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Coupled fluid flow and geomechanical modeling in geological CO2 storage: Application

to Matsushiro phenomena
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The mechanical responses of CO2 reservoir and the caprock around the storage region become crucial for Japanese geolog
CO2 storage (GCS) after the M9.0 East Japan earthquake on March 11, 2011. The CCS Research Committee, METI (Ministry ¢
Economy, Trade and Industry), recommended to screen out areas having a large-scale faults in the process of selection of stor:
site for 105t-scale demonstration (2009). Although the site for the planned demonstration adequately selected, we do not excluc
fully at present the possibility of GCS reservoir failure and/or leakage of stored CO2 from GCS site(s) elsewhere in Japan cause
by geomechanical motions.

The examples of such phenomena are the re-activation of pre-existing faults, induced seismicity, reservoir failure and unin
tended uplift and so on, some of which are observed in an actual demonstration site (Mathieson et al., 2009; Vasco et al., 201
Onuma et al., 2011).

The unintended phenomena listed above are essentially connected with stress filed changes due to the increase in pore pr
sure, around the area of GCS, which is inevitable as GCS injects pressurized CO2 into an underground reservoir. The rise |
pore pressure reduces an effective confining stress to modify the conditions toward the critical failure line of Mohr-Coulomb law.
The change in pore pressure is most probably cause micro-scale (or, pore-scale) deformations within the rocks, which will give
rise to the changes in rock permeability. The permeability change probably cause a change in fluid flow underground in the ne»
step, which will promote further rock deformation and then change in fluid flow. The sequence of process can be analyzed by
coupled analysis using fluid flows simulator for rock media and that calculating the geomechanial process under the changin
pore pressures. The TOUGH-FLAC code is a good and working example of this coupled simulator, being applied to follow the
CO2 motion within faulted and tectonically active formations (Rudqvist et al., 2007, 2008) .

We consider that the coupled simulation of fluid flow and geomechanics, exemplified by TOUGH-FLAC simulation collab-
orating with LBNL, is the most important tool in developing the scheme to assess the fluid-mechanical conditions around the
underground storage regions of CO2.

As not enough data such as rock deformation related to fluid flow is available from GCS site for evaluation of TOUGH-FLAC
code applicability to Japanese geological condition, we investigate the Matsushiro field, Nagano, central Japan is selected for ol
natural analogue study. The Matsushiro field is famous for the earthquake swarm associated with the CO2-rich fluid upwelling
during the period of 1965-1967. The Matsushiro phenomena was previously studied by using TOUGH-FLAC (Cappa et al.,
2009), however, the geological model was simplified very much, so it is afraid that the possibly important geological features car
be missed.

In this study, we modified their model based on the various filed and laboratory data and re-constructed the geological mode
with three layered strata according to P-wave velocity profile.

TOUGH-FLAC simulation has been conducted using updated geological model. The simulation results indicated the grounc
uplift due to fluid injection and the maginitude of the ground uplift is reasonably agree with actual observation in Matushiro field
during the swarm.
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The potential of/p andV's monitoring for MVA program of offshore CCS project
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For the safe operation of CCS, we are required to monitor the li&Ravior and to accurately account for the storage volume
of CO, in deep reservoirs. It is well-known that the P-wave velocity measurememsdan be used for monitoring the GO
behavior in deep reservoirs. However, it is difficult to accurately estimate the storage volume oy 6aly usingV p. Takahashi
(2000) indicated the potential of S-wave velocity for monitoring of fluid behavior and accounting for the storage volume of
natural gas in deep reservoirs. S-wave monitoring can be achieved by deploying a permenent ocean bottom cable(OBC) syste
at the off-shore CCS sites. In our own study, we conducted a simultaneous measuremprarafV's of porous sandstone by
injecting various types of fluids under set in-situ pressure and temperature conditions. For this study, we use the Tako sandstor
which is an early Miocene marine sandstone, mainly composed of quartz and plagioclase. Tako sandstone has near 10mDat
of permeability and almost 24% porosity. The sample was cut into a column shape (5cm in diameter and 10cm in length), ant
polished on both ends (1PV=47 ml). In this study, we tried to estimatega@ration, and to monitor the G®ehavior in porous
sandstone by measuridp andV's. First, we injected near 1.3PV water into the vacuumed specimen (Water injection). After this
process, over 2.2PV CQs injected into the water saturated specimen (Drainage). Finally;$a@rated water over 2.3 PV is
re-injected into the C@injected specimen (Imbibition). We illustrated thg-V's relationships of all the processes. THip-V's
relationship diagram clearly illustrates the obvious differences between water injection and drainage. On the other hand, drainac
and imbibition show the similar tendency @fp-V's change with injecting COand CQ-saturated water. These changes indicate
the changes of COsaturation during drainage and imbibition stage. This result suggests the potential to estimataualion
by using theV p-V's relationship. Additionallyy/p does not recover to pre-drainage levels after end of imbibition process. This
Vp difference is considered to be the effect of residual trappegl This result also indicates the potential of monitoring the
residual trapped C£from seismic wave velocities.
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Acoustic characteristics of formation water when injecting scCO2 microbubbles

00000 ™,0o0o02000Y4h,0002%,00001!
Yumi Katashd*, Tamotsu Kiyama, Shinya Tsuji, Zigiu Xue?, Toshifumi matsuoka

l00DO0000000000,2000000000000000000
IKyoto University Graduated School of Engineering Departm#Régsearch Institute of Innovative Technology for the Earth

The effectiveness of COmicrobubble method for geological sequestration was investigated. For the comparison of the conven-
tional method and C®microbubble method, the Gbehavior in Berea sandstone saturated by the KCI solution was monitored
by measuring ultrasonic compressional velocity (Vp) in both method.

However, in the injection of C@ there were two factors of the change of Vp. One is;@solution into pore water and
another is replacement of G@nd pore water. To separate the factor of the change of Vp, Vp of saline water was measured when
injecting CQ, microbubbles into saline water. The change of Vp effected by @i€solution was less than 1 %. Therefore, in
first experiment. the change of Vp in the injection of £®as effected by the COreplacement of pore water more than the
CQO, dissolution. And the change of Vp in Berea sandstone showed the slewr@Pation in CQ microbubble method. This
is because dissolution of amount of €Microbubbles increased.

This result shows microbubble method could increase the reservoir potential fom@®@h also showed by X-ray CT scan
results.
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Monitoring the Strain of Tako sandstone injected with CO2 using Optlcal Fiber Sensing
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Threshold pressure measurement by several methods on sedimentary rock in Japan
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We conducted laboratory tests to investigate threshold pressuresifw@t@r system. First technique is mercury intrusion test
(MIT). Second technique is threshold pressure measurement witlsiNg step by step method. Third technique is threshold
pressure measurement with supercriticalo,GBing step by step method. These techniques are commonly used but have both
advantages and disadvantages. MIT is less time consuming but we cannot control the direction of injecting fluid. Test apparatu
for threshold pressure measurement withislmuch simpler than that using supercritical £®lowever, we have to estimate
actual threshold pressure in @&torage condition by converting threshold pressuresifwidter system using interfacial tensions
and contact angles. Threshold pressure measurement with supercriticed @0st reliable.

Rock cores used in this study were derived from outcrop of The Yourou-valley, located in Chiba prefecture in Japan. This
outcrop belongs to Kiwada formation of the Kazusa formation group which is thought to be formed in Plio-Pleistocene. Porosity
of sample is 45%, natural density is 1.89g/cwater content is 31%.

In MIT, we used two methods to calculate threshold pressure. By first method, we drew the tangent line with minimum grade
against the curve relating saturation and capillary pressure. The tangent line is spread to the vertical line which expresses merct
saturation is zero and this intercept means the threshold pressure. By second method, threshold pressure is determined by
pressure at 10% mercury saturationl). Threshold pressure evaluated from former method is 4.08MPa and 4.87MPa is obtain
by second method. Using the contact angles and interfacial tensions, we can convert threshold pressure in Hg/Air system to th
in COx/water system. Estimated threshold pressures ip/@&ter system are 0.32MPa in first method and 0.38MPa in second
method.

Threshold pressure measurement withwas also conducted. Room temperature was kept approximately 21 deg ¢. By N
injection, pore water in a rock core was pushed out from a specimen but water production ceased according to the passage
time. Injection pressure was increased step-wisely when water production stopped. This procedure was repeated until contin
ous water flow was observed. In this test, continuous water flow was observed after injection pressure reached to 1.71MPa. \/
evaluated threshold pressure ig/iNater system is 1.66MPa which is average pressure of final pressure step and former pressure
step (1.60MPa). Estimated threshold pressure in/@éter system is 0.66MPa.

Threshold pressure measurement with supercritical W& conducted under the temperature of 40 deg C. Pore water pressure
of 10MP was applied to ensure that €@as in supercritical state during the test. After injection pressure reached to 1.10MPa,
continuous water flow occurred. Threshold pressure in/@@ter system is evaluated 1.04MPa.

Threshold pressure estimated by MIT was lowest. Threshold pressure obtained from direct measurement with supercritice
CO2 was highest value which is 1.6 times higher than that,ofdssible reasons for these test results are listed below;

1. Change of the structure of rock by drying procedure might affect the result of mercury intrusion test.

2. Difference of flow direction between mercury intrusion test and other techniques may have an influence on the value o
threshold pressure.

3. Uncertainty of contact angles and interfacial tensions of displacing fluids is also a possible factor which leads different tes
result.

We gratefully acknowledge special support received from New Energy and Industrial Technology Development Organiza-
tion(NEDO). Part of this study was performed under Innovative zero-emission integrated coal gasification combined cycle
project.

1) Tim T. Schowalter. Mechanics of Secondary Hydrocarbon Mitigation and Entrapment. AAPG Bulletin, 1979, 63, 723-60

0o0do0:00poopoogooo,0d0 coz2,000
Keywords: Threshold Pressure, Supercritical CO2, Sedimentary Rock

1/1



Japan Geoscience Union Meeting 2013 0/0)

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

HREZ29-P09 go:booboboobo 00:50 220 18:15-19:30

Jobogobuoboboobtoobuobbooboobuobboooboood

oood
Permeability of fault and grain size distribution -Evaluation for the permeability of methane

hydrate bearing layers-

oo0o™oooothoooot!
Sho Kimurd*, Hiroaki Kanekd, Hideki Minagawa

l000000000000000000000000000000
I'Methane Hydrate Research Center, National Institute of Advanced Industrial Science and Technology

Permeability of sediments is important factors for production of natural gas from natural gas hydrate bearing layers. Methane
hydrate is regarded as one of the potential resources of natural gas. As results of coring and logging, the existence of a lar
amount of methane-hydrate are estimated in the Nankai Trough, offshore central Japan, where has a lot of faults. For the pu
pose of a rational evaluation of permeability of methane-hydrate layers, it is important to understand properties of fault zone
because of different condition from other layers due to large displacement shear. In this study, we investigated the permeabilit
of a specimen formed artificial fault in ring-shear test. Moreover, under high and low normal stresses the difference in grain size
distribution of shear zone and other zones were discussed. This study is financially supported by METI and Research Consortiu
for Methane Hydrate Resources in Japan (the MH21 Research Consortium).
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