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ES is operating 2 geothermal plants in the Upper Rhine Graben

EnBW

Electricity production since 2016
3 wells in operation at 5 km deep
Reservoir: fractured granite
Temperature: production 130°C / reinjection : 70-80°C
Flow rate : 30 L/s ; P,,,=20 bar
ORC installed capacity: 1.7 MW electric
2,200 tons CO, saved / year

Alsace du No
Terre d'énergi

Heat production at high temperature since 2016
2 wells in operation at 2.5 km deep
Reservoir: sandstone and fractured granite
Production temperature: 168°C / reinjection : 85°C
Flow rate 80 L/s; P,,,,=14 bar
Installed capacity: 24 MW thermal
43,000 tons CO, saved / year

1t TWh of heat produced in 2022
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The Upper Rhine Graben CECTHERMIE
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* A geological history: faults and natural fractures
‘k * Geothermal fluid circulating in these structures
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The wells: a deviated productor well & a vertical injection well

ECOG] GRT-1

8m

GRT-2 esG~

TUBE GUIDE 30” q

|
i
FORAGE 24" \

TUBAGE 18"5/8 S
Sabot 18"5/8

446 m

g
@
m
-
4
ok
2
‘n
b LS

TUBAGE 13"3/8

Top liner hanger
1073 m

Sabot 13"3/8
178 m

E
E
I
k

£
FORAGE 12"1/4 |

TUBAGE 9"5/8 )

| camss ‘“"__“wﬂ_

Sabot 9"5/8
1922 m

FORAGE 8" 1/2

2580 m

és géothermie
Plio-Quaternaire mH_gm Ll| TUBE GUIDE 30" ; .
i ) COUPES TECHNIQUES
{ \Ir GRT-1 ET GRT-2
{ Y
) \ ) | FORAGE 24" |
= [ | TUBAGE 18"5/8
o \ ]
Schistes a Poissons ! } { Sibtiansis
=L | . 43 mTVD 443 mMD
g
< |
Ell |
g ,' FORAGE 17" 112
o | TUBAGE 13"3/8
L § ‘ \\
| KoPasssm |
LD |
L 1000m O™ Topliner hanger
\ 1116 mTVD/ 1179m MD
................... Sabot 13"3/8
‘ 1209 m TVD / 1293 m MD
Lias H
1500 m
Keuper I
Muschelkalk Inclinaison 37°
1872 m TVD / 2120 m MD
int nastel g ZWO m
~ FORAGE 8”1/2
Socle granitique
Failles
| 2500m

2708 m TVD / 3196 mMD

Confidential




Seismic monitoring network and velocity model
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Soultz seismic network
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Rittershoffen seismic network
v Short-period stations
.| ¥ Broad-band + Accelerometer
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12 permanent stations operating

since 2012
Densification of the network during

key operations (stimulations,
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All events repicked and relocated

into a 3D local velocity model



Cumulative number of induced events
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Seismic monitoring

Summary at date (2012-2025):

* 10300 induced events repicked:
e 2000 during drilling & stimulations
e 8300 during exploitation
* >500 natural events in a range of 20 km
* Magnitude max: 2.3 (2024-05 and 2024-07)
* PGV max: 3.2 mm/s (2024-07-24)

2014 2016 2018 2020 2022 2024
Time

Cumulative number of induced events
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Year Humber of IE
t—————= Fm—— +
2012 Z8
2013 1773
2014 193
2016 1la6
2017 786
2018 468
2018 513
2020 B64d
2021 590
2022 1018
2023 795
2024 2096
2025 207
t—————= Fm—— +

Absolute locations
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Long-term migration of the induced seismicity
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Waveforms correlation clustering
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Cumulative seismicity

600 4

500 -

400

300 4

200 1

100 4

Waveforms correlation clustering
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During stimulation:
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During exploitation
e C(luster 148 (b-value = 1.8)
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What is triggering the seismic sequences ?

Injection pressure?

- The injectivity index of the well was significantly improved
during exploitation (Currently P, .<5 bar in the reservoir)

- Direct effect on seismic activity is rather unlikely as
pressure is in steady state regime

Injection temperature?

- Propagation of the cold-front could induce seismicity
directly by the reduction of the friction coefficient due to
the thermal contraction of the rocks

- Variations in thermomechanical stresses favoring the
reactivation of pre-existing faults

- May explain the long-term migration

Chemical processes?

- Plug and stimulate phenomena ? Not visible on well-head
pressure

- May explain the long-term-migration

Aseismic movements can also be considered
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Conclusion sl

&

The progressive decrease in b-values is consistent with the progressive alignment of
seismicity with an existing structure and allow to consider two scenarios

Scenario 1:
- Activation of new clusters will continue linked to a continuous migration of seismicity
(could be associated with an increase of the magnitudes)

Scenario 2:

- A progressive attenuation of the seismicity after relaxation of the critically stressed faults
in association with a good injectivity index and a stabilization of the migration of the
seismicity
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For more information see also Poster Session: Case Studies
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See also Lengliné O., Maurer M., Yorillo A. (2025). Intermittent induced seismicity
during the multi-year operation of a geothermal reservoir, submitted to
Geophysical Journal International.
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