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Seismicity and Pohang



M, 3.1 earthquake near the Pohang EGS
15 April 2017 (a felt earthquake)

(felt by local residents)




Micro-earthguakes recorded by PNU seismic array

between March 2017 and June 2017
observed by PNU temporary seismic array




Temporary seismic stations near the EGS
Installed on 10 November 2017

to monitor micro-seismicity since 10 November 2017




15 November 2017 M, 5.4 Pohang Earthquake

Earthquake epicenter by PNU Array




Waveforms (15 November 2017)

Foreshock
14:22:44 M 2.6

Mainshock
14:29:32 M 5.4

Aftershock
16:49:31 M, 4.3
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Seismicity in the first 3 hours

Focal mechanism solutions



Seismicity In the first 3 hours

s Pohang earthquake reactivated previously
unknown NE-striking and NW-dipping fault

s Strike slip with reverse component

s Second largest and the most damaging event
» 135 casualties, 30,000 property damages, 297 million
USD property loss

» Shallow hypocentral depth (— 4.5 km) in the highly
populated area causes large damage
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EGS stimulations

Information from the Congressman’s office (Sungsoo Kim)
First water injection: 29 January 2016

Last water injection: 18 September 2017

Total amount injected: 12,789 m?3

Bleed-off: 6,957 m3

Net amount injected: 5,841 m3



Unreported Earthguakes

s KMA seismic station (PHAZ2)
» Located 10 km north from the Pohang EGS

» Major instrument upgrade in 2012

» Applying a matched filter to continuous data
from January 2012 to November 2017

s Micro-earthquakes have occurred since
1 November 2015

1 November 2015

L



Fluid injections and earthguakes

s Temporal correlations between fluid injections and
earthquakes

* Micro-seismicity in November and December 20157

> Mud-loss in November and December 2015

(personal communications with Peter Meier)



Spatial correlations among wells,
earthquake hypocenters and faults



Aftershocks

% 100 earthquakes with M=2.0 (KMA)

» Mainshock M; 5.4 (15 Novemer 2017)
» Largest aftershock M, 4.6 (12 February 2018)

* More than 3,300 micro-earthquakes
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Summary

% Induced Pohang earthquake (M;5.4) in 15 November 2017
» Second largest and most damaging earthquake in Korea
*» Evidences of induced earthquake
» No noticeable seismicity before industrial activity
» Temporal correlation between fluid injection and
seismicity
» Spatial correlation between earthquake locations and
well bottoms
» Spatial correlation between the reactivated fault and
seismicity
*» Fluids are directly injected into the fault damage zone

*» Poster by Ree et al.
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Fluid injections and earthquakes
* Temporal correlations between fluid injections and earthquakes

** Micro-seismicity in November and December 20157

+* Mud-loss in November and December 2015

(personnel communications with Peter Meier)
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Is M

Mmax

different for induced seismicity?

** Higher injection volumes « possibility of bigger
quakes?
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X Fracking
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Injected Volume (m3)

(McGarr, 2014)

16 % Net injection at Pohang

EGS: 5,841m3
> M — 3.5
48
Eﬂ? ToinduceaM 5.4

earthquake, it requires

2 4.71%105m3

~ more than 800 times of
those injected at Pohang
EGS
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Earthquake caused by human'’s
engineering activity

“not the primary cause of the
earthguakes, but just the trigger
that acts to release pre-existing
stress of tectonic origin”

OH-I ot 7| EXots =X SHE

(Simpson, 1986)



Grigoli et al. (2017)
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& A (Enhanced Geothermal System)

U.S. DEPARTMENT OF

Energy Efficiency &
Renewable Energy
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PNU Phase 1: “17.03.17~05.09

PNU Phase 2: “17.05.05~06.24
PNU Phase 3: '17.06.23~08.25

PNU Phase 4: “17.08.22~10.01
PNU Phase 5: "17.09.29~11.05




PNU Array 2017.3.17~6.24




Seismicity in the first 3 hours

Fault plane inferred from the seismicity



EGS stimulations

« Information from the Congressman’s office (Sungsoo Kim)
 First water injection: 2016. 1. 29, Last water injection: 201/7. 9. 18
« Total amount injected: 12,789 m?3



EGS stimulations

« Information from the Congressman’s office (Sungsoo Kim)
 First water injection: 2016. 1. 29, Last water injection: 201/7. 9. 18
« Total amount injected: 12,789 m? , Bleed—off: 6,957 m3
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Road view

View from PHO7




Pohang Enhanced
Geothermal System (EGS)

o AL 1.2 MW

» A|IFEE Zo]: 4,500 m
» A% 180 °C

< A|FINA]: 2012d 99

e A|F9E: 20159 11¢

(4,382 m)

& A= 43), 20163 19 H-E
$ Z FA FUFE: 12,798 m3
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Seismicity in the first 3 hours

Initial Relocations
locations by HypoDD
by Hypoellipse

Short period
velocity sensors

+» 8 stations

< 218 events
<+ 69,304 P

Velocity (km/seq) dtimes

- - - <+ 56,262 S

2 _ dtimes

Depth (km)

10

Mean uncertainty from HypoDD:
31m (EW), 33m (NS), 25m (Depth), 0.5 sec
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