Swiss Centre of Competence GEO
for Deep Geothermal Energy ENERGIE
for power and heat production SUISSE

Understandingt e Pohang EGS reservoir and
the need forfadvanced traffic light systems

3rd Induced Seismicity Workshop'Schatzalp
Davos 6" March 2019

Peter Meier, Olivier Zingg, Falko Bethmann, Andres Alcolea, Dieter Ollinger,
Thessa Tormann, Raymi Castilla
’kL—.
DESTRESS

This work was supported by the Swiss State Secretariat for Education, Research and Innovation (SERI) under contract . . .
T i ) o Demonstration of soft stimulation treatments
number 15.0316-1. The opinions expressed and arguments employed herein do not necessarily reflect the official views of of geothermal reservoirs

the Swiss Government.




Seismotectonic situation South-East Korea: many active faults in the
region of the EGS site
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Hong, Tae-Kyung, Junhyung Lee, Seongjun Park & Woohan Kim, 2018, Time-advanced occurrence of
moderate-size earthquakes in a stable intraplate region after a megathrust earthquake and their
seismic properties, Nature Scientific Reports, 8:13331 | DOI:10.1038/s41598-018-31600-5.

Figure 19: The Pohang EGS location is situated within the area of influence of active fault systems, in between the active
Yangsan and the Ocheon fault. Thus, it is plausible that the Pohang region in between these faults is active as well.
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Overview
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Conceptual fault model PX-2, 3750-3950 m
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Hydraulic data PX1-1: 2D flow at beginning and non-linear no-flow boundary
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First Pohang stimulation in PX2-1: max magnitude 1.4
traditional traffic light system => does not detect any problems
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* Flow rate and injection pressure would be regulated accordingly during hydraulic stimulation.
* Axis of M; and PGV do not correspond to one-to-one each other.

Fig. 9. Traffic light system for the first hydraulic stimulation of the Pohang EGS project.
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Preliminary results b-values for PX2-1

Cumulative Magnitude-frequency distribution adjusted to
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Eye opener: Triggering of a fault can only be detected with timely and accurate
localisation of events (and integration of borehole geological and hydraulic data) !
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suivi du nuage de points et les critéres d'arrét de la stimulation seront définis en détail
avec le groupe d'experts.

According to article 55 of the permit for Haute-Sorne the first stimulation in Pohang (PX2-1)

would have been stopped after detecting events at a distance of several hundreds of meters
from the injection point 6.3.2019



Conclusions

o Triggering of an earthquake may not be avoided with
o traditional traffic light system only
o b-value based predictions only
o predictions based on «injection volume — magnitude» relationships only

o Integration of geological and hydraulic data into risk assessment as a
continuous process throughout all project phases is crucial

o Timely and accurate localization of events is paramount to detect triggering
indications on close faults at early times.
o If events at a distance of several hundreds of meters from the injection point are

detected, the project must be halted and the risks must be re-evaluated leading probably
to a stop of the project.

o The permit for the Haute-Sorne EGS project contains such conditions.

o Advanced traffic light systems and risk studies are needed as a basis to take
informed decisions. These studies need to be actualized throughout the
duration of a deep geothermal project and need to be discussed by experts
independant from the project development.
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Summary of GES work:
Most probable szenario leading to the Pohang M5.4 EQ

Poh ang @ o PX2intersects at ~3800 m a large fault
éé with a low permeable core
- - pxi = PX2 a Pohang is within a seismic active

- ide t . —
_g e fracd — region of South-East Korea

o Epicenter of M5.4 EQ November 2017 is

el A T - within the same rock volume that was

~— track) and PX2 (vertical) — — .

2. High pressure injection - stimulated in April & September 2017

3. Slow_dif'fusion of o
overpressure
4. Fault with low

with high pressures of up to 900 bar
at the well head of PX2

®
~4'300m

o P 900 bar @4200 m ~ 132 MPa >>
vertical & min horizontal rock stresses
ov (109 MPa) & chmin

a The high pressures were motivated to
(desperately) estabilsh a circulation
between both wells, but not feasible
because of the low permeable fault
core

o Slow overpressure diffusion destabilizing
continuously larger parts of the fault
(maybe in combination of creeping fault
core material) could explain the time

OEEEE%IE delay of M5.4 EQ 6.3.2019
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Relative seismic amplitude

Wellhead pressure (MPa)

Very first stimulation PX2-1: Max magnitude 1.4
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