Geothermal Energy Reservoirs Mapping with 3D Seismic Volume: An Example from a
Southern Region, Netherlands
By
A. E. Auduson*, and O. B. Ogunjimi*
Abstract
This paper reports the outcome of an aspect of the investigation into mapping potential geothermal
energy resource in the southern Netherlands. The objective was to identify and indicate the
location of geothermal energy reservoirs within the Delft and environs in the southern region of
the Netherlands for the purpose of generation of electricity. To this effect, four seismic surveys
were interpreted and integrated with well data, which are analysed and interpreted. For each of
the four seismic surveys used, four stratigraphic horizons were mapped namely, the Base Tertiary
(BT), Texel Marl (TM), Base Posidonia (BP) and Top Triassic (TT). The Triassic Detfurth and
Volpriehausen Formations of the West Netherlands Basin with the reservoirs at the deepest depths
are identified to be potentially good reservoirs for geothermal energy development. On the basis
of the interpreted seismic sections, structural maps and velocity models were generated from
which prospective areas for geothermal exploitation occurring in structural lows are deduced.
The subsurface maps show that areas Well Q16-02, at the middle block in the central part of the
study area shows depths in the excess of 3,000m, being the requisite reservoir depths, if the
formation waters have temperature in excess of 1000C. Temperature estimates close to well Q1602 is in excess of 1400C, which is well above the required temperature to generate electricity.
Thus, the central part of the study area at the depth of 3000m and with temperatures 140 0C is
recommended for further geothermal energy development project.
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1.0 Introduction
Geothermal energy is the energy contained in the Earth’s interior in form of heat, and can be used
through horizontal or vertical tunnels to control temperature of home and to generate electricity.
Groundwater at greater depths in the Netherlands is a potential source of energy; in general, a
permeable layer at a depth of 3000 m or more contains water with temperature in excess of 1000C,
suitable for generation of electricity with very low emissions of CO2 1. The Triassic formations in
the Netherlands is buried deep enough (>3000m) to have formation water temperature in excess
of 1000C (Figure 1). Aquifers that are of potential interest for the heating purposes occur at depths
of less than 100 m to more than 3000 m in Permian, Lower Triassic and Lower Cretaceous
sandstones and in two Tertiary sand units.
Recently, there has been more concerted efforts by the Delft University of Technology in the
attempts to produce hot water for heating purposes (Delft Geothermal Project, DAP), but the target
reservoir (Delft Sandstone) is shallow and the water that will be produced is below
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Figure 1: Depth in meters to the base of the Triassic section in the Netherlands2.

1000C3 making it not suitable for electricity generation. This work therefore targets the Triassic
formations, where it is believed that water with temperature above 1000C will be present for
generation of electricity. The objective of this paper is to identify and indicate the distribution of
geothermal reservoirs within the Delft and environs in the southern region of the Netherlands
through seismic data interpretation, thereby revealing the stratigraphy and structural frameworks
of the formations at various depths. To this effect, recent 3D seismic and well log data of the
Triassic formation acquired around the Delft region were analysed and interpreted4, on the basis
of which recommendation for the appropriate reservoirs are made.
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2.0 Regional Geology of the Study Area
This study is situated in the West Netherlands Basin (WNB) bordered by the Zandvoort ridge and
the Ijmuiden high to the north, the London-Brabant Massif to the south and it merges with the
Roer-Valley Graben towards the south-east (Figure 2). The WNB was formed on the Campine
basin and existed from Late Permian till Late Cretaceous. During the middle and late Triassic
tectonic movement, large-scale half-graben structures were formed, with the strongest rifting
occurring during the Late Jurassic to Early Cretaceous 5. In the cause of the rifting event, tilted
faults blocks, as well as NW-SE faults patterns were formed were formed, with thick fluvial
sedimentary packages being deposited in the half-grabens. The Late Cretaceous compressive
forces (Alpine compression) reactivated the earlier faults, resulting in the formation of complex
inversion structures and NNW-SSE fault patterns around the West and Central Netherland Basins
(Figure 2). The occurrence of the Detfurth Formation is restricted to the Early Triassic lows as a
result of uplift and erosion prior to deposition of the Solling Formation6.The depositional thickness
of the formation displays considerable variation: 20-40 m in the West Netherlands Basin. In the
WNB the formation consists entirely of sandstones7.

Figure 2: Seismic section running from SW flank of the Western Netherlands Basin into the inverted
basin.
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Figure 3 shows the map of the licences for geothermal energy issued by the Dutch Ministryof
Economic Affairs, with inset map showing the present study area with the four seismic surveys
interpreted.

N

Figure 3: Map of geothermal energy licences blocks issued by the Dutch Ministry of Economic Affairs 8,
with inset map (red rectangle) showing the present study area with the four interpreted seismic surveys.
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Stratigraphically, two groups of the Triassic formation have been defined: the Lower and Upper
Germanic Trias, separated by an unconformity9. The Lower Germanic group is deposited and
preserved over large parts of the Netherlands whereas the Upper Germanic group is preserved in
the Mesozoic basins (Figure 4). The Triassic lies conformably over the Zechstein group (Permian)
and then unconformably overlain by younger sequences of the Altena, Nedersaksen, Rijnland and
North Sea Groups.

Figure 4: Stratigraphy of the Triassic in the Netherlands. From10.
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3. Methodology
Four 3D seismic surveys namely L3NAM1985P, L3NAM1991A, Z3NAM1990D and
Z3AMC1989A, each with area cover of 146.6 km2, 414.5 km2, 767.2 km2 and 544.6 km2
correspondingly, were interpreted using industry-standard seismic interpretation.
workstation11. The seismic parameters of each of the surveys are shown in Table 1. Seismic data polarity
follows the SEGY acquisition convention12.for L3NAM1985P, L3NAM1991A, and Z3NAM1990D i.e. an
increase in impedance is recorded as an increase in pressure for a hydrophone or an upwards movement
of the Geophone and is recorded as a negative number. This polarity has been maintained through
processing and display, resulting in a Reverse SEGY display (normal European display convention).This
implies that an increase in impedance is represented by a negative loop. The data is assumed to be (close
to) zero phase. However, seismic display polarity follows the Normal SEGY convention for Z3AMC1989A
i.e. an increase in impedance is displayed as a positive loop (normal American display convention). Quality
of the data is good i.e. the seismic resolution is clear enough to help in the interpretation of faults and
distinguish important horizons and hence, pre-processing is not required. Seventy-nine (79) wells in the
study area were available for analysis, out which only thirty (30) intersected the Triassic.
Table 1: Parameters of each of the four seismic surveys interpreted for the study area.
INLINE

XLINE

TIME

3D SEISMIC SURVEYS

INLINE BYTE LOCATION XLINE BYTE LOCATION

AMPLITUDES

TIMESHIFT POLARITY

Minimum Maximum Minimum Maximum Minimum Maximum
L3NAM1985P

245

980

1

567

0s

5s

189

193

No clip applied

10ms

Non SEG

L3NAM1991A

700

1440

720

2125

0s

5s

189

193

Clipped at 15000

60ms

Non SEG

Z3NAM1990D

1001

1989

68

1736

0s

5s

189

193

Clipped at 6000

60ms

Non SEG

Z3AMC1989A

2

1406

1

1641

0s

3.5s

189

193

No clip applied

40ms

SEG

4. Seismic Data Interpretation and Results
For each of the four seismic surveys used, four stratigraphic horizons were mapped, inclusive of
the Base Tertiary (BT), Texel Marl (TM), Base Posidonia (BP) and Top Triassic (TT). In
controlling the geology and helping the interpretation, all the wells intersecting the Triassic were
integrated with the seismic data. The Base Tertiary, Texel Marl and Base Posidonia were
interpreted to give a view of the overall structure of the subsurface. The target horizons, (Detfurth
and Volpriehausen) were too deep to be visible and adequately interpretable on Seismic due to the
noisy reflections at that level (due to the low impedance contrast and because it is overlain by the
strong reflectors of the evaporites of the Upper Germanic Triassic). Therefore, the Top Triassic
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was mapped from Seismic based on the formation markers of the target horizons in the wells that
intersected the Triassic, and surfaces for these levels were generated using 3D gridding. The
geometry of the mapped levels is delineated at Inline 1004 of survey L3NAM1991A and inline
1627 of Survey Z3NAM1990D reveal that the TT is offset by normal and reversed faults that have
resulted in a series of highs and lows for this interval. The intense faulting, which characterized
middle and late Triassic tectonic movement are observed over the entire mapped area (Figures 5
and 6). Figures 7–10 gives a regional view of the four horizons mapped in this study, showing all
the various intervals merged for the four surveys displayed as a single surface including the
faulting system.

Figure 5: Inline 1004 (L3NAM1991A). The Top Triassic (TT) is seen here in a series of highs and lows
between fault blocks just like in all the area of the project mapped. This area is between the
onshore/coastline.
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Figure 6: Inline 1627 (Z3NAM1990D). The Top Triassic (TT) is seen here in a series of highs and lows
between fault blocks just like in all the area of the project mapped. This area is offshore.

Figure 7: A regional view of the four levels mapped showing the complex faulting system in the WNB.
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Figure 8: A regional view of the Texel Marl, Base Tertiary and Top Triassic.

Figure 9: A regional view of the Base Tertiary and Top Triassic.
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Figure 10: A regional view of the Top Triassic

4.1 Geothermal Reservoir Mapping
On the basis of the interpreted seismic sections, a time structural map of the four levels mapped
were generated (Figures 11 – 14). Velocity models were generated for both the Base Tertiary and
Top Triassic using the “distance weighted” interpolation approach with an interpolator option of
power 5 and an underburden velocity of 4000 m/s. The Base Tertiary model looks fine, but the
Top Triassic model shows some anomalous changes from 2500 to over 3000 m/s. The higher
velocities in general are seen over the deeper parts and the lower velocities over the shallow fault
blocks. In order to resolve this problem, some dummy wells were introduced, which resulted in a
velocity field in line with the horst and graben patterns. A 3D grid of the area was generated using
a suite gridding programme, from which isopach/thickness and depth maps of the target levels,
Detfurth and Volpriehausen were generated along with the temperature maps.
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Figure 11: Base Tertiary time structural map; BT merged in time (ms)

Figure 12: Texel Marl time structural map; TM merged in time (ms)
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Figure 13: Base Posidonia time structural map; BP merged in time (ms)

Figure 14: Top Triassic time structural map; TT merged in time (ms)

4.2 Depth and Thickness Maps
Based on the 3D grid generated, depth and thickness map of the Detfurth and Volpriehausen
Formations were plotted. The gridding was interpolated using triangulated interpolation. Figures
15 and 16 show the Detfurth and Volpriehausen depth maps respectively. The figure shows that
the areas around Well Q16-02, especially at the middle of the map show depths in the excess of
3,000m, being the requisite reservoir depths to have formation waters in excess of 1000C. A general
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regional trend shows that this reservoir level of interest increases in thickness towards the offshore
Netherlands.

Figure 15: Detfurth depth map with wells for location and correlation purposes.

Figure 16: Volpriehausen depth map with wells for location and correlation purposes.

The generated a temperature maps for the Detfurth and Volpriehausen respectively are shown in
17 and 18. The figures reveal that that a larger area shows great interest especially at the areas
around the Q16-02 Well. The temperature estimate at the middle block in the central part of the
survey area, close to the Q16-02 Well is in exceed 1400C, which is well above the required
temperature to generate electricity. The areas within the polygon (purple) look exceptionally
suitable for geothermal exploitation based on the temperature estimates.
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Figure 17: Detfurth temperature map with wells for location, indicating that the centre of the mapped area
shows good prospects. Area suitable for geothermal exploitation is highlighted in purple polygon based on
expected water temperature.

N

Figure 18: Volpriehausen temperature map with wells for location, indicating that the centre of the mapped
area shows good prospects. Area suitable for geothermal exploitation is highlighted in purple polygon based
on expected water temperature.
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4.3 Discussion
As with any new development effort, there are risks and drawbacks associated with it. The
extraction of geothermal energy may affect the pressure distribution in or around the oil or gas
field or the storage facility. In order to improve and verify some assumptions as well reduce
uncertainties associated with this kind of research and applications, there is need to use core
samples and FMI/FMS, which will show grain size trends, changes in facies as well as dipping
angle of the layers. This will better predict the syndepositional sedimentary structures of the
sandstone bodies.
The target horizons, Detfurth and Volpriehausen were too deep to be visible and adequately
interpretable on Seismic due to the noisy reflections (low impedance contrast and strong reflectors
from the Triassic Upper Germanic evaporites). In order to overcome this challenge, the Top
Triassic was mapped from Seismic and based on the formation markers of the target horizons in
the wells.
Renewed interest in geothermal energy, driven by concerns about the sustainability of the
environment and the security of energy supply, shows that with the knowledge from the oil and
gas industry, geothermal development can be enhanced. Seismic combined with well data acquired
originally for oil and gas purposes is of great use for geothermal projects in the Netherlands. But
the problem that is the focus of the oil and gas industry is on the structural highs, where the oil and
gas accumulations are found. For geothermal purposes, the structural lows, where the highest
temperatures are found are the interesting targets. Thus, in order to be able to predict the fluid
behaviour in the structural lows, the reservoir properties are extrapolated from the structural highs.
When this proves to be accurate, it would have a very positive effect on the development of
geothermal energy, since this reduces the uncertainties involved with such a project.
5. Conclusions
From review of the regional geology and the results of the investigation in this work, the Triassic
Detfurth and Volpriehausen Formations encountered in the Delft region of the southern
Netherlands are established to be potential good reservoirs for geothermal development. But these
target horizons, Detfurth and Volpriehausen were too deep to be visible and adequately
interpretable on Seismic due to the noisy reflections (low impedance contrast and strong reflectors
from the Triassic Upper Germanic evaporites). In order to overcome this challenge, the Top
Triassic was mapped from Seismic and based on the formation markers of the target horizons in
the wells that intersected the Triassic, surfaces for these horizons were generated using 3D
gridding. Circumventing this challenge was very important and the successful application of the
alternative means of mapping the horizon at these levels proved helpful for reliable interpretation,
which is true representative of the subsurface.
Based on the interpretation and an estimate of temperature, a large part of the mapped area looks
promising and is up to depths of more than 3,000m, which is believed to contain water that with
temperature above 1000c needed to produce electricity. Certain areas within block look
exceptionally suitable for geothermal exploitation based on the temperature estimates. Thus, the
central part of the study area at the depth of 3000m and above and temperatures in excess of 1400C
is recommended for further geothermal energy development project. However, the aquifers,
suitable for geothermal exploitation in this part of the Netherlands, are the same as the oil and gas33
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bearing reservoirs, implying considerable overlap. But, for geothermal purposes, the structural
lows, where the highest temperatures are found are the interesting targets. Thus, in order to be able
to predict the fluid behaviour in the structural lows, the reservoir properties are extrapolated from
the structural highs. When this proves to be accurate, it would have a very positive effect on the
development of geothermal energy, since this reduces the uncertainties involved with such a
project.
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