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Roadmap

The global perspective

- Why are different types of geothermal systems associated with
induced seismicity?

- What is the maximum earthquake strength observed to datee
How does this franslate into seismic hazarde

The Dutch perspective

- Which learnings from the ‘global experience’ can be transferred
to The Netherlands?

- How much seismicity happened in Dutch geothermal systems?
- How can project developers address induced seismicity risks?
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- Earthquakes (frequently) driven by
mass changes.

- Not relevant in The Netherlands.




Global Perspective

Non Vulcanic Regions

= Hydrothermal-
= Enhanced

- Both types of system are
Geothermal Systems

(potentially) relevant for The
Netherlands
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p Geothermal System Definition
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Enhanced Geothermal Hydrothermal
System (EGS) System
low permeability, naturally permeable

enhancement required

- association with one or the other category can be difficult

-2 permeability enhancement is typically achieved by hydraulic
stimulation
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- Primarily driven by hydraulic overpressure

- Thermal reservoir contraction can play a role
during long-term production.
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Global Perspective: Experience
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- Most earthquakes are associated with EGS.

= Most earthquakes occurred in the basement.

- Several cases of seismicity in hydrothermal systems (circulation)
- Magnitude level < M4 1




Global Perspective: Experience

Kim et al., 2018. Science.
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- Causal relationship between EGS project and Pohang Mwb.4
earthquake discussed.




Global Perspective: Experience
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= inrare cases, geothermal seismicity has caused (non-
structural) material daomage

= |argest damage: EGS Basel 2 7 Mio SFR compensated




The Netherlands

Geothermal experience

- (shallow) hydrothermal systems
- no noticeable induced seismicity

- in a single reservoir (South-Eastern part of NL), induced
earthquakes of low magnitude have occurred

What will happen if the geothermal industry scales up (new target
horizons)?

= DAGO study: ,Defining the Framework for Seismic Hazard
Assessment in Geothermal Projects’

- occurrence of induced seismicity is a multi-parameter
phenomenon

- three level procedure to assess seismic hazard/risk




The Netherlands

Baisch et al., 2016. DAGO
study.
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Quick Scan (Level |)

- scoring scheme to assess the induced seismicity potential
already in the planning phase of a geothermal project

- based on global experience




The Netherland
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If the Quick Scan indicates medium or high induced seismicity
potential:

- Level Il seismic hazard analysis (medium potential)
- Level lll seismic risk analysis (high potential)

A structured framework for higher level analyses is provided in the
DAGO study.

- local seismic monitoring is recommended if seismicity potential is
medium/high.




The Netherlands

consequence
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Example Level

- Geomechanical model to derive maximum earthquake
magnitude.

- Numerical simulations of associated ground vibrations.

- Consequences categorized based on the number of
buildings exposed to a certain vibration level.




The Netherlands

consequences
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= Results presented in a risk matrix

- Here: Risk might be unacceptable (yellow) without
mitigation measures.




Global Dataset
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- The strength of induced earthquakes increases with the
duration of the operation.

- Basis for a ,traffic light system* (trailing effects!)
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- Risk mitigation (Traffic light system) can shift the risk into the
,acceptable range’.




EGS: Earthquakes = Engineering Tool
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EGS: Earthquakes = Engineering Tool

Baisch et al., 2009. BSSA
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EGS reservoir in Australia:

- mapping hydraulic conductivity by induced seismicity (shear
displacement)

- borehole target for subsequent well 113




Key Messages

1. Geothermal operations can be associated with an induced
seismicity hazard.

- Small magnitude but shallow hypocenter
- Densely populated regions

2. On a global scale, only a single show case exists where
geothermal activities caused significant damage (Basel,
M =3.4).

3. So far, only negligible seismicity occurred in Dutch geothermal
reservoirs.

4. Most seismicity occurs in the basement and during hydraulic
stimulations.

5. EGS technology has not (yet) been applied in The Netherlands.
Induced earthquakes are part of the technology.

6. A protocol for addressing induced seismicity risks in The
Netherlands exists (DAGO study). The protocol includes
recommendations for seismic monitoring.
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