
Observed temperatures for stratigraphic 
formations and constant depth level.

INTRODUCTION

Information on both hydraulic 
and thermal conditions of the 
subsurface is fundamental for 
the planning and use of hydro-
thermal energy. In the frame-
work of the Interreg4a Geo-
Power project, fundamental 
geological and geophysical in-
formation  of  importance  for  
the planning of geothermal en-
ergy utilization in the Danish-
German  border  region  was 
compiled a nd a nalyzed.
  

A 3D geological model was de-
veloped and used as structural 
basis for the setup of a regional 
temperature model. In that 
frame, new reflection seismic 
data were obtained to close local 
data gaps in the border region. 
The analyses and reinterpreta-
tion of available relevant data 
(old and new seismic profiles, 
core and well-log data,  bore-
hole data, literature data) and a 
new time-depth conversion 
(new velocity model) allowed 
correlation of seismic   profiles  
across  the  border. 
 

Based on the consistent geo-
logical model depth and thick-
ness maps for three potential 
geothermal reservoir com-
plexes were drawn and visual-
ized together with lithological 
parameters a t w ell l ocations.
 

The interpretation of petro-
physical  data  (core data and 
well logs) allows to evaluate the 
hydraulic and thermal rock   
properties of geothermal  for-
mations and to develop a para-
meterized 3D thermal conduc-
tive subsurface temperature 
model. 
 

New local surface heat-flow   
values (range: 72–84 mW/m²) 
were determined and pre-
dicted temperature were cali-
brated and validated by bore-
hole temperature observa-
tions. Finally, new temperature 
maps for relevant layer bound-
aries (e.g. Rhaetian/Gassum, 
Middle Buntsandstein) and se-
lected constant depth intervals 
(1 km,  2 km,  etc.)  were  com-
piled.

Geophysical survey - structural data Reservoir characterization SUMMARY

The GeoPower project aimed 
to improve the fundamental 
databased for planning hydro-
thermal  installations  in  the  
INTERREG-region Südjütland 
-Schleswig.  All available data 
were incorporated  into a new 
geological and a new tempera-
ture model . Petrophysical pro-
perties of the three major ge-
othermal reservoirs has been 
evaluated. 

LITERATURE
,

Ÿ Baldschuhn, R., et al. (2001): Geotekto-
nischer Atlas von Nordwest-Deutschland 
und dem deutschen Nordsee-Sektor – 
Strukturen, Strukturentwicklung, Paläo-
geographie. – Geologisches  Jahrbuch, A 
153, m it 3  C D s,  Hannover ( BGR).

Ÿ Bücker, C., Rybach, L. (1996):  A  simple  
method to determine heat production from 
gamma ray logs, Mar. Petrol. Geol, 
13,373–375.

Ÿ Crotogino, F. (2011): Speicherung fluktuie-
render erneuerbarer Energieträger im 
Netzmaßstab über Druckluft und 
Wasserstoff –(Feb. 2014) if-hannover. 
net/assets/applets/Energie-Druckluft-
Wasserstoff.pdf , 1 2 S eiten

Ÿ Doherty, J. (2002): Manual for PEST, 5th edi-
tion. Brisbane, Australia, Watermark Nu-
merical Computing.

Ÿ Fuchs, S.;  Balling, N. (2016). Improving the 
temperature predictions of subsurface ther-
mal models by using high-quality input data. 
Part 1: Uncertainty analysis of the thermal-
conductivity parameterization. 
Geothermics,  in  print.

Ÿ Fuchs, S.; Balling, N. (2016): Improving the 
temperature predictions of subsurface  
thermal models by using high-quality input 
data. Part 2: A case study from the Danish-
German border region .  Geothermics,  in  
print.

Ÿ Fuchs, S.;  et  al.  (2015): Calculation of ther-
mal conductivity, thermal diffusivity and 
specific heat capacity of sedimentary rocks 
using petrophysical well logs. Geophysical 
Journal I nternational 2 03(3): 1977-2000.

Ÿ Götze, H.-J., et al. (2014): Gravimetriestudie 
im Projekt GeoPower – Beispiel für eine 
Integrierte Interpretation. – 74. Jahres-
tagung der Deutschen Geophysikalischen 
Gesellschaft, K arlsruhe.

Ÿ Hjuler, M. (2014): The GEUS way of 
petrophysical log interpretation. Progress 
report ( unpublished), G EUS, K øbenhavn.

Ÿ Kirsch, R.; et al.  (2015): GeoPower - Varme  
fra  undergrunden til Sønder-Jylland - 
Schleswig [Erdwärme für die Region 
Südjütland - Schleswig].  LLUR SH – Geologie 
und Boden. R. Kirsch. Kiel, Germany, 
Landesamt für Landwirtschaft, Umwelt und 
ländliche Räume des Landes Schleswig-
Holstein  (LLUR). 2 1: 70.

Ÿ Mathiesen, A.; et al.  (2011): Evaluation of   
the possible geothermal Gassum reservoir  
in the area around Rødding 1 well –  Dan-
marks og Grønlands Geologiske Under-
søgelse R apport 2 011/16, K openhagen.

Ÿ Mecking, R.; et al. (2014): Seismische Mes-
sungen über einem Salzstock in Schleswig-
Holstein: Rückschlüsse für Geothermische 
Nutzung-en. – 74. Jahrestagung der Deut-
schen Geophysikalischen  Gesellschaft,  
Karlsruhe. 

Ÿ Schmidt, S.; et al. (2013): Gravimetrische 
Messungen im Projekt GEOPOWER – 73. 
Jahrestagung der Deutschen Geophysi-
kalischen G esellschaft, L eip zig.

Ÿ Thomsen, C. (2013): Porositäts – Tiefen Be-
ziehung für Reservoirsandsteine. Arbeits-
bericht, L LUR, F lintbek,  Germany.

Poster
EGU2016-7708

Project GeoPower: Basic subsurface information for the utilization of  in the geothermal energy
Danish-German border region 1 2Abteilung Geologie und Boden, Landesamt für Landwirtschaft, Umwelt und ländliche Räume des Landes Schleswig-Holstein, Kiel, Germany, Aarhus University, Department of 

Geoscience, Aarhus, Denmark, Geological Survey of Denmark and Greenland, Copenhagen, Denmark, Applied Geophysics, Kiel University, Kiel, Germany, Now: Geothermal En-3 4 5

ergy Systems, GFZ German Research Centre for Geosciences, Potsdam (Germany)

Reinhard Kirsch , Niels Balling , Lars Ole Boldreel , Sven Fuchs , Fabian Hese , Morten Leth Hjuler , Anders Mathiesen , 1 2 3 2,5 1 3 3

Carsten Møller Nielsen , Lars Henrik Nielsen , Petra Offermann , Niels Erik Poulsen , Wolfgang Rabbel , Claudia Thomsen3 3 1 3 4 1

Maps, Seismic
Well data

Seismic Interpretation
Geological Modelling

3D Geological
Model

Hydraulic Reservoir 
Characterization

Thermal Formation 
Characterization

3D Temperature
Model

G E U S

3D temperature model3D FEM model (Feflow 6.2)
 719,715 3D prismatic mesh elements; 1,913,692 nodes   

Solving 3D conductive heat equation

Boundary conditions
 top: 9 ºC; bottom: q = 49 mW/m²; sides: no flow

 14 major geological units 
 3D geological model enriched by Pre_Zechstein data from 

Maystrenko and Scheck-Wenderoth (2013)

Calibration on borehole temperatures 
 TC and the RHP of the modelled layers are calibrated udsing 

the Gauss-Levenberg-Marquardt algorithm (GLMA) 
implemented in FePest (Doherty, 2002).

Validation on temperatures and heat flow
 Independent temperature data set and surface heat flow are 

compared to model preidctions

Left:  Modelled temperature distribution 
(isotherms) along the EW section on 
the southern border of the study 
area. Thermal conductivity indicating 
different lithostratigraphic units is 
colour-shaded (low: purple-bluish, 
high: reddish).

Right bottom:
 Comparison between modelled and 

Right top:  
 Temperature data (log data and 

corrected BHT values) used for 
calibration and validation of the 
temperature model.

Right middle: 
 Comparison of modelled (black cros-

ses) and logged (red line) temperatures 
at the Sønderborg well (continuous 
equilibrium T values)

3D geological model

Ÿ�Time to depth con-
version of reflectors

Ÿ�Correction of reflec-
tor data using bore-
hole data

Ÿ�Construction of fault 
plains in selected re-
gions (not integrated 
into the model)

Ÿ�Construction of hull 
surfaces of salt 
diapirs

Ÿ� Interpolation of 
boundary surfaces of 
lithostratigraphic 
formations using 
reflectors, borehole 
data and datasets of 
the Tectonic Atlas of 
NW-Germany (Bald-
schuhn et al. 2001).

Workflow

Layer boundaries (base Tertiary 
to base Zechstein) of the 
geological model.

Potential storage of wind energy

Distribution of horizons with potential locations of caverns to store compressed air (left), hydrogen (right)

Schematic view of a compressed air (left) and of a hydrogen (right) power plant using e.g. wind energy.

Two options of energy storage in 
the underground are based on 
c ave r n s  i n  s a l t d o m e s :  c o m -
pressed air or hydrogen. A CAES 
(compressed air energy storage) 
system uses surplus electrical 
energy to compress air and store it 
in salt caverns. During periods of 
high energy demand the com-
pressed air drives a generator for 
energy production. An example is 
the CAES plant in Huntdorf (Nie-
dersachsen, Northern Ger-many) 
with compressor power of 60 MW 
(8 hours loading time of the 
cavern) and a peak generator 
power of 290 MW during 2 hours 
of operation. Since the com-
pressed air must be cooled be-
fore storage in the cavern and re-
heated to prevent freezing of the 
generator the effectivity of this 
system is reduced to 40%. Alter-
natively, hydrogen can be pro-
duced from excess electrical en-
ergy by electrolysis and stored in a 
salt cavern before it is used, e.g.,  
to drive gas turbines or for indus-
trial purposes.
To meet the high pressure of the 
compressed air (50 - 100 bar)

Right: 
Reservoir complexes of the project area
with examples of the included sandstones,
distribution, depth and thickness of these
complex
 

Bottom: 
Regional porosity-depth relation of different 
reservoir sandstones from Denmark and 
Schleswig-Holstein (Thomsen 2013)

Ÿ Goal: Description and evaluation of depth, 
thickness, properties and distribution of 
hydrothermal reservoir formations.

 - Log interpretation for porosity and permeability (Hjuler, 2014)
Ÿ

Ÿ Major geothermal reservoir formations:
 - Middle Buntsandstein
 - Upper Keuper (Rhaetian/Gassum) 
 - Middle Jurassic (Dogger)

Ÿ Geothermal reservoirs definition:
 - Thickness: 15 m
 - Porosity: 15 %
 - Permeability: 500 mD (Millidarcy)
 - Temperature: 30 °C
 

Ÿ Depth range of hydrothermal reservoirs:     
1000-2500 m

Right: Porosity-permeability relation   
of sandstones from different    

reservoir sandstones (Gassum,      
Bunter Sst. and Haldager      

Sst. formations) in the       
Danish part of the pro-        
ject area (Mathiesen et          

al. 2011).

Middle JurassicUpper Keuper / RhaetianMiddle Buntsandstein

Top: Interpretated seismic 
profiles in the project area 

(data base provided by 
hydrocarbon database LBEG, 

Hannover; oil and gas data-
base GEUS Copenhagen).

Border crossing correlation of seismic sections.

Ÿ Evaluation of geological, stratigraphical, petrophysical, 
and geophysical data from 224 wells in the project area.

Ÿ Geophysical exploration campaign:

 (1)  to compensate lag of Reflection seismic profiles
field data near Tastrup/Flensburg (Mecking et al., 
2014)

(2)  in areas with salt Gravimetrical measurements 
diapirs (Glückstadt Graben) (Schmidt et al., 2013; 
Götze et al., 2014)

Ÿ Interpretation of seismic profiles and borehole data in 
terms of lithostratigraphic layers, faults and salt diapirs.

Ÿ Validation of the Geotectonic Atlas of NW-Germany

Middle right: 
Example of border 

crossing correlation of 
seismic sections.

Bottom right: 
Example of an inter-

pretated seismic section 
from Southern Jutland

Ÿ Setup of a new velocity 
model for time-depth 
conversion.

Thermal parameterization

Formation TC for the example of the Lower Cretaceous. Left: Spatial variability of formation 
TC, right: deviations of regional values from overall formation mean TC value

Ÿ Rock thermal properties 
are determined from geo-

physical well-logging data
 - Bulk TC borehole profiles are calculated 

applying the equations of Fuchs et al. (2015)         
- Radiogenic heat production is calculated 

applying the equations of Rybach (1986) as well as 
Bücker and Rybach (1996)

Ÿ

Ÿ Spatial variability of rock TC
 - considered for the sedimentary rock section

Ÿ Basal heat flow derived from boreholes
 - interval heat flow values are calculated with Bullard method

Heat-flow values for borehole sites.

and the compressed hydrogen (60 
- 180 bar) certain depth ranges of 
the salt caverns must be taken into 
account. After Crotogino (2011) 
the maximal depth for compressed

air storage is 800 m and for hy-
drogen storage 1.300 m. A safety 
distance from the top of the salt 
to the top of the cavern must be 
taken into account.

Results from: 
Fuchs  & Balling 
(2016a, 2016b)

Left:
Use of gamma- and 
SP-logs to separate 
sandy layers (hydro-
thermal reservoir, 
yellow) from imper-
meable mudstone 
(brown).
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