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Seismic methods have been widely used for explorations of CCS sites and monitoring béa¥ior. In this method P-wave
data are primarily used. S-wave velocity has independent properties from P-wave velocity, such as S-wave is insensitive to th
existence of fluid in the pore of rock. The ratio of these velocities has been utilized to evaluate lithology of formations and gas
saturation in the rocks (e.g. Brie et al. 1995). This paper reports a relationship between Vp/Vs data and rock properties at th
reservoir of Nagaoka site in Japan.

Nagaoka is the first Japanese pilot-scale, @{Eection site. A thin permeable zone at the depth of 1100m was selected for the
reservoir. For the sonic logging, a low frequency dipole sonic tool has been used at Nagaoka to observe P- and S-wave velocitie
Data for the uncased hole logging were used to analyze Vp/Vs, since the Vs data of the cased hole logging had difficulty tc
separate true S-wave from flexural waves through the casing. Therefore Vp/Vs data in this paper showed results before the CC
injection.

Cross plot between porosity and Vp/Vs in the reservoir showed that the scattered data can be categorized into two parts; Vp/\
were almost constant but porosity changed, and Vp/Vs were dispersive but porosity remained constant. This tendency cann
be seen in the cross plot between porosity and Vp, therefore Vp/Vs might has better response for the lithological evaluations
These differences in the Vp/Vs distributions are consistent with the Fullbore Formation Microlmager logging results, and the
distribution in Vp/Vs had dependency on shale volume. The relationship between Vp/Vs and rock properties will be interpreted.
Note that the difference in Vp/Vs distribution can be seen in the reservoir with the thickness of 10m. These Vp/Vs distribution
might be a feature in Japanese formations, where rock properties change within complex alternate layers.
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Authors constructed a three-dimensional static reservoir model of the Nagaoka CCS Pilot Site and to simulate a carbon dioxid
(C0O2) plum migration for 10,000 t injected. The scope of work included incorporating all available geological and geophysical
data (well logs, seismic, core, and cuttings data, as well as previously observed depositional and structural trends) to create
geological model of formations from the Haitsume sandstone near the Minami Nagaoka Natural Gas Field, Niigata, Japan. Th
injection well is to be located in the immediate vicinity of Nagaoka city, Niigata. The boundaries of the static reservoir model
span a geographical area of approximately two square km around the Iwanohara base of INPEX.

Several phases static and dynamic modeling were conducted, each with successively greater geoscience data support. St
model was constructed a reservoir from the Zone2 to Zone5 bottoms included 3D seismic data for Stratigraphic control as well a
well log petrophysical data. Petrophysical properties in the Zone2 and Zone5 were supported by data from 4 wells and attribute
data from 3D seismic. Simulation modeling explored the impact of stochastic uncertainty in static model properties on injection
performance using the Nagaoka data (Sato et al., 2011). Petrophysical properties (porosity and permieability) were compute
from well logs of Injection Well-1 (IW-1), Observation Well (OB-2), OB-3, and OB-4, 3D seismic data, and core analyses.
The amount of well log based petrophysical property control diminishes with depth. Petrophysical property were interpolated
throughout the static model using seismic attribution, stochastic method, and upscaled into the simulation grids.
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ime-lapse-studies of the physical state of the injection zones or fractured zones is a key component in the CCS, CO2-EOI
and shale-gas development. Monitoring systems using the seismic-ACROSS can be one of the most suitable methods for the
purposes. We have made simulations assuming a single ACROSS source and a multi-seismometer- array installed at the Ket:
pilot site for CO2 storage in Germany. At Ketzin, CO2 has been injected since July, 2008. About 62 ktons of super-critical CO2
have been injected to date at about 630-650 m depth, and injection will continue into 2013. To monitor how the injected CO2
behaves after injection is extremely important for studying the long term behavior of a storage site. The objectives of this study
are to find the most suitable locations for an ACROSS-source and receivers at the Ketzin site given infrastructure constraints
Preliminary results using the velocity-density structure site model shows that a rectangular injection zone 200 m wide and 10 n
thick at 665 m depth is well imaged. This result encourages us to plan for using an ACROSS-source for time-lapse-studies t
monitor the migration of injected CO2 at Ketzin, even after injection has finished.
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X-ray CT visualization of CO2 microbubbles migration in Berea sandstone
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Laboratory core flooding experiment was run to investigate supercritical

CO, migration in brine saturated sandstone. The sample was cylindrical
Berea sandstone measuring 35mm in diameter and 70mm in length. A grooved
disc and a special porous filter were set to the sample ends.

Superciritical CQ was injected into the sample under same pressure and
temperature conditions. X-CT system was used to visualize migrations £f CO
injected from different filters. When injecting G@rom the special

porous filter the C@was microbubble and through the grooved disc the

CO, was normal bubble. COsaturation estimated from CT values and the
CQ, distribution clearly showed advantages of microbubble @{&ction

and the experimental results suggest the usefulness of microbubble CO
injection in both saline aquifer storage and enhanced oil recovery.
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Geological Conceptual Model Based on Integrated Analysis Using Some Geological dat:

obtained in the Kitakyusyu Site.
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A CO2 injection-experiment with subseafloor coal measures under in-situ pressure an

temperature condition
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The release of one-carbon compounds (i.e., @@d CH,) into the atmosphere due to human activities has been recognized
as a major factor causing dramatic climatic change on the Earth. In recent years, the increasing concentrations of greenhou
gases are expected to cause warmer surface temperatures at an accelerating rate and subsequent alternation of ecosystem:
biogeochemical cycles. Consequently, a variety of @f3posal options are discussed, including;@apture and Storage (CCS)
followed by injection of CQ into deep subseafloor hydrocarbon reservoirs such as coal formations. However, geophysical and
geochemical behaviors of high concentration of G@thin subseafloor environments, as well as ecological consequence and
biogeochemical carbon cycle, remain largely unknown. In this study, we performegd mj@Qion-experiment using subseafloor
bituminous coal samples (Kushiro Coal Mine, Co. Ltd.) under high pressure and temperature condition.

The reaction experiment was performed using a newly developed flow-through geobio-reactor system at the Kochi Institute
for Core Sample research, Japan Agency for Marine-Earth Science and Technology (JAMSTEC). The reaction column wa
prepared from the coal chips (from 1 to 3 cm in diameter) and powdered sandstone, which were packed in a heat-shrinkabl
tube under anaerobic condition. Anaerobic artificial seawater (ASW) and¥e@e continuously supplemented into the column
for 56 days under the following condition: flow rate of ASW; 0.002 ml/min, flow rate of, J@00001 ml/min, pore pressure;

40 MPa, confined pressure; 41 MPa, temperature: 40 degrees C. After the reaction, XRD analysis showed no or very little
changes on mineral assemblages of the sandstone, whereas minor carbonate generation was observed by SEM-EDS analy
The sandstone contained *1@icrobial cells/cm after experiments, which was similar to the biomass prior to the experiment.
Molecular analysis of the extracted 16S rRNA genes revealed the predominance of spore-forming bacteria (e.g., Lysinibacillu
and Bacillus) in the coal samples, which members were also found in the reaction column aftertirdge@@n experiment.

During the reactor operation, we observed increase of dissolvadcGhtentration up to 186 micro M, whereas total dissolved
inorganic carbon in the medium passed through the column decreases compared to the injected amount (e.g., total dissolv
inorganic carbon in the medium: 125.6 mM, the injected total dissolved inorganic carbon; 138.38 mM at 56 days). Based on the
carbon isotopic composition of DIC, it is most likely that no or very little microbial methanogenesis occurred and the absorbed
CH, was released from the coal samples during the-@f®ction experiment.
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Risk Assessment Study for Bio-CCS
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