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Summary

In the medium-depth (500-1500m) domain smaller, low temperature geothermal (LTG)
systems can be developed at reduced costs, which would create an additional option for
providing heat to urban heat networks or greenhouses. However, to unlock the potential of
this depth domain, some challenges need to be solved to reduce operaticnal risks and
improve the business case. The main technical challenges specific to this depth domain are
identified as supporting sufficiently high production rates without sand and fines production
problems and creating the required outstep between the wells. Highly deviated and/or
horizontal wells are a well-known solution to these challenges, however in this shallow
domain often poorly or unconsolidated formations are present with poorly known rock
strength properties which makes horizontal drilling much more challenging.

In this report, information on well drilling, completions and operations is presented from
Dutch developments in the relevant depth domain, in particular from the Zevenbergen LTG
doublet, the Schoonebeek heavy oil field, De Wijk gas fields and the shallow gas fields in the
A and B-blocks offshore. The results show that drilling deviated and horizontal wells in this
depth domain is quite mature. In the A/B blocks and Schoonebeek many of such wells have
been drilled successfully in the past 10 to 15 years. Critical success factors are related more
to organisational factors than recent technological developments. Key factors are careful
upfront planning, good knowledge of the subsurface and a continuous learning curve with
knowledge sharing, if possible, via campaign drilling. Typical drilling issues encountered are
losses and differential sticking in high permeability formations, mobile/active clays and hard
stringers (in particular for high-inclination wells). For well completions, different solutions
have been used for the different locations, and these will need to be evaluated for LTG. On
operational aspects such as maximum allowable production and injection rates and
pressures, design standards and operational strategies from oil and gas fields have only
limited applicability.

Based on this information, the most urgent knowledge gaps are related to the operational
questions: safe constraints for rate and pressure. For drilling no clear technological
knowledge gaps were identified, but research is recommended on cost reduction. Cost
reductions in oil and gas drilling have been achieved to a large extent by campaign drilling
and drilling with slim well concept, but neither is likely to be a good solution for LTG. For LTG
compact well control in combination with slimmer rigs might be a way forward to reduce
costs.

It should be noted that in the medium depth domain, uncertainty about the subsurface

characteristics is relatively large, not only on the reservoir properties but also the fluid
properties. Thus, characterization is crucial for reducing development risks.
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1 Introduction

To support the heat transition, more sustainable heat sources are being investigated. One of
these is geothermal heat. In the Netherlands, geothermal heat is mostly developed in the
depth domain of 1500 to 3000 m and used for heating green houses or, more recently, as a
heat source for other purposes such as urban heat networks. However, in some areas no
suitable deep aquifers are available or the heat demand at surface does not match the
source. In some of these cases, shallower geothermal sources could provide a solution and
provide the required heat.

Medium depth geothermal (defined here as 500 to 1500 m) is not regularly exploited in the
Netherlands. In the Netherlands, this depth range is usually related to a production
temperature of 25 - 55°C and is therefore also referred to as Low Temperature Geothermal
(LTG). Developments in this depth range present several opportunities (IF, 2012; Buik and
Bakema, 2019; Schepers et al., 2019). The lower capacity of the systems aligns very well
with urban heat developments at the level of villages or neighbourhoods. Typical Dutch
geothermal systems of medium temperature (55 - 90°C) have a capacity in the range of 7 to
20 MWth. LTG systems typically could provide in the order of 3 to 7 MW. In addition, due to
potentially lower development costs due to shallower target formations, these systems may
have a lower investment threshold. As the fluids produced are expected to be less corrosive
and the temperature is lower, materials used in a project might be less expensive. Another
benefit is that the seismogenic potential is likely to be smaller (Aben et al, 2024). Finally, by
enabling geothermal heat production in locations that do not have geothermal potential at
greater depth, provision of geothermal heat can be expanded.

However, LTG poses a number of challenges. In the relevant depth range many reservoirs in
the Netherlands are poorly consolidated, which complicates achieving sufficiently high
production rates without sand and fines production. The shallow depth makes achieving
sufficient step-out between the injector and producer more difficult. Horizontal or sub-
horizontal well designs are currently considered to solve both challenges, but these are
much more challenging to drill due to the poorly consolidated formations and shallow
depth. In case these well designs are developed with traditional ‘deep’ drilling methods, they
are generally more expensive than traditional deep geothermal projects compared to the
delivered heat (Schepers et al., 2019). In the depth range considered here, far fewer
exploration and production (E&P) and geothermal activities have been developed leading to
a relative paucity of subsurface data (Houben et al., 2024) and less experience in drilling and
operations. Other challenges for LTG relate to the use of the heat pumps to increase the
temperature (given the low production temperature), but that is not further discussed here.

Although few, there are a number of petroleum developments in the depth range of
interest, most notably the De Wijk and Schoonebeek fields onshore and a few gas fields in
the A and B blocks offshore. Also, at Zevenbergen, the first LTG project was developed.
Experience and information from these fields can benefit LTG but is currently not available in
a readily available format to potential operators. Therefore, in this report we aim to provide
information from existing medium depth developments that is useful for LTG developments.
Based on the available information, we will map the most relevant knowledge/technology

gaps.
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The following approach has been followed:

- identify relevant developments in the medium depth range and present information
and experience on drilling, completions and operations. The focus is on shallow,
poorly consolidated, relatively young sandy formations.

- compare LTG developments to the existing developments and check which
challenges mentiocned above can be addressed satisfactorily with the presented
information,

- identify the knowledge gaps,

- make recommendations to address the knowledge gaps

To support the approach, a following group of experts was involved in collection of the
information and discussion of the results and recommendations for research:
- TNO: Elisabeth Peters, Andreas Reinicke, Pejman Shoeibi Omrani
- EBN: Henk van Lochem, Edward Schrijver, Sjoukje de Vries, Laurens de Waal
- Shell geothermal: Laurens van der Sluijs
- IF Technologie: Nick Buik
- HP Wellscreen: Dennis Breg
With support from:
- HVC: Bert Jan Koers, Sanne Braat, Charlotte de Wijkerslooth
- TUDelft: Phil Vardon
- Geothermie Nederland: Hannes Groot

In this report, first some background information is presented, namely an overview of the
potential targets for LTG in the Netherlands, an introduction into the relevant medium depth
developments and information on the business case of LTG developments that is currently
available from literature. The technical information is summarized in three categories:
drilling, completions and operations. The supporting data is presented in an easily accessible
Excel database, which can be downloaded together with this report from the Geo4all
website: https://innovatie.geothermie.nl/en/werkpakketten/work-package-1/. All data and
information in the database is public information and has been taken from the Dutch Oil and
Gas portal (NLOG.n).
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2 Background

The following topics are presented in this chapter:
- Adescription of the medium depth target reservoirs in the Netherlands
- Anintroduction into the current medium depth geothermal and oil and gas
developments (on and offshore)
- State-of-the-art on the business calculation for LTG

2.1 Potential target reservoirs in the medium
depth range

In the Dutch onshore areq, the following potential target reservoirs are present in the
relevant depth range:

- Upper North Sea Group (Neogene, mostly Miocene): Mostly Breda Subgroup (Sg), in
some locations Oosterhout Formation (Fm).

- Middle and Lower North Sea Groups (Paleogene): Berg Member (Mb) and Brussels
Sand Mb; Voort Mb, Oosteind Mb and Orp Mb, locally: Someren Mb, Steensel Mb and
Reusel Mb.

- Rijnland Group (Early Cretaceous): Holland Greensand and Spijkenisse Greensand
Members in the Holland Fm and several members of the Vlieland Sandstone Fm.

- Nieuwerkerk Fm (Early Cretaceous, late Jurassic): Delft Sandstone and Alblasserdam
Mbs

The Chalk Group is present in the relevant depth range but is not included as a potential
target because of the expected low permeability and, if it has permeability, it is of a very
different character from the medium depth formations discussed in this report, namely via
fractured limestone. Tt is also not included as a possible geothermal target in ThermoGIS™.
There are however a number of gas and oil fields present in the Ommelanden Formation of
the Chalk Group such as the unproduced ol fields F17 Vermeer and Rembrandt and the gas
field Harlingen Upper Cretaceous, which is at a depth of around 1000 m.

In some locations, older formations with gecthermal potential can be present in the
relevant depth range. These are not included in this report, because the focus is on young,
poorly consolidated, sandy formations.

2.1.1 Upper North Sea Group

The Breda Subgroup of the Upper North Sea Group is present throughout most of the
Netherlands and is mostly of Miccene age (Figure 2.1). Below 500 m, the Breda Subgroup is
mostly present in the Roer Valley Graben (RVG) and the Zuiderzee Low (ZZL). Two formations
are currently identified in the Breda Sg: Diessen Fm and Groote Heide Fm (Munsterman et al,
2025; Houben, 2025). The deposits are mostly fine grained (very fine sand to silt),

TThermogis.nl: ThermoGIS is a public, web-based geographic information system that displays the regional
potential of geothermal energy and high temperature aquifer thermal energy storage (HT-ATES) in the
Netherlands.
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unconsolidated, glauconitic and of shallow marine origin. The greatest thickness is reached
in the RVG and is more than 700 m. In the ZZL, the thickness reaches up to 500 m. Recently,
the research well Stad van Gerwen-01 (SVG-01) has been drilled in the Roer Valley Graben
near Eindhoven in the framework of the SCAN? program on data acquisition in the Dutch
subsurface for geothermal. Data from that well was not used in this report.
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Figure 2.1: Stratigraphic scheme (Wheeler diagram) of the Lower (NL), Middle (NM) and Upper (NU) North
Sea Groups in the Netherlands (with the exception of the Quaternary interval) (from Munsterman et al.,
2025). The Breda Subgroup marks the base of the Upper North Sea Group.

Recently, the petrophysical properties of the Breda Sg were studied (Pascarella, in prep.) and
a dedicated poro-perm relation was derived based on cores from (mostly) shallow wells
(Figure 2.2). The wide-spread presence of glauconite® complicates the petrophysical analysis
(Keijzer, 2025) as does the presence of high GR (gamma ray) peaks associated with the
Miocene unconformities, in particular the MMU. The glauconite appears to be most abundant
in the shallower, thinner parts of the Breda Sg. It could be that in the deeper and thicker
parts, the high sedimentation rate prevented glauconite formation.

2 https://scanaardwarmte.nl/het-programma/onderzoeksboringen/
3 Glauconite is a mineral that is chemically similar to clay minerals, but is often present as sand-sized grains (Diaz et
al., 2003)
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Porosity-Permeability Cross Plot
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Figure 2.2: Cross plots of core porosity vs permeability before and after shale correction for the Breda
Subgroup onshore. The presented porosity is corrected for shale content and is therefore an effective
porosity (Pascarella, in prep).

Earlier estimates of the geothermal potential of the Breda Sg were presented by IF (2012)
and Schepers et al. (2019), but these were based on more limited information such as
available in REGIS and from shallow wells. More recent estimates based on new well log
interpretations of deep wells are available via ThermoGIS.nl* based on Smit (2022) and
Peters et al. (2022a). These estimates still have considerable uncertainty and don’t cover the
entire presence of the Breda Sg (please note that on ThermoGIS still the older nomenclature
is used: Breda Fm instead of Breda Sg). However, it is known that in many areas were the
Breda Sq is thin and shallow (< 500 m depth), it is quite clayey and has poor reservoir quality
except in the south-east. The poor reservoir quality is seen in South-Holland (IF, 2012) and
near Nijmegen from a recent well in Lingewaard® (B40D2828 and B40D2834). The estimates
of the geothermal potential shown on ThermoGIS.nl for the RVG and ZZL show maximum
values of about 9 MWy, in the ZZL using traditional deviated wells and a return temperature
of 20°C. To calculate this potential it is assumed that production/injection occurs over the
entire depth of the Breda Sg which is several hundreds of meters. If the composition of the
fluids in Breda Sqg is similar over its entire depth range, this is probably not a problem.
However, variations in fluid composition (pH, redox potential, etc) could complicate the
production from such a large depth range due to for example scaling or microbiological
growth resulting from mixing of water with different properties.

Estimates of the particle size of the Breda Sg are available in (Peters et al.,, 2022a) and in
(Smit, 2022) for the ZZL. Shallow wells, which were available in Zeeland near the border with
Belgium, show low fines content and median grain size of around 200 um. The available
deeper samples are mostly located near the ZZL and show 10 to 20% particles < 2 um and
median particle size of 80 to 100 pum.

The Oosterhout Formation is a shallower formation: only in the north-west of the country
does it dip below 500 m depth. It is mostly coarser grained than the Breda Sg and therefore
has better reservoir quality. As the Breda Sg, it is glauconitic. Shell layers are common in the

4 https://www.thermogis.nl/breda-formatie (access date 7/7/2025)
® Data available on Dinoloket.nl
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2.1.2

Oosterhout Fm, in particular in the south of the country where the Sprundel Mb can be
found.

Middle and Lower North Sea Group

From the potentially interesting formations from the Middle and Lower North Sea Groups
(Figure 2.1), the Brussels Sand Member (Mb) is the best known (Geel et al., 2022; Veldkamp
et al, 2022) and it was the main target in the recent Oranjeoord-01 (ORO-01) well, which is
part of the SCAN program. The only LTG doublet in The Netherlands, which is located in
Zevenbergen was developed in the Brussels Sand Mb. The Brussels Sand Mb is present over
large parts of the Netherlands but appears to have best potential in the south-west part of
the country. In the north of the country, it becomes increasingly fine grained and grades into
the Brussels Marl near the Wadden Sea. The Brussels Sand is a shallow marine deposit and
consists of relatively clean fine sand with some glauconite. It consists of a 150-200 m thick
cleaning-up/coarsening up sequence which is interpreted as a marine shelf sand that
gradually becomes shallower and cleaner toward the top. Although it is mostly
unconsolidated, cemented streaks or stringers occur throughout the formation, although
they are most frequent at the top of the formation. These cemented streaks are around 20
cm to 1 m thick and occur at distances of 5 to 10 m and are of much lower permeability.
Although probably not laterally continuous, they do decrease the vertical connectivity
significantly (Buik and Bakema, 2019; Geel and Foeken, 2021).

The particle size distribution of the Brussels Sand Mb has been analysed by Veldkamp et al.
(2022). The information was mostly derived from cuttings, but some core material was
available. De median particle size (d50) for the aquifer part was estimated to range from 70
pm in the north to 100 to 120 pm in the south. Larger values of d50 for the wells in
Zevenbergen and Koekoekspolder were attributed to partly loss of the finer fraction due to
the sample collection.

Estimates of the geothermal potential are available on ThermoGIS.nl. Without heat pump,
the maximum power of a doublet is expected to be around 3 MW (P50 value using deviated
wells). The low calculated power is mainly due to the return temperature, which is set at a
default value of 30°C, which is high for LTG. Planned injection temperature for LTG doublet
Zevenbergen was 7 to 12°C (injection protocol Zevenbergen, Visser & Smit Hanab, 2022).
With the ThermoGIS heat pump scenario which reduces the injection temperature to a
temperature difference of 40°C with a minimum of temperature of 5°C, power is estimated
to reach around 5 MW (P50).

From the well test in ORO-01, the Brussels Sand was estimated to have a transmissivity of
approximately 22 Dm (EBN B.V., in prep). ORO-01 is on the boundary of the map by Geel et
al. (2022) shown in Figure 2.3 and is estimated to have a value of ~30 to 35 Dm according
to this map. ThermoGIS shows a range of values from 9 Dm (P90) to 38 Dm (P50) to 160 Dm
(P10) at the location of ORO-01. The observed value of 22 Dm is in the lower half of the
ThermoGIS uncertainty range.
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2.1.3
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Figure 2.3: Net transmissivity (permeability x net thickness) (KH in mDm) of the regional model including the
wells with permeability logs (fig 3.18 from Geel et al., 2022) with the location of well ORO-01 added. Blue
lines indicate water ways. ZWZ indicates the location of the potential well location studied in the report.

Other potentially interesting reservoirs which are present in large parts of the country are
the Berg Mb (NMRUBE), Voort Mb (NMVEVO), Oosteind Mb (NLDOOO) and Orp Mb (NLLAOR).
Of these, the Orp Mb is predicted to be the most productive, and reaches an estimated
geothermal power of 4 MW near Weert (P50 with a heat pump). It is a very fine-grained,
shallow to open-marine sandy deposit. The Berg Member is very thin, except in the south-
west of the country. In well ORO-01 it was found to be 122 m thick, but this is not included
in the current ThermoGIS maps yet. The estimated power with the current maps does not
reach more than 0.5 MW (P50) even with heat pump. The Voort Mb has only potential in the
Roer Valley Graben (maximum P50 value is 1 MW with heat pump) and the Oosteind Mb has
less than 0.3 MW (P50, with heat pump) estimated geothermal potential. In the RVG also
the Someren Mb (NMVESQ), Steensel Mb (NMRUST) and Reusel Mb (NLLARE) occur. Of these
the Reusel Mb is the most prospective with up to 3.5 MW geothermal power (P50 with
heatpump) near Eindhoven. None of these formations is well studied and the geothermal
potential estimates on ThermoGIS carry very large uncertainty. In many cases, permeability
estimates are only available in a few locations.

Rijnland Group

In the Rijnland Group (from the Lower Cretaceous), the Holland and Spijkenisse Greensand
Members (KNGLG & KNGLS) and several members of the Vlieland Sandstone Fm (KNNS) are
potential targets (Gildehaus Sandstone Mb (KNNSG), Friesland and Bentheim Sandstone Mb
(KNNSP), De Lier Mb (KNNSL), IJsselmonde Sandstone Mb, Berkel Sandstone Mb (KNNSB) and
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Rijswijk Mb (KNNSR)). These are only locally present, mostly in Zuid-Holland and near
Enschede. At deeper locations, some of these formations are in production for geothermal
energy, such as the Rijswijk Mb at Bleiswijk (wells VDB-GT-01 to 04). There are also several
gas and oilfields in these formations. A few examples in Zuid-Holland are:

- De Lier and Berkel fields have targets in the Holland Greensand Mb

- De Lier, Rijswijk, Berkel and Pijnacker fields have targets in the de Lier and Rijswijk Mb.

- The Rotterdam field has targets in the Holland Greensand Mb, de Lier Mb and the

IJsselmonde Sandstone Mb

In the east of country, the Schoonebeek oilfield produces from the Bentheim Sandstone
Member (KNNSP). As a result, the amount of information is quite high. In some areas, the
geothermal potential can be quite good, but in Zuid-Holland most geothermal systems
target the better Nieuwerkerk Fm below.

The potential of the stacked Rijnland Group is shown in Figure 2.4 and is only very local. The
highest potential is near Rotterdam and this is in the IJsselmonde Sandstone Mb. The
IJsselmonde Sandstone Mb is deposited in a shallow marine environment: clayey lagoonal in
the lower part and biosturbated shallow-marine sandstone in the upper part. The
sandstones are massive and very fine- to medium-grained (TNO-GDN, 2025a). However, oil
accumulations occur at certain locations in the IJsselmonde Sandstone Mb: the Rotterdam
and IJsselmonde fields. In the area of the IJsselmonde field, the reservoir is at the relatively
shallow depth of ~1000 m (Remmelts et al., 2025).

In the east, the main potential is from the Bentheim Sandstone which is located at a depth
of 1000 to 1500 m. The Bentheim Sandstone is quite well know from the Schoonebeek field
and is a fairly thick sequence of massive sandstone from coastal to marine setting (TNO-
GDN, 2025b). A more extensive description of the Bentheim Sandstone Mb is provided in
Section 2.2.2.
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2.1.4
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Figure 2.4: Estimated geothermal power (P50 value) including a heat pump for the Rijnland Group as shown
on ThermoGIS.nl.

Nieuwerkerk Formation

The potential targets in the Nieuwerkerk Formation (from late Jurassic/early Cretaceous age)
are the Delft Sandstone Member (SLDND) and Alblasserdam Member (SLDNA) and they are
the oldest of the potential LTG target considered in this report. Where they are located at
greater depth, they are well known from conventional geothermal and petroleum
production (e.g. Pijnacker and Berkel). In particular the Delft Sandstone Mb has excellent
reservoir quality and host almost 20 geothermal doublets to date. It is a light-grey massive
sandstone sequence, fine to coarse-gravelly, characterised by a fining upward sequence
(TNO-GDN, 2025c). Tt is poorly consolidated and can show sand production, but has few
fines. The depositiocnal setting is characterised by distributary-channels in a lower-coastal-
plain setting. The Delft Sandstone Mb lies conformably on the Alblasserdam Mb, which
consist of clay- and siltstones with sandstones beds deposited in a fluvial floodplain. The
channel sandstone beds can be fine to medium grained beds of a few meters thickness or
coarse grained, thick-bedded sandstones (TNC-GDN, 2025d). The difference between the
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Delft Sandstone Mb and Alblasserdam Mb can be difficult to identify, which means the
relative thickness of the two members can be uncertain (Bouroullec et al., 2024).

The formation is shallowest on the east side of its distribution (Figure 2.5). Due to the good
reservoir quality and thickness, the geothermal power is still estimated to be up to 20 MW
(including heat pump) in particular in the south-east (Figure 2.6). The data density however
is lower in this area (Figure 2.7). In the south-east only the Alblasserdam Mb is present
(Figure 2.8, Bouroullec et al., 2024), which has less favourable properties than the Delft
Sandstone Mb in particular a much lower net sand content than the Delft Sandstone Mb.
This may require production from multiple, stacked sand layers as shown by Szklarz et al.
(2024).
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Figure 2.5: Top depth of the Nieuwerkerk Fm as shown on ThermoGIS.nl
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Figure 2.6: Estimated geothermal power (P50 value) including a heat pump for the Nieuwerkerk Fm as
shown on ThermoGIS.nl.
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Figure 2.8: Wheeler diagram showing the Delft Sandstone Mb and Alblasserdam Mb of the Nieuwerkerk Fm
(Bouroullec et al., 2024)
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2.2

2.2.1

Introduction of existing shallow
developments in The Netherlands

In this section a general introduction of the relevant shallow developments in the
Netherlands will be presented. Details on drilling and completions will be given in the next
chapters.

Geothermal

The doublet at Zevenbergen (Figure 2.9) is the only LTG development in the Netherlands
and targets the Brussels Sand Mb at a depth of around 700 m. Tt is developed in an area
where very few traditional, deep geothermal targets are present. The Brussels Sand Mb has
already been described in section 2.1.2, which is not repeated here. The doublet was drilled
in 2017 and the beginning of 2018. First an 8.5 inch pilot hole was drilled, followed by two
highly inclined wells. The goals for the pilot hole were to collect more information on
lithology and depth of the formation and to prove that there is no gas. Producer ZVB-GT-01-
S2 has a kickoff point at 187 m TVD (True Vertical Depth) and a build rate of 3.6°/30 m. The
injector ZVB-GT-02-S1 was drilled with an innovative inclined drilling rig and started at an
inclination of 22°. At 345 m TVD was the kick-off point with a build-up rate of 3.2°/30 m. For
both wells the inclination at reservoir level is ~84° (Figure 2.10).

Surface Location

Figure 2.9: Site location map of the Zevenbergen doublet. In red the producer ZVB-GT-01-S2 and in blue the
injector ZVB-GT-02-S1.
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Figure 2.10: Deviation of the two wells drilled at Zevenbergen. In red the producer ZVB-GT-01-S2 and in blue

the injector ZVB-GT-02-S1. Vertical layers show the formation boundaries. The dotted lines show the
reservoir top and bottom.

In Figure 2.11 the monthly produced volumes of the Zevenbergen doublet are presented.
This shows that the doublet was produced in the winter of 2019/2020 and during 2021.
Production volumes decreased during 2021 due to issues with the decrease of productivity
and injectivity. This will be discussed in Chapter 5.
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Figure 2.11: Monthly production volumes for the Zevenbergen doublet
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2.2.2 Oil & gas

De Wijk
The De Wijk gas field is a conventional but shallow gas field, discovered in 1949 and

operated by NAM. Production started in 1959. De Wijk gas field recovered 97% of its total
recoverable reserves with peak production in 2005.
The field includes the following subsurface reservoirs:

- De Wijk Member (NLDOWY; previously named Basal Dongen Tuffite Member) and

Ommelanden Formation (CKGR; also referred to as Ommelanden Chalk)

- Muschelkalk Formation (RNMU)

- Rogenstein Formation (RBSR)

- Z3 Carbonate Member (ZEZ3C) / Carboniferous
The shallow reservoir of interest in this report is the De Wijk Mb/Ommelanden Fm, which is
located at a depth of around 500 m. The other reservoirs are deeper at 1100 m to 1400 m
and are not further discussed here. The De Wijk Mb and Ommelanden Fm are separated by
the lower permeable Liessel Member (NLLALI; previously named Landen Clay Member). The
De Wijk member is a layer of around 20 m thick and mainly consists of unconsolidated clay
with siltstone intercalations (description based on the field development plan, update from
2016). The porosity is variable and permeability is moderate to good for the production of
gas. The Liessel Mb lies directly below the De Wijk Mb and it mainly consists of somewhat
unconsolidated clay with a high marl content and some very fine sandy intercalations.
Porosity and permeability in this rock are very moderate. The top of the underlying
Ommelanden Formation is eroded, and the formation mainly consists of very fine-grained
limestone. It has very high porosity but generally low permeability, except where "secondary
permeability" has been created due to leaching by meteoric water,

In total, 48 wells were drilled in the field since 1949. Nine new wells were drilled in 2016 and
one in 2020 (WYK-102), which were all deviated and were all drilled successfully (technically
speaking). The deviations were modest with a step out of ~200 m at 550 m depth.
Inclination at this depth was 35 to 37°.

Schoonebeek

The Schoonebeek heavy oil field (25° APT (Visser and Sung, 1958)) was discovered in 1942. Tt
was produced in two main phases: from 1947 until 1996 using mainly water injection and
vertical to slightly deviated wells (Jelgersma, 2007). The first injector SCH-088 was drilled in
1949. In 2010 the field was redeveloped using steam injection and horizontal wells. New
wells were drilled from 2010 onwards and production resumed in 2011. Production was
stopped again in 2021 due to issues with permits for water injection wells (which occurs ina
different reservoir).

The reservoir is the 20 to 30 m thick Bentheim Sandstone Member (KNNSP) from the Lower
Cretaceous. The thickness is less on the west side of the field due to thinning and erosion
(Vis et al., 2018). The depth of the reservoir is between 700-950 m and dips to the east. The
sandstone is described as a sequence of massive sandstones, calcareous, with abundant
shell fragments, lignite particles and glauconite grains (TNO-GDN, 2025b). Grain sizes
predominantly range from fine to medium sand (125-350 um; Rutten et al., 2020), but up to
granule sizes occur. It is a clean and well-sorted strand plain deposit (Jelgersma, 2007).
Bioturbation is common and the consolidation is poor to unconsolidated. Similar to the
Brussels Sand Mb, harder calcite stringers can occur which complicate build-up during
drilling. The low consolidation of the Bentheim Sandstone Mb can lead to sand failure during
production. Current understanding is that this happens when wax is deposited on the
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screens if the oil is not heated up enough, which causes convergent flow, erosion and screen
failure.

Nearly 600 wells were drilled in the field in the period 1947-1996. The initial wells were all

vertical, but from 1971 also deviated wells were drilled. The first of these were water injector
SCH-450 and oil producer SCH-451. These wells had a kickoff at around 250 to 300 m depth,
and a maximum deviation of ~30° at reservoir depth resulting in a step-out of 150 to 200 m.

In the period 2009 until 2011, the field was redeveloped with horizontal wells in a drilling
campaign. Of the 73 wells (49 producers and 24 injectors) that were drilled, only 3 needed
to be sidetracked because of technical problems. In 2014, two additional wells were drilled
of which one needed to be sidetracked (SCH-2952). Drilling duration was consistently less
than 20 days (Figure 2.12). Although the range in AHD is from 1000 m to almost 2000 m,
there is hardly any trend with drilling duration (R? is 0.14 on Figure 2.12).
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Figure 2.12: Drilling duration for shallow horizontal wells in the Schoonebeek field in the period 2009 - 2011

A, B and F blocks
In the A and B blocks in the Dutch offshore, a number of shallow gas fields are located:
- Al12-FA, A15-FA, A18-FA, B10-FA, B13-FA, which are solely producing from shallow
intervals;
- B16-FA and B17-FA which are not produced.
In the F-blocks, some multi-target fields are located. In the FO2A-Hanze-Pliocene field, gas is
produced from the Oosterhout Fm at a depth of around 700 m.

The gas fields in the A/B-blocks are stacked 4-way dip closures over the crest of Zechstein
salt structures and have low relief (Figure 2.13 and Figure 2.14). The FO2A-Hanze-Pliocene
field is closed by a fault on one side and dip closures on the other three sides and show
more relief. In all fields, production occurs from unconsolidated formations from the Upper
North Sea Group at a depth of 350 to 750 m TVDss. The age ranges from late Pliocene to
early Pleistocene, with the younger sediments in the A-blocks (Maassluis Formation)
compared to the F-blocks (Maassluis and Qosterhout Formations). The fields are
characterized by relatively thin sandy layers, interbedded with shales/clay layers. The
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thickness of individual reservoir layers ranges from a few meters to about 20 m. Locally, thin
intercalations (10 to 30 cm) of clean, laminated, very fine to fine grained sands occur. The
Pleistocene sediments in the A/B blocks were deposited in arctic, shallow marine conditions.
In the F-block deposits are characterised by a variation in glacial period with fine grained
deposits and interglacial periods which where coarser grained.

In general, higher gas column height is seen in downward direction (Figure 2.13 and Figure
2.14), but sometimes the gas column is also thin at greater depth. The height of the gas
column depends on the sealing capacity of the interbedded clay layers, the thickness of the
reservoirs and the depth of spill points.

Figure 2.13: Cross section through the A12 field from the A12 production plan (Petrogas, 2024) (vertical
scale increased by a factor of 20; gas indicated in red).
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