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Seismic risk is the main risk faced by EGS projects

» In Switzerland, 2 stimulation projects terminated due to occurrence of M3+ earthquakes, Basel in
2006 and St Gallen in 2013 — Led to minor, non-structural damage

» In South Korea, EGS project suspended due to 2017 Pohang M5.5 earthquake, potentially triggered
by EGS operations (Grigoli et al., Science 2018) — Led to 10,000s structures being damaged & 100+

injuries

» We are in a post-Pohang environment, requiring “new methods to assess and manage evolving
risks” (Lee et al., Science 2019), i.e. risk-based & dynamic/adaptive

Source: Grigoli et al., Science 2018






From R&D to application of the new risk method

> Probabilistic risk assessment method mature
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v
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Respects the post-Pohang view on risk, with volume
hypothesis weight reduced in logic trees
From benchmarked in OpenQuake to systematic use
Improved best-practice guidelines, 2019 applications:

e Bedretto risk report

* Haute-Sorne manuscript

* Iceland (Geldinganes) risk report + manuscript
Provides a priori risk quantification (prior to stimulation)

Broccardo et al.’s POSTER on Geldinganes risk assessment



From R&D to application: Adaptive TLS

> Adaptive traffic light system to be tested/validated in the coming weeks in Geldinganes
v’ Risk-based: mapping from fixed safety criterion to magnitude threshold
v' Two statistical approaches available: frequentist versus Bayesian
v" Ongoing work: dashboard-type risk mitigation system for online decision-making (from R&D
to software for operators)

Mignan et al., Sci. Rep. 2017; Broccardo et
al., GRL 2017; Mignan et al., Energy
Geotech. 2019



From R&D to application: Adaptive TLS

» Practical aspects for proper ATLS application
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Seismic monitoring level can be inferred
from the ATLS magnitude threshold
Innovation in seismic network planning
based on a Bayesian approach

Pohang experience: Critical role of the b-
value (ratio in event magnitude) in
increased likelihood of a large earthquake,
requiring a very low completeness
magnitude (i.e. very good network) to stop
injection ASAP in case of anomalous b-
value

Predicted completeness magnitude
method: BMC Iceland prior
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Towards algorithmic decision making

Mignan et al., Energy Geotech. 2019



Statements qualifying seismic risk by type of actor in
media discourse (f-CH)

Highlight risk Relativize risk
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How are measures to mitigate seismic risk perceived?

Risk mitigation DGE SG CPG CCS
perception N =209 N =200 N =198 N =200
M (SD) M (SD) M (SD) M (SD) F(3, 803)

Traffic light system 4.62 3.99 4.54 4.10(1.37) 12.029***
(1.27) (1.30) (1.30)

Structural retrofitting 4.63 4.08 4.63 4.28 (1.34) 9.690***
(1.24) (1.23) (1.19)

Earthquake insurance 4.58 3.84 4.29 4.09 (1.47) 10.216**
(1.35) (1.32) (1.46)

Relocation 4.73 4.21 4.51 450 (1.36) 4.988**
(1.32) (1.32) (1.40)

* p < 0.05; ** p <0.01; *** p < 0.001

Note: Values range from 1 = low, 7 = high.

Hammerli & Stauffacher (2019 —in
review). The neglected role of risk
mitigation perception in the risk

governance of underground technologies

— the example of induced seismicity
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From media discourse to public engagement

the public?

*  Focus group research

- Analysed qualitatively

What do the media frames mean for engaging

Participant observation of management meetings

Source: GEothermie 2020
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Co-production
/ Co-decision

Consultation

Information / framing the

Behavior

Forms of public engagement preferred by project

managers

communication

Practices

led

Interactive formats
Deliberative citizens
committee
Workshops and focus
groups
Democratic channels
Brokerage, mediation
Consultation / hearings
Exhibitions, Site Visits
Social Networks, new
website
Interviews
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Strategic communication _

Presentations

Organized information
event
Internet website

Press conference
Project communication
Part of a larger event
Awareness raising
Education
Economic Participation,
Economic incentives
Behavior change initiative
Protest
Abstention

No mention
1 mention
2 mentions
3 mentions
4 mentions
5 and more mentions



Forms of public engagement preferred by project

managers

State led, invited
highly interactive

Information
provided by
intermediary
organisations

Information
provided by
intermediary
organisations

Trust 11!

Embedded in
everyday
activities



Outlook

* Fitting communication & engagement measures;

* Embedding geothermal energy through the use of
heat ?

Ejderyan, O., F. Ruef, M. Stauffacher (accepted,
2020) The entanglement of top-down and
bottom-up: socio-technical innovation pathways
of geothermal energy in Switzerland. Journal of
Environment and Development. Special issue on
Low Carbon Energy Transitions in Federal
Systems, March 2020.



