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ABSTRACT

Based on a 3D geologicad modd of the geology and
structure of the northern Rhine Rift Valley a geothermal
model has been developed. Systematic measurements of
permeabilities and therma conductivities of relevant
geologic formations have been combined with in situ
temperature measurements, hydrothermal upwelling zones,
characteristics of geological faults and added to the
geological model. The model is an important tool for the
planning of geothermal power plants because it will allow
the geothermal potential to be easily determined at an early
stage of the planning phase.

1. INTRODUCTION

For the planning of deep-geotherma instalations,
knowledge of the geological structure and the geothermal
parameters of the potential reservoir rocks is indispensable.
Therefore a 3D model of the deep geothermal potential of
Hesse has been carried out (Arndt et al. 2009).

2. GEOLOGY

In the Hessian part of the Rhine Rift Valley the quarternary
sediments with up to 340 m thickness (Haimberger et a.,
2005) can be neglected from the deep geotherma model.
These formations are underlain by 500 - 3000 m of Tertiary
cacareous and clagtic sediments. The Oligocene
Pechelbronn group with a thickness of 160 - 370 m (Plein,
1992; Boigk, 1981) and permeabilities of 510 m? is the
only relevant geothermal reservoir rock at the base of this
formation. Jurassic and Cretaceous rocks are not present
due to an erosional hiatus. For the Triassic formations,
regionaly only the Buntsandstein with a maximum
thickness up to 200 m is present (Boigk & Schoeneich,
1970, 1974). Due to its small thickness and only regiona
occurrence it is not relevant for direct geotherma use in
Hesse. The Triassic Formations are underlain by the Permo-
Carboniferous clastic and volcanic formation with a
maximum thickness of up to 2500 m. Because of its depth,
partidly high permeabilities and temperature it is the
formation that represents a potential geothermal reservair.
The uninvestigated crystalline basement has to be regarded
as a petrothermal system because of high temperatures, low
primary permeabilities and high thermal conductivities. It
has to be assumed that the formation consists
predominantly of granitic rocks.

3. GEOLOGICAL 3D-MODEL

The current state of the geological model (Baer, 2008) is
based mainly on aready interpreted seismic data, drilling
results and geostructural maps. In the next steps of the
project there will be further refinements of the model,
particularly through the inclusion of additional seismic data.

Layer thicknesses of the main geological units could be
estimated based on the available/published information. As
an example the thickness of the Permo-Carboniferous is
shown in Figure 1, which is increasing towards the
northwest and could reach up to 2000 m in the area west of
Gross-Gerau (Boigk & Schoeneich, 1974). In addition, the
depths of major geologica horizons have been determined.
As an example, the depth of the top of the crystaline
basement is represented in Figure 2 with the maximum
depth on the northwestern and southeastern edge of this part
of therift valley. These two depocenters are separated by an
intervening NE-SW trend epirogene (Derer et al., 2005).

The quality and extension of the 3D-model depends on the
available data. The building of the model with GoCAD has
been mainly carried out based on a method described in
Kaufmann and Martin (2009).

As input data, the digitd SRTM model (version 3), 460
drillings, five geological cross sections and four interpreted
seismic sections have been used. Furthermore seven
isopachous and isoline maps for different horizons and five
maps of subsurface temperatures have been taken into
account. With this available data it was possible to carry out
the top ground surface, the quaternary and tertiary basis, the
basis of the mesozoikum and of the permo-carboniferious,
the distribution of the main fault systems and the estimated
temperature.

4. GEOTHERMAL CHARACTERISATION OF THE
PERM O-CARBONIFEROUS

The lithostratigraphy of the Permo-Carboniferous in the
Hessian part of the Rhine Rift Valley could be structured
with respect to the classification of the Saar-Nahe-Basin.
The focus here is on the Upper Nahe-Group, the Lower
Nahe Group and the Kusel- to Tholey-Group at the bottom
(Henk, 1993; Marell, 1989; Mudller, 1996). Measurements
of the therma conductivity and the permeability were
conducted on all sedimentary units of the Permo-
Carboniferous both on drill core samples and at samples
taken from neighbouring outcrops as described by Sass et
al. (2008).

The conglomerates and sandstones of the Upper Nahe —
Group, which occur mostly in the lower part of this unit,
show the highest therma conductivities of the Permo-
Carboniferous rocks: up to 3.4 W/(m-K). The permeabilities
of the sandstones lie around 1:10° e, while those of the
conglomerates are distributed around approximately two
orders of magnitude. The upper part of this unit is
dominated by silt and clay stones which show lower
permesbilities in the order of 1-10% to 1-10™ m? and
substantialy lower thermal conductivities of around 1.5
W/(m:-K) (Figure 3).
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Figure 2: Depth of thetop of the crystallinein the northern part of the Rhine Rift Valley
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Figure 3: Pane of the geological 3D-Model. Top ground surface (grey), top of the per mo-carboniferious (colour by depth).
In addition the border of the state Hesse, therivers Rhein, Main and Neckar and someimportant cities are shown

The Lower Nahe-Group (Figure 4) shows in all samples
without any significant correlation to the lithology a
relatively low and amost continuous thermal conductivity
between 1.5 and 2 W/(mK). The permeabilities of the
sandstones and conglomerates vary over a large range with
predominantly high permeabilities between 1-10°*2 and 1-10°
' me. Beside the sedimentary rocks there are regionaly
additional relevant occurrences of rhyolite and melaphyre
(Mueller, 1996; Kowalczyk, 2003; Lippolt et a. 1990). The
lateral extend and thickness as well as the geothermal
properties of these rocks are the scope of current
investigations.

The sedimentary rocks of the Kusel- to Tholey-Group
(Figure 5) show despite the different lithology only a small
distribution within the permeabilities over one magnitude
around 10 m? and have to be classified as rather low
permeable. The thermal conductivities of this unit typicaly
have values between 1.5 and 2.5 W/(m-K), dlightly higher
than in the Lower Nahe-Group, and tend to increase with
grain size. Fine grained granular sedimentary rocks were
underrepresented in the available drill cores and could not
been sampled in outcrops due to the high degree of
weathering. They will be the focus of further sampling and
measuring in the future.
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Figure 4: Thermal conductivity and per meability of the Upper Nahe-Group
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Figure 5: Thermal conductivity and per meability of the Lower Nahe-Group
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Figure 6: Thermal conductivity and per meability of the Kusdl- to Tholey-Group

CONCLUSION

Investigations of permeabilities and therma conductivities
of the geothermaly relevant Permo-Carboniferous rocks
could not demonstrate any significant relationship between
the thermal conductivity and the permeability. It seems that
the sedimentary facies properties are controlling the thermal
charactieristics of the Permo-Carboniferous more strongly
than the petrological composition. The presented results
show that the geothermally relevant rock properties of the
Permo-Carboniferous subunits of different geological age
are not necessarily the same. Due to the increased
permeabilities of the Lower Nahe-Group, this unit is
potentially the most suitable as a hydrothermal reservoir.

The developed 3D-model is a significant improvement of the
previous model and allows a more detailed view into the
northern part of the Rhine Rift Valey and its extension,
especially in terms of the thickness of geothermal relevant
horizons.

PROSPECTS

For the refinement of the model further data must still be
interpreted and implemented. With this refinement the
classification of detailed volume bodies of the individua
geothermally relevant layers for the northern Rhine Rift
Valley should become possible. Furthermore, during further
study, thermal conductivities and permeabilities will be
determined, particularly for the Permo-Carboniferous
volcanic rocks and the fine-grained sedimentary rocks of the
Kusel- to Tholey-Group. On the basis of this relationship
and additional available data a further goal is the estimation
of digtinctive geothermal reservoirs.
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