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CCs
(Carbon dioxide Capture and Storage

)
EOR (Enhanced oil

Recovery )

(Zaman et al., 1994)

Shear failure

\

Pore collapse

Fluid Injection: Pore pressure
increase and effective
confining pressure decrease

Fluid extraction: Pore
pressure decrease and
effective confining pressure
increase

Fig.1 Mechanism of induced seismicity by injection or
extraction of fluid

Nicol et al. (2011)

(Table 1)
(1) Fig. 2

M =0.99log(V)-1.38
M : Maximummagnitude

1)

V : Total volume of fluid injection (m®)
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(2) Fig. 3)
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SIS=1.36M —-1.12logd —1.11
SIS : IMAseismici ntensityscale (2)
M : JIMA magnitude
d : depth (m)

Table 1 Injected fluid volume and maximum magnitude
of induced seismicities (EGS: Enhanced Geothermal
System)

Location Fluid Injection volume (m3) | Max. Reference
magnitude
Rocky mountain(2009~2011) [ Injection of waste water | 501286
3.9 Horton et al. (2012)
Rocky mountain(2009~2011) | Injection of waste water | 266157
4 Horton et al. (2012)
Germany(KT B)(1994) Injection of waste water | 200 o
1.2 Nishigami et al. (2002)
Denver(1961~1965) Injection of waste water
168000 a4 Healy et al. (1968)
Denver(1961~1965 Injection of waste water
( ) e 151000 30 Healy et al. (1968)
Basel(2006~2009 Injection of brine (EGS;
( ) e (EGS) | 4535 18 Lader et al. (2009)
Basel(2006~2009) Injection of brine (EGS)
8438 2.2 Lader et al. (2009)
Basel(2006~2009) Injection of brine (EGS;
( g F (BCS) 11764 3.4 Lader et al. (2009)
Paradox Valley(1996 Injection of waste water
(. ) e 270000 43 Horton et al. (2012)
Soultz GPK2(1987~2007) Injection of brine (EGS) "
25488 25 Nicolas etal. (2011)
Soultz GPK4(1987~2007 Injection of brine (EGS; i
( ) e ( ) 28771 27 Nicolas etal. (2011)

Magnitude

log (V)

Fig. 2 Injected fluid volume and maximum magnitude
of induced seismicities
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SIS by IMA

Fig. 3 Seismic intensity scale by JMA and that

calculated by using Eq. 2

4.
Cco, 12 / 469
kg/m?®
2.56x10° m?/ CO, P>74
MPa, T > 304K) 800 m
1 (2)
3.94
(1) CO;
1 23 mt
co, 1/10000
CcO,
1/10 30
CCS 3.3
5.0~5.7 2.4~3.4 (Table 2)
5.
(1) CcO, CcCcs
1 1
Cco, 1/10000
CcO,
30
5.4
(1)
(1) CO;
CCS

CO,

Table 2 Calculated maximum magnitude and maximum
seismic intensity by actual water injection volume
associated with shale gas extraction

Water Maximum Maximum
Site volume magnitude a year | magnitude for 30 years
t/year Max intensity Max intensity
54 6.9
6
Barnett TX 7.12*10 30 50
53 6.7
i 6
Fayetteville 5.10*10 58 a8
5.0 6.4
i 6
Haynesville AR 2.69*10 24 aa
Marcellus 1n7 5.7 7.1
NY/PA/WV 136710 3.4 5.4
(2002)
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