The geothermal conditions in the Rhine Graben
a summary

Autor(en): Rybach, Ladislaus

Objekttyp:  Article

Zeitschrift:  Bulletin fir angewandte Geologie

Band (Jahr): 12 (2007)

Heft 1

PDF erstellt am: 28.04.2024

Persistenter Link: https://doi.org/10.5169/seals-226366

Nutzungsbedingungen

Die ETH-Bibliothek ist Anbieterin der digitalisierten Zeitschriften. Sie besitzt keine Urheberrechte an
den Inhalten der Zeitschriften. Die Rechte liegen in der Regel bei den Herausgebern.

Die auf der Plattform e-periodica vero6ffentlichten Dokumente stehen fir nicht-kommerzielle Zwecke in
Lehre und Forschung sowie fiir die private Nutzung frei zur Verfiigung. Einzelne Dateien oder
Ausdrucke aus diesem Angebot kbnnen zusammen mit diesen Nutzungsbedingungen und den
korrekten Herkunftsbezeichnungen weitergegeben werden.

Das Veroffentlichen von Bildern in Print- und Online-Publikationen ist nur mit vorheriger Genehmigung
der Rechteinhaber erlaubt. Die systematische Speicherung von Teilen des elektronischen Angebots
auf anderen Servern bedarf ebenfalls des schriftlichen Einverstandnisses der Rechteinhaber.

Haftungsausschluss

Alle Angaben erfolgen ohne Gewabhr fir Vollstandigkeit oder Richtigkeit. Es wird keine Haftung
Ubernommen fiir Schaden durch die Verwendung von Informationen aus diesem Online-Angebot oder
durch das Fehlen von Informationen. Dies gilt auch fur Inhalte Dritter, die tUber dieses Angebot
zuganglich sind.

Ein Dienst der ETH-Bibliothek
ETH Zirich, Ramistrasse 101, 8092 Zirich, Schweiz, www.library.ethz.ch

http://www.e-periodica.ch


https://doi.org/10.5169/seals-226366

Bull. angew. Geol. Vol. 12/1

Juli 2007

S. 29-32

The geothermal conditions in the Rhine Graben - a summary

Ladislaus Rybach'

A data base of borehole measurements col-
lected over decades indicate that generally
elevated temperatures prevail in the Rhine
Graben (Fig. 1). For example at 1 km depth,
instead of having the expected 40° C, the
temperature range extends up to 140° C. The
presentation at the 73rd ASP Convention
addressed the geothermal conditions and
processes, which are responsible for this
feature.

The Rhine Graben, being part of the Euro-
pean Mid-Continental Rift System (Cloetingh
et al. 2005), is characterized by thinned crust
(and therefore higher heat flow; see Fig. 2),
respectively by mantle proximity (e.g. 3He
anomalies; Clauser et al. 2002). The tempera-
ture field is characterized by generally elevat-
ed values in the topmost 2 kilometers, in an
inhomogeneous pattern: relatively high and
low temperatures can be located close to
each other (Pribnow & Schellschmidt 2000).
Recently there is increasing evidence for con-
vective heat transfer, at least in parts of the
Rhine Graben subsurface (see e.g. Aquilina et
al. 2000). Convection cells develop to quite
some extent within the crystalline basement;
numerical model simulations show that the
cells can extend over several kilometres
(Béachler et al. 2003). Water circulation veloci-
ty in the cells attains values up to cm/yr (Fig.
3 from Kohl et al. 2000). Convective heat
transfer results in highly non-linear tempera-
ture-depth profiles, like the one measured at
the European EGS project site at Soultz-sous-
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Foréts (France): relatively high temperatures
at shallow depth, and anomalously low tem-
perature gradients underneath (Fig. 4). It is
still an open question in which Graben realms
could such features be present (potentially
also at the Basel Deep Heat Mining site?); the
data density for depths > 3 km is very low.

The Rhine Graben has generally favourable
conditions for geothermal energy develop-
ment and utilization (FESA 2005): generally
elevated subsurface temperatures, regional
aquifers at suitable depth (e.g. Buntsand-
stein, Upper Muschelkalk), extensional tec-
tonics (provides vertical permeability). The
first successful application, the Riehen/BS
district heating system, started to operate in
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Fig. 1: Compilation of borehole temperature mea-
surements in the Rhine Graben (from
Miinch et al 2005; modified]. Most data plot
above the average geothermal gradient line
with 30° C/km.
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1994 and was later extended into Lorrach in
Germany (Oppermann 2001). Nowadays
there is a large number of geothermal pro-
jects, especially in Germany, at various stages
of planning and realisation (Table 1; a further
26 projects have been initiated). Hopefully
they will be successful.
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Fig. 2: The Rhine Graben heat flow data (see box] confirm the general rule of decrease with increasing

crustal thickness (early data from Cermak & Rybach 1979; later confirmed by new measurements
of Clauser & Villinger 1995).
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Fig. 3: Convection cell with details of the tempera-
ture and fluid flow field in the realm of well
GPK2 at Soultz-sous-Foréts, France; result
of numerical model calculations to fit the
borehole temperature measurements in
GPK2 (see Fig. 4). The flow velocities in the
5000 0 5000 central model domain have been scaled

down by a factor of 20 in order to represent
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even smaller components. The maximum
fluid (= water) velocities exceed several
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Fig. 4: Temperature logs in the well GPK2 at Soultz-sous-Foréts, France: Comparison of measured (solid
lines) and modelled (circles) temperatures. Convection causes high near-surface gradients, low
gradients below and normal values further down. Crystalline basement top is also indicated. From
Kohl et al. (2000], modified.
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Project Horizons Depth Temp. Flow Power Status
° Circulating
Bruchsal Buntsandstone 2000 m 130°C >20 /s 500 kW Power plant installation
N 9 wells planned
Speyer Buntsandstone 2900 m 150°C > 20 I/s/well 5.4 MW 1% well completed
Offenbach Muschelkalk 2800 m 150° C 100 Vs 4.8 MW 1* well completed
Bellheim | Muschelkalk Caaﬁﬁg‘%m- 2 80-100ls | ca.5MW | 1% well completed
Riedstadt Rotliegendes 2300 m 140° C 70 Vs 3 MW Early preparation phase
Karlsruhe Muschelkalk 3100 m 150° C 75 s 2.8 MW Early preparation phase
Muschelkalk 1% well completed
Landau gn:::]si,taendstone 3000 m 150° C 70 i/s 2.5 MW 2" well in progress
Kehl ? 2500-3000 m 130° C 20-30 /s ? Early preparation phase
Ettenheim Crystalline 5000 m 170° C ? 3-5 MW Feasibility study

Tab. 1: Some geothermal utilization projects in the Rhine Graben (status February 2006, from Baumgart-

ner 2006).
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