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CCS and Shale Gas Extraction may Induce Severe Seismicity
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1. EOEFR LB

BT, ¥ ==V A7 B RO CCS (Carbon dioxide Capture and Storage) &\ 7= 3 LI
BDED BN TS, I2& 2 E, T AV BORKRT AEFEEKTO00E m39 H L= —/L T ZAOFEMEITHI1400E m3L /2o
TRV, Y= AT AORFRIZEL Y 2009FLIET A U A ORRT AL FERIIIIINL L 72> T % (Source: BP Statisti
cal Review of World Energy 2012, http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_a
nd_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full
_report_2012.pdf), F7z, IPCCIZ & % & 20504EF TIZCO2%&50%HIIKT A Z L& HIZEE L, =D 5 HCCSIZ L AHIEHE
FEIX17% & SHL TV B (Source: COHINRE BAZ & SEHLATRENE % 8 <5 T, http!//www.rite.or.jp/news/events/pdf/Kaya
_ALPSII_2013.pdf), L2>L. il 2 ITHLEBH LA DO EOR (Enhanced Oil Recovery), % AEaREENNFIK O I #HE
PHERBTRAELTND, £Z2T, CCSROV = — /L AFIRI L D FRHBOHELN LD H W2 DO EE Lz,

2. ZRMBOHEOHER
BRHEL, HEABIRAMO EOR 72 8 CIERAEEANI L AMBAED R, F2A@ERTIZEFEREMNI D EL S

(Fig. 1),
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Fluid Injection: Pore Load increase
pressure increase and

effective confining pressure

decrease

Fig. 1 Mechanism of induced seismicity

VY KN 6 F5l, HuZAEIIT 3 6] (HEK), HUEFA 1 F6(Table DIZDWT, AR EFRMBORK~ 7/ =F
2— K& DOBR%E RO 7= (Fig. 2, Eq. 1),

M =0.715logV —0.0655
M : Maxmum magnitude @

V : Total volume of fluid injection (m?®)

DRI Nicol et al. QOIDIC L > TITbATEY , IZERUANESNTWD, /2, T F AT LEZBNAE
T 2004~2013 4R |29 L= B 1~6 90D 96 HDOHIBIZ DWW T~ F =F = — N IRE L I KEE L DR 2R 7~ (Fig. 3.
Eq. 2),
SIS=1.17M -0.67logd —1.02
SIS : JMA seismic intensity scale (2
M : JIMA magnitude
d : depth (m)
INHOXMND, FEAFMKETE & EREE & OBEFREEWZ(Eg. 3),
SIS=0.84logV —0.67logd —1.10 (3)



Table 1 Injected fluid

volume and maximum magnitude of induced seismicities (EGS: Enhanced Geothermal

System)

Location Fluid Injection depth (M) |Injection volume (m3) Max. magnitude |Reference

Rocky mountain(2009~2011) [Injection of waste water 2000 501286 3.9 Horton (2012)

Rocky mountain(2009~2011) [Injection of waste water 3200 266157 4 Horton (2012)
Germany(KTB)(1994) Injection of waste water 9000 200 1.2 Nishigami etal. (2002)
Denver(1961~1965) Injection of waste water 3700 168000 4.4 Healy et al. (1968)
Denver(1961~1965) Injection of waste water 3700 151000 3.9 Healy et al. (1968)
Basel(2006~2009) Injection of brine (EGS) 4700 11764 3.4 Ladner & Haring. (2009)
Paradox Valley(1996) Injection of waste water 4500 270000 4.3 Horton (2012)

Soultz GPK2(1987~2007) Injection of brine (EGS) 5000 165000 1.7 Nicolas etal. (2011)
Ninfudu-Putaisi (in China) Unwanted water 2400~2500 130000 4.2 Lei & Ma (2009)
Yanaizu-Nishiyama Fluid(unknown) (EGS) unknown 4000000 4.3 Eto etal. (2013)

Proposed equation
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Fig. 2 Injected fluid volume and maximum magnitude of induced seismicities
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Fig. 3 Seismic intensity scale by JMA and that calculated using Eq. 2




3. Y —)VH AR

V2= VAT TIIKBEOAPEAENS (Table 2), Eq. 2 37 AV BOFEFICHERTE S &4IE, 1 E0R
W CHBHBORK~ 7 =F 22— 4.5~5.0, R REE 2.2~2.8 L7 (Table 2). 7T AV hDzanT LA 7 Th~
M THE SN TV S5EF(BBC NEWS, http://www.bbc.co.uk/news/science-environment-21952428) & FiFnf) & 72 -
720 b LAT4 30 4Efkf: L TR AT -5 A . BRREE 40 R THESNS,

Table 2 Calculated maximum magnitude and maximum seismic intensity by actual water injection volume

associated with shale gas extraction

Max. magnitude
. Water volume L .
Site Max. seismic intensity
Mt/year
For a year | For 30 years
4.8 5.9
Barnett TX 7.12
2.6 3.8
. 4.7 5.8
Fayetteville 5.10
2.4 3.7
) 4.5 5.6
Haynesville AR 2.69
2.2 3.4
5.0 6.1
Marcellus NY/PA/WV 13.6
2.8 4.0
4. CCS

HAD CO2 BEHIRITHI 1218 b L /4E T8 469 kg/m3 & 0 i ICHEA S B BEER TR L L TOERMEIL 2.56%109 m?¥/
ELles, CO:DBERNGM (P>7.4MPa, T>304K) X0, HmAREEIHR/NTEH 800m &725, FLEMICARRTE
LEERE1EETDHE, Bq 2 LVER~7/=F2— T34 UTICLARThiZe by, Lien->T, Eq. 1 M
5 ETHUTHEER CO: DIEAKRIEIL 1 94 bH720 6.7 5 m3LUTICHMA BMNENRDH D, ZIUTHAD CO ERMPEL &
D= 72 1/266000 TH 5, IPCCIZH1F 25 CCSIT LD COHIJK HAEA 2050 HHER T 17% 72D T, A FDiE
FFEHE % 30 F L IE L. BAPETIHAET D CO2D 17%% — T CCS YA MIFEAT S EETIVUE, THREINDK
KEFEIL 5.4 70, HE2MCEREINRY, RKEEELZ 1 UTIELSSLEFRER UED CO: 21T T 27200 H A
FEiE 19 HRE RV IERENTH D,

728, Zoback & Gorelick (2012), Zoback (2013) Ti%, KA CCSIZ L 0 #F% S 7=/ NED CO2 O TR RS 2 fil
HEL, Wt L7 KED COIZ L KBS MBS RAT B ATEEME N H 5 L8 L T b, Zoftlic b CCS IRV CiT
BioX v v 7' a7 BT 5 AlRetE 2 a9 2 783V < 2% % (Cappa & Rutqvist, 2012, 2011),

5. L

v — VAT, b LA 30 MMk L CRIBZ T 72356, RREE 4.0 P THREINERTH D, 5% oM
WD THA DY = — VT ARIERFOFHE MBI OWTHEL KT 2 TETH D, CCSIZONT HIERMEZ TR L7223,
I N = —OIHFEIALE T B Sleipner A A V7 4 —/L KT 15 4Ff D CCS ORI S RMICHEN LS X 5 2 ik
DFEITFHF S TV (Zoback &Gorelick, 2012), Eq. 1 D#BEESR COz ~D i it 2 EE4 5 7912, Sleipner 41
T 4= ROERIE L BIZ, SRENNTFRINDENRLHESD CCS D8 A vy F 7T 2 MBS CO it AR Hl
ERLR A HEICHE ST A TETH D,
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