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At least since Basel 2006 - we

all known Induced Seismicty is
a problem

But it is 2016 — have we made progress
- are we the there yet?

19.09.2016



Induced Seismicty: A global challenge...
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... with many causes ...
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Are we there yet ? Not in the USA ...
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Are we there yet ? Not in the
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Are we there yet ? Not in the USA ...

Oklahoma Orders Shutdown of Wells After Record-Tying Earthquake
By NIRAJ CHOKSHI and HENRY FOUNTAIN  SEPT. 3, 2016 @ v>‘~ d ; v-'; 2

Stonework fell to the sidewalk at the corner of Sixth and Harrison Streets in Pawnee, Okla., after a 5.6-
magnitude earthquake struck the area on Saturday morning. Lenzy Krehbiel-Burton/Reuters

Oklahoma officials on Saturday ordered oil and gas operators to shut down
three dozen wastewater disposal wells following a 5.6-magnitude
earthquake that tied a record as the strongest in state history.

The quake, centered near Pawnee, rattled the state just after 8 a.m. Eastern



The lawyers have arrived!

oklahomaquake.com
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Oklahoma Homeowner Earthquake Damage WWW.S .ch/export/si /i ts/2016/PDF-Annual-Conference-2016/SCCER-SoE_AnnualConfer... » o

PU LASK l Free Case Evaluation

888-271-0679

Oklahoma Homeowner Earthquake Damage

If your property has been damaged by an earthquake in Oklahoma contact us now

Free Legal Consultation

Get afree, confidential evaluation to
determine if you have a claim.

First Name * *100% privacy gaurantoed
Last Name *
Email *

Fracing Earthquakes Are Causing Damage To

Oklahoma Property Owners. Phone Number *

Tell us about the damage to your home: *

@ Broken or cracked interior walls @ Cabinets separating from walls
@ Broken or cracked exterior walls @ Damaged doors and door casing

@ Damaged bricks, mortar joints and fascia @ Damage to door and window trim

@ Movement or cracking of the foundation @ Cracked drywall

%

FREE CASE EVALUATION

No Fees unless damages are recovered!




Are we there yet ? Not in the NL...
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EARTHQUAKES DAMAGED AT LEAST 100,000

GRONINGEN HOMES

™1 Posted on Sep 5, 2016

by Janene Pieters

Picture: Matt Katzenberger/Flickr

At least 100 thousand Groningen residents live in a home damaged by earthquakes caused by
extraction in the province. A quarter of them reported damage more than once, according to a g
the University of Groningen, public health service GGD and the municipality of Groningen, NO{

The researchers looked at NAM's data on damage reports as well as figures from Statistics Ne
and the Land Registry. Since 2012 about 70 thousand earthquake damage claims were filed. S|
thousand of these were handled and paid. The other 15 thousand are still in various stages of ]

According to the researchers, the actual figures may be much higher as the damage in some h:
yet to be discovered. They also point out that many damaged homes lie outside the so-called
“earthquake zone" and are therefore not included in the figures.

A previous study showed that earthquake damage to home can lead to health problems for tho:
affected, ranging from insomnia to heart problems. About 40 percent of Groningen residents dof
safe in their homes, compared to 15 percent in all of the Netherlands. Among Groningen reside]

101 schools in Groningen need action
because of earthquake risk
| Education | £ [#]in | IR APIGT

whose hoes were it by an earthquake more than once, only a third still feel safe in their homes.




Are we there yet ? Not in the NL...
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Shell and ExxonMobil regret Groningen Fe

earthquake problems g
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Legend

[ The Groningen gasfield
Hazard map, V2 [g]
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Some perspective

* Natural earthquakes
matter more!

e Other topics may matter
more (‘climate change’:
23’932 papersin 2015
alone...) .

* We are not powerless.

19.09.2016 13



Are we there yet ? Status in Switzerland

19.09.2016
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Erdbeben-Simulationim Felslabor:

Artfla Albert (Text) und
Stefano Schroter (Fotograf)

Grimselpass im Berner

Oberland fihlen Wis-
senschaftler dem Berg den
Puls. In einem Felslabor ar-
beiten sie an der Energie der
Zukunft - und daran, deren
grisstes Risiko deutlich zu
verringern: unerwinschte
kinstliche Erdbeben.

Ein 3,30 Meter hoher
Tunnel fithrt zum unerirdi-
schen Labor. Der Boden ist
feucht, denn der Riterichs-
bodensee (ber uns presst
dasWasser durchden Granit.

15 Bohrungen har das
Team um Florian Amann
(41) von der ETH Zurich in
den Fels getrieben, bis zu
48 Meter tef. In ihnen ste-
cken Kameras, Glasfaser-
kabel und Sensoren, welche
Verschiebungen und Druck-
veranderungen registrieren.

«Wir forschen daran, die
Geothermie effektiver zu
machen und das Risiko von
Beben in einem akzeptablen
Rahmen zu halten-, sagter.
Geothermie ist Energie aus
heissem Tiefenwasser, diese
soll in der Schweiz einen Teil
des Atomstroms ersezen.
Um alle unsere Atomenergie
abzulosen, briuchte es 25
geothermische Kraftwerke.

| n 450 Me=m Tiefe am

110 Expere n arbeiten far
das Schweizer Kompeenz-
zentrum fiir Strombereit-
stellung. Sie priifen, welche
Wege sich das eingepresse
Wasser im Fels sucht, derin
vier bis finfKilometern Tie-
fe bis zu 200 Grad heiss ist,
und welche Erschitterun-
genund Verschiebungen das
heisse Wasser bis zur Riick-
kehr nach oben ausldst.

Ein Warnzeichen war
eine Probebohrung 2006 in
Basel: Das eingepumpte
Wasser, das sich in der Tiefe
erhizen solle, l&ste 1200
kieine Erdbeben aus. Meh-
rere davon mit einer Stirke
von Ober3,0auf der Richter-
skala verursachten kleinere
Schiden. St. Gallen begrub
2014 ein Geothermiepro-
jekr, weil das gefundene
Wasservorkommen zu ge-
ring war. Aber auch im Sit-
ertobel war es ein Jahr zu-
vor bei einer Spilung zu
einem Beben gekommen.

Im Felslabor Grimsel
soll das Unvermeidbare be-
herrschbar werden. Experte
Ueli Wieland (58): «Das
Ziel sind Beben einer Stiirke
von maximal 2,5. Sie sind
an der Oberfliche kaum zu

splren.»
Interesterte knren des Felshaboe Gl

beschigen, de Touen srd kegterios.
Irformcnen: Tdeton086 27282

SCCER S SoE

Freitag, 9. September 2016
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So why are we not there yet?

* Because induced earthquake risk
governance is a very complex scientific/
engineering/societal/ economical (etc.)
problem.

* No quick fixes, no silver bullet, no single _
measure that will simply solve the hos:
problem. Instead: A brick by brick,
long-term approach that gradually
improves the sustainability and the
resilience of projects.

* A transdisciplinary and holistic approach
is needed, integrating various disciplines
as well as spatial and temporal
dimensions.

» This is what the SCCER-SoE is doing!

19.09.2016

energy system
analysis

15
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Induced seismicity risk governance is a
process — and it requires interfaces!

Modelling earth Regulators
sciences
i H social
Public/Media

Process energy system
understanding analysis

Exploration Planning reservoir Operation e
- operation
creation



Check our our posters!

List of posters:

1) "Accident Risk Assessment for Deep Geothermal Energy Systems in
Switzerland: An Update" by Matteo Spada, Emilie Sutra and Peter Burgherr

2) "A Bayesian Hierarchical Model for Hydropower Dam Accident Risk” by
Anna Kalinina, Matteo Spada and Peter Burgherr

3) "Physical-Based Model of a Dam Failure Event” by Anna Kalinina, Matteo
Spada and Peter Burgherr

4) "ENSAD v2.0 Hydro: a new interactive, GIS-based database for historical
hydropower accidents worldwide” by Peter Burgherr, Matteo Spada, Anna
Kalinina and Kim Wansub

5) “RIsk GOveRnance of electricity pOrtfolioS (RIGOROuS): Cross-
technology and spatial tradeoffs of multiple risks” by Trutnevyte E., Berntsen
P., Knoblauch T., Volken S.

6) “Long-term decay and possible reactivation of induced seismicity at the
Basel EGS site”, by Herrmann M. (other authors?)

7) “Controlling induced seismicity in EGS projects by a model-driven traffic
light system”, by A. Mignan, M. Broccardo and S. Wiemer

8) “Multi-risk in the Swiss landscape: The case of earthquake-triggered
landslides”, by A. Jafarimanesh, A. Mignan and D. Giardini

9) “Social discourses on deep geothermal energy” by Olivier Ejderyan and
Michael Stauffacher

10) “Induced seismicity risk analysis in OpenQuake. Basel case, validation
and GIS integration”, by Marco Broccardo, Laurentiu Danciu, Arnaud Mignan,
Stefan Wiemer

11) “Impact of combined wind and solar energy on the Swiss electricity
system”, by Jérome Dujardin, Annelen Kahl, Bert Kruyt, Michael Lehning

12) "Seasonal and Diurnal Wind Power", by Bert Kruyt and Michael Lehning

13) “Nonstructural Damage Tests on Masonry Building Walls: First Phase”, by
Max Didier, Marco Broccardo, Giuseppe Abbiati, Christoph Jost, Laurentiu
Danciu, Bozidar Stojadinovic, Domenico Giardini

14) “Accounting for uncertainty in the propagation of dam break flood waves
in the Rhone River: from hazards to risks”, by A. Darcourt, J. P. Matos and A.
J. Schleiss

/
SCCER550E

SWISE COMPETENCE CENTER for ENERGY RESEARCH

SCCER-SoE Annual Conference 2016

I casperstian with the €1 \

)
Suss Compotence Cantors lor Enargy Ressarndh

Controlling induced seismicity

The stimulation phase of Enhanced Geothermal Systems (EGS)
induces earthquakes, hence posing problems to the feasibility of geo-
energy projects. Although traffic light systems (TLS) exist to mitigate the
risk of anthropogenic seismicity, they are on-the-fly tools with so far no
forecasting capability. We show in 6 stimulation experiments that a
piecewise model describes the observed data with a good degree of
confidence. The model is driven first by the injection profile followed by
post-injection normal diffusion, and completely defined by a three-
parameter set 8 = [b, ap,, 7] (earthquake size ratio, activation feedback
and mean relaxation time, respectively). This allows defining as TLS the
magnitude threshold my, at which injection must be stopped to respect
a given probabilistic safety target. The proposed model can be used
during project planning to estimate the likelihood of failing based on an
a priovi @ and during stimulation phase to respect the safety target.

Induced Seismicity Model

We propase the following piscewiss induced seismici I rate

#(r) modek: (e} = 109710 0MeAV(E) ARt gy
Bit) =ty oxp - H‘%} 3 bt

where the injection phase (before shut-in me £, ) is described by
a linear relationship between u(t) and the injected flow rate AV(L), in
agreement with previous observations (Dinske and Shapiro, 2013;
Mignan, 2016; van der Elst et al., 2016), and where the post-injection
phase is described by a pure of a

in EGS projects by a e
model-driven traffic light system
Amaud Mignan, Marco Broccardo and Stefan Wiemer
Abstract TLS use during EGS project planning

A safety criterion is recommended that defines acceptable lavels of
probabilities of Y, for a prescribed safety threshold X (e.g.,
h Poisson

). a process,
we have Prim 2 m,,T) = 1= exp(Apum,(T)) = ¥ with A, the mean
cumulative number of avents obtained by intagrating Eq. 1. It finally yislds:

Ay (T) = 109 [Vt i) + TV (Eoe—e)] @

where V is the total fiuid volume injected during the project. Hence, for a
given set & (e.g., previous expariments like Fig. 1) and a planned injection
profile, one can determine if the project would a prior pass or fail the fixed
safety threshold (Fig. 2).

d = 10Kkm, d¥ = Tm¥min d = 100km, dV = 1m¥min
[ o505

20

15

Fig. 2: Acceptable domain for a fixed limit state function with V =
10,000m?, AV = 1m*/min, 2 building distances d from borehole (10 or
100km) & Pr(building collapse) = 10~¢ (see Mignan et al. (2015) for
damage to m, conversion), considering the set 8 obtained in previous

| deca
normal diffusion process (Mignan, 2015; 2016)(Fig 1}
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Fig. 1: Induced seismicity model fitting of six stimulation experiments
(all publicly available): Konti le Tiefbot (KTB), Germany,
1994; Paradox Valley, United States, 1994; Basel, Switzerland, 2006;
Garvin, United States, 2011; Newberry, United States, 2012 and 2014.
For both KTB and 2014 Newberry, experiments are broken down into
two separate stimulations, each with its own post-injection tail. The
model (Eq. 1) is represented by the red curves on the induced
seismicity time series with the $3s uncertainty envelope shown in light
red. Vertical lines indicate the shutdin time and the sub-stimulation
separations. The model uses as input the induced seismicity time

\sarias and the injection profile characterized by the flow rate Av.

(circles: this study; squares: Dinske and Shapiro, 2013).
NB: Preliminary results, subject to changes.

TLS use during EGS stimulation phase

Once the project has the green tag, one can define the TLS using the
operational magnitude threshold mg, at which the injection is stopped
in order to meet the safety target. From

101072 [V {E gy i) + FAY (b)) ~ ¥

[ TR0~ EM () =1 (3]

weget  my =1m‘,[r = 1010 AV (g min) | + M 4)
which vahdrly is verified in Fig. 3.

! Fig. 3 Number of m, events
i observed per simulation for a fixed
kS set @ and fixed injection profile
£ following Eqg. 1. In this example, the
- threshold is not respected if
no TLS is used. Using the TLS of
WahTLS Eq. 4 stops the stimulation in time

— | in order to respect the safety

T T T T threshold, in average.
0 2000 4000 G000 BOO0

o008
L

Ml{ree=m,}
a.ned

0.000

Mumbsr of simulations
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(Selected) ongoing activities (1) ek Tonpie

96.571
* Numerical Model development for understanding t“’o
and forecasting the coupled problem of ;;0
permeability creation € —> seismicity evolution. EEAO
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SCCER = SoE
(Selected) ongoing activities (1) 5 i

The importance of earthquake interactions for ‘
injection-induced seismicity: Retrospective modeling of

the Basel Enhanced Geothermal System 1200 | [ 15
~—STRESS TRANSFER
istd
1000 | |—PRESSURE ONLY
Article /1 Geophysical Research Letters 43(10) - May 2016 ~—=OBSERVATIONS
800 +
4
E 600
1st Flaminia Catalli 2nd Antonio Pio Rinaldi 1] |
il 19.12 - Helmholtz-Zentrum Potsdam - Deutsc... il 24.17 - ETH Zurich ¥ :
400 +
|
I
3rd Valentin Gischig Q41 - Last Stefan Wiemer 200 | |
11 24.83 - ETH Zurich . 139.13-ETH Zurich . : -
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Time (days)

COMSOL Stochastic Coulomb
seed model M, AS model
Models a 2D flow Models Models the
and computes seed activations, Coulomb stress

the transient assigns magnitudes redistribution after
pore pressure and updates the @ each seed activation
stress state

of each seed
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NC PAST Postulate also explains linear relationship p=AV & parabolic sgatial front

Nonlin. Processes Geophys., 23, 107-113, 2016

www.nonlin-processes-geophys.net/23/107/2016/

doi:10.5194/npg-23-107-2016
© Author(s) 2016. CC Attribution 3.0 License.

(@O

Static behaviour of induced seismicity

Arnaud Mignan
Institute of Geophysics, ETH Zurich, Zurich, Switzerland

Distance r (m)

200 400 600

0

with k being a geometric parameter and d the spatial dimen-
sion. For the tectonic case in which rpax > h, the volume
is assumed to be a cylinder with k=, d =2, and § be-

ine tha Aancitxr Af aninantrac in onana (Oia 12\ T+ chAanlAd

109

with #y being the starting time of the injection. The volume
change rate is then defined as

V() —V(t— Ab)

AV (t, Af) = N

®

with At being a time increment.

In the EGS case, r = h, with A being the borehole depth
and induced seismicity defined as hypocentres. The spatio-
temporal stress field o (r,¢) becomes

o, t <ty

o(rt)= o ©)
———P(t,r=0 x >t
(r+r0)n (,r )+60, t_O

with » haina tha dictance alanao the gtress field gradient from

background

activation

quiescence

1sion exponent for static
- radius of volume Vp =
diffusion . The parameter ry is in-
ced seismicity case (see
ase when fluids are in-
re ejected (bleed-off), or,
hen the pressure change
ative, respectively. It fol-

| |
2 4 6

Time t from injection start (days)

1/n
V(t)) —ro

1/n
8 10 AV(t)) — 10,

nporal shape of the in-
on the nth root of the

power law behaviour observed prior to some large main-
shocks (Fig. 1d) (see the review by Sammis and Sornette
(2002) for different physical processes yielding a temporal

nower lawr)

flow rate profile Q(¢) (with n =3 in the static stress case).
This parabolic relationship is similar to the generalised form
r(t) ocm(t)}/4 derived from non-linear poroelasticity in a

Commission for Technology and Innovation CTI.




(Selected) ongoing activities (2)

SCCER 9 SoE

* Model verification/calibration/validation experiments. Benchmarking,

ensemble models etc.

Validating induced seismicity forecast models -
Induced Seismicity Test Bench: INDUCED SEISMICITY

TEST BENCH

Article /» Journal of Geophysical Research: Solid Earth - August 2016

' 1st Eszter Kiraly
§ 13.63 - ETH Zurich

3rd Valentin Gischig
24.83 - ETH Zurich

2nd J. Douglas Zechar

) Last Joseph Doetsch
A+2 . 26.51 - ETH Zurich

19.09.2016

Development
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(Selected) ongoing activities (2)
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(Selected) ongoing activities (3) SCCER 5 SoE

* Understanding cracks in buildings using experiments

http://www.seismo.ethz.ch/static/sccer-
soe/videos/sources/wall_test.mp4

© Structural Dynamics and Earthquake Engineering, ETH,



ﬁ‘” el 16™ World Conference on Earthquake, 16WCEE 2017
I Santiago Chile, January 9th to 13th 2017

éi;\

Individual and societal risk metrics as parts of a risk governance

framework for induce seismicity

Marco Broccardo® , Laurentiu Danciu @, Bozidar Stojadinovic®, Stefan Wiemer®

(1.34.5)Swiss Competence Centers for Energy Research, SCCER, ETH Ziirich.
25 Swiss Seismological Service, SED, ETH Ziirich

& Institute of Geophysics, ETH Ziirich

(1.4 Chair of Structural Dynamics & Earthquake Engineering, ETH Ziirich

Paper N°
Registration Code: S-XXXXXXXX
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(Selected) ongoing activities (4)

N. www.seismo.ethz.ch

* Lab-scale experiments to study
earthquake physics

e HighSTEP, a machine jointly owned by ETH and
EPFL now being built at EPFL (Marie
Violay/Claudio Madonna).

¢ LabQuake triaxial apparatus for ETH (Rock Def
Lab) request from SNF R’Equip.

ETH:zirich

Department of Earth Sciences | Geological Institute

Rock Deformation Laboratory

Thelab | +Research '+ People | +Equipment |+ Ci

"

300 4

Triaxial apparatus

]
W
o

[
[=]
o

Normal Stress ( MPa)

v
o

19° 10% 107 104 10% 10¢ 10° 10 10" 10°
Strain rate (s™)

Research Courses Contact
Fluid controls on subduction thrust seismicity: seismo- Anisotropical Behaviour and Rheology of Rocks > EMH20E
hydro-ther modelling with Geologisches Institut
validation > Experimental Rock Deformation - Dr. Claudio Madonna
NOE61
for deep energy Rock Physics > e s

in Switzerland (NRP-70) >

Seismic Attenuation >

Swi hysical Properties of Rock

Ups¢ roperties in fractured fluid
reservoirs >

Collisional Orogeny in the Scandinavian Caledonides
(cosc) »

8092 Zirich
Switzerland
. +41446322090 >

Our Partners = Email >

A V-Card (vef, 1kb) &

SCCERSSBE e

E
oPPECCSEL EP@Q

............




(Selected) ongoing
activities (4)

< Endplate
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Seite 28
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(Selected) ongoing activities (5)

Tailor made risk governance fo

Graphi
Post-
operatlon

Licensi ng
decmon

Acceptance
crltena

SCCER 5 SoE

r Switzerland

License
re-assessment

Probabilistic
hazard and risk
assessment

D

ﬁ}x Updated hazard and risk assessment

T~ 0f%

o

@ Insurance and liability >

— — — .I
Structural
retrofitting

1k

Category llI

D

(o]
* Adaptive traffic light system,
Xin parallel to a magnitude-based system

>S90 > =)

TR

T

Seismic monitoring network

[N |
Information and outreach
A {one-way communication)
_______________________________________________ N
Social site \\‘
characterization v
=SS — ::::::::::::::::::::::::::::::::::::JI
) e s 0 O N
T ~
Two-way engagement 1} m Fd
Va
_____________________________________ Ve
Geothermal @ _ Licensing @ Independent ® & ® Siakeholders
project I authority and/or expert m and the
ﬁl operator regulator public

19.09.2016
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(Selected) ongoing
activities (5)

=
(=)}

—
£

=
N

=
(=]

5 hazard concer
4 ¥ exposure concern
y social concern indica

Concern about secondary hazards, exposure and
vulnerability
[# 2]

0 2 4 6 8 10

W Category Il

W Category Il

Category |

Category O

12 14 16
Seismic hazard concern

D WO NN UT e W N =

Tailor-made risk governance for induced seismicity of geothermal
energy projects: An application to Switzerland

Author: Evelina Trutnevyte’*, Stefan Wiemer™>
* Corresponding author, evelina.trutnevyte@alumni.ethz.ch, phone +41 44 633 87 05

' ETH Zurich, Department of Environmental Systems Science (D-USYS), USYS
Transdisciplinarity Laboratory, Universitatstrasse 16, 8092 Zurich, Switzerland

2 ETH Zurich, Swiss Seismological Service, Sonneggstrasse 5, 8092 Zurich, Switzerland

3 Swiss Competence Center for Energy Research — Supply of Electricity, Sonneggstrasse 5,
8092 Zurich, Switzerland
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SCCER 9 SoE

(Selected) ongoing activities (6): Grimsel

* A great collaborative effort.

* A chance to study fundamental science
guestions — including induced seismicity.

S1.3

Geological model
including field mapping
data

Seite 31



N. www.seismo.ethz.ch
¢ ;

International Continental Drilling Programme
(ICDP): DSEIS X8

® Deep gold mines actively
progressing (> 3 km) offer an
interesting very high strain rate
environment to study earthquakes
and faulting.

12" 14 16’ 18" 20" 22" 247 267 28’ 30 32 34"

e We are part of an international E
ICDP team to investigate processes
related to natural and
anthropogenic earthquakes (just
funded at 1 Mio. S)

Since the upper edge of aftershock area
- plunges slightly toward south, the distance
AGHS  from an existing cubby (a space to rig a
_ machine) to the edge of aftershock area is
. YMBD  heyond a drillable range.

- Box1 of 1 x 1 x 0.8 km? with 4153 events
until 4 July 2016 since the M5.5 is our
target within drillable range.

Mining horizons

05 Aug 2014
07 Aug 2014
08 Aug 2014
10 Aug 2014
B 11 Aug 2014
13 Aug 2014
14 Aug 2014
16 Aug 2014

I 17 Aug 2014 P
19 4u 21 M5 5 aftershock plane
WV CGS surface strong motion stations.
7 AGA in-mine 4.5Hz geophones at ~ 2 km depth.

'V AGAin-mine geophones and accelerometers at ~ 3 km depth.
'V SATREPS strainmeters at ~ 3 km depth.

Figure 1. Seismicity in a 14-day period following the M5.5. Box 1 is a drilling target at MK
within a drillable range. First, we have to identify a geological structure responsible for the
2014 M5.5 and calibrate the seismic velocity to refine seismicity location. The 2 hole will be

dedicated to geomicrobiology research.
JTILT O4
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www.seismo.ethz.ch | _M e

"Best Practice” Guide for Managing In-

duced Seismicity in Geothermal Ener-
G E O B E ST_ C H gy Projects in Switzerland

< seis
Dr. Toni kraft
SED - Géothermie et séismes www.seismo.ethz.ch/eq_swiss/.
Dr. Evelina Trutnevyte
Schweizerscner Erdbedendienst Prof, Dr, Stefan Wiemer

Swiss Seismological Service

e Support cantons in all matters related to =
geothermal projects (monitoring, hazard and e St »

On entend par énergie géothermiqul | A
Aléa sismique Terre, I'énergie emmagasinée sous L FEa e Hazan @ Risk Assessn

chaleur. Les quantités d’énergie qui r

risk assessment, best practice etc. ). e B

Fréquence le manteau terrestre.

Effets Régle de base: plus on progresse dat
y fait chaud. En moyenne, la temp

e e 100 meétres de profondeur & partir e}

. . ay = au gradient géothermigue normal [
) " Prévention plus, un processus trés long: entrd
IrSt WOrksnop wi cantonal authorities.: que taer B T e e
P surface de la Terre n‘ont plus de cons|
sol [2]. A 5'000 métres de profondeut
. [ECTEETTTITINT i Suisse sont comprises entre 150~8TZ00"C T3] CompTE TeRu e
Formes de Ia connaissances actuelles, on estime que la température du noyau terrestre
. géothermie dépasse 6'000 °C et que celle du manteau supérieur s'éléve & 1'400° C.
La géothermie et les
séismes Induits

Crotteoctunique  Crotte continentae

Mesures d'endiguement
de la sismicité indulte

La géothermie en
Suisse

La géothermie et le SED
Fracturation

Motesy supsieur

Mantesu ntéieur

Schweizerischer Erdbebendienst

Service Sismologique Suisse m LEI h
Servizio Sismico Svizzero
a e Zuric

GEOBEST-CH

Kompetente seismologische
A plusieurs endroits de la planéte, dans les zones volcaniques en

. particulier, on constate néanmoins des anomalies thermiques: des zones

Beratung bei o péscnent - g gohemiaue b s Geve. e o

exemple le cas en Islande, en Italie, en Indonésie ou en Nouvelle-Zélande.

. . . Dans certains lieux de ces pays, la nature fournit elle-méme le systéme de

T| efe n g eoth erm |ep roJ e kte n circulation nécessaire pour capter et faire remonter cette chaleur (sous la

forme de sources chaudes, de geysers, etc.) Ailleurs, exploiter I'énergie

géothermique requiert des forages et la mise en place de pompes &

chaleurs, ou des sondes géothermiques couplées & des pompes de

circulation pour pouvoir utiliser la chaleur. Plusieurs technologies sont

disponibles pour cela. On distingue la géothermie peu profonde (jusqua
environ 400 métres) et la géothermie profonde.

Noyou exteme.
s

Stadt Basel

®  Nicht spirbar (Magnitude < 2)
1000 m
®  Kaum sprbar

®  Spirbar (Magnitude > 3)

2000m ( )
papls

Geotherme pew profonde
3000 m
Mit Unterstiitzung von
4000 m

Géothermie profonde
-

5000 m energieschweiz

Unser Engagement: unsere Zukunft.
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SCCER 9 SoE
DESTRESS

_ Demonstration of soft stimulation treatments
of geothermal reservoirs

participating countries

Demonstration Sites

ks operational
kad K1zipeda, LTU

fall back option

[ planned
Middenmeer, NLD Grolt Schénebeck, DEU

bt westland, NLD

Soultz-sous-Foréts, FRA —)I“

Rittershoffen, FRA

["*1 Haute-sorne, CHE

 P&D projects are
critically important to
test our concepts!

Pohang, KOR led

500 km




www.destress-h2020.eu

SCCER S SoE

Helmholtz Zentrum Potsdam (GFZ), Germany

Energie Baden-Wiirttemberg AG (EnBW), Germany

és-Géothermie (ESG), France

University of Glasgow, United Kingdom

Geo-Energie Suisse AG, Switzerland
TNO, The Netherlands

Eidgendssische Technische Hochschule Ziirich (ETH), Switzerlan

Geothermie Neubrandenburg GmbH (GTN), Germany

Geoterma UAB, Lithuania

Université de Strasbourg, France
Delft University of Technology (TU Delft), The Netherlands

NexGeo Incorporated, Korea

Seoul National University (SNU), Korea

Korea Institute of Civil Engineering and Building Technology (KI¢
ECW Geomanagement BV (ECW), The Netherlands
Trias Westland BV, The Netherlands

destress-h2020.eu

SCCER - SOE

Home WhoWeAre v WhatWeDo ~

-

DESTRESS

Demonstration of soft stimulation treatments
of geothermal reservoirs

Stakeholders

Objectives Partners
%

News and Events

Meet DESTRESS at EGC in Strasbourg
DESTRESS will hold a side event for interested stakeholders on Thursday, 22nd

September over lunchtime. Learn more about DESTRESS and how you can
become a part of it.

read more

Geothermal Energy for Starch Production - Rittershoffen on
Track

On Tuesday, 7th June 2016, Ségoléne Royal, the French Minister of the
Environment, Energy and Marine Affairs, has inaugurated the brand new
Rittershoffen geothermal plant located in Northern Alsace, France.

read more

DESTRESS at Korea-Europe EGS Deep Geothermal Energy
Workshop

DESTRESS was present at the Korea-Europe EGS Deep Geothermal Energy
‘Workshop. On Friday, 8th July 2016 representatives from the scientific and
industrial communities joined a workshop at the Seoul National University Faculty
Club

22

2016

All news and events

LearnMore ~

< O
DESTRESS | Home
Contact | Emdesk Q

Demonstration Sites ~  Stayinformed ~

Newsletter

Subscribe to our newsletter

Welcome to DESTRESS

DESTRESS aims to expand knowledge and to provide
solutions for environmentally responsible,
i d i thods of

EGS (enhanced geothermal systems). EGSs allow the

tapped potential of ge energy
to be put to widespread use. DESTRESS will improve
the understanding of technological, business and
societal opportunities and risks related to
geothermal energy. Existing and new project

ion sites, pilot and i

facilities have been chosen to demonstrate the
DESTRESS concept.

Learn more

Visit our Demonstration Sites

DESTRESS offers access to P&D Sites for in-depth
training and knowledge exchange by application.
Currently three sites are operating where soft
stimulation treatments have been undertaken and
which can be visited. Every demonstration site offers
adifferent environment and varies in the stimulation
techniques.

For details and application, see Visit Demonstration
Sites.




Schatzalp workshop 2017

DAVOS

;C HATZALP (/—, sccen_g SoE

\ 7 TUNOE COMPTTN ME CRNINE e PNETRSY § DEEAACH
NP0 & EASTROTY

March 14 - 17, 2017 A g ETHziirich &

2" induced seismicity

workshop
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Thank you!

19.09.2016

Focus Topics

The workshop will cover eight thematic areas, each introé £ @ ¥ i’ i —
2 to 3 invited keynote speakers, followed by 2 to 3 solicitl, ¥ 9
There will be a moderated discussion at the end of ead &5

and at the end of the workshop. \

= Case Studies

= Modeling of Induced Seismicity

= Scaled Experiments

= Monitoring and Analysis of Induced Seismiaty

= Risk Governance, Societal Acceptance and License to
= Industry Projects & Perspective

= Pilot and Demonstration Sites & Future Initiatives

Conference Venue

Davos is located within the beautiful Swiss Alpine mountains of
Graubdnden. It's a ity of culture, sports, and nature, It takes a
2:30 hours train ride from Zurich airport to go to Davos.,

The conference venue «Schatzalp» is 300 m above Davos, at an
altitude of 1861 m. A cable car takes you there in four minutes
from Davos-Platz. The nostalgic Art Mouveau style building with
its Belle Epoque atmosphere opened its doors in 1900 as a luxury
sanatorium. The soul of the house, its architecture, has been
preserved in its original form until today. A night-lighted sledge
trail down to Davos, and the skiing region Schatzalp-Strela are

nearby.




