRMADBELE S HHOHMMZHH 2.

SE R

Goto, H., M. Aichi, T. Tokunaga, H. Yamamoto, T. Ogawa, and T. Aoki (2014), Quantitative study on experimentally observed
poroelastic behavior of Berea sandstone in two-phase fluid system, J. Geophys. Res. Solid Earth, 119(8), 6211-6228.

Rutqvist, J., D. W. Vasco, and L. Myer (2010), Coupled reservoir-geomechanical analysis of CO2 injection and ground defor-
mations at In Salah, Algeria, Int. J. Greenhouse Gas Control, 4(2), 225-230.

F—U— R CRER R, ZAUE S, RS, BNSER

Keywords: Geological sequestration of carbon dioxide, Poroelastic behavior, Two-phase fluid flow, Laboratory experiment
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TRV R VERBERT Y20y ZIC#EH UTHL D &7 o TR EREE
b\FaEJK N CO2D%HIC 5 2 % 502 ,
Influence of reservoir conditions on CO2-brine behavior in natural sandstone: Insight
from lattice Boltzmann method

i i % 7R L Christensen Kenneth
TSUJI, TakesHi* ; JIANG, Fei ; CHRISTENSEN, Keneeth

VIR — Ry Za— b))V « T3)VF—FEEEZERT, 2/ — MIVR LK
12CNER, Kyushu University?University of Notre Dame

In CO2 geological storage, the behavior of CO2 inside a reservoir can be characterized as two-phase flow in a porous med
system. Microscopic two-phase fluid behavior in porous media is influenced by temperature, interfacial tension, pore structure
and porous medium characteristics (e.g., wettability), which vary significantly from one reservoir to the next. Pore-scale in-
terfacial instabilities, such as snap-off and fingering phenomena, influence the stability, injectivity, mobility, and saturation of
CO2 within the reservoir. Therefore, understanding microscopic CO2 flow in porous media is crucial to estimating CO2 critical
reservoir-scale characteristics, including storage capacity, leakage risk, and storage efficiency. Here we calculated fluid displac
ments within 3D pore spaces of Berea sandstone using two-phase lattice Boltzmann (LB) simulation, in order to characterize th
influence of reservoir conditions upon multiphase flow. We classified the two-phase flow behavior that occurred under various
conditions into three typical fluid displacement patterns on the diagram of capillary number (Ca) and viscosity ratio of the two
fluids (M). We then characterized dynamic pore-filling events (i.e., Haines jumps) from the fluid pressure variation. The results
revealed the onset of capillary fingering in natural rock at a higher Ca than previously reported for homogeneous porous medic
with the crossover region between typical displacement patterns much broader than in a homogeneous granular model. The
differences between two-phase flow in natural rock and in a homogeneous porous structure could be the result of the heteroger
ity of the natural rock. Capillary fingering at higher Ca indicates that the dominant fluid displacement mechanism in most parts
of the reservoir is likely capillary fingering. The simulation results reveal the influence of reservoir conditions on saturation of
the CO2. Therefore, we have clarified suitable conditions for CO2 storage.

F—U—F: ZHIR, 3TTERT V2VEA, BT RIVY < U, TR, NE
Keywords: Multiphase flow, 3D digital rock, Lattice Boltzmann simulation, Displacement patterns, Heterogeneity
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CCSOEHMEIC T TDHADEL D FHI* _
Moving toward Commercialization of CO2 Storage in Japan

Rl {23
MATSUOKA, Toshifumi'*

U HTERREER AR L2 5ERE

!Graduate School of Engineering, Kyoto University

The IPCC published a special report on Carbon dioxide Capture and Storage(CCS) in 2005, stating that CCS is one of th
promising options for mitigating carbon dioxide emissions into the atmosphere. Among several CO2 storage options, storing
CO2 in saline aquifers is the most promising because of the large storage potential, estimated at from about 2,000 Gt CO2 to mo
than 10,000 Gt CO2. Some CCS technologies are already in practical use in several countries and are economically viable. Clo
attention has been paid recently to deep saline aquifer storage, which is expected to have a large storage potential of about 2,C
Gt CO2 throughout the world. First of all this presentation describes current global trends of CCS technology development anc
national policies. Then this presentation focuses on the mechanisms of deep saline aquifer CO2 storage. In deep saline aqui
storage, chemical reactions in the water-rock-CO2 system play important roles for trapping CO2 in the aquifer formation, as wel
as physical trapping by overburden impermeable cap rocks and residual gas trapping mechanisms. The presentation will al
stress the importance of the long-term monitoring of the storage aquifer because CO2 would be trapped stably in the formatio
for a long time. It is thus important to develop effective monitoring techniques for the behavior of CO2 in the aquifer. Physical
as well as chemical monitoring techniques should be used for storage aquifer monitoring. Finally the presentation conclude witl
discussions about storage potential in Japan and some important issues related to deep saline aquifers. Deep saline formati
are distributed widely in Japan, and have the potential for the geological storage of 146 Gt of CO2. It is therefore economically
feasible to use deep saline formations near large emission sources such as coal-fired power plants and integrated steel works.
realize CCS in Japan, it is important to make further advances in studies on the basic physical and chemical trapping mechanisr
of water-rock-CO2 system, and in studies on the geological characteristics of aquifer formations.

F—U—F: 2R, CCS,E= XY VT, b Iw TAAZ AL, R T V¥ v )b, AL
Keywords: CO2, CCS, monitoring, trapping mechanisms, storage potential, commercialization
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Geomechanical modelling for CO2 geological storage insights from natural analogue re

search

By BRR T A O Y Byl L R (ST
LEI, Xinglin'* ; FUNATSU, Takahird ; OKUYAMA, Yasuko' ; NAKAO, Shinsuke

VSRR B WL

!National Institute of Advanced Industrial Science and Technology(AIST)

When CO2 gas is pressure-injected into an underground reservoir for geological storage, the pore pressure underground i
creases, and the stress distribution underground may change. Stress redistribution within and surrounding the reservoir al
caprock system my lead to geophysical changes, microseismicity, fault reactivation, and may even trigger large earthquakes. F
example, at a gas field in In Salah, Algeria, where CO2 is pressure-injected to enhance natural gas production, synthetic-apertu
radar observations from a satellite have indicated a ground uplift rate of about 1 cm/year around the CO2 pressure injectio
wells, along with a similar amount of subsidence around the gas production wells. In some gas fields in the Sichuan Basin
China, following injection of unwanted water into depleted gas reservoirs, a number of seismic sequences have been observe
with sizable earthquakes ranging up to M5.

Indeed, geophysical changes and microseismicity are useful in the monitoring and management required during and after
large-scale injection project. However, the risks related to fluid leakage and earthquakes that can be felt may give rise to stron
social impacts. The issue of noticeable or damage-causing earthquakes induced by artificial operations is controversial, and h
been the cause of delays and threatened cancellation of some projections such as the EGS (Enhance Geothermal System) prc
at Basel. To carry out geological CO2 storage safely and for this technology to be accepted not only by the inhabitants aroun
the storage sites, but also by the society as a whole, technological developments that address such public concerns is essen
In addition, there is a strong desire to be able to control or predict the occurrence of damaging earthquakes. In these regarc
geophysical/geomechanical modelling is key in site selection, injection operation, and post injection management.

In geological CO2 storage, it is important to clarify the mechanisms and geomechanical conditions of worst-case events, suc
as damaging earthquakes and reservoir leakage, so that they can either be avoided or mitigated. It is most desirable to use
actual CO2 geological storage site in which such events have actually occurred and have been well monitored. However, mar
pilot projects are sited in places with good conditions for safely pressing CO2 into the reservoir. Thus it is valuable to carry
out "natural analogue research”, analysing similar phenomena caused by the activity of a natural CO2-quality fluid to examining
the modelling technology. In the Matsushiro area, a series of more than 700,000 earthquakes occurred over a 2-year peric
(1965-1967). This swarm, termed the Matsushiro swarm, resulted in ground surface deformations (uplifts as large as 75 cm
cracking of the topsoil, enhanced spring outflows with changes in chemical compositions, and CO2 degassing. Ten million ton:
of CO2-rich saltwater seeped was estimated to have seeped out from underground along the cracks. Thus the Matsushiro swa
is believed to have been triggered and driven by high pressure CO2-rich fluid from deep sources. Data observed during th
Matsushiro swarm can therefore be used as a natural analogue for examining the geomechanical modelling technology bas
numerical simulation using the coupled THM (heat transferring, fluid flow, rock mechanics) analysis. Here, we make a brief
review of studies on the Matsushiro fluid-driven earthquake swarm based on TOUGH-FLAC approach.

(FRE) AIZEIE, RRARESEE DD OZRGESE [ LR ERIEIIN « ek MR RN RS (PR E 2 e d
% CO2RFRH BT DBHFE) | D—E & UTHME L 7z,

F—T—F:CCS, VA= RAAN=w VETY V7, Wild, IR HIE, TRER A
Keywords: CCS, Geomechanical modelling, Fault, Matsushiro seismic swarm, Deep fluid
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On the Passive Geophysical Monitoring Research for CO2 Geological Storage at AIST

(LRI R 2/ R VAR <o uh L R=C it
NISHI, Yuji'* ; SUGIHARA, Mituhiko' ; ISHIDO, Tsune6 ; SOMA, Nobukazt
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WY RE=2Y V7 OEMME, EALKE CO, OZEFORA, WHEOEENZY X7 OKA, Z L THI FETILOK
BD7=HIc, CCSHEEICE>TARARTH S, 2 0td LULIE 3HcaEnmicind 3 2 EE FEXEA LK
ux@é%%Lﬂﬁétwkﬁwf%% CO, HiFrfIC B 2R AE Tk e UTid, KhEthEREZRELL TS

BEBN IR FED TICH N BN, Sleipnerz & & U THFRIENICHFE SN T L CO, DX 72 IS & 57 i

BECHHRTX 22 VI FETH AT L ZFAEL TV B,

LA L, #HETFEEHENEGRIA NDOBWFETHLT D, ThEBRVRUEHLETSC Lid CCSIct->
TEVWEHEEDES, Fc, BRAEOXSIC, MEINZFHEMNEK NICHE5E, S5&%mI A MOHEH
HHLEOFELIMDD, MHERHEBIHEHNTEZ T2 VI TFELERV ARV, £, BHIGUE, ZOHmY] - #EFF
JAMIHAT, COy #HIHIFRICIBWTHIHMNBTEN IR E LTEZZNRE L Z2EET 5 L, HERKRICH
DB ENEFE L,

C DIz, FERIITIE, REBIRNZHMRRE DO SENEZ n e D KIRT 2 C EWNREE 755 & 5 7%, #MERREZ
W d B2 TR VI FEOM R R T> TE TV, Eiia A s DEWZHNE= XY > 7 FiEOmh 5, CO, Hirplty
m«@% ﬁU/7&LT®%ﬁ%%ELT$ﬁ LHERT, BSAENL (SP) AE ik EDZEINE= XY 7 TFiEEHh

Y I al—y gV EHIBRYBLOR A N ok y b EHA GO EMEE T )V ETOREHCZ, Fiz, HHAEIC
%ﬁbfc@Fﬂ@ﬁﬁ&%ﬁﬁ*%@bfw%*lrxbﬁfbf@% 2 VTR EED TS, 5T, 2014
FERED 51X 2016EE D 5 D E DO K FAABRD TE I N TV S E/IMUCBNTAR—=R T 1 > « T— X OHUS% il

L7z,

BUEETIV ETCOE=ZRY Y FEOR T, BEY I 2L—y 3 Vick> TROS N RO « J£ 57 - Fik
FHEK - BIRNSE - WOEF O - 2D, #RICHITZE), AREN, BAXHRE, BHIERHE, KL, NSO E
KK TIRENET—2ZiET 22 LICKS T, m%ﬁﬁ®/\1b—va/@%&%@% ERAETEMHEUD
B HIERYIEIZZ R A S T a7, CO, HidIFRIC 351 2 @Y s tERY AT =2 Y V7 « VAT LOFER - idE
O, HMIRREEORH AR, 2 U7 VO EREL L ReR PRI EOR EFICHATE S X5 ICUBZINA,
TAMTA NEZSEBIFER UIEBEET IVICED CO,EAEEZ RV VIO —R « AZT 4 ZEMLTE (GF
M, 2015,

KETFT A MY A FTOTEZLXY VFRTTIE, DOE TEO N CKER UK EREE S— kF—2 v 7 (SWP)YW T F4
AT 7= AT — R BWTHEAET 5 KHRSERERAEIC S L, B8 E e HVizEaieE 1e=2) > 7 (2
JiEh, 2015, HiHC X% Geobatterghiiz Z—7w & LIz SPEZZ Y V7, SWPOLINHIERET LA ZHii5Ed %
HRBIIIC X 2 AE Bl EZ T L TW5, £z, WK Mz BisTHAE & ¥4 0 [ AV E & ol ietk
MH2T M5, INSARDEHATREM:DOMET & FhE L T % (Tanaka et al., 2014)

PRI BNTIE, N—=ZXT AV « T—2EfGE LTOREICAZ, KET A MY A S TRIEFSNEY, FHED COo,
T2 V7B 2HEOIREEHIEL TWa, &fEEE T2 U JIC D0V, KBRS D 5/
B OB-2 HHc e U CRINS Z8E U, 20144 Eh 57— 2 BUS7Z2Flh, nTHETH UL, 20164FEh SHMAT % SRl
BICBWVWTCEEZ R VI EHGELIZWEEZTWD, Tz, B/ OB-2 HHO#IND T-1 HITH W T, 20154 N
DTETSPEZZY VT ERB LTV,

e

AW, RIEPEEE D OZGETE [ R LRZREIN - Frelze EVERTRAR IR 3 (G A 2 #i50d % CO22%
BIEMEEAROBF) | O—# & UTHEM Lz, iz, KET A M A MCB 2 IG AR, KETZ3)LF—2 (DOE) H
3T )V FARZET (NETL) OF5IC K % FH (Award No.DE-FC26-05NT42591F X ©, SWP(Southwest Partnership
on Carbon Sequestration)#fifi L TV %, FHEDFAEICIE, KE Chaparral Energyl, L2 KY:, —a—AFTaTRK
%, HAR CCSFE#katt, E/M, SN EEHA R EDMID AR TH -T2, st L THEZET %,

F—T—F: CO2Hirhlir¥, €=% 1V > 7, &), HIRENL, AE
Keywords: CO2 Geological Storage, monitoring, gravity, self-potential, passive seismic
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HRE28-17 21105 RFRE:5 A 25 H 15:15-15:30

/M C C S ﬁ%ﬁ*%%nﬁﬁ%ﬁh_%b‘%ﬁté% C IV SN
The Micro seismic and well pressure monitoring system installation for Tomakoami CCS

demonstration project

TREE Hh 2L, ﬁ¢ﬁ{ﬁ2*'i§ﬁiﬁ2 SEI AR 2 5 i [ 2 Bl o

Macntyre Jarrd; JEIL £33 HAK &7 3

TSUCHIYA, Makotd" ; TANAKA, Tomoyuki® ; HIGASHINAKA, Motonori2* ; TSUKAHARA, Hitoshi ;
KURIHARA, Tomokaz\f ; ITO, Kunihire? ; ABE, Susumé ; MACNTYRE, Jarré ; SUE, Hirom? ;
AOKI, Yoshiyuki®

VHAC C SEMASHE, 2 kXt tEkRP 2R o, 3 MXatt 7o 1 LF v A b
1Japan CCS Co., Ltd?]GlI, Inc.,>PrimeCast Co.,Ltd.

BRI 5/ M IC B THML TS [C C S KEIBSGEREEY ] Tld. M NICEAT % #LRkE
DOZEEF PR OE, K 7 B e E s & N MIRE) & ORI OMERR - MEE, 365 X CHiF iR~ O B HIEED
EOMEZ B e LT, s, YiHFNES - mﬁ%®%hﬁM#ﬁﬁémA%ﬁﬂilﬂi?mﬁM%%®%%
%@?L‘%ﬁﬂﬁZHiDrKk%iﬁﬂ—Z74/ﬁM%%%bﬁo

FRiE U= BIRRR X, BIEBGEREr — 7 )VRIIZERE (OBC) X 1 51 /., #gEHFERT (OBS) X 4 f&T, FE FHERE X

1-% KFEEGTHWNIEERT « [TEET - IREBHEEE X 3PTHTH %,

BT — 2%, W OWIECHIES T — 2 ZBRE, 1ZIFV) TIVEALTEZZY Y THBINEICEN SN, ShfEE
Lk%é%:ﬁUVﬁvx%Atf%zﬁ—ﬁﬁ\ﬁﬁﬁﬁbﬂ%o%é%iﬁUVﬁvx%A?ﬁ\%ﬁﬂ?—ﬁ@

BEHZITO, TOEDTMMEICK > TEZ X —9 2 X EEHMEICR L, BEOEREZHET 25 B TH 5, SHIEEFTD
BT — 20 51, UNMRE) - BAMEREOERZZIHE L, MRS - HRME & HIE LzGEaicid,. BEfCE
DERZIET %,

R TIIRET_ R VTV AT LAOBEICODOWTHRET 5,

F—TU—F: ZgeREETR, CCS, 'Y T
Keywords: CO2 storage, CCS, monitoring
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Hirpl R S Mz COitb A= 2 ) V7 L Bl O LA AR R TEIC DWW T _
Geochemical monitoring of CO2 underground and an evaluation technique of geochemi
cal features

EVER 7 S  AEP i
MITO, Saekd* ; XUE, Zigiu'

b GR I A N M ER BRI PE SRR S e
IRITE

Mechanism of carbon dioxide (CO2) geological storage is similar to accumulation of oil and natural gas deep underground (ga
trapping). Additionally CO2 dissolves into water in the reservoir (solubility trapping). A part of dissolved CO2 precipitates as
carbonate minerals (mineral trapping). Geochemical trapping such as solubility and mineral trapping prevent upward migratior
of CO2 by eliminating its buoyancy. Amounts of solubility and mineral trapping strongly depend on storage sites. Timing of
mineral trapping is still unclear. In this study, we present an evaluation technique of geochemical features at a CO2 geologice
storage site, the Nagaoka site for an example. We collected core and water samples from the injection well before CO2 injectior
After cessation of CO2 injection, formation water was collected twice from the observation well by Cased-hole Dynamics Tester
(CHDT, Schlumberger). Monitoring results showed that solubility trapping occurred around CO2 bearing layer and a condition
of CaCO3 precipitation was prepared below the layer. Laboratory experiments indicated that Ca containing silicate such as ple
gioclase provide Ca to precipitate with dissolved CO2. A preliminarily result of reactive transport modeling showed solubility
trapping was the dominant mechanism for CO2 trapping and mineral trapping increased with time at the Nagaoka site. Detail
of an evaluation technique of geochemical features will be presented at the session.
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It CO2 D B s B T4 . :
A method for assessing the impacts of leaked CO2 on the marine environment

PIAS 52 T KR IR 2 5 EIE I i
UCHIMOTO, Keisuké* ; MATSUMURA, Yoshimasa ; KITA, Jun' ; WATANABE, Yuji !

VORI TR AN BRERES PE SR AN T TR, 2 G AR RIR A AT SE T

!Research Institute of Innovative Technology for the Editihstitute of Low Temperature Science Hokkaido University

Carbon dioxide (C@) capture and storage (CCS) is promising technology that mitigates the global warming. Captdred CO
from industrial processes is transported to a reservoir in the deep geological formations. Storage sites are selected so deliberat
that CG; is believed to be stably stored in the reservoir. However, in case of a worst-case scenario, we should assess the impac
of leakage. In Japan, CQwill be stored under the seabed, so that,&@uld leak out into the sea if unexpected leakage should
occur. Therefore, we should assess the potential impacts on the marine environment. In this talk, we will introduce a method o
the assessment that we have been developing. The method consists of two tools; a numerical model and a database of mar
biological impacts. A numerical model predicts dispersion, i.e. distribution and concentration, of leakéu t6®sea. Since
leaked CQ is advected and diffused by ocean flow, the model should properly represent flow, temperature, and salinity fields
in the sea. In addition, seasonal variation in the sea could be important for the simulation. Stratification in the sea strengther
in summer and weakens in winter, so that leaked, @@uld be more likely to be mixed vertically in winter than in summer.

We have been developing an ocean model for simulating leaked @king consideration of those factors above. The model

is based on a non-hydrostatic ocean model, cdtiedco, developed by Matsumura and Hasumi (2008). In general, numerical
cost of a non-hydrostatic model is very expensivekilraco, numerical cost is improved greatly, which enables a simulation in a
relatively large area and of a relatively long period, as a simulation with a non-hydrostatic model. With this model, we conducted
a numerical simulation in a gulf-like topography. A passive tracer, which is regarded as (168 dissolved inorganic carbon)
originating from leaked C@Q is injected near the bottom. In order to represent seasonal variation, sea surface temperature (SST
is restored to temporally variable temperature from observational data, and temperature and salinity on a lateral boundary are al
restored to observational data. Wind velocity data given at the sea surface, which are converted to wind stress in the model at
drive the model ocean, are daily mean observational data. In order to access the potential impacts of leaketh€@®arine
organisms, we make use of a database of marine biological impactso€@t@entration that RITE has been compiling. The
biological impacts of C@in the ocean are referred to not Tg8ut partial pressure of COpC0;,), and so the calculated TGO

in the simulation should be converted to p£QVith the resulting pC@values and the database, we can estimate the potential
area where marine organisms might be impacted.

F—T— N BEEREGC A, CCSBUEE TV, V8T — 2 N—X

Keywords: marine environmental impacts, Carbon dioxide Capture and Storage, numerical model, database of marine biologic:
impacts
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PRl 2 U 72 1 l:?}iﬂ}%%b\% W7 TR D A 1 OB PR Rl

Wellbore integrity assessment of CO2 sequestration site from the geochemical reactio
using well composite samples

HREF RZ T SR BT B ESR Y
NAKANO, Kazuh|k01* ; MITO Saekd ; XUE, Zigiu®

U HERBR B P SE BN T SRR

'Research Institute of Innovative Technology of the Earth

AT, CO, MR B 2 HTUHER MR FTHET 5 726, EBWNRERIC X AR CO, it AV b, WA
& DRSFEZ TRz, obradEHE, BHEVTHORSEICRI U e, r— > 7% (3-5581%). HERILV FS Y R XA b
(API ClassAfHY; 7K/t A > b EE: 0.46) U A D 575 2 FIREIRDE SR FRIRYTHRURD ZERR Uiz, NGB T
1 kmFEEDOHIE TORIGZRE L, 50°C, 10MPadDiffE « [E15&M4 F TR TR & CO, &% 56 HERISE Bz,
Fiz. CO, LDNIGIE. CO, BIRITATEREE NN O /KEIA L 728 CO, (wet-CQy) I T 720

CO, IGEDFEHRITHERHE, A2 b W EOR I FETRISHEITLTED, AV MR TRERA L VMic:E
UL RIS, EBICZFONAITIEAGICE SO U 2EmEszZB8H Uz, X2 hoxigtE{bid, CO, fgfia
TBREE N & HRT wet-CO, BB FO WA E LHEFTFL T LD, TOEAWIIRENTH D, Fick D _iEHI X b #HEE
U7z 30 % DIREEEILTEEZ. CO, BIRIVATEEREE FC 0.76mm wet-CO, BREE R THH>TE 45 mmTH o 7z, RIEHE
{LAEEKD CalfE ik, ROGHEEK & LR T 139 L TH D, CaffliEF (b L TWa—7. Mg, Si. SIEEIEAMEIC k>
LTWez, REEIEILEE O ML, CaCQ DRI L L TRERIIVY A e T 5 4 FDiEh, KRIKIFTEA
EFELIEWNTIA FEEKRLTWB T eV oTz, £z, XV M —ERmOMEHITIZ, CaCQ > Cad—.
KL U TP AN OLRZ IS AR 5Nz, Chid, XAV FOTRGITETH S Cahd, CO, ED
SIS K O TARE L THYSDFLBRNIC A D . ZDT%. CO, EfA L TRIBBIELE LTHT 22 LT, fRZFRELZED
EEZLND, TNHDOMHAEERICED., AV FAFANDHER S CO, DRADMIEET N, R, Hite X2 FoHt
T % EFTREEINS,

F—U— R TR, ST R, £ X 2 b, it
Keywords: CCS, well integrity, cement, carbonation
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Preliminary simulation for the behavior of aqueous solution of carbon dioxide in aban-
doned coal mine

PRy #GEE L B N 2
HORIE, Yuri' ; AICHI, Masaatsg*

VERGURZA A, 2 AURSAR AR i A R A 72 R
IFaculty of Engineering, The University of Toky8Graduate School of Frontier Sciences, The University of Tokyo

B3B3 D 20504E GHG HEH & 8094k 7V A & FHid %1 id. CO, fERIFEHE 1075 t L FOAVNEIRERESE & CO,
Iz RMT 208N H D, T I ERHIBOMBELZMICHDE THMTE 2 X 5 ISR R ORI 2 MGt L
THEIREERH B EEZENS,

AL T, HFKHIZ COy A 7 a7 )V REG LT, CO, EfR/KZ1ER UIrE I3 % CMS (Carbon Dioxide
Micro Bubble Storage £¢ifiZ48& L. HirficiEA ST Co, TRIRK DO EBIIN BB OV T, IBERIFOBEZ L2
ER U KR E B - BIC K AWEBITORR Y R 2 L— 3 VICK B TRINERG 21T Tz, AWIZETIEEE
1fE OB IR E & R iRE &7 5k OFEKINRILO OB 255 & U TETIVEIER L Tz,

fRATOREHR, BifET— 2 b RE T NS HEPHOPITEDIEASL T, COy IAKIZHAWERNIC EIAICE X 2 2 &N
RENT, T, RITHAWEF BB THERRYDBKETH 2 EIE LTZET I X > T LIEHETH,. CO 1A
IR £ 5 L VO R E R o Tz, TNHDORERIE, CO, IEfR/KIFH D EMINZEENEWT & 2R LT
W3, — 1T AAWBFOE S DEHEN AT X D O EE LIZET VLTI, IFETE % Co, BIZMDT 5 L LI,
HEAHICHE | & #EE U T B RITE T CO, IRfR/KDEIET 2HER e o7z, DT &, IWEEOZMEEEAL—FD
INT VALK - Tid, HIRICAD S ERKEDGOREENDIRNDFEET 25— A HDHE L ZRE LTS, Th
5 ORFTRERIE. CMS FfiOSZERRER « FEDOKER. AR b Z v TOMli% EICHIKS 2 LS N5,

F—T— F: co2itiig, CMS, COAfIK, Bl I 2 L—3 3 >, Bedlh
Keywords: CO2 geological storage, CMS, aqueous solution of CO2, numerical simulation, abandoned coal mine
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COiH D FF 2 F)V 7 Fad & U TOIRRGIC BT 2 REHE R ISR
Carbonate reaction experiments in hot springs as a natural analogue field of CO2 geolog
ical sequestration

THPR R b e R ot
SORAI, Masad* ; SASAKI, Munetaké

VIR ATBGE N PE S BARS E WEZ ST
!National Institute of Advanced Industrial Science and Technology

HIKEAND CO, HIFTFHE TlE. CO, DHIERADIRfRZIL T & UTHA it 7 0w AW %5, 2D X5 %&b
2T AN 5B, REBESIVIONIGIE. S8k F v T LT CO, DEEICHEET % )T, BBy v oy
7 NI ORI T OAMRZ B U CIRIBROMINDIRN & /5 %75 &, IRzt oiine wmm ) X7 O, bib EET
H5, LHLENL, TNEOKIGT B ARG A T —IVERIChbzsCcE8HD. TNE T CO, HEFRIZEE T
TOFA2T 4 7 AU TEARRZENE N> Te, FRC, RISHEITN S 5 A O AR E O R ORI L | FEER
IS 2 IRIBEIEY DRFE D RE L 72> T B,

C T TUE. ATREZRFR D CO, HFPHFRIZRTISE W ERER N OIS E K& 2 Fiti 2w Ul ATFEORHHIE 2 D28
b5N%, —DHE. RIRDIRRZRIGEE UTHIGIERZTT S mICh b, KT, RIEBRD 2 WIFRIEKEERZESC
EICX D, FHEEED CO, [JEAY A FLISVT, I CO HIHFRFRE DS F 2T 7 F a7 LTDT 4 — IV RBMEEN S,
Ko, ZWCEML TV ZEST A 2Ick b, BENSDOEMICHZRISOMELRET 2 LB gEL 7%
%o 2HHOME, FBEZIRFGCHBALNICD S, HEMCDF YT 72T A XL EMSRIC OV T, KISHiI‘D
ZHIRE(L 2T/ A7 =)V TR 2 2 LIk b, RISOEENFEYIC R U T & B C kS 5 o SIS E OJIEHYa]
fEL %, T, FEOIINTONT, BGEMMICBI 2R EOHEN K DEFICITAS X 51Kk %,

SEBEE Uzt ME, JLEEREOY SRR TH S, RY A R Tld, RN D OWRRKD Bifix > I &
N7zt%. 50 mOBLE Z2{n-> THKEN TV S, RIRKDOPIKEFET COy, DA AN 27, FilcH I Lizhn
AR E R D REBIEDNER LT K EoTWn5b, T T, FRZ Y IZAN LRSS X OEE Fiid 3 nii%
B E UCRE L, WINOBHEICHBW TS, EEAR AFHEORBIEIY TH 5, VA~ 75351 b (Gt
IZ CaCQ). Rra< 1 b (CaMg(CQ),) BXU T Y A b (MgCO3) DNZ B Al FR/K I iR E 24 RFRIRIE S B, Fl
FERE &I LA DI U CRARR OB 21T 5 oo SRIOFER T, RRKZDOEETORIGICMA T, LiRZ
YIWTCO BNT Y T HH0REES TR LERNM UGS OWTE, TNENISETT> T2,

[\ U 7zil RIS DWW T, (iY77 M FSEt B XU L—Y -Gz VT, Al e Komom S &bzt / ~3 7
OYLAN)VTHET ST I KO RIS EEZE I Uiz, ZORE, IREEHEILY) O S S IR R /KK D Z RIS iR L
THUKICETT 5 T EAVRENT, BT, BB 20 A FORIGEBEIEREBE SN T HREL D EE L
TWze THUT. TARDEIRIE DBIEIE OB NOERTPICEENSZFL DA A (& LT Mg A4 >) I X 5N
RO7DTHZ LTINS, £/, FEYA FOBMARENREBEWVICEEDL ST, ZOREEEE VYA FRT
FSAFA P EHUTELIBWT EEHHLN RS, TDZ EIF. REEESY ORI LT, MEREZ T, 5
ZOHERREHWIT 2 T LIFRRS T TN DIEN S T L 2R LTV,

AW, FEFERED D ORI T LR ARRI - Irsk i MRl R R f e GPERREZ Hized % CO2
R ORFE) | O—fE LTHM L,

F—"T—F: CO2HplirH, FF 2TV 7F 0y, REEHE, ROSEE, $i 2w 7, iR
Keywords: CO2 geological sequestration, natural analogue, carbonate, reaction rate, mineral trapping, hot spring
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bl RIC 351 5 CO22BE= X2V > 7 DR & VE
current trends and challenges in monitoring of injected CO2 in saline aquifer storage

[(EAEP e,
XUE, Zigiu'*

VOSIAENE N HUBRERES PESERANIIZERENS, 2 JUNKE: A—RV = a—FI)b « Z3)VF—EFEMILT
!Research International of Innovative Technology for the Earth (RIFE)ushu University, International Institute for Carbon-
Neutral Energy Research (I2CNER)

KEVEHEHRD S BRI X iz bk (CO2) 1F, /80 T'TA iz ETHEY A Mot I, i FEROI
JEICIEAT NG, ZOXK D EIFHEEICIE CO2Z/F A B2 2 | #HRBEORES NS EAitE (Fv vy T ay 7)1
Bbnsizd, EMchiz>TERIC CO2Z M NCH DAL T LN TEL LEZLENT VS, HI FFETOREEIC CO2
EHEAT % b, ez L TOBBRK (BAEK) O—FRE#EE N, CO2FEATD SRAIEFANLN > T
<A, W EORME (FLERR, 1REF, NIEMN) ICRELIKFTEEEZADNT NS,

A AHBFE D7 E Tld, CO2-EOR (AiHEHERIN) OMEETHEAT N CO20%EZzE=2Y YT LEMNS, [T
AHREFEEDNEIRO AT TON TV S, 3 RITRAHEFIMEERA IR X S FEiE N TV B0, HEDOYTHZRIH T 2 JiH
R DML DB S €T 7 « OD%EPfﬁJ%% CMEEINTWV S, CO2-EORDY A MTHIESR / UNTIDNERHEINTE
7z COEHEE=_ X VI HHiDZ &, 1ZFZFDF FHihirHICHEH T 20, COitihirEDENLZ et Zigmd %
LT@:Xb%%bfﬁﬁﬁ%%%%bu&of%fm%o

A CR Ak, & <127 X)) H ORISR S— k5 — v 7 (Regional Carbon Sequestration Partnership
CO2FEATTY =7 b, BEFEHENT WS Shell D QUEST 1Y = 7 b, ERSE/ MR ERD CO2%8)€
=R T FEEN CEHER LY 2 —3 31Eh, HhEFIC BT S CO%FE= % V) 7 Db & FEAE AT 5,

F—U— R SRR, SUKMEKE, VIRE, sk, oy T AN AL, 8= 2 Y VT
Keywords: carbon dioxide, saline aquifer, well logging, selsmlc survey, trap mechanism, monitoring
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SOIEMTEIC KB COURFARATICIE S sk Y L 8 O 28 |l o
Prediction of changes in geophysical observables associated with CO2 migration throug
vertical faults

AR & EYGE S S v fhal !
ISHIDO, Tsuned* ; SUGIHARA, Mituhiko' ; SOMA, Nobukazt ; NISHI, Yuji'

b EESRENTRR A W ZETT
LAIST

PEFRECIE, M FOWMAREI S I 2L —2ay (UUF, IWREY I 2L—2aY) K& CGRHERENSHET). E.
VR, CO2BUMIEHDZ bz, HBRYFHEIEOZ(LICAIT 2720 DIH T 1 7 5 Lo « #ifiziroT\b, T
OYMEZH T TS S L0 LRHERYPFRA R Oty EMATHE D, TNE TICM/NES, BREN., HRE
MDT—ZDEL » BHEAHA., HIEEBICKX > THELNET—RISHILT 2 RA Ty Y EHFEL TV,

CO2HHlFA D TFICHENT, IHREY I aL—a e ) v 7 UEHIBRYFLR A 7ot v JEtEE. LR XS
HKHWTHEHTESEDEEZ TV,

OMYaE=2) 7 « AT LOER - BlEOKE - BE L T ETIVRTIBEY A 71 LT, iRcBIT%
YIRS T — Z O N U2 b2 TR L. CNEIET 2720002 > 7 TiHEORN & Z Ol E x £ &Gt
I %,

O # FIREEDHR# AR - HHTHLNEEZ XY VT « F—R7%&, FRICKD TR NV EE T — 202 &
g3 lick > T, FALTZ CO2RAFHED FrAX N TV A D EHENID S,

O Tl & 1d 85 2 RAMEN S S NG E, FIHEZ AT 2 XS TFETF NV EZREL (A=< vF 2 F), CO2
OFFEEDTERNMEURRNZZRNHT 5, £z, THIEZRERZZEFHD, IBEY ATZIGERT S 0[pEENEZ 51
A, TOEHDIZOOMBENZT=RY) VT FHEOBINE Z O E L EERETT %,

CTTTE. P DODBISTITo e, IIEV AV EMELIIRIEY I 2 L—ya v e, ZORRICES), ELNS
K UHEN (HHE) ORZA STt v I %@l Ut E RS 5,

By I 2 L— a3, KEZZMO Gordon CreekIOREZTETIVICE EDWTWB D, FNahiz D L
L7z DT, #izFiES% 1800 mRSLE LT, EntradafiPs/E (z=2007400 mRSL 72+ A&, Z D LD Curtis/g@ 7%z
WERE L 3RE L, CO27%&4E[] 10005 k  THEA LG EOH FICHIF % CO20E ZE Lz, MEDORWGEL., &
TEV A7 & UTIAEDIERE 2R E LIZRED 2 DD —AZDNW Ty I al—ya U ElTo Tz, Mgy —id (F
A% x=y=0m & L) x=200"300 m y=300"800 m z=200"1200 mRSIOHiPHICE L. CO2E AFIUAT 4 Ff4E L
RS TRI3 % & Uiz, W%, £2FEARD S BRI 7% WiE % FH LB /KE (Emh z=1300 mRSL N\
TUALs, IRERH/KEAN LR Uz CO2IX 0L EAKICTAIR L TWA D, EITMME TS 2728 CO2 T ADEEIX, EA
VRIS TTHY 700 kg/m3TH - 72 & D 200 kg/m3L FETHEL K%,

L DE MK T, WilEa Lo%E, JTEABGE 104 OR S T 10 microGalfeE Th 5H ., AHHIC) WiEh b
U780, B KEAN LR U D CO2 H Ak D . WiEHE 2 I 40 microGalfifE & 7z %, WiEhid
% 3FIRE T, WiEA L EWEHIOOSEOE MK FEO A, FRHIAWEIFH T 10 microGald |- & 7% %,

HIERZAIC DOV T, Wilga Loga, I oM 10 barsiffgic n s U THEABIAT 104 Tk 30 mmifd
JELix5 (A aBOKETHIER, WIMERIE 2GPaiikZE) . WilEIIDEEIX. TEABME 104EI1C7% 5 LB K
JENEH LU CO2D 5 BAAEIZ 205 M A0 FIshREMb5 2 e liEE FTHRERIE 48 mme ks, Wi
@ Tld. Joule-ThomsorBANC X D IR FEDEHEN, T HUEE TEEZ IR 5,

RHEDIGEFIC DWW T, Wil E L2k 2 JIER T, WilgBHI 1% 2 4ER2 0 Tk g ic L5 Uiz CO2IcMind
BANY MHHMIC RS, 7720, EATHBEZRYZ (x o) JIER T, W% 5 DL ERGE UraKEm
T CO2H AMTTHERT B E TR ANV MEIBIN&RW,

B0R UREHEZ. BIEY A2 % FE TR AN E= 2 VI TFETH S P, 3RO SER LIEUIEE
i3 2DREHOENSEH LN EBDND, SREIOT—XE, FCEHBRICOWT, 1. 20FTco BIEE G
W) SRS OB R HEZ M52 % L THENITH S T e EZRLTWS, 5. AT —AcDO0V T, ik
Zfi, BREN. SR E 2B L2 M5E T 2YHREFILIC K 5T 2 V JIC DWW TIKRRN GG itk 7z
WEEZ TV,

AIEE AW, BEEER D D ORGEMSE [ (bR ZERIY « Iz 2R R G RA 2 flied
% CO2EHFHMEAM DBHFE) | O—iE UTHML Iz,

FU—RFREY I 2 L—Ya v BT =2V V7, (Y A7, CO2itirhlir]
Keywords: reservoir simulation, geophysical monitoring, potential risk, CO2 geological storage
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MY & CCSZ2RIA] L 7z CO2HF AT & H A D U A 7 #Hi
Risk Assessment of Microbial Associated CO2 Geological Storage and CH4 Production

FHA g 1 YR BESE L Ee KT L Y BT L U R R (St
TANAKA, Atsuko!* : SAKAMOTO, Yasuhidé ; MAYUMI, Daisuke! : HIGASHINO, Haruyuki : SAKATA, Susumd :
NAKAO, Shinsuké

b EESREANTRR A LT
LAIST

B T3V F—RE T 2 HEEITTRBEC X > THAET S CO20, KAH A « HilFEOREFH SO THET
T2 CO2&UMT 2 TR E LT, COMMRrREMMHIRT SN TS, CO2HiH TR HfIE. FESFIRREDEE D
W CO2 2 HrCfREES 272, KED CO2DEENAIEETH %, CO2HIHFRFRH DN S & X N B HEIX T h A/KE
KB Lz AMHTH %,

CO2i 44 (CCS)DEE LAY A F D—D & 7> TV ARIBIA AT, REINDFEHAETLL EFRENT
W5, TEESBIE, WA AR ENIC AIRICTFET 2BEUMEDREE DMAEYI O X 2 2 EREES I, CO23 [ ED FIC
oM btE s eZRB L . THEHEHMAAHZ G E Uiz CCSY 1 MBI 5, JRNE TORRH AER
BIKORENZ "B T 28D EFZ %,

T OX S sl FEREIC B 2 M AEYIIGE 2 &8 LBz B RAKA O CCSHfiZ 1T 5 720k, £3. Mt
MNC KB AR R E CO2MERZIZ U E T BE7COT RN U THGEZHRET 208N H 5,

BLald, MRS ZE R U Hilz R E R O CCSHMOREAMN I HsZHSMMCT % T &2 g, BT
T IV REY) Ol & 7% flASAR, CCST Y AICHB I ZHBETIVOXE L X R VEHEOMZITS & LI,
CO2HithfrEICh b B U A NELDEREEA >N 7 FHiB X CFEXZREDI AT T2 ARA Y el TWV5, CO2
HiHp TR A S ORTS ORrE - i AT AL O RAKEREE 2 & D HIF T, CO2ImHRDY X7 Dz kD % &
EHic, CO2tHlirRE Y A 7 FHti 7 a 7S LERRET TH S, AME TR NS OO HADHRHNS, DbV Ak
JEAD ) A7 TS DOV TIRE T %,

F—U— R: CCS,MEW, Y A7, AR Ak, BRb R E
Keywords: CCS, microbial, peripheral risk, methan production, environmental impact
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Current Status of CCS in the World
M B =

TANAKA, Ryozo'*

VONRIAME N HERER R SRR IT e p

'Research Institute of Innovative Technology for the Earth (RITE)

CCS is a promising technology to mitigate the global warming. The low-carbon technology, according to an analysis by the
International Energy Agency (IEA), is required to contribute to 14% of the global CO2 emissions reduction by 2050 necessary
to achieve the internationally-agreed goal of limiting the rise of the average global temperature to 2 degree C. There have bee
more than 10 commercial-scale CCS projects, including the world first CCS project in the power sector that became operations
in Canada in autumn 2014, and there have also been around 10 projects under construction. The progress of CCS deploym
is, however, far behind the anticipated trajectory. This is mainly because there is lack of business case. This is underpinned k
a fact that most of the projects under operation and construction are in combination with enhanced oil recovery (EOR) by using
anthropogenic CO2, which contributes to making them feasible commercially. The situation draws wider attention to policies
and regulations to incentivize or mandate CCS implementation. Such policies and regulations have been in place mainly fo
fossil fuel power plants in, for example, the USA, Canada and the UK. This presentation is to summarize the current status o

FFR9:5 5 25 H 18:15-19:30

large-scale CCS projects and CCS incentive/ mandatory policies and regulations.
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s =l — B PURL > L M a i OBEEEKIED IS T _ _
Sttress dependency of permeability through a single fracture in Neogene-Quaternary sil
stone

P R I bR 2
NOGUCHI, Mami* ; UEHARA, Shin-ich?

VRO SR EA BOR AR ER I & R 7 LN, 2 SR A B A i B BRI R )
IDepartment of Environmental system, Graduate School of Frontier Sciences, The University of 2Idégartment of Envi-
ronmental science, Faculty of Science,Toho University

TR bRFEMPIFEICBN T, g LTSNS IRES ICRADND - TGS, Z2h 5 BILIREDNFRT S
A[REMEDMER SN T VS, LEah > T, BEEDOBUNTHE L UTHKAET 252 AT 2 C L I3EETH 5,

FIFED [1] FEE GEEEMBRED) OREBRRICENT, B A - RRES & B a0 0FE K2 X
5. HAHAME R TRIIALL, MIKOBEIREKE LTAEMNCZZ60EE3%T &, T LT, TOERESMEDNE
LDRREEMFICEIRT B T RIS Lz, UL ULAEDNS, “(bREMPIFEZ1T S 550, b THIEERZI T
WA SO g bR E 2 A URIBREDMEIN G 5 DT, AMEDOREEICIEH ST 2080 H 5, T OBRIEEREDZBEK
P& E O OEE L ORI, FOET EBEREMPEFEOMNRE UTHHRE SN TV S HE =il — B PUd OHERT S I
DWTIEAS MITTR > TR,

Z T TAWIZE T, BRIEDORREERE TOBKEDZIEDEADFET ZEIICE > TEIEZDEIhZHEMNMIT S
LT, FADBREMFICK S TEDXIICELT 20 RIS e Z2HINE LT, ZEEMEDRRSEFORT 5 iR
JBEEREE Y )V M (OHRI) LHEMHEY )V ME (KWD2) T, #/KERZTT- T, FARICEE LIz 2 EO IV k
EBRTIITCHEMZ., BB L, 2N ZFNORENCH U THEBR L BRFEfEZ 1 D0Y A1 7))L E LT, WD
DORKAMNE (2~21 MPa #iRT L. BEKFEEENE Lz, % OHR3Tld 3[E. KWD2 Tl 2 BIEERZ1T- 7z,

R TOFEERNTDOWVT, AEEME & BREEFEOBKEED B Ui A 7))L LR S A D DEADBEKGR
BD—8T 28 A JIVIDMFHE LI, Bi&E 2 BHRRBGT 1 7))L T, BEZRRHEAOY A 7))V eI &icL
Tz MBEEEFRBRICBOVTHERE LIz T A, BZEAITY A 7)Vid OHR3 Tld 7~9 MPa, KWD2 Tl 17~21 MPa B3
FEARBEEAY 1 7 )V1& OHR3 Tl& 5 MPa. KWD2 Tld 3~9 MPa t #EE &Nz, BARAIIY A 7 VGG 75 B A DF#IRSE
FEFELL, TNIBHFEOWIT L —BT %, £z, BAEBREIGY 1 7 VIR RS G OB RE: X D IKEICEH N, T
N, BHOMHEDENENC & TRAmOEMmEFEINE 85—/ T, #HiR2cidz s ISHIERE LG5
FEEDEREL, BADBREMITELTWVE D EEZENS, o T, BHEOMINIEADORBREMITIFEL TV
Bh., BHEOKREARIIBHEDOIREICKFT ZHEADDH S L EZBNS,

SE (1] R, B4, AiZh (201D Journal of MMIJ, Vol.127, 139-144.

F—T— R BELEKE, B =RV ME, BREKGER, ISR
Keywords: Fracture Permeability, Neogene Siltstone, Laboratory Permeability Test, Stress Dependency
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X #RCTIC K % CO2-EOR=ENAAERD rI L & & & 71
X-ray CT visualization technology for CO2-EOR laboratory test

AR AR R T PEERAE B FOR T R R
PARK, Hyuck'* ; KIYAMA, Tamotsu! : NISHIZAWA, Osamul ; XUE, Zigiu! ; ZHANG, Yi!

VRS THIE N IR BR S P SR IR S e b
IResearch Institute of Innovative Technology for the Earth (RITE)

X-ray CT visualization technique has come to be actively utilized in the field of earth science not only medical and industrial
fields. With this technique, it is possible to monitor the fluid movement of the internal structure and confirmed in a pore of the
rock samples in a nondestructive manner. In particular, it is possible to quantitatively evaluate the physical properties such a
porosity and fluid saturation in the rock sample by analyzing the X-ray CT data. Such techniques are also used in research relat
to oil development.

There are three main categories of EOR (Enhanced Oil Recovery); thermal recovery, gas injection and chemical injection. Ir
particular, CQ-EOR, one of the gas injection method is a technique which has attracted attention of many new markets amonc
EOR technology.

We developed an experimental system in which the EOR laboratory tests and X-ray CT visualization can be performed
simultaneously using a rock sample. The experimental system is intended to quantitatively evaluate whether there is an effect c
CO,-EOR for the rock sample. Berea sandstone (diameter: 35mm, length: 80mm) were used for this experiment. The experimel
was carried out under conditions that simulate the temperature and pressure of the underground; confining pressure 12MPa, p
water pressure 10MPa and temperaturé&Q0njection of the fluid was controlled by a high-precision syringe pump. In addition,
specially designed high-pressure vessel to X-ray transparent was utilized for X-ray CT visualization. Porosity of the rock sample
determined by X-ray CT image was about 20.21%, which is consistent with the porosity obtained in the previous test by the
saturated immersion method. The sample has been saturated with KI aqueous solution, and then mixed with oil (KI-Oil mixec
state; oil saturation rate 58.50%). The £BOR test was carried out until the Gnjection reaches 2PV (pore volume), finally,
about 66.10% of the oil recovery rate was confirmed. Figure 1 shows a CT image when4hej&fion amount reaches the
0.25PV.

In this study, the C@-EOR laboratory test of porous sandstone and X-ray CT visualization were carried out to obtain the
porosity, fluid saturation and oil recovery rate. We report the experiment method and results in detail. This study is expected t«
contribute to the development of G@njection methods for efficiency improvement of GBOR (for example, micro-bubble
CO;-EOR).

F=U—= R TR T ¢, “HRAERGR-OIEHE RINGE, ATHRAL, EHRART, T SR

Keywords: X-ray CT, CO2-EOR, visualization, image analysis, quantitative assessment
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TFYAMT 7 2 AT —ACO2-EORY A N COESJE=ZY > 7 (2)
Gravity monitoring at the Farnsworth CO2-EOR site, TX (2)

R EE by R —R L i 8 2 s B L RS S A e R v #ha] !
SUGIHARA, Mituhiko'* ; NAWA, Kazunari ; IKEDA, Hiroshi? ; MIYAKAWA, Ayumu ! ; SOMA, Nobukazt ;
ISHIDO, Tsuneo ; NISHI, Yuji!

U REZERANRR ISR, 2 B
LAIST, 2University of Tsukuba

TEFEYHAMNDT 7 > AT — X CO2-EORT A ¥+ kTl 20144E1C CO2[ EADNEE - 72, B4 lZ CO2[EARTIN D
175 T BB E 115 iGravl5ic & @Ak L T\ b, 20144 7 A SIZ 2E5HD iGravl7#EA LT 1 m
WETT 12 HE THATHIERTT> 20 T D% iGravl7#H 600mbE T 7z s Ic B U CIifTllE#TT> 72, CO2Htifirey
DIzDOESEZLRY VT TIFEHNZICOREZ(LR D EESFDO R 7 M ORI AEMINCEETH S, KU T
R TR E U TR, $ETE T3 & OMATHIEDS —RINIED., BB E S EHE L O THIEZ R 7 Rl M7 53
I A REROFEINC LMD THEMIZ 5Tz Tz, Bk Uiz iGravl7id Bk 10 HZIKIE, ZIF o RY 7 MhifRIcER >
Too BHAEEERED 3 2 WA THIE I B CIROEEHEICEN EEZ DNDD T, BROWENRENTH- LIt
BENNEHIOIEH L EETH S L 5 R 5. AWIZEE, BIFEEED D ORI [ HILRAERIIL - Frekde 2 MR
ibAFEE 2 (LA Z e T % CO2% MO | O—fé UTHM LUz, KEZx)VF—% (DOE) H
T 2 SWPICIFHGHATICOWTHEEEZK > TWeE Wz,

F—U— R BILEEE, COMr ™, EHE= XY V7, WATHE

Keywords: gravity monitoring, superconducting gravimeter, CO2 storage
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