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Strategy for carbon dioxide emissions reduction and CCS policy in Japan
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Widespread adoption of CCS technology could be key to limiting global average temperature increase.
Supporters of carbon capture and storage technology say CCS needs to be brought to scale to limit
global warming. This presentation covers an introduction on current status of research and
development on CCS technology and CCS policy in Japan. Main topics are listed below.

1) overview of the Tomakomai large scale demonstration project

2) potential storage site survey

3) R&D of (02 capture and storage technology

4) international collaborations

5) Japanese goverment's policy on CCS
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CCS is recognized as a promising technology to fulfill an ambitious target of C02 emission
reductions. But the advancement of its deployment has been very slow than expected and acute growth
in deployment cannot be anticipated at least for a short term. One of the reasons behind is the
lack of economic incentives to compensate costs of CCS deployment. Then what are driving forces for
existing large-scale CCS projects? There are currently 15 operational and 7 under-construction
large-scale CCS projects in the world. The half of these projects have inherent C02 separation in
the production process and sell the captured C02 to enhanced oil recovery (EOR) operation. This
combination generally requires no additional investment for the installation of C02 separation and
can generate revenue by selling C02. The remaining half has an additional C02 capture facility and/
or use a saline formation as a (02 reservoir. To fill a financial gap, these projects receive
public funding and/ or enjoy other forms of financial incentives such as carbon credit, tax credit
and avoidance of carbon tax. This presentation analyses factors making existing projects
financially feasible and financial incentives implemented for future projects in major countries.
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Development of geological model using core-well-seismic integration technique at the
Nagaoka (0, storage site, Japan
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Construction of an integrated geological model characterized by a seismic survey data and
calibrated by log-based monitoring data: A case study at Nagaoka (O, injection site
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This paper discusses a methodology for the site characterization of deep saline reservoirs
evaluated through dynamic flow simulations. Not only the traditional site characterization
techniques, but also the injection and monitoring data can be used for the geological modeling. In
this study we carried out flow simulations using a geological model based on a seismic survey data
and monitoring data after the (0, injection at Nagaoka site.

Nagaoka project was undertaken in order to verify an ability of (0, injection into Japanese
formation. The target reservoir consists of marine strata at a depth of 110@m. Between 20 and 40
tons of (0, were injected and a total of 10.4 k-tones of CO, was injected into a thin permeable
zone. Bottom-hole pressure measurement, time-lapse well loggings and cross-well seismic tomography
were conducted using three observation wells drilled between 40m and 120m from the injection point.
For the modeling of the reservoir with heterogeneity, the method presented by Ito et al. (2016) was
used; determined the sequence boundaries of the formation from the analysis of depositional
environments, constructed a 3D reservoir framework by horizon picking of seismic trace, and
developed a 3D distribution of reservoir parameter after the integration of lithologic records,
well logging data, and 3D seismic attributes. It is worth to note that the heterogeneous feature
from NNE to SSW direction can be seen in the revised interpretation model. For the hydrological
properties we referred measured results as reported in Nakajima et al. (2015).

For the simulation of multiphase flow, we used TOUGH2/ECON2 simulator. The model was calibrated
through the process of history matching to the bottom-hole pressure and CO, saturation. Several
absolute permeability models were tested manually and good matches were achieved between monitoring
data and simulated CO, behaviour. The results of (0, distribution were also consistent with the
observed velocity anomalies from the cross-well tomography. The numerical results revealed the
migration of CO, plume to up-dip direction along the most permeable zone during the post-injection
period.

Sensitivity studies were conducted to investigate the effect of poorly constrained model
parameters. We tested alternative parameters on absolute permeability, ratio of horizontal to
vertical permeabilities, and pore compressibilities. We found that the effect of the ratio between
horizontal and vertical permeabilities was relatively large, and pore compressibility had effects
on pressure response. A small anisotropy in horizontal direction could also explain a better
matching. These anisotropies could be created during the depositional process of the reservoir.

We will report the long-term fate of (0, in the reservoir to evaluate the contribution of the
trapping mechanisms.

F—DO—RC02tPETE. REY . ZER. FSYEVIXNIXI A
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Long term stability of (O, stored in reservoir is of intrinsic importance for ensuring the
viability of geologic sequestration of carbon dioxide. Demonstrating the permanence of storage is
an important task of pilot projects. In the Nagaoka project, Japan’s first pilot-test of geological
C0, sequestration that injected about 10,400 tonnes of (0, from 2003 to 2005, a stable containment
of €0, in a reservoir has been successfully demonstrated by kept monitoring the (O, behavior even
after the end of injection during about 10 years. Systematic and continuous data acquisition of
time-lapse well loggings (e.g., resistivity, neutron, and sonic velocity) successfully illustrated
the detailed nature of (0, migration at intra-reservoir resolution.

In this study, a three-dimensional reservoir model with sub-meter spatial resolution has been
developed with comprehensively involving coupled process of two-phase fluid flow and geochemical
transport. The model was history-matched against a set of monitoring data acquired during the
post-injection period including pressure, well loggings, and fluid samplings. The calibration of a
large model is computationally demanding, hence we newly developed a parallel version of coupled
fluid flow and geochemistry TOUGHREACT V2.@/ECO2N with MPI parallelism, in-house. The new code also
features hysteretic effect in relative permeability and capillarity which was not implemented in
the original TOUGHREACT V2.0.

The detailed 3D history matching study reproduced the observed distribution of (0, saturation at
sub-meter scale over time. From the lessons learnt through the history matching study, the
following insights into the trapping processes of (0, at the project have been obtained.

- During the injection, free (0, migrated preferentially through higher permeable layers. The
uneven arrival times of CO, to the well-depths are well explained by, and consistent with the
non-uniform permeability distribution measured at wells.

- Pressure-driven-flow during the injection squeezed the formation water out of the reservoir, and
consequently resulted in hydrodynamic dispersion of dissolved (0, into over- and under-lying lower
permeable layers. This behavior is highly consistent with the resistivity changes observed by well
loggings.

- In the post-injection period, negligible vertical migration of free (0, suggests that even a
thin, intra-reservoir muddy-layer behaves like an impermeable flow barrier to trap C0,, by a
combined effect of lower vertical permeability and high capillarity to prevent the invasion of CO,.

Keywords: Reservoir Simulation, (02 trapping, Nagaoka, Parallel Computation, TOUGH2

©2016. Japan Geoscience Union. A1l Right Reserved. - HRE20-05 -



HRE20-06 HAMERSER S EA2016EAS

E/VRCCSKARRRERR (CH (T B MERTEEDEZS ) Y INDOERAMERE
Subsurface monitoring using seismic interferometry for the large-scale CCS Demonstration
Project at the Tomakomai Area

s BT = EE'. A5 g tB B S S, & 8K AE &E°
*Ryuji Niiro', Motonori Higashinaka', Susumu Abe', Makoto Tsuchiya®, Hideo Saito?, Zigiu Xue’,
Tetsuma Toshioka’®

1. A SRR AR, 2.BAC C STHBEKASH. 3. MEKIREE ZE LTI kRE
1.JGI, inc., 2.Japan CCS Co., Ltd., 3.RITE

BRBREEANEARNC C SHEMRASHICRZRIEL TEEL TLDE/IVWISSKBERIEERBREXD—RELT, &
INEGEFR B X D EEXBAICT —JIUR3. 6m, ZiR=EREonDEREIO0BAEERI N, 2014F78 LD HFER
BIRERINTUL S,

ABETE, COBRKSERANT—5ZERBLSZTHIMERBEFED _BILRREITBEEZ BRI 32 H DLk
BORUREFREBEE UTOERAMERS IS CEEBNE LT, ERTSFRE BAMEERICOER LIZSE
BlERET Bo

0BCIC XD HEIFERIZE, EFHNDEZI) VIS LIVCEDRUBEHREEEBENE LIZEDTH DM, 6FER
DEZS ) VIHEPICE > CTRIBEGERAUZHENARS INS 26, HEAPOEENT—F (L THIERTF
BERCKBDMTEET X—I VY IMAIRETH Do

NWRIMHTIE, EARSLCEABO _BLREDESHBEZBHNE U TRDER UBEKEENSHEIN, £
ABIDAR—= S VEHEE U T2009F(C =R THIMESKERE, 20135F(C R RIRENBECERm I N TL)
%o 016FEEB(CFEINTUVDI HILRREARBLE, THNELEZS—RERERINDIMN, T7H VIR
RERAVCEDIRUBEREEICIEEOERANINND S, SEELE_I—RHBEOXREIR#HETH D, N
(CN L THIERT SIS, BNt AROEBEOHBROT—5 (XU CEEAREETH D26, BEDEDERL
EMESFEEC R LT, BUVRERRECITEBERNO _BIERZEHZIBETET DU ARS S,

ZC T, BRBBCCKLDERBADRICHERTFSEEZEEBL, —BIERREHETZI) Y IAOEBM(ICEE
TIRIRNEERMLI, 2015FE1B1HNS2015FE1MBNIHETCICRASINZBRMELZRN S5, L .5EH
543,75, FE#R140.25BHNS143EOEHEHE(ICABL, NDOEIRERN8 kn&kDERVLIENDSS, M2.0ED
MEENRE Ulco MRELIZEZEBIIRIYEDSE, PREKXOSHEOPIEMNBERICEENHS5ND1581TRV ~(C
DWCI—SFRESUPKBAZEHEL, "RY MNECHERTSEEERALZ, BRBEREZETCES LR
(EN U CTRESET—SNEBEEAL, REEESHENESZ. SONZEGHEE I 7 HVIRRICLDIES
WEZLBRUZER, WERTHECLIESHE L TIHEE(CHEY I IREENAERI N,
ARBEDORERE, HMERTFHSECLITEERECORMNETNA—IVIDEEUERIENTHD, F/MH
N (C LSRR URBRADFEE LD TEMERTENTH S,

S#&E, BUIPEBROAAY R ZERVZBEOMEBEROBEM, WEBENRAARY MEEGHRREROREED
BREBESHNCL, ZBLRRZEEBT SV VIICHITIBOBEURFEFRELE U THIERTSEOBEREZE
BEI D,

F-O—FMERTSE ZBEKRE. (S EZ5UV0

Keywords: Seismic Interferometry, C02, CCS, monitoring

©2016. Japan Geoscience Union. A1l Right Reserved. - HRE20-06 -



HRE20-07 HAMERSER S EA2016EAS

BLZEERZRAVCY DI T SETAL WassellH (T 1 LS FREREZDT — S EIRT
Time-lapse observation and its interpretation in Al Wasse field in Saudi Arabia using
ultra-stable seismic source
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1. Introduction

The Carbon Capture and Storage (CCS) is one of ways to reduce the C02 radiation to the air. In CCS,
C02 is injected to the subsurface and is stored in the subsurface. Technologies of monitoring
(time-lapse) of C02 leakage from the storage zone have been studied in many institutions. We have
used the ACROSS seismic source for the time-lapse and have tested the technology in Al Wasee field,
Saudi Arabia after the air injection study in Japan (Kasahara et al., 2013). The same technology
can be used in EOR (Enhanced 0il Recovery) and PRM (Permanent Reservoir Monitoring) cases.

2. Time-lapse observation in Saudi Arabia and data processing

The test site is a national water pumping field. Water is pumped up from aquifers around 400 m
depth. The geology of this area comprises limestone, sandstone and unconsolidated sand. There is no
seismic survey in this area before our study.

We used the ACROSS unit as an ultra-stable seismic source and 32 seismographs at 560 m spacing
grids with distances between 500 m to 1.76 km. The source transmitted chirp signal from 10 to 40 Hz
and the seismic waves were recorded by data-loggers. Because of so frequent power downs during the
observation, the obtained data were intermittent. The transfer functions between the source and
receivers were obtained by division of observed records by source signatures in spectral domain by
the similar way as before (e.g., Kasahara et al., 2013, 2015). By processing, we obtained the
transfer functions corresponding to vertical and horizontal forces. As the interpretation of
one-day stacked data, we used the refraction survey in 2015 (Kasahara et al., 2016; in this
session).

3. Results

We obtained the transfer functions from April to December, 2015 for 30 stations, but the data are
not continuous for whole period due to frequent power downs. The first arrivals disappear at the
distance further than 1 km and large amplitude phase is dominant at the stations further than 1.5
km. The temporal variation in the arrivals later than 1.0 seconds is extremely large as same as
that in April to June, 2015 (Kasahara et al, 2015). The first arrivals closer than 1 km do not give
large temporal changes, which is similar to the previous results in April to June 2015

Using the refraction data obtained in 2015 we interpreted the phases. The first arrivals at the
distance less than 1 km are refracted wave with 3.5 km/s travelling the upper limestone layer. The
phase with large amplitude at the distance further than 1 km is estimated as refracted wave with
4.5 km/s travelling in the basement. This phase shows some temporal variation. The Raleigh wave
could have large amplitude and this is dominated after refracted waves. The temporal changes in
surface waves do not show coherent characteristics from one to another.
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4. Discussion and conclusions

The presence of low velocity zone just below the 3.5 km/s layer makes difficult to interpret the
temporal change. The first arrivals quickly decay at the distance further than 1 km by the
low-velocity layer. At the distance further than 1 km, large amplitude phase refracted at the layer
deeper than 800 m is dominant. The upper limestone layer does not show large temporal changes and
the refracted arrivals show some temporal changes due to the migration of aquifer. The surface
waves seem travel in the low velocity layer, and the temporal change of surface wave is so large
and shows roughly week period. This may be caused by pumping of water from aquifer.
Acknowledgements
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Saudi Arabia. We express our great thanks to members of JCCP and KACST for their aggressive support
of this project.
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Geomechanical monitoring of caprock and wellbore integrity using fiber optic cable
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We have been developing a new technology to monitor the caprock and wellbore integrity at (O,
injection sites by utilizing the Distributed Fiber Optic Sensing (DFOS). DFOS has an advantage to
measure temperature and strain at any point in an unprocessed optical fiber, contrary to the
conventional Fiber Bragg Grating (FBG) sensing which measures temperature and strain at a limited
number of discrete points along the processed fiber cable. To put the DFOS technique into the
practical use at the CCS sites, we measured the frequency shifts of the Rayleigh and Brillouin
scattering in an optical fiber attached to sandstone samples under hydrostatic pressure, and also
measured strain of the samples by conventional strain gages simultaneously. Strains measured by
optical fiber are estimated based on the frequency shifts and those strains agreed well with the
strains by conventional strain gages. The experimental results demonstrated the potential use of
DFOS as a promising technology for monitoring the geomechanical deformation of geological formation
at the (0, injection site.

F—O—F ! ZTEMLREFEMPETE. XD\ — BEMEESR
Keywords: (02 geological storage, optic fiber sensing , integrity monitoring
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An appropriate monitoring program is important for an CO, geological storage project to detecting
subsurface changes within the reservoir, to provide for potential risk, and to improve the
predictive capability of reservoir simulation. AIST have studied passive geophysical monitoring
method to reduce the repetition of the expensive seismic sounding, especially in post-injection
period (Nishi et al., 2015).

The self-potential (SP) method is mainly used in volcanic or geothermal field to delineate thermal
anomaly from streaming potential generated by subsurface fluid flow. In (O, geological storage
site, SP changes due to stream-potential might be a promising geophysical tool to monitor pressure
changes in shallower levels (Ishido et al., 2009).

SP anomaly just around a well could be another important target for SP monitoring. As subsurface
changes in geochemical condition might change the well-casing SP due to geo-battery effect (Ishido
et al., 2013), simple surface SP monitoring could be an early warning alarm for CO, plume arrival
to the well bottom.

In the presentation, some of our recent advances in SP monitoring & modeling will be summarized.

F—"7—R : (02 Geological Storage. modeling. streaming potential
Keywords: monitoring, self-potential, geo-battery
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A Study on seismic stability safety evaluation of the cap rock for geological CO, storage
using non-linear dynamic response analysis
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Numerical study mitigation of pressure build-up mitigation by production of formation
water during CO, injection
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(SSERMBKELEEL THS02ZEEAT B, REICT—X3TE>O,ZEAERBICRIOHEMNSHIEKE &
ETd. T—XA3TEHAFDBYIIMUERBRERE LIz, IH. (020FEAHMEF100FEE LT,
HWEKEEDEVWEART —XET—X2 DRBERELRIT D E. BHINEEICKDEBEBAOENETHRES T
B FERTEOMTKEDCREMNRRES. EDIMHEIZNRE. BB EREEICRSN, 2L, TBBED
BN S <IENEEDMHEIDIREE < LB,

FEACKEEZRBCTOFER (5F—X3) [F. EEABBEICDE>TENEEFEAE—EIRDCEMRT

. RN DOLZE UEDIMFIMRMESNDS CEMDhH o1,

MEDOKDIC. EABRRICHBXKEEE T DFE (717 IVE—RIH) HBIVEEACBKERRICITD
FEICKD. (NEAROBEENLRENFITESCEMNTEETH D, CNESDFEERVDCET. BTEE
HNOENLERICLBEAL —~DERDOHLSTFRLDADEEE RV T D ENTE S, (0LETRBEEELT
CEMTE, ((SOT/RY 1 ~DBIREKEBEPT L TRIUIDEER SN B,

HEKEEDHRE. BFBEDHERECRUICKEKET S, SORNHERE. H/IVRIRENTRE UIZE
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An Experiment study on dynamic displacement and non-equilibrium dissolution for (0, in
porous media
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A clear understanding of the displacement and dissolution processes in porous media is of
importance for CO, trapping mechanism during geological storage. The porous media were filled with
quartz glass beads. (0, and water injection with different flow rates in porous media were
investigated using MRI. The intensity of MRI images decreased with (0, injection and increased with
water injection in the longitudinal sections at various times. Flow patterns in the drainage,
changed with different flow rates. However, water imbibition proceeded as the uniform displacement
front even with the fast flow rates. The residual (0, saturation after imbibition was sensitive to
the capillary number and initial (O, saturation. As capillary numbers increased, viscous forces
dominated the flow resulting in a decreasing in (0, phase trapping. At high initial saturation
range, the residual saturation decreased with initial CO, saturation. For post imbibition, (O,
dissolution dominated the mass transfer reflecting the transition from capillary trapping to
solubility trapping. The concentration of supercritical C0, (ScC02) decreased sharply during
imbibition and slightly during post imbibition. In contrast, lots of gaseous CO, dissolved into
water during post imbibition. The dissolution rate for ScCO, was around the order of magnitudes 10°°
- 107 Kg/m’.s.And the C0, saturation during post imbibition decreased. The study visualization
measured dynamic drainage and imbibition processes and investigated the influence of dissolution to
trapping characteristics which is useful for (0, geological storage.

Keywords: capillary trapping, dissolution, (02 saturation, geological storage, flow pattern
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Effects of stress relaxation and clay mineral contents on permeability changes of
mudstones during fracturing processes
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An understanding of fluid transport within aquifers plays an important role for geological (O,
storage (GCS). During €O, injection into the reservoirs, a change in stress induced by increasing
pore pressure might lead to deformation of surrounding reservoir rocks including caprocks, and this
might also result in occurrence of seismic or aseismic slip along fractures/faults because of
decreasing rock matrix and fault strengths. Thus, the presence of fractures and faults into
caprocks such as mudstones and shales should provide an impact on the relationship between
hydraulic properties (i.e., permeability and capillary pressure) and rock deformation. A few
studies on measurement of permeability during shear fracturing in mudstones have been reported so
far, but evolution of permeability throughout fracturing, slipping, stress-relaxing and variations
of effective pressure levels processes has rarely been investigated. The objective of this study is
to measure experimentally a change in permeability in a series of complex processes from fracturing
to effective pressure dependency for mudstones. Particularly, we investigate impacts of stress
relaxation and clay mineral contents on permeability evolution in response to variations of
effective pressure levels which assume change in stress within targeted reservoirs resulting from
the occurrence of overpressure. In this study, permeability tests were performed by employing the
four steps: (i) fracturing, (ii) slipping, (iii) stress-relaxing, and (iv) effective pressure
dependency at temperature of 40°C and effective pressure ranging from 2 to 15 MPa (confining
pressures: 12-25 MPa and pore pressure: 10 MPa at constant) for two mudstones. The two samples
tested were taken from GCS demonstration site of Tomakomai in Hokkaido (DS) and lower formation of
Tentokuji in Akita associated with screening of all GCS sites in Japan (SS). Based on mode analysis
of mineral compositions, it was shown that majority of mineral compositions for the SS sample was
about 70 vol.% smectite-rich matrix. On the other hand, for the DS sample, little clay minerals was
observed. Our results demonstrated that the rock samples tested exhibited brittle failure
behaviours in stress-strain curves. As for the process (iii), it was apparent that permeability
values measured after the long relaxation time (almost 7 days) were a significantly more
susceptible to change in effective stress than that after the short time within 1 day. A comparison
result showed that for the DS sample, magnitude of change in permeability values with decreasing
effective pressure for the DS was almost two times larger than that for the SS sample relative to
permeability values in the stress-relaxation state. This result showed that in the case of lower
contents of clay minerals such as smectite and kaolinite, if the pre-existing fractures/faults into
such mudstones had several events of tectonic movement over a long period, it might possibly lead
to slipping behaviour easily due to the decrease of effective pressure induced by C0, injection.
Also, it is further shown that its degree of slipping and magnitude of change in permeability could
be depending strongly on the types of mudstones such as clay mineral contents.

The present results should be pointed out that time of stress relaxation and clay mineral contents
could provide a significant impact on change in permeability against effective pressure levels
depending on the types of caprocks.
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Influence of flow pattern of two-phase fluid flow on deformation of mudstones
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TEMCERFRMPETRE (CH UV TIE, MANDZELEREODEAICHVWERNEZE T S0, REZENEEL
5%, €0 T, MKEMEZEZEFHEL L FHEHTDZMHIC, ZBILERRDBRAICHESEBOEFEDEENNE
EED, AIRAET(E, BEREBRIDEAN—DOTHIREICDOVT, ZBILRENMRALCEBEODEEEE
BT 3roHIic, ENRRERML . BAENICE, KTEMLUCAERSR (LRER e BEDRSE) (I
LT, BKEIGADREGTICEVWTTmNSERZEATEIEREERML, SBROPROSIICHITIEHOTH
ERAOTHEZEETRIL . ZHEREMEEFEDERBREERBE =20 —5 (FH, 2010) ZALT, HEEMN
FINSA—IBEDTCEROBE =1L —23a VEARHI TR, ERHNSTBONTMELDEXRZTVOTH
nEonic, ERCTHUVITRBREDHERENMEXRBTRE ULEBRREEICET IRMENS(E, ERRICHNT
([FEKMBRERBZEER L DDOHRPERS L COEMREX SNz, — A, BEY=1L—23v(icHh
WTIE, ZHERAEHEESERIFZDarcyDFERIICEDEREM L, BRIELRES(FEHRIPICHER ST NE
holece MEDEBRIE, ZHEROREBENNEENERICEEESXDUBEUNHICEETERLTUVSEE
2B

&
EMER (2010) , BNFMNERICED S ZHERE - BERI =1L — 5 DBEARCKAUERAT IBTEE >
Zab—2Y3ayA0BEH, RRAZFAZREIZFRMARMKD X7 ATFERFELRN.
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Keywords: Geological sequestration of carbon dioxide, Mudstone, Deformation, Two-phase fluid flow,
Laboratory experiment
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In-situ observation of water, oil and coal under high CO, pressure for (0,-EOR and ECBMR
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OEMALEEBHS LU I—ILAY XS YOBEEEIRICE LTI, BFRERICEASNZO0, M EKCA
HICBRELZD., ARKRHICIKET BC ENFEIND, cNICKD. HBEKDpHE(L, BHRS L TAKD
FARERRDNE U EORPEBMRICEEERIFI CEREXI SN, ARRICHVTIE. K BHLESTUICAKMN
BECSFESKTICHEINERICELSEEFHICOVT. BEARIETEILERVTZDGZRRETL O,
SEITBBRICEET BKICO,NBRUIEBE. ZOpHRMET IS L FEINBZIN, IFEEXS LUTEBEE
BRI 3ERICEpHOBEIEREE I ZRANEEL. TOHELIEFBERIICEIDERELATHBDEEZX 5N
3o AR TILEGpHETREESTXERN EZEARILTILICEA L. AEILRWIC0,Z2FEA LERSIRAE D
RETESCCCELD. KERDOpHEREC,FHSX T TREY S/TEERET LT, pH5.6ZERE LT, £DE
pHEIE K TMEpHBIICH VT 614 nmd> K U444 nmDSREDIRSEE & pHEICHEBIMERSH SNz CcNS5D—RE
BRZAVT. BESFES T TRESNHKDPHEG. (CR2FERICEDVTHEES N epHBEILE —H
U RITEDZHMENRINGZ, ABEERAVT. HMATERRS NISHBEKDHE SE,FEK T TRAELR
fER. CHEKICEINZERB 4 VEBEDRVCEDpHELDBLBRE TN, THEDEARSGEICIN
(&, HBERANDC,DBEEL S UICHBRDRER D DR EE RER U IZtEKpHDBIEDNFEIEET H B
AHEEEBAICSVWTHEHBIC,NERT 3 AMDEBEENELC S CERMSNTUS, ChckD. AH
DEMNIAFBEHNENT B0, BHOEERNCENTH S EINTV S, AlEEEAIRIETILICEA

L. CO,OENEEALSBEMRS U IV 7 LICEHROEBEEES EHREL 2. (0,0FENICHIR T, MR
HEC L > TEEHNDEERIENLT S ENTEIN, 5.6 MPadd0,ENRETICHVT. (0,& HDEME
B4 cn’/g-0ilDIJFE(THI2T sOERE RUT. HEBRICHV TITHDBIFRNZE(L T B & 00,8 MDE
MEABTERLIBZCEREZI SN, (0,0BRICHLESHOEBEZRT BBEIC. HOBMEEZND/IS
A= ND—DELTERLUHEFAZORENH D EEZISND,

J—IbRY b XS Y DIBERNDZHIC. XV IDERRADREENE V0, ZRE(CEAT BTTEICH L
TlE ONIRETBSCEICEIDARDEENEL. ZORERMETIT B, (0,DFEAEAXT VDEEMN
BRI B, TN, AKDEBELECSBLVBRLLEDRNEEH X Z,EREICEATBLEE L TRED
REEHIEDNES SN TULBH, BENCHENTEE L (0,NEAZMRS LLRSAROEBEMET SF
EORAFENKRHSNTU S, KARICHVTE. BEOFRAITICHINcAREERHERI S LI
&£2T. ZNEEERGDIERETL. ZORBER/MERANZ. AKX (BER) Z£30~60CODREERHATIC
SUVWTHBEC,FEKTICHUBEICH VT, 30CHESTICLOTICHVTIFHNE. AADBBERFERIN. Ch
SOBERETICHSVTIIERCKILELERBOSNEMN M 50CULICHVTRBERDETANRN S
nic, —RISEEAFVEEO,DARNDIREE(IET IS, AROEBELETISEFEIND,
D5, (O,EAHBIOKREREE LESTEZCENTETNE. BROBEEMTE URELDOHFCEWTH
BEEZSBNSD,

F—O—F 1002, K BH. AK. pH. BH
Keywords: C02, water, o0il, coal, pH, swelling
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Field experiment of carbonate reactions in the (0,-injected hot spring waters
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COIMIAETRRICH LT, EALRZCO,DRIANZESZE FRIT B2 (CF. EZTOCIZEEZRICANTEIE
JZAL—YavhARARTH D, COLDEMEETOLIN S5, REIEIYMOBEEAREZ. ZhEh
FBRZEMHDOBMEER) XODEANSTREEETH D, ULHULENRS, (0 MAPRTEREG T TORBIRILY
DFERXT 1 O XCEUTREARBELEAZL ., MR =20 —2arvnEBEYZER LS B3 EHICEZDARE
EMZERRIDCENFEELOTULS,

CNET. OMAPEFENFTFa13IL - P7FOTEHEEBIREARERICEVT. REELYMORIGERE
T TE . FiC. REBIMDORIGRES K UEEICKIFTC0,853 0\ EMgTZd >V DRICEL T, SRRK
[CCNSDYIEE ABNICARINT 5 & T BIGTHERREICE TILR UIRIEZ T > TL S, BIOOXRET
[FRK[ETTO,EFALRR SBRERKADO,DBEENKE S ELVZHICpHR+HRITETEF. REDO,E
AHEETFERINDIRBISLYIDBRICEESHEN DO, EC T RKRELDEFVWENDTDHO,DFAMNA]
BEL R T YL RWBERNICHRERBI D LT, BRKDTSHEZpHOET (C0,0BMEDEM) =BIEL
Zo

EXBY - ~EUT, FIEICEIEHE. UBERBEHND FOBREEE L. AU ~TIE. SERNSDER
KBTS VO (CEFBEINZHE. 50 mDEEBE(ELE D> THKEIND, SHEISETKS VO K DBRKERY S
7w Il ATV IEBERBCEAKSTELE. BEOIKECRET Y XFLEBRUIZ, BERD1AMM
T, BE. ENHLUpHZEHAIL Tz, BEAICIMERBRA NILI —ZB(SHEREL. FRILST—I(C. ALY
. 7SOF 1 +(3H(ECaC0;). ROV ~(CaMg(C0,),) EXVVY IR 1 (MgC0,) DAZBIHFE 1A D DE
ElLlZe INSOHEBRZBERKORBFZH T CREURBEESTE. FIEFMHACECMEDDEIRLZ, BR
KZDOFFITMR T, #$90.3 MPaDC0SFARS T TIRIEV IRV D LERMULEVES (Mg/Ca = 0.5) &FRM
LeiBa (Mg/Ca = 3) « ZNENICDOVTRIDEIT DT,

BN L ZERHCDUVT, IMBY D TFSEE LU —F—BMEE AT, EEAERICEOSIRLE S
J~Z00YVIARILTHET B EICIDRIGEREZER L U, SEINERETIE. (0 FACLDDILVT T EH
KOT7STF1 B LUE, MBEBDOARFREFEE—TH oM. VIRIVILEERBASERZBEICEL
BEEBERLURE, IENE. NILY 1 ~OBIERE(FHEBITS—HAT. 75077 ~OBBREFIDFHNIIIE
MU, ROVA REVIRY A LCDVTIIBEBREEGIIERINGN D2, CNSDOIBERIE. C0,EAFE
FEOMBKERS L CREEIYDEE(CHKF U CTREBEDBREBRENRETD., RBE(CH U T—E2ORIGF
XT A D REBERBIBDCENTELEVWCEZREL TLB,
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Keywords: Geological (02 storage, Bicarbonated spring, Dissolution rate, Reaction kinetics,
Carbonate minerals

©2016. Japan Geoscience Union. A1l Right Reserved. - HRE20-16 -



HRE20-17 HAMERSER S EA2016EAS

BFRETETMOZHDOREC0BHILEET IV
A numerical model for calculating the behavior of leaked (O, in the sea for assessing the
potential impacts on the marine environment
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To mitigate global warming, the reduction of carbon dioxide (CO,) in the atmosphere is
indispensable. We should make every endeavor to do it. Among options for it, CO, capture and
storage (CCS) is thought to be one of the most important ones. Captured CO, in major CO, emission
sources, such as power plants, is transported into deep geological formations and stored there. In
Japan, mainly off shore areas will be selected as the storage sites. There is still concern that
stored CO, may leak out into the sea and that leaked (0, may impact the marine organisms. To
diminish the risk of (O, leakage, it goes without saying that it is necessary to select the storage
sites and the formations where CO, will be stored stably and safely. In addition, we should enhance
scientific knowledge and develop methods to assess the potential marine environmental impacts in
case the stored CO, should leak out. How much the marine environment or organisms will be impacted
depends on the rise in the (0, concentration in seawater consequent on the leakage.

Aiming at calculating dispersion of leaked (0, in the sea, we are developing a numerical model. In
JpGU 2015 meeting, we presented a model where the leaked (0, dissolved into seawater (ADIC) is
represented as a passive tracer. In the model, CO, bubbles were not calculated. However, it is
considered that (0, would leak out from the seafloor mainly as bubbles. CO, bubbles from the seabed
rise in the water column, dissolving into seawater. These processes may affect the distribution of
ADIC because the dissolution rate and the movement of CO, bubbles depend on the size of the
bubbles, and temperature and salinity of ambient water. Therefore, we have incorporated (O, bubbles
into the model. The model is based on a non-hydrostatic ocean model, named kinaco, which has a
Lagrangian particle tracking scheme. To represent (0, bubbles in the model, we apply properties of
C0, bubbles, such as the mass and volume, to the particles. Based on the size of bubbles, and
temperature and salinity of the cells that the bubbles exist in, the buoyancy and the dissolution
rates are calculated. According to them, the movements and the sizes of (O, bubbles are computed.
C0, dissolved into seawater is dispersed as ADIC, which is calculated as a passive tracer in the
model. In our presentation, details of the model and examples of the calculation with the model
will be presented.

F—DO—F UBFREREE. ((S. BETETIV

Keywords: potential marine environmental impacts, carbon dioxide capture and storage, numerical
model
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