Dolines at 3 km depth – a possible target for geothermal energy extraction?
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CO2-free district heating in Munich: Vision 2040
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Figure 1: Existing (violet) and planed (green) geothermal
facilities in Munich. The district heating system is one the
largest in Germany. The violet outline marks a 170 km2 3D
seismic survey shot in 2015/16 to enable reservoir development and well planing.
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Paleo-Dolines at the top of the carbonate platform

The Bavarian Molasse Basin is the
most important geothermal province in Germany. However, its
potential is not at all fully exploited:
The Stadtwerke München (SWM)
envisage systematic exploitation of
the reservoir by an area-wide
pattern of up to 40 geothermal
wells, that will achieve a thermal
power in the order of 400 MWth
(project GRAME).
If the project is successful, by 2040
the entire district heating will be
supplied exclusively by renewables, this is called Vision 2040.
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Figure 2: Distribution of paleo-Dolines at the top of the
carbonate platform, i.e. the Lithothamnien limestone. A
total 21 dolines was mapped. Probably more dolines
exist, however, the seismic bin size of 25 m limits the
detectability of dolines < 50 m.

Geothermal energy is currently produced from the ~600 m thick Upper
Jurassic (Malm) carbonate platform.
Dolinies were found with diameters
up to 450 m, clearly visible at the
top of the platform at 2–3 km below
the surface. The largest ones exist in
the SE of the seismic volume, located at the terminations of faults.
Most dolines are linked to faults, but
not all.
These dolines have never been
drilled; however their existence
proves that the carbonate facies
were karsted and maybe thus make
an interesting target.

Imaging of Dolines

GR_DOL_SE_1

~500 m

Figure 3: Left: detailed view on the variance cube in the SE part of the seismic
volume. Shown is a depth slice at 2000 m b.m.s.l. A field of large dolines is visible,
where faults evident in the SW end. Right: two orthogonal seismic lines through the
pre-stack depth migrated (PSDM) seismic data crossing at one of the largest dolines
(GR_DOL_SE_1). Vertical exaggeration is 5x.

Figure 4: Mapping of dolines using the seismic variance cube. The outlines of the structures
picked on several depth slices are connected to construct 3-D surfaces (lower left). An alternative representation is to isolate a geobody by cancelling low variance values (lower right).
Most of the dolines show a characteristic ‚beehive‘ structure with outward-dipping surfaces of
60°– 80° inclination.
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Figure 5: Different models created during model
evolution. The models were generated using a
simple drawing programme and the RGB values
converted to seismic velocities that were taken
from the PSDM derived velocity field. This field is
not detailed enough to acknowledge potential
variations inside the doline.

Figure 6: Four consecutive snapshots of the wavefield. To
achieve a stacked section equivalent, an exploding reflector
approach was used. The source strength reflects the impedance contrasts. The interference of reflections from plane
interfaces and the steeply-dipping doline slope is clearly
visible.

Figure 7: Migrated section using the model from Fig. 5e. We used Kirchhoff depth
migration. Section a) shows the migration using the exact velocities shown in Fig.
5e, section b) shows migration results with a lower velocity inside the doline replaced by the velocity of the molasse sediments (i.e. 4000 m/s). The latter shows
downbending of planar layers beneath the doline. Both cases show an interference
of reflections from the planar layers and the diffractions from the edges of the
doline structure.
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Figure 8: (a) Final model that fits best principal phenomena in the observed data. Beneath the doline, we introduced a
low velocity zone to match the observed downbending of the planar reflectors (b). The fault zone at the eastern rim of the
doline was not modelled to avoid a too large complexity of the model. The resulting final seismic section shows a comparable downbending of underlying reflectors and the ‚beehive‘ like structure beneath the doline, that causes large distortions in the variance volume since variance is rather low away from the dolines.
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We modelled paleo-dolines showing up at large depths in a high
quality 3D PSDM seismic volume. The main findings are:
 The deep-reaching ‚beehive‘-like structures, visible especially in
the variance volume, are caused by the incomplete migration of
the interference of diffractions from the edges of the dolines and
planar reflections beneath the dolines. A vertical extent of the
doline of only 70 m suffices to reproduce the data.
 The observed downbending is best matched by a velocity reduction inside and/or directly beneath the doline. The PDSM velocity
field does not cope with these small-scale structures, and velocity
reduction would seem geologically plausible.
Taking these findings, dolines remain highly interesting for geothermal reconnaissance.
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