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In this study, experiments on GOwater-rock interaction have been conducted to elucidate the rock dissolution rate and to
investigate long-term dissolution and precipitation phenomena inr€&ervoirs. The dissolution experiments are conducted by
using semi-open experimental system constructed for this study. As the rock samples, in addition to the basalt which is consic
ered as a suitable candidate rock formation for geochemical trapping gftGffaceous sandstone (Hayama group: Kanagawa
Prefecture) and three green tuff rocks (Tsugawa formation: Niigata Prefecture, Ushikiri formation: Shimane Prefecture, Daijima
formation: Akita prefecture) from the Quaternary igneous rocks widely distributed in Japan were used.

From the eight-month-period of experiments, the facts found were that the composition of formation water will converge at the
point where the rock dissolution and precipitation of secondary mineral are balanced anda@®Drock interaction proceeds
under a certain formation water composition. For this reason, the determination of rock dissolution rate (element release rate
under a certain formation water composition inherent in each rock sample is indispensable in order to predict the long-tern
progress of the reaction within G@eservoirs.

Si release rate under a certain formation water composition that indicates the dissolution of silicate minerals from each rocl
sample is 29.810~2 mmol/kg-rock/day for basalt, 7.#20~2 mmol/kg-rock/day for Tsugawa green tuff, 5:44-2 mmol/kg-
rock/day for Ushikiri green tuff and 33«10~2 mmol/kg-rock/day for Daijima green tuff at the temperature ofG0

The simulations on long-term CGQixation efficiency (mineral trapping) in the G@eservoir by using Ca, Mg and Fe release
rates calculated from experiments were conducted. On the assumption that ibjé&i@on rate to be 2,000 ton/day 2: injection
time period to be 50 years (total amount of injected,G©36,500,000 t) 3: target aquifer porosity 20% 4: Ldensity 500
kg/m?® 5: injected CQ to groundwater volume ratio 1:2, the time required for mineral fixation of 36,500,000 tons £iSCO
simulated to be about 180 years for basalt, about 5,100,000 tonsofix&d as a carbonate mineral in 200 years for Tsugawa
green tuff, about 22,000,000 tons of €fixed in 200 years for Ushikiri green tuff and 3,900,000 tons of,@iKed in 200 years
for Daijima green tuff. at the temperature of°&)

These results indicate that the mineral trapping rate in @8ervoir is much faster than the results of previous studies and
that geochemical trapping (mineral traping) is an important mechanism not only for long-term1@0years) security but also
for shorter-term (- 10years) security of CQaquifer storage and is a significant indicator for the selection of potential storage
candidate site.
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For the safety of CO2 sequestration, injected CO2 must be trapped in the underground and not be allowed to leak to the surfac
Well integrity is one of the essential problems because potential leakage could occur along the well (Celia et al., 2004). Cemer
between the casing and the formation will be the first material exposed to CO2 among the well components, so the state of ceme
in a CO2 rich environment has been studied (e.g., Kutchko et al., 2007). It is important to measure and monitor the integrity of
wells that are exposed to CO2. This paper reports well integrity examined by the ultrasonic and sonic logging at Nagaoka CO:
injection site.

Ultrasonic tool is used to measure the internal condition of the casing, the thickness of the casing, and the acoustic impedan
of the material outside the casing. Observed reflected wave was different at the part of iron and FRP casing. The amplitude ¢
the first reflection at the part of FRP casing was smaller since the impedance contrast between casing and water is smaller. V
evaluated the impedance of the cement from the analysis of the amplitudes of the multiple reflections.

CBL is used to measure the bond between the casing and the cement, and the bond between the cement and the formation. -
bond between the cement and the casing can be evaluated from the amplitude of the first reflection. The time-lapse observation
the CBL showed that the amplitude became smaller after the cementing. This means that the bond became better. The wavefo
showed the reflection from the interface between the cement and the formation. By combining the results of ultrasonic tool anc
some numerical calculations we would extract more information about the formation.

We note other logging program at Nagaoka. About 40 times sonic logging at Nagaoka from the injection period to the post
injection period showed temporal change with the correlation of CO2 saturation. The sonic velocity decreased when CO2 arrive
at the observation well. Another logging program is the sampling of the formation water using cased-hole dynamics testel
(CHDT). This logging provides the information on chemical reaction and permeability. These results would be used for the
interpretation of the state of the materials near the well.

We investigated the well integrity of the observation well at Nagaoka by the combination of the above logging method. The
analysis showed that there is no clear evidence of the CO2 leakage at Nagaoka.

googoo:co00noo,0oooo,0o,0oooon
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Istribution of CO2 at Nagaoka Pilot
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IRITE, 2Kyoto University

The Nagaoka pilot site is located in the onshore area of Nagaoka oil field in the Niigata plane of central Honshu on the Japal
sea side of central Japan. The onshore deep saline aquifer utilized for the CO2 storage project is located near the city of Nagaol
The pilot site and the target formations were selected based on the geological information. The selected formation was the ear
Pleistocene Haizume Formation, around 60m thick and 1100m below the ground surface. Cores of the Haizume Formation ¢
Nagaoka from well IW-1 show realistic reservoir characterization with litho-stratigraphic architecture.

To geological modeling and assess CO2 distribution, 3D seismic schemes were applied in the Nagaoka site, which included 4
seismic monitoring. Seismic attributes analysis is a popular and important method to predict the distributions of reservoir rock
properties such as lithofacies, porosity, density, and thickness. Although 3D seismic survey has been executed, the distributic
of lithofacies and the heterogeneity in reservoir layers remain unclear across the Nagaoka site because there are only few we
drilled. Therefore, we described the geomodeling framework and simulation studies that were applied to micro and macro scal
reservoir modeling with realistic litho-stratigraphic architecture at the Nagaoka site.

Lithofacies relations and much of the heterogeneity in Nagaoka aquifer reservoirs are related to the stacking of depositione
sequences. To investigate the challenges of the spreading CO2, a detailed reservoir heterogeneity model was set up based
analysis of 45 cores. The Haizume Formation consists of predominantly sandstone, alternating beds of siltstone and sandstor
siltstone, sandstone-argillaceou, and conglomerate. The marine deposits and consists of numerous thin shales (siltstone to m
stone) form the majority of heterogeneities in Haizume Formation. Heterogeneity is mainly controlled by the distribution of
sandstones embedded in numerous alternated facies. The CO2 reservoir formation in this site (ca. 20m thick) is divided int
some independent zone layers with millimetric to decimetric laminations of sandstone, siltstone and mudstone, silts and sanc
alternate, conglomerate within sequences from metric to a few metrics. In such a heterogeneous formation, the connectivity ¢
permeable rocks is clearly of major concern for predicting of CO2 storage potential. The realistic modeling of these connectivi-
ties is thus required to plan future developments, to understand and predict CO2 behaviors.

This paper presents the realistic modeling strategy that was applied to Nagaoka site. The modeling strategy is multi steps, wit
first a geologically constrained generation of facies distributions, and second, simulations of spreading CO2 variations with the
measured permeability within the facies distributions. These descriptions were incorporated into the model at a resolution, whic
ensured capture of the most significant heterogeneities. The detailed reservoir model matched well log and core performance
this site. The detailed reservoir model and results of simulation matched the monitoring data from well and field more closely
than the previous large scale models. The modeling technique also allows accounting for larger scale constraints, such as fie
wide variations of facies frequencies and main directions of spatial continuity.
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