Use of hightesolution 3D marine seismic for
offshore CCS characterization and monitoring

Update on deployment atTomakomai August 2017
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Conventional 3D Vertical Resolution HR3D- PCable
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CQO, Project Basics

AMinistry of Economy, Trade and Industry (METI)
AJapan CCS Co., Ltd. (JCCS)
A2012-2020

ADemonstrate and verify the total CCS system, from G@AS COMPRESSION
& CO, CAPTURE to storage

A100,000 tonnes/year

A CQ is captured from offgas generated at a hydrogen production unit in the adjacent refinery plant
ATwo separate reservoirs (saline aquifers) approximately 1100 m and 2400 m

A2 INJ; 3 OBS

AMarine 3D seismic surveys were conducted in 2009 and 2010, and two
survey wells were drilled in 2011.

A2 reports to METI; 0GeTorhabommaiamé aéy adi
oBasic Plan of CCS domakomagAtrreaatdéi on pr «
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CO2 In]ectlon Facility

* Newly constructed

F .

' Injection Well for
' Takinoue Formation
* Newly drilled

Injection Well for

Moebetsu Formation
* Newly drilled



Layout of Monitoring Facilities
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€ \N orking area of 3D seismic survey

OBC (Ocean Bottom Cable): used for 2D seismic survey and
monitoring of micro-seismicity and natural earthquakes.

OBS (Ocean Bottom Seismometer): used for monitoring of
micro-seismicity and natural earthquakes.
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Seismic Monitoring Program Copyright 2015 Japan CCS Co., Ltd. J CCS




Schematic Geological Section 10
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gentle monocline structure with 1 to 3 degrees NW dip
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Two Way Time(sec)

Geological Structure: NortiBouth Section by D Seismic Survey

E-W Section
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CO,-Selsmic Sensitivity Study

1 At the injection interval depth of ~1,100 m, the Moebetsu Formation
can be characterizedas a poorly consolidated, low velocity sandstone
with high porosity. Theseconditions are generally favorable for seismic
responserelatedto changesin pore fluids.

1 Gassmann (1951) theory is used to predict the change in seismic
velocities due to changein CQ, saturation using in-situ rock properties

anc
1 Bot

ambient temperature and pressure
n acoustic impedance (P impedance) and P-wave velocity decrease

with increasing CQ, saturation in pores (expected)

1 Bot
MIX

h homogeneousand patchy saturation models are assumedfor the
ing of the CQO with the existing fluid in_the pores, with

homogeneous(fine Scale) mixing consideredmore likely and providing
a larger seismic response (using Reuss average method) at the scale

of seismic wavelengths




CO,-Seismic Sensitivity Study

Temperature=44.8 C

Mineral Composition of Moebetsu
Pore Pressure=10.67 MPa

(average values from cores over the interval 968m1079.35m)

BRINE ‘
2.49 Bulk modulus Gpa)
1007 Density (kg/m?3)

Plagioclase: 36% , Bulk modulus = 75.65Pa
Clay minerals: 34.5%, Bulk modulus = 255Pa
O Quartz: 23%, Bulk modulus = 3%GPa
0.0038 Bulk modulus (Gpa) K feldspar 6.5%, Bulk modulus = 37.5GPa
265 Density (kg/m?)
Bulk modulus of the mixture = 40.9GPa

RESIDUAL GAS (Hashin Strikman bounds)

0.02 Bulk modulus Gpa)
137 Density (kg/m3)
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CO,-Selsmic Sensitivity Study

Residual gas saturation is set to 0.5%.

Homogeneous saturatlon
Patchy saturation
limit of seismic detectabllilty

esidual gas saturation is set to 2%.Residual gas saturation is set to 5%.
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Patchy saturation
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{1 In the absence of residual gas (methane) and with high-
guality seismic data (high signalto-noise ratio), the
presence and distribution of CQ, should be identifiable In
the Moebetsu Formation using seismic methods.
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HR3D Acquisitiond August 2017
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