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The question in 2013

“To secure a future for DGE in the energy mix of
Switzerland, we need to tackle two complementary
challenges. The first is a purely technical challenge:

* s it possible to engineer in the Swiss
underground a productive heat exchanger at
depth (>3 km), with consistent flow of hot water 3| B
(>50l/sec, T>180°), sustainable over 20 and more Fractures in building wall after the 3.4
years without significant temperature decline, forciivxwzfiiﬁﬂefﬁ? pasel
seismically safe (M<3) during stimulation and

long-term operation, in different tectonic and

geological environments? “ l

National innovation roadmap for the development of

_ _ seismo-hydro-mechanical
Deep Geothermal Power in Switzerland

fluid-rock interaction

V2, June 11, 2013

Domenico Giardini, Keith Evans, Tony Kaiser, Peter Meier & Stefan Wiemer ‘
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Science (and 1) did what it is supposed to 5CCER5 SoE
do: Publish (not to perish)
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SCCER S SoE

The question was :”Is it possible to engineer in the Swiss
underground a heat exchanger without too many
earthquakes ?”

So what is the status in 2020

The answer to date is: Maybe, we do not know, because

we have not had a chance to tried lately .... =cR) srﬂp
SE A LA GEOTHERMIE
PROFONDE
DANS LE JURA 2
Nice plan —
but ...
times have
changed for

geothermal

04.11.2020



The Mw 5.5 2017 South Korea SCCERgsoE
Earthquake did not excately help...

i - Due to its shallow focus (about 4.5
\\it' \ e L0 | km depth) the earthquake caused
: \ ; ey extensive damage in and around the

city of Pohang.




People were pretty angry over there ...

And for good reason if you ask me.
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Evaluation du risque sismique du
projet géothermigue de Haute-Sorne,
a la lumiére du tremblement de terre
de Pohang (Corée du Sud)
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Genehmigung zuriickzuziehen
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Stadt Pohang ein Erdbeben mit

dem mit dem Projekt verbundenen seismischen Risiko wurde vom er-
neut aufgeworfen, nachdem sich im November 2017 nahe der stdkoreanisches

Geothermieprojekt Haute-Sorne - Kanton erwagt

In der jurassischen Gemeinde Haute-Sorne war vorgesehen, ein petrothermar,

ein petrothermales Tit

er Nahe. Die Geo-
lant ind hatea




News from other places: Not good SCCER5 SoE

o85O < > (im] 0 = & www.nytimes.com/2019/10/24/busi i g thquakes. (e
¥ ® G 2 © @ 6 5 M @ [ = BB [ T earthauakes Are Jolting the Netherlands. Gas Driling s to Blame. - The New York .
= €he New Pork Times 2

Earthquakes Are Jolting the
Netherlands. Gas Drilling Is

to Blame.

Tremors from extraction are blighting 350 square miles. ‘ . : ] s N E WS

Thousands of homeowners claim damage, and productlonwﬂl A 3 4 ‘- Home | US Election | Coronavirus | Video | World | UK | Business | Tech | Science | Stories | Entertainment & A
end in 2022. w0 z ¥

The British ?

E 0 Signin Home News Sport Reel Worklife Travel

J England | Regions | Lancashire

Lancashire fracking: 2.9 magnitude
’ tremor recorded

87
© 26 August 2019

The Dutch are giving up

- —
St Ly CUADRILLA/PA

04.11.2020

Shale company Cuadrilla has been fracking at the Preston New Road site
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A bit of hope from Finland

Finnish geothermal pilot project in Espoo on track to
deliver heat in October 2020

Drilling rig on project site in Otaniemi, Finland (source: St1)

Alexander Richter
23 Apr 2020

04.11.2020

With the final drilling concluded, the St1
geothermal heating pilot project in Otaniemi,
Espoo in Finland is on track to deliver
sustainable geothermal heat to the district
heating system in October 2020.
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Tricky to sustain public opposition - Unless you SCCER5$0E
have powerful friends (and the oil price drops)
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Trump signs order to protect hydraulic fracking

Washington DC [US], November 1 (ANI): US President Donald ... "Just
signed an order to protect fracking and the oil and gas industry. ... sources
of inexpensive and reliable energy and producing more jobs for Americans.

18 hours ago 10



x. ~
<& & &
& 5 $
L ‘OQ' zo S
& ° > S
Q\ A2 ~0
= S & >
S N
S & Q &
) 65\ \@ =&
g & & L
N © & &
5-20m 100-300m 10-60m 50-300m
8-12°C 14-20°C 10-12°C 10-20°C

Shallow geothermal energy
0-400m

1000 m

2000 m

3000 m

4000 m

Y
& >
2 @§°
& N
o &
& PN
1 @
400 - 4500 m 3000- 7000 m
20-150°C 100 -200 =C

Hydrothermal: sometimes,

EGS.: always

Deep geothermal energy
400 - 5000 m

11



SCCER S SoE
Progress? Yes!

Progress in 4 Dimensions:

1. Progress in the fundamental
science of induced seismicity

2. Progress in demonstrating
adaptive risk mitigation
strategies

3. Progress in supporting cantonal
authorities in monitoring, risk
assessment and regulation.

4. Progress in sustainable
implementation and acquiring
future projects.

04.11.2020 12



Magnitude [M,,]

1. Progress in the fundamental science of SCCER5$0E
induced seismicity

ETHziirich

e  Much better data & and enhance
analysis tools.

e Experiments at all scales. A it |
Complexity, heterogeneity and scalability of injection
* Better models & model induced seismicity from decameter-scale stimulation

calibration. experiments

Doctoral Defense of Linus Villiger, 28.10.2020

1 I nte rd iSCi p I i Nna ry ri S k assessme nt Committee: Prof. Dr. Stefan Wiemer, Dr. Valentin Gischig, Prof. Dr. Domenico Giardini, Prof. Dr. Georg Dresen.
. . Chair: Prof. Dr. Johan Robertsson
in near-real time

induSED
SCCER55°E /58/5 micity

( €) Detections @ MATTE-detections  © Templates Located events: () SED SED (wAn) (O GEL Data gap
S 2

2017
2016
2015
2014

2013

2012

2011

Template year

2010
2009

2008

-1 T Sl 30 X AT ol ‘. CE N 2007

2006

| | | |
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
U4.11.2020 13



¢ Review status
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Example: Understanding Fluid-rock interaction
at Deca-meter scale (Grimsel, Bedretto)
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Magnitude [M,,]

1. Progress in the fundamental science of SCCER5$0E
induced seismicity

ETHziirich

e  Much better data & and enhance
analysis tools.

Complexity, heterogeneity and scalability of injection
* Better models & model induced seismicity from decameter-scale stimulation
calibration. experiments

Doctora

gzmm But no easy answer enico Giardini, Prof. Dr. Georg Dresen,
.= found, no magic
bullet, it is a hard

~ problem!

* Experiments at all scales.

* Interdisciplinary risk assessment
in near-real time
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Our approach: Adaptive
Traffic Light System (ATLS)

N. www.seismo.ethz.ch

Fluid Injection

Seismic Real-Time
Monitoring Data
Hydraulic
Data

Seismicity
Forecast
Models

RAGUPUBLICATIONS
P N

Reviews of Geophysics

REVIEW ARTICLE Current challenges in monitoring, discrimination,
10:1002/2016R60 and management of induced seismicity related
to underground industrial activities:

A European perspective

Synthetic
Seismic

Catalogue

Ground
Motion
Prediction
Equations

Empirical
Green
Functions

Building
Inventory

Probabilistic
Seismic

Grigoli et al. (2017)




SCCER 9 SoE

Huge a-priory risk uncertainty due to heterogeneity
and lack of local knowledge. The only way to reduce
it is in-situ, through data assimilation (?)

A-priori risk study ATLS Real time
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2. Progress in demonstrating adaptive SCCER5505

risk mitigation strategies

* For example, demonstrating
adaptive traffic light system and
cyclic stimulation in the
Geldinganes project (together with

DESTRESS).
* Next stop: Application Bedrettc . .
siglaelczlglvWioimiBl®lel8 NHESS - Inducd saismicity ritk analyeis of the hydraubic stimulation of 2 geatharmal wet on Gekdnganss, iceland
(Sta rti n g N Ov 3 2020) . g'; r:J‘.z!rturaI Hazards and Earth System Scier\ces
=5
(1) Step-rate test (2) Main stimulation
40
Induced seismicity risk analysis of the hydraulic
35 Pulse | stimulation of a geothermal well on Geldinganes, Iceland
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Real-time risk assessment in T ———
Geldinganes: Worked OK.

- Building Type: Concrete. Current time: day: 0, hour: 6
Note the reduction
g in uncertainty
2
Building Type: Concrete. Current time: day: 5, hour: 0
s 1.5
L ]
1
0.5
-5
®
A-prior risk .
®
- * \e !
0.5
5 -4

Day 5 of sti



Island: 3 large

SCCER ¢SoE
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SCCER S SoE

Wet soil on the way to THJO7 Snow around BLK22 Water in BLK22

Spring in Island in 2020

GANO2

Station is
== Under 1-2 m
of snow




Pohang ?

;,N. www.seismo.ethz.ch

Easy to say with hindsight .. But we claim that if you had done
Real-time risk assessment, the project would have been in the
red area much before the M5.5.
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Next stop (from
Tomorrow): Bedretto

A-priori risk — well
in the green
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3. Progress on supporting cantonal authorities in

monitoring, risk assessment and regulation

Based in parts on the progress achieved during the SCCER-SoOE, the

BFE funded framework GEOBEST2020+ supports cantons in

upcoming hydrothermal projects (i.e. seismic monitoring, alerting,

review of risk studies, workflows,, communication etc.).
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GEOBEST2020+ Seismic Safety Workflow

for deep geothermal projects of hydrothermal type

Draft, Version 5.3, 18.05.2020
Toni Kraft, Philippe Roth, and Stefan Wiemer
Swiss Seismological Service @ ETH Zurich
Contact: geobest@sed.ethz.ch
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Example: Recommendations SED nN-www.seismo.ethz.ch
to the Canton Jura _
Haute SOrne PrOjeCt Evaluation du risque sismigue du

projet géothermique de Haute-Sorne,
a la lumiére du tremblement de terre
de Pohang (Corée du Sud)

s

18 cctntes 2008

Phase |

Phase Il

Geothermieprojekt Haute-Sorne - Kanton erwégt
Genehmigung zuriickzuziehen

Recherche a travers le monde

Projets a travers le monde

S » PX2 /
PX1 My 8 mpocarsec

Canton Canton

Sismique 3D @/® @/®

T T ] Etude de

Attribution du permis?

ATLS (Risque en temps réel)

les Tiefengeothermi; jt zur Stromerzeugung zu errichten. Die Frage nach
dem mit dem Projekt verbundenen seismischen Risiko wurde vom Kanton er-
neut aufgeworfen, nachdem sich im November 2017 nahe der stdkoreanisches
Stadt Pohang ein Erdbeben mit einer Magnitude von 5.5 ereignet hat (siehe

Altuellbeitrag vom 24.05.2019 fir eine Ubersicht). Auslser des Bebens war
ein petr Ti

ji in i r Néhe. Die Geo-

risque
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4. Progress in sustainable implementation
and acquiring future projects

The EC Geothermica project DEEP (2020-2023, funding
5.7M EUR) bring together academic and industry partners
(including ETH, UniGe and GES) in demonstrating
innovative approaches to de-risking EGS projects.

BFE also funds GES to to bring innovation to Haute-Sorne

| E—

USA NETHERLANDS GERMANY
Lawrence Berkeley National Delft University of Fraunhofer Institute IEG,
Laboratory (LBNL), Technology. RWE Power AG.
University of Utah.
IRELAND | FRANCE SWITZERLAND
Dublmlnstatuta of - University of Strasbourg ETH-Zurich (Coordinator),

- Advances Studies (DIAS). (EOST). University of Geneva,

GeoEnergie Suisse AG.

DEEP Project Partners

DEEP: Innovation for De-Risking

Enhanced Geothermal Energy Projects

A proposal to the 2 call of GEOTHERMICA
presented by ETH, LBNL, IEG, GES, EOST, DIAS,
UNIGE, TUD, UUTAH, DAGO and RWE

04.11.2020
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UTAH Forge: A full scale EGS field

scc S
laboratory — and Switzerland is an ER5 °F
important partner — fantastic opportunity!
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The future: Working across scales

(Bedretto|

\_Lab /

0.01- 100 mm 0.01-100m 0.1-1km 1->100 km Length scales <
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So, where are we in managing induced SCCER gSoE
seismicity? It depends on your point of view ...
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Physicist
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Utopist Scepticist Trumpist
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