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Geothermal Energy in Germany Seismicity
”“’&‘wﬂﬁfﬁ The utilisation of deep geothermal energy can s B~ Seismicity caused by anthropogenic activities like
~  contribute to climate protection and enable for a future- N 4 __mining or frac operations is called induced seismicity
proof sustainable power supply as it does not depend on - 5 - seworn | (Fig. 2), whereas natural seismicity is caused by
seasonal or climate conditions and is available S 5C teconic stress.
everywhere. ~In general, seismic events that occure during
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The highest potential for hydorthermal application in
Germany show the North German Basin, the South
German (Bavarian) Molasse Basin and the Upper Rhine
Graben (Fig. 1). Here, several plants are operating and
further are planned.

reservoir stimulation, are not felt. However, they play
an important role in reservoir characterization. Due to
. recent events of magnitude M, <= 3.4 (Haring et al.,

2008) discussions arouse regarding seismic hazard
. In context with geothermal power generation.
Fig. 1 Potential for hydrothermal energy in Germany. o Yos

Orange: aquifer temperature 60°C; red: aquifer temperature 100°C.
(Schulz et al., 2007)

- Fig. 2 Tectonic (red) and possibly induced seismicity (yellow) in
Germany since 2000
(BGR catalogue)

» Development of concepts for limiting microseismic activity when utilising deep geothermal systems for energy production
Project Aims » Gainingimproved knowledge of the processes, causing fluid induced seismic events
» Cooperation with industry and authorities for safe deep geothermal energy production

Analysis of Seismicity Modelling
Aim of EP1 is the improvement of the ‘3‘ h_
seismological data pool in the Sudpfalz by EP4 is working on the quantification o " r ,b"
conducting real time registration in the vicinity of of selsmic hazard due to natural frequencyd.st:;::.lon:n:fe.smgt.es ' S
geothermal power plants (Fig. 3). Detailed and induced seismicity in the [Suenberg-Richter rlafion ’ .- |
vicinity of geothermal power plants \ g location

analyses of the seismically activated volume in
the Landau area are performed.
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by applying deterministic and x‘i.

probabilistic methods (Fig. 6). =
attenuation law (intesities, spectral) | 2

Fig. 6 Probabilistic risk assessment S FroEaTy
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Fig. 3 Seismologic stations at the Sidpfalz
black: TIMOZ2 (recent), white: TIMO (2004 - 2006)
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EP5 aims at modelling the probability
of fluid induced earthquakes with a

8°30' 9°00'

" . S “r " " given magnitude. A model containin
Within EP2 the occurence of microseismicity . : . ) - :
. . L | Prysiealmedel |\ physical, statistical and geome-
associated with geothermal utilisation of geomechanical model statistical model chanical elements (Fig. 7) is de
hydrothermal aquifers is analysed. Seis- | . .
. . . ; veloped and will be verified using real
mological networks are installed at locations of o NE gy ¥ data
- eothermal power plants within the Bavarian kv S |
Fig. 4 Locations of geothermal power plants J .p P
and faults in Malm (modified from Bayerisches Molas&.;e (Fig. 4) even bevor the plants start Fia. 7 Modelli . bilitv of
Landesamt fiir Umwelt, 2008) operation. ig. 7 Modelling of propability o
" s \ fluidinduced seismicity
. Estimating the time dependancy of seismic N
—»| stimulation % /—> ;enaalltlme J _ _ p y _ o ——
ys¢s | hazard during stimulation from real time

risk . ] ] (Rutquist & Tsang 2003, (Hou et al. 2010)
assesment| hOw to modify hydraulic parameters in case Hou & Zhou 2010)

\ v analyses and developing a reaction plan on stimulation operation

Subject of EP6 is to analyse the | .
statlon network ' : - : - _ _ _ o _ TOUGH2 JUGHRE!
N l of increasing seismic hazard are the subjects mechanisms causing seismicity during Reseror 4-\ | {Touciiz ¢ 4\
\ reaction of EP3 (F|g 5) : Iati : Ivi |
plan stimulation and operation by applying |
o . PT,S,
Fig. 5 Scheme of an automatic system for minimizing THM(D)*, resp. THM:C(D) coupled e sp.o Il oA A A
. . Ale recipitation / AP
instructions risk during hydraulic stimulation process simulations (T: thermal, H: hy- g :pes?o‘?ut?or? .
draulic, M: mechanic, C: chemical, . j | — _j
: - k rock I rock
EP7 aims at analysing natural and geological block model tectonic model dynamically (D)_ calcluate_d). (I.:|g..8). A mechanics ;P
induced seismicity at a deep mine in TR P Sl o tool for forecasting and minimization of lr | ‘
- hazard from new hermal pro-
the area of Aue during and after @ 2 'ge(t) ? 2 d IO : ew geothermal pro - N .

i [ V . released released
flooding. The large pool of geo- JeCis 1S develope energy E "7 log E =381+ 1,64 My ™ energyE
logical, geomechanical and seis- :

J ’ J _ _ o Fig. 8 Scheme of model concepts for ",
mological data (Fig. 6) is promising o stimulation (leff) and operation (right) i P e zation of geohazilg
regarding the analyses and pro- _. . . ' ' :
d J = © y PTO™ Fig. 6 Study are Aue (Appendix 3 of "Forschungsbericht consideration of THM and THM:C coupled - t_& "
: : optimization o
gnoses of fluid triggered events. Tiefengeothermie Sachsen, LfULG Sachsen) processes
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