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Abstract: Induced seismicity has been observed in the relation with lots of anthropogenic influence and at variety of
geological conditions over the last several decades. This paper reviews those induced earthquakes and compares with each
other as well as with natural tectonic earthquakes. Hydraulic fracturing is commonly used to enhance the permeability
through new cracks in the rock formation. The process triggers the induced seismicity, which can give crucial information
on the fracture network and oil/gas migration. In the similar way, unintentionally induced events during the production
procedure of the field, dam reservoir, minig activity, or wastewater injection can be used to give insight into various
hydrodynamic processes and changes of reservoir properties at a various scales. The general conclusion summarizes the
uncertainty or limitations of knowledge up to date and presents some issues to be dealt with in the future research.
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Table 1. Maximum seismic moments and total injection volume of fluid.
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Max. seismic Max.

Injection

Injection

Event  Location Irgreigtéon moment, M, magnitu volume, AV rate [m*/  Type Reference(s)
p (max) [Nm] de, My [m?] month]
KTB Eastern Bavaria, Germany indefinite  1.43E+11 1.4 2.00E+02 indefinite scientific Zoback and Harjes [1997]
BUK  Bowland shale, UK indefinite ~ 3.20E+12 23 4.17E+03  indefinite hydraulic fracturing De Pater and Baisch [2011]
GAR  Garvin County, Oklahoma, indefinite ~ 3.50E+13 3.0 1.75E+04  indefinite hydraulic fracturing Holland [2013]
USA
STZ Soultz, France indefinite  2.51E+13 2.9 3.98E+04 indefinite enhanced geothermal Majer et al. [2007]; Baisch et
system al. [2006]
DFW  Dallas-Fort Worth Airport, 2008-2009 8.90E+13 3.3 2.82E+05 52,000 wastewater disposal Frohlich e al. [2011]
Texas, USA
BAS Basel, Switzerland indefinite  1.41E+14 34 1.15E+04 indefinite enhanced geothermal Majer et al. [2007]; Baisch et
system al. [2006]
ASH1  Ashtabula, Ohio, USA; Jul. indefinite  2.82E+14 3.6 6.17E+04 indefinite ~wastewater disposal Seeber et al. [2004];
1987 Nicholson and Wesson [1990]
CBN Cooper Basin, Australia indefinite ~ 3.98E+14 3.7 2.00E+04 indefinite enhanced geothermal Majer et al. [2007]; Baisch et
system al. [2006]
ASH2  Ashtabula, Ohio, USA; Jan. 1987-1994 8.00E+14 4.3 3.40E+05 5,000 wastewater disposal Seeber et al. [2004];
2001 Nicholson and Wesson [1990]
YOH  Youngstown, Ohio, USA  2010-2011 830E+14 4.0 8.34E+04 10,000 wastewater disposal Ohio Department of Natural
Resources [2012]; Kim
[2013]
PBN Paradox Valley, Colorado, 1991— 3.16E+15 43 3.29E+06 60,000 wastewater disposal Ake et al. [2005]
USA present
RAT1  Raton Basin, Colorado, USA; indefinite =~ 4.50E+15 4.4 426E+05 indefinite wastewater disposal Meremonte et al. [2002]
Sep. 2001
GAK  Guy, Arizona, USA 2010-2011 1.20E+16 4.7 6.29E+05 95,000 wastewater disposal Horton [2012]
POH Painesville, Ohio, USA indefinite  2.00E+16 4.8 1.19E+06 indefinite ~wastewater disposal Nicholson et al. [1988]
RMA  Denver, Colorado, USA 1961-1968 2.10E+16 53 6.25E+05 34,000 wastewater disposal Major and Simon [1968];
Herrmann et al. [1981]; Hsieh
and Bredehoeft [1981]
TTX Timpson, Texas, USA 2006-2013 2.21E+16 4.8 3.90E+06 45,000 wastewater disposal Frohlich et al. [2014]
RAT2  Raton Basin, Colorado, USA; indefinite ~ 1.00E+17 5.3 7.84E+06 indefinite  wastewater disposal Rubinstein et al. [2014]
Aug. 2011
POK Prague, Oklahoma, USA 19932011 3.92E+17 5.7 1.20E+07 1,400 wastewater disposal Keranen et al. [2013]
PER Perry, Ohio, USA 1975-1986 3.98E+16 5.0 1.33E+06 11,000 wastewater disposal Nicholson et al. [1988];
Ahmad and Smith [1988]
TRI Trinidad, Colorado/New 1988-present 1.00E+16 4.6 4.00E+05 30,000 wastewater disposal Shirley [2001]; Meremonte et
Mexico, USA al. [2002]
CLE Cleburne, Texas, USA 20052010 2.82E+13 2.9 2.80E+06 54,000 wastewater disposal Justinic er al. [2013]
Elglea T X REEX|E dog 4=t EA, H5UE (hydrostatic forcey> FUt ol
AR Aot A AT A5l FAE FATS A FAUYL DFoN} BE FHEHo dE RIL B
=M FUANLS YoAM FEHOR BESkE Ao, & M Aol WA F Y= AGos AU £ Uk o] BS
AolA o d7lE A Fdoll we dsA &= FEA e FAl olF AHAE FAID = Utk AA, 4 Aol
e Esteof gt 712 gslra TR Qo] FA A AZlo] Aztete tew FA7F ol sdhe €lo]
SRS WO Msh ha ARE FHY qekEe 245 Hrk
o] Mg = qlr}. o]l Wshk= A{FT T Aol et A NS Y ARSe SHHE ofFF gelzke |
3¢ walg 9o 4 Uk FUE A 2L o2 AR S Ik gz ol2Y Wab} J1Be] e AR BF
sf] 33t ©el A FEL FTPIAN U] SBA FE2 FHIVIE @tk oln WEEE ARUAE A7
AFe T 5 Utk B 02 QR $E BAR AFA F3} T PNEBC] BRAT Yt o 50] HHE Sugl
g F2gx AR ol Ao FEE QI IR Ze 545 wEt gt 1 A9 ] Ao gt
2 ZWE 92 A JHZ BRT 5 Aok WA, BFR WSS AE ARS AL e B e A o
739 (poroelastic forcey> FH Ao HF-& vt WS HA om, o]E FHAAM A2 ARE A AA HE A
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