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SUMMARY

For geothermal projects commonly 2D seismic sections from the hydrocarbon industry are available.
These have often rather poor quality in the sense of folding and resolution. Hydrocarbon studies were
often interested in different target depths than the geothermal projects. Because of this the focus of the
seismic sections is mostly not on the geothermal reservoir, making the interpretation for geothermal
purposes complicated. Geothermal projects drill on faults and accompanying fractures but not on structural
highs. For this kind of target it is necessary to get the exact regime of the faults and hopefully make some
prediction about the presence of fractures.

The fault pattern and its accompanying fractures, its age, the activities at the faults and their flow through
capability are the primary interest of geothermal exploration. The lack of existing wells and therefore the
deficit of velocity information are often the main uncertainty of geothermal projects. The use of seismic
attributes can enhance the interpretation of faults and may help to detect fractures. Visualization of fault
patterns with adequate accuracy can only be achieved from 3D seismic interpretation.
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Introduction

For geothermal projects commonly 2D seismic sections from the hydrocarbon industry are
available. These have often rather poor quality in the sense of folding and resolution.
Hydrocarbon studies were often interested in different target depths than the geothermal
projects. Because of this the focus of the seismic sections is mostly not on the geothermal
reservoir, making the interpretation for geothermal purposes complicated. Geothermal
projects drill on faults and accompanying fractures but not on structural highs. For this kind of
target it is necessary to get the exact regime of the faults and hopefully make some prediction
about the presence of fractures. This is of course best achieved with 3D seismic data.

Geological Situation Upper Rhine Graben

The Rhine Graben forms the most prominent segment of the Cenozoic European rift system
which traverses Central Europe with different parallel branches in a generally NNE-SSW
("Rhenish™) trending direction. As a deep reaching rupture zone it crosses the Earth’s crust of
southwest Germany and eastern France over a distance of more than 330 km with a width of
about 30 km. Most of the graben segments follow pre-existing weakness zones in the
Hercynian basement, which fit perfectly the Carboniferous deformation pattern of Central
Europe. The overall rift system extends over a total distance of more than 1000 km from the
North Sea to the Mediterranean as documented by the structural styles in the North German
Basin and the surface expression of the Bresse and Rhone Graben in France (lllies and Fuchs,
1974).

Formation of the Rhine Graben started in Mid Eocene times when the regional stress
conditions in the Alpine foreland allowed the reactivation of a Hercynian weakness zone with
Rhenish strike in the basement by dominantly normal faulting. The centres of maximum
subsidence moved in location and time and formed different sedimentary basins within the
graben bloc. Overall, the graben has a maximum filling of Tertiary sediments up to more than
3.200 m. Subsidence phases alternated with uplift periods as documented by the erosion of
sediments of the graben fill. The maximum throw between the uplifted graben shoulders and
the graben bloc is 5.500 m. Internally the graben is heavily faulted with different fracture
spacing, major fracture zones and signs of horizontal movements areas. Most of the faults
reach the Pre-Tertiary subcrop and seem to penetrate far into the Hercynian basement: some
industry data and scientific seismic measurements demonstrate clearly the presence of Rhine
Graben related faults down to a depth of at least 15 km (Durst, 1991) which could give way to
rising of hot water. Drilling for hydrocarbons, potassium, coal and water has given a large
number of information about the graben structure: about 350 wells have reached the base of
the graben, more than 2.000 wells have reached the deeper parts of its fill and thousands of
kilometres of seismic lines have been measured, completed by magnetic, geoelectric and
geothermal research work. These activities gave information not only about structural styles
but also about the enhanced local heat flow and thermal anomalies within the rift system and
attracted exploration for geothermal energy. With the implementation and amendment of the
German Renewable Energy Sources Act (EEG) in 2004, geothermal power has become an
economically viable field of business activity in Germany. With the objective to implement an
energy supply by using geothermal energy the GeoEnergy GmbH was founded in 2004. It is a
major holder of geothermal exploration permits in southern Germany.

Geothermal Exploration Scheme

The objective of geothermal exploration activities in Upper Rhine Graben region is the
analysis of prominent geological structures, fault zones and karst structures in the deeper
underground. Thereby the interest is - different from oil field practice - set on fault zones that
should be open under recent stress conditions: as the actual rift propagation follows a NW-SE
direction through the Hercynian folded block of the Rhenish Massif this direction will also be
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the direction of open fractures in the graben itself. Additionally, there will be open fractures
in the graben due to horizontal movements (“Riedel Shears”). In conclusion geothermal
exploration in the given area is focussed on open and high permeable fracture zones.

Seismic Data: Acquisition and Interpretation - example Speyerdorf

As first step of the exploration activities all available geologic data in the area of interest was
collected and analysed. The primary target formations were identified. In the graben section
of our scheduled activities these were Mesozoic rocks (Muschelkalk and Buntsandstein) and
the Hercynian basement (gneiss and granite). Thereafter older 2D lines from the industry were
acquired, reprocessed and interpreted as possible. At this point problems arose as the seismic
measurements for hydrocarbon exploration had different target depths, different aims in
resolution using for these purposes different recording techniques: besides information about
structural heights and traps it is necessary to get data about source rocks, fairways, reservoir
rocks and sealing horizons. Geothermal exploration is primarily interested in the size and
shape of fault patterns and their accompanying fractures, their age, the activities at the faults
and their flow through capability. This was achieved by about 260km of 2D and 120 km? of
3D seismic surveys recorded for GeoEnergy GmbH.
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Figure 1: Comparison of 3D models achieved from 2D-seismic (A) and 3D-seismic (B). Only
a model generated from 3D-seismic is sufficient to plan wells on fault zones.

In the current project five wells are available which are far outside of the 3D seismic survey
(see Figure 1). Some of these wells and their well top information can be projected onto the
new 2D seismic data. By interpreting the 2D seismic sections and integrating these results
into the 3D survey it is possible to identify horizons in the 3D cube. For these wells no
geophysical logs are available, thus making it impossible to make statements about reservoir
parameters like porosity and permeability. The lack of logs makes it also impossible to
calculate seismic synthetics. For time-depth relation only two wells with check shot data are
available but only one well could be used for velocity information. So, the time-depth relation
is the most problematic part of the project workflow.

To enhance the interpretation of the fault pattern and the detection of fractures seismic
attributes can be used. The utilization of 2D seismic sections for the generation of attributes is
very limited. With the present 3D seismic cube also volumetric attributes like coherence or
curvature can be calculated. With the help of geometric attributes, such as coherence, it is
possible to quickly visualize and map complex fault systems. Volumetric curvature helps
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interpreters to map faults whose vertical throw falls below seismic resolution (Chopra and
Marfurt, 2007).

In Figure 2 the coherence and curvature time slices for the same depth are displayed. The
coherence time slices are used for a quick interpretation of the fault pattern in the given
region. These faults derived from time slice analysis are then used as support for the
conventional inline/crossline interpretation. With the help of curvature attributes (Most
Negative Curvature in Figure 2B) it is possible to determine areas with high probabilities for
fractures. These probable fractured areas are the areas of interest for the well path planning.
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Figure 2: (A) Coherence time slice. Red lines indicate faults from time slice interpretation,
which support the fault pattern from inline/crossline interpretation. (Bb) Most Negative
Curvature for the same time slice as (A). The ellipses indicate areas with high probabilities
for fractures.

The fault pattern and the horizon interpretation are used for building a structural model (see
Figure 3). This model represents a simplified visualization of the interpreted geological
structures. This means that not all faults from the interpretation are used in the model. The
purpose of the structural model is to support well planning and to obtain simplified
visualization of the geological situation.

As an initial step in well planning the target location of the possible well paths is determined
with the help of the geological model. The further, detailed planning of the well paths is based
on the fault pattern and the horizons from the interpretation.
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Figure 3: One cross-section of the used 3D seismic and its interpretation. A structural model
with adequate accuracy can only be achieved from 3D seismic interpretation. For this project
Petrel 2008 was used for interpretation and model building.

Conclusions

Traditionally 2D seismic sections from the hydrocarbon industry are used for geothermal
projects. The fault pattern and its accompanying fractures, its age, the activities at the faults
and their flow through capability are the primary interest of geothermal exploration. The lack
of existing wells and therefore the deficit of velocity information are often the main
uncertainty of geothermal projects. The use of seismic attributes can enhance the
interpretation of faults and may help to detect fractures. Visualization of fault patterns with
adequate accuracy can only be achieved from 3D seismic interpretation.
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