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Figure 2: DoubletCalc1D 1.4.3 input screen 
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1.3 Expected geothermal power 
 
The geothermal power estimates that result from the used input parameters are presented in Figure 3. The P50 geothermal power estimate is 25.59MW. The 

P90 power estimate is 18.44MW. The related DoubletCalc1D probability plots and fingerprinting plots are presented in Figure 4 and Figure 5. 

 

  
Figure 3: Output screen from DoubletCalc1D based on the input as presented in Figure 2. 



   

8 
 

  

 

  
Figure 4: Probability of geothermal power, pump volume flow, and COP of the calculations as presented in Figure 3. 

 
 
 
 

 
Figure 5: Fingerprinting plot of the calculations as presented in Figure 3. 
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2 Location and wells 
 

2.1 Project location 
 
The surface location of the planned doublet is located in the City of Delft (in the Province of Zuid-Holland) at the campus of the Delft University of Technology. 

De planned doublet is located within the Pijnacker-Nootdorp 6a exploration license area (Staatscourant 2019, nr 49060), which is situated within the 

municipalities of Delft and Pijnacker-Nootdorp (Figure 6). The neighboring geothermal licenses in the area are the two exploitation licenses Pijnacker-Nootdorp 

4 and Pijnacker-Nootdorp 5 and the exploration license Ypenburg (Figure 7). 

 

2.2 Wells 
 
This application is for a doublet system, consisting of a production well and an injection well. The production well will be drilled with an outstep of 

approximately 1420m. The outstep of the injection well will be approximately 1040m. The distance between the wells at mid-aquifer level will be 

approximately 1321m. 

• Delft-GT-01 (DEL-GT-01),  production well (red in Figure 6) 

• Delft -GT-02 (DEL-GT-02), injection well (blue in Figure 6) 
  

 
 

Figure 6: Map view of the study area and planned doublet. The Pijnacker-Nootdorp 6a exploration license is outlined in green and the surface location is shown as a green square. The well 
trajectories of the producer (DEL-GT-01) is shown in red and the well trajectory of the injector (DEL-GT-02) is shown in blue. Municipality boundaries are indicated by steel blue. 

 

 
Figure 7: Map view of the larger area around the planned doublet. The geothermal licenses in the area are outlined in green. Municipality boundaries are indicated by steel blue. The well 
trajectories of the producer (DEL-GT-01) is shown in red and the well trajectory of the injector (DEL-GT-02) is shown in blue. 
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3 Geological Setting 

3.1 Regional Geology 
 
The Geothermie Delft exploration license area is located in the Late Jurassic-Cretaceous West Netherlands Basin. A precursor of this basin is the much larger 

Carboniferous-Triassic North Sea basin.  

The geology of the West Netherlands Basin has been described by Racero-Baena & Drake (1996), its hydrocarbon habitat by De Jager et al (1996). The basin 

originated by rifting in the latest Jurassic and Early Cretaceous and is characterized by divergent strike-slip faulting creating a NW-SE trending block-faulted 

basin. The basin inverted during the Late Cretaceous and Early Tertiary. During inversion pre-existing normal faults were reactivated and narrow anticlinal 

structures were formed. One of these narrow and long inversion anticlinal structures is at the west side of the Geothermie Delft exploration license study area 

(Figure 8); here it is called the Rijswijk structure. The IJsselmonde, Berkel, Oude Leede and Rijswijk oil and gas accumulations are located on this structure. 

Seismic data show that prior to the main inversion phases in the Late Cretaceous and Early Tertiary relatively weak pulses of compressional tectonic activity 

occurred during the Early Cretaceous.  

On Figure 8 the location of the Geothermie Delft geothermal exploration license has been indicated; the exploration license is officially named Pijnacker-

Nootdorp 6a. The south-western part of the Geothermie Delft exploration license is over this Rijswijk structure. North-East of the Geothermie Delft exploration 

license is the relatively small Pijnacker structure with the former Pijnacker oil field. This structure has been described as a pop-up anticline by Racero-Baena 

& Drake (1996). In between the Pijnacker and the Rijswijk structure is a syncline (Figure 8) for which in some reports the name Vrijenban syncline has been 

used.  

Figure 9 is a published seismic section illustrating the Rijswijk and Pijnacker anticlines. The anticlines are inversion structures formed during the inversion 

phases in the late Cretaceous and Early Tertiary. During these phases earlier strike-slip faults with an extensional component were reactivated with a 

compressional component resulting in anticlinal structures, so called pop-up structures and flower structures. These are characterized by complex faulting 

including normal and reverse faults. This has been illustrated by Racero-Baena & Drake (1996) for the Pijnacker structure. The Rijswijk structure is similar but 

possibly less complex in the area of the Geothermie Delft exploration license. Important for the Delft project is that reverse and normal faults do exist and 

may occur with displacements at the seismic scale and the sub-seismic scale. 

 

 
 
Figure 8 Map showing the top Vlieland Formation in TWT time. Light colours are structural highs, dark colours are structural lows. The figure is taken from Racero-Baena & Drake (1996) 
and slightly modified. The map shows the long and narrow anticlines (the Rijswijk structure). The IJsselmonde, Berkel, Oude Leede and Rijswijk oil accumulations are part of this structure. 
The figure illustrates “the continuity of the central NW-SWE oriented inverted anticlinal trend which reflects the continuity of the rift faults”. Colour code ranges from 700 (red) to 1700ms 
TWT (dark purple)”. The approximate position of the Delft (=Pijnacker-Nootdorp 6a) exploration license is indicated with a white outline. 
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Figure 10 is a depth map of Base Nedersaksen (SK) and Schieland (SL) Groups (Base Albasserdam (SLDNA)) of a large part of the basin. This map is based on 

TNO DGM-deep V5 model (2019). It shows the long Rijswijk anticline through the centre of the figure and the small Pijnacker anticline with the Vrijenban 

syncline in between. The map shows the locations of PNA-GT doublets (PNA-GT-01/-02, PNA-GT-03/-04 and PNA-GT-05/-06). In addition, the two VDB doublets 

(VDB-GT-01/-02 and VDB-GT-03/-04) and the LSL doublet (LSL-GT-01/-02) further to the east are shown. HAG-GT doublet (HAG-GT-01/-02) and other wells 

relevant for the study (PNA-13, DEL-03, DEL-08) are indicated as well.  

 
Figure 9 Published seismic section showing the Rijswijk and Pijnacker anticlines. The figure was published by Racero-Baena and Drake (1996). The section is located in or near the saddle 
between the Pijnacker and Rijswijk structures. Toward the SE the Vrijenban syncline between Rijswijk and Pijnacker further develops and deepens. 
  

 

Figure 10 Depth map of base Nedersaksen and Schieland groups (TNO DGM-deep V5 model, 2019). The map shows the location of the main Rijswijk structure and the small Pijnacker 
structure. The Geothermie Delft planned well trajectories (DEL-GT-01/-02), exploration license boundaries (green line), area of interest (AOI, dark blue line) and relevant wells and doublets 
have been indicated.  
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3.2 Hydrocarbon occurrences in the vicinity of the project area 
 
The study area is in a basin with a mature oil and gas source, the Posidonia Formation (De Jager et al. 1996) that has generated and still is generating large 

quantities of oil and gas. Many oil and gas fields are present in close proximity to the proposed doublet (Figure 11). Hydrocarbons can be present in two forms: 

1) oil and gas accumulations or 2) gas dissolved in formation water and oil dispersed in formation water. 

 Traps with accumulations of free oil and/or gas 

 
The Rijswijk Member is an oil productive reservoir in the Rijswijk and Pijnacker Fields near the town of Delft (Figure 11). The Berkel Member is productive in 

the Berkel field. In Oude Leede gas is present in the argillaceous sandstones of the De Lier Member. The De Lier Member has produced some oil and gas in 

the former Delft field. DEL-07 drilled in 1955 and abandoned probably in 1968 is located close to the project. It was perforated and tested in the De Lier 

Member. DEL-08 drilled in 1994 has oil shows in the De Lier Member and minor shows in the Rijswijk Member.  

 

 

Figure 11 Location of the exploration license (green line) and AOI (blue line) with respect to oil and gas fields (from www.nlog.nl). Pijnacker is the abandoned oil field in the Rijswijk 
Sandstone Member on the crest of the Pijnacker structure. The Rijswijk field is the abandoned oil field that produced from the Rijswijk Sandstone on the crest of the Rijswijk structure. Oude 
Leede is an undeveloped gas accumulation in the De Lier Member. The Berkel oil field produced from the Berkel Sandstone Member, it is now abandoned. 

 

The Delft Sandstone is not oil or gas productive in the West Netherlands basin, but may have some shows. Considering the presence of a mature source rock 

in the AOI and of hydrocarbon accumulations in nearby fields, the potential presence of gas pockets was checked with seismic data. Seismic lines along the 

planned well trajectories (Figure 12 and Figure 13) show the upper part of a potential gas cloud confined within the Delft Sandstone. This is also shown in map 

view (Figure 14) where the overlay of the 2000 m gas pocket boundaries with the Base Delft map suggests that gas follows the Delft structure. The gas pocket 

area is reduced at shallower depths and a shift toward NW is observed (Figure 14). This is likely due to gas leakage along the faults. As discussed in next section 

(0), even if presence of gas in the area is confirmed by readings of well DEL-08, the gas is likely to be in solution. No gas pockets intersect well traces. 
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Figure 12 Seismic section along planned  production well DEL-GT-01 (red trajectory). Pink dashed line indicates the potential gas pocket area. See insert for line trajectory. Depth in 
mTVDSS. 

 

 

Figure 13 Seismic section along planned injector well DEL-GT-02 (blue trajectory). Pink dashed line indicates the potential gas pocket area. See insert for line trajectory. Depth in mTVDSS. 
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4.3 Coordinate system 
 
The location of most data is in the new Netherlands National Triangulation System (Rijksdriehoekstelsel). Georeferenced data of different projection systems 

were converted to this system. 

Name:  Netherlands National System new: Rijksdriehoekstelsel new 
Type:  Double Stereographic 
Central Meridian: 5.387638889 
Origin Latitude: 52.156160556 
Scale Factor: 0.999907900 
False Northing: 463000.000000 
False Easting: 155000.000000 
 
Units:  Meters 
 
Datum:  Netherlands 
Ellipsoid: Bessel 1841 
Prime Meridian: Greenwich 
Transform Method: Molodensky 
Delta x (m): 593 
Delta y (m): 26 
Delta z (m): 478 
 

The units used in this report relate to the International System of Units (abbreviated SI from the French Système International). All distances are expressed in 

metres or in kilometres. Temperatures are expressed in degrees Celsius. 

 

4.4 Additional data 
 
GIS files (shapefiles and raster data) have been downloaded from the TNO portal in order to compare results and create maps: 

• Well locations 

• Seismic data 

• Licences 

• Oil and gas fields 

• Faults (ref. TNO 2002) 

• Depth maps (DGM 5.0) 
 
All shapefiles and raster files have been transformed from the UTM 31, ED50 to the Rijksdriehoekstelsel coordinate system with the Netherlands datum if 

necessary. 
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5 Seismic Interpretation and Depth Model 

5.1 Methodology 
 
Seismic interpretation and generation of depth and thickness maps was carried out in IHS Kingdom 2019 on the NAM reprocessed depth cube (2018). This 

reprocessed cube shows better lateral continuity compared to the original time processed data and horizons are easier to pick. Especially faults are better 

visible, and their location is therefore more certain in comparison to the original time processed data. The pre-stack depth migration also ensures that faults 

are at the right location. 

 

5.2 Additional data 
 
According to the scope of this study, the seismic horizons listed in Table 9 were interpreted on the latest reprocessed seismic depth cube. 

Table 9 Formation picks and reflector properties 

 

 
. 

All seismic sections shown in this report adhere to the seismic character given in Table 9. This means that negative seismic amplitudes representing a hard 

kick are red in colour, e.g. Base North Sea pick. 

 

5.3 Well to seismic ties 
 
The seismic interpretation was entirely performed on the NAM reprocessed depth cube (2018), and well tops fitted very well the seismic interpretation. 

Therefore, no well to seismic tie was needed. 

 

5.4 Seismic interpretation  
 
The seismic character of the different stratigraphic intervals played an important role in ambiguous situations and when additional information was 

unavailable. The Alblasserdam Member therefore provides a good reference due to its low intensity of the seismic amplitudes with a transparent “noisy” 

appearance as a result of increased shale content. The Delft is often recognized as a more reflective interval, sometimes with internal channel configurations 

or mounts. Additionally, the Base Delft is locally recognized as an unconformity which is a key reference for recognizing the Base Delft. 

All horizons listed in Table 9 were interpreted on every 20th inline and crossline of the AOI (Figure 16). This resulted in a dense grid further used as input for 

creating depth maps and thus avoids additional uncertainties from an unconstrained interpolation algorithm. 
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Figure 16 Seismic interpretation grid of Base Delft (every 20th IL/XL) and outlines of Pijnacker-Nootdorp 6a (green) and AOI (blue). 
Seismic inlines that exemplify structural complexity, reflector continuity and well top matches from NW to SE are displayed in from Figure 17 to Figure 20. Figure 21 shows a crossline 
showing thickness variations along the basin. 

 

 
Figure 17 Seismic section along inline 2743. The figure shows the fault system, the anticlinal structures, interpreted reflectors and projected well PNA-13. See insert for line trajectory. 
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Figure 18 Seismic section along inline 2799. The figure shows the fault system, the anticlinal structures, interpreted reflectors, projected planned wells (DEL-GT) and part of projected well 
PNA-GT-06. See insert for line trajectory. 
 

 

Figure 19 Seismic section along inline 2826. The figure shows the fault system, the anticlinal structures, interpreted reflectors, projected planned  production well (DEL-GT-01) and part of 
projected wells DEL-08 and PNA-GT-02 Well tops used to tie seismic interpretation are projected along the borehole trajectories. See insert for line trajectory. 
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Figure 20 Seismic section along inline 2907, subparallel to PNA-GT-03-S2 trajectory. The figure shows the fault system, the anticlinal structures, interpreted reflectors, well PNA-GT-03-S2 
and part of projected well PNA-GT-04 Well tops used to tie seismic interpretation are projected along the borehole trajectories. See insert for line trajectory. 
 
 

 
Figure 21 Seismic view along crossline 3349. The figure shows the fault system, interpreted reflectors and part of projected trajectories of planned doublet (DEL-GT-01 and DEL-GT-02). Note 
the reduced reflector continuity of Base Delft in the target area. See inlet for line trajectory. 
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Figure 22 Base Delft depth map (base reservoir) with planned producer (red) and injector (blue) wells. Red circles on well paths mark Top Delft penetration points, blue circles mark Base 
Delft penetration points. The Geothermie Delft exploration license is outlined in green. Blue polygons are SW-dipping faults, red polygons are NE-dipping faults. 
 
 

 

Figure 23 Average Top Delft isochored depth map (Top reservoir) with planned producer (red) and injector (blue) wells. Red circles on well paths mark Top Delft penetration points, blue 
circles mark Base Delft penetration points. The Geothermie Delft exploration license is outlined in green. Blue polygons are SW-dipping faults, red polygons are NE-dipping faults. 
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Figure 24 Detail of a seismic section along inline 2907, subparallel to PNA-GT-03-S2 trajectory. The figure shows the depth grids derived from seismically interpreted horizons (Base Delft 
and Top Rodenrijs), the (Near-)Top Delft isochored depth grids (Base Delft +156m and Top Rodenrijs -180) and the Average Top Delft depth grid. Note the good match of grids with well 
tops in PNA-GT-03-S2.  

 
 

 

Figure 25 Base Rijswijk/Top Rodenrijs depth map with planned producer (red) and injector (blue) wells. Red circles on well paths mark Top Delft penetration points, blue circles mark Base 
Delft penetration points. The Geothermie Delft exploration license is outlined in green. Blue polygons are SW-dipping faults, red polygons are NE-dipping faults. 
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6 Characterisation and Model of the Reservoir 

6.1 Stratigraphic correlation and lateral thickness variation of the aquifers 
 
Relevant for geothermal purposes in the Delft area are the non-marine sediments of the Nieuwerkerk Formation (SLDN) that were deposited in subsiding half-

grabens, while at places the adjacent highs were subjected to erosion. This formation is overlain by the marine Vlieland Sandstone Formation (KNNS) and this 

in turn is overlain by the marine Vlieland Claystone Formation (KNNC). Several members have been formally defined that are important in the Delft area (see 

Figure 27 and Figure 28) from top to bottom:  

• The Berkel Member (KNNSB, Vlieland Sandstone Formation): sandstones deposited in coastal-marine settings. It is developed just south-east of the 

Delft area, see for its areal distribution Figure 29.  

• The Berkel Sand-Clay Member (KNNSC, Vlieland Sandstone Formation): A package of shaley sands has been defined as the Berkel Sand-Claystone 

Member. It is the sea-marginal facies of the more massive sandstone of the Berkel Member. The Berkel Sand-Clay Member is often combined with 

the Berkel Member and together the two units are more or less informally named the Berkel Sandstone.  

• Rijswijk Member (KNNSR, Vlieland Sandstone Formation): transgressive-marine sandstone with a more or less continuous distribution in the West 

Netherlands Basin (Figure 29). 

• Rodenrijs Claystone Member (SLDNR, Nieuwerkerk Formation): non-marine claystone with at places thin coals and thin sands.  

• Delft Sandstone Member (SLDND, Nieuwerkerk Formation): massive fluvial sandstones with minor clay intervals. This sandstone is observed in the 

centre of the West Netherlands Basin and is tens of meters thick. The distribution and thickness of this potential reservoir is discussed below.  

• Alblasserdam Member (SLDNA, Nieuwerkerk Formation): fluviatile sandstones and shales. In earlier reports by PanTerra the Alblasserdam Member is 

subdivided into two units:  

1. The Pijnacker unit (informal name) consisting of a thick non-marine interval with channel sandstones and claystones. This unit is 

variable in thickness: up to several hundreds of meters. The base of this unit is a subtle seismic unconformity. In some wells the lower part of 

the Pijnacker is sand-rich.  

2. Papekop unit (informal name); the unit is dominated by non-marine claystones with subordinate channel sands. The unit is variable in 

thickness. The base of this unit is at places a major seismic unconformity. Below the unconformity is the Jurassic Altena Group.  

 

 

Figure 27 Map showing location of the section of the next figure.  The orange colour on the section indicates where the Delft Member is well-developed. The orange dots are geothermal 
wells with well-developed Delft Sandstones. Therefore, it is expected that the Delft Member will be well-developed in the Delft exploration license (indicated in red). Gas fields (Triassic and 
Lower Cretaceous) are green, oil fields (Lower Cretaceous) red.  
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Figure 28 Stratigraphic scheme through the West Netherlands basin showing the members important for the area under discussion.  The wells on which this scheme has been based are in 
the previous figure, exceptions are the IJsselmonde and Nieuwerkerk boreholes which are projected on the line of section of this scheme. The Delft area is indicated with a red box. Marine 
claystones are blue, marine sandstones are bright yellow, non-marine claystones are in green, non-marine sandstones are ochre. (Adapted from Adrichem Boogaert & Kouwe, 1993) 

 

 Potential reservoirs 

 

The Delft Sandstone (SLDND) is the main target for geothermal wells in the West Netherlands basin and is the main aquifer targeted for this project. Other 

potential reservoirs are the Rijswijk Member (KNNSR) and to the south of the city of Delft the Berkel Sand-Claystone Members (KNNSB, KNNSC). 

The Berkel Sand-Claystone Member is a package of clayey sands and clays. On logs it is characteristically thin bedded. It is interpreted as the seaward marginal 

facies of the massive sands of the Berkel Member. It is several tens of meters thick and pinching out toward the West and North-West. The map of Figure 29 

shows that the Geothermie Delft area is located near the north-westerly limit of the Berkel unit which is confirmed by well data and seismic data. Figure 30 

shows that the unit is developed in the southern wells and absent in the northern wells. The first geothermal doublet drilled in the West Netherlands basin, 

VDB-01 and -02 is completed in this interval together with the Rijswijk Member.  

The Rijswijk Member is about 10-30 m thick and is well developed in PNA-GT-03-S2, PNA-GT-04 and DEL-01 (see Figure 30). In these three wells it is overlain 

by a package of shaley sands of the Berkel Sand-Claystone Member. The Rijswijk Member is thin (up to 10m) in PNA-GT-01 and -02. In the oil well PNA-13 the 

Rijswijk Member is well developed with almost 70m. This has been explained by the presence of a small and local pull-apart basin during the Early Cretaceous 

in which the Rijswijk Member is thick (Racero-Baeno & Drake, 1996  

Figure 29 Map of the West Netherlands basin showing distribution of the Lower Cretaceous Rijswijk, Berkel and IJsselmonde Sandstones.  Dark yellow is the area where the IJsselmonde 
sandstone occurs. Light yellow is the area where the Berkel Sandstone is present. Orange is the area where the Rijswijk Member sandstone is present; this sandstone is present as well 
below the Berkel. The map correctly predicted presence/absence of Berkel sandstones in all recently drilled geothermal wells (red dots). The location of the Delft exploration license is 
indicated in red. (Adapted from Racero-Baena & Drake, 1996) 
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7 Formation water 
 

7.1 Temperature 
 
In order to determine the expected temperature for the Delft doublet, the temperature maps of the subsurface of the Netherlands from Bonté et al, 2012 are 

taken into account (Figure 31). These maps indicate that the subsurface temperature in the area of the Delft doublet is approximately 72°C at 2000m depth 

and 104°C at 3000m depth. This corresponds to a temperature gradient of approximately 0.310-0.0313°C/100m, assuming a surface temperature of 10°C. 

Figure 32 shows a comparison between the result of the Bonté et al 2012 model (best model) and the calibration values, which shows a similar gradient and 

surface temperature.  

However, production temperatures from the neighboring PNA-GT-01 geothermal  production well are expected to be more indicative for the local temperature 

at the location of the Delft doublet. During production in February 2017 a temperature of 76.2°C was measured at surface, before the heat exchanger. The 

back calculation in DoubletCalc1D suggests that the aquifer temperature at the producer should be 78.3°C (Appendix F), which corresponds to a gradient of 

0.315°C/100m, assuming a surface temperature of 10°C: 

T = 10 + 0.0315*d 

Where °C and d is the depth in m.  

  
Figure 31: Subsurface temperature map of The Netherlands at 2000m and 3000m (Bonté et al, 2012). These maps are generated from thermal-tectonic forward modelling, calibrated with 
BHT measurement in wells (corrected for thermal perturbation during drilling) and few DST measurements in wells. Used wells are indicated by black dots. 
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Figure 34: Seismic section along planned  production well DEL-GT-01 (red trajectory). Pink dashed line indicates the potential gas pocket area. See insert for line trajectory. Depth in 
mTVDSS. 

 

 
Figure 35: Seismic section along planned injector well DEL-GT-02 (blue trajectory). Pink dashed line indicates the potential gas pocket area. See insert for line trajectory. Depth in mTVDSS. 
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Figure 38: Schematic representation of well design of producer DEL-GT-01 
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Figure 39: Schematic representation of well design of injector DEL-GT-02 
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8.3 Geothermal capacity 
 
The geothermal capacity of the doublet is calculated using the TNO software DoubletCalc1D (Mijnlieff et al, 2012). A screenshot of the input and output data 
is shown in Figure 40. Probability plots of the geothermal power and the flow rate are presented in Figure 41. 
 

 
Figure 40: Input and output of DoubletCalc1D 
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8.5 Interference 
 
The Geothermie Delft doublet (DEL-GT-01/02) is planned in the Delft Sandstone reservoir within the Vrijenban syncline. Within this syncline there are already 

two doublets operational: the Ammerlaan doublet (PNA-GT-05/06) and the Duijvestijn doublet (PNA-GT-03/04). In order to evaluate the risk of interference 

between the new Geothermie Delft doublet and the Ammerlaan and Duijvestijn doublets, dynamic modelling within the reservoir has been performed. Figure 

42 shows the pressure difference and Figure 43 shows the temperature difference after 35 years for the 3 doublets operating in the Vrijenban syncline. A 

comparison between the 3 doublets operating simultaneously and a stand-alone Geothermie Delft doublet can be found in Appendix K. Pressure wise, the 

doublets do influence each other slightly during the lifetime of the projects.  Temperature wise, there is no breakthrough expected from one doublet to the 

other. However, the temperature decrease in the DEL-GT-01P starts slightly earlier in case of the 3 doublets operating simultaneously. Having said that; this 

is only in the order of 0.6 °C after 35 years. 

 

 

Figure 42: Pressure difference after 35years for the 3 doublets operating in the Vrijenban syncline. Injectors in blue. Producers in red. DEL-GT-01/02: Delft doublet. PNA-GT-05/06: 
Ammerlaan doublet. PNA-GT-03/04: Duijvestijn doublet. See Appendix K for input parameters.  

 

 

Figure 43: Temperature distribution after 35years for the 3 doublets operating in the Vrijenban syncline. Injectors in blue. Producers in red. DEL-GT-01/02: Delft doublet. PNA-GT-05/06: 
Ammerlaan doublet. PNA-GT-03/04: Duijvestijn doublet. See Appendix K for input parameters. 
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Mud losses 
When the well trajectory encounters faults, mud losses can occur. Mud losses may also be the result of the weight of the mud. This results in a delay in the 

drilling process and might even result in jammed drilling equipment, leading to higher drilling costs. When this occurs, the weight of the mud can be adjusted 

and the drilling continues. Too high mud weight can result in losses, so a fine balance is needed at all times. Smooth operations with low pressure fluctuations 

when starting and stopping pumps will increase the chance of success.  It is also possible that a sidetrack is needed. The risk can be minimized by a good 

fault/fracture analysis and an analysis of the offset data.  

 

Shallow gas 
There are no bright spots on the seismic indicating shallow gas above the shoe of the surface casing (see also Chapter 3.2.1). The first sealing mechanism to 

trap shallow gas is the Middle Holland Claystone and in that formation the surface casing will be set. While drilling the surface hole, a mud weight will be used 

above the proven pressure gradient of the surface layers both for well bore stability and for well control purposes.  

 
Formation gas 
The reference wells of PNA-GT-05 & 06 have not shown any free gas after a full year of production. The Geothermie Delft wells are planned in the same 

compartment in the block and are not divided by seismic faults in a high permeability connected sandstone. There is no reason to assume a free gas cap for 

the producer, since it is drilled at similar depth as the PNA-GT-05 & 06 wells. For the injector, a maximum theoretical free gas cap could be assumed, which 

reflects its shallower position compared to PNA-GT-06 (injector) well. This will be taken into account in the detailed design phase to ensure kick tolerance and 

the planned mud weight will be sufficient.  

 

 

 Operational hazards 

 
This section lists the operational risks that have an influence on the initial reservoir performance.  
 
Hydrocarbons 
Occurrences of dissolved gas have been encountered in other geothermal projects and are expected in this region. When dissolved gas is present, the 
anticipated maximum amount is estimated to be 1.02 Nm3/m3 formation water. The exact amount can only be determined after drilling. The possible 
occurrence of dissolved gas will be taken into account for the design of the system. 
 
Uncertainty geological structure 
Faults and fractures are determined based on the seismic data. Yet, due to the resolution of the seismic data, it could be possible that fractures or faults have 
been missed in the interpretation. 
 
Scaling 
Scaling results in a decrease in well/pipe diameters, which will in the end increase electricity costs for the system. Water sampling and analysis of these 
samples is needed to define possible measures, such as the addition of inhibitors to minimize the scaling. It will be monitored during production and will be 
taken into account during maintenance of the system. 
 
Corrosion 
Corrosion in the wells will be mitigated by the use of corrosion-resistant alloys for the casings and liners. 
 
Unconsolidated sands 
Sand production is possible, since the production rates will be relatively high. This will be mitigated by the installation of wire-wrapped-screens in the reservoir 
section of the  production well. 
 
 

 Seismic Risk/Hazard Assessment 
. 

The companies Q-con and IF Technology (Baisch et al, 2016) analysed the main indicators for the probability of induced seismicity in geothermal projects and 

the associated risk/effect. Based on this, recommendations have been made for a methodology to give an insight into the seismic hazard/risk and to determine 

the associated mitigation measures. This methodology consists of the following three steps: 

1. In Level 1, a QuickScan is performed on the basis of a number of indicators, which provides insight into the potential for the occurrence of induced 

seismicity. If it follows that the seismicity potential is low, then no further steps are required. 

2. In case of moderate or high potential, the hazard analysis is expanded within Level 2. An important part of Level 2 is also to determine the mitigation 

measures to reduce the hazard of seismicity. 

3. If Level 2 shows that the hazard is not acceptable (despite the mitigation measures) one will proceed to Level 3, which consists of a quantitative risk 

analysis. In this Level 3 the security risk and the risk of economic damage with the associated uncertainty will be quantified. 

For GeoThermie Delft, the QuickScan of Level 1 has been carried out (see Appendix L).  Since the outcome of the Level 1 SRA QuickScan is that the potential 

of induced seismicity is low (Table 24), Level 2 and Level 3 are not yet implemented. After the gathering of additional local information during the drilling 

phase, from the well tests and after further dynamic and mechanical modelling, it will be determined whether that the SRA should be extended further. 
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Table 24: SRA Level 1 QuickScan Scoring table for Geothermie Delft. The QuickScan Score is 27, which indicates a low seismicity potential. 
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E. Depth and thickness maps 
This appendix includes all depth and thickness maps produced for this study, see also Chapter 5.6.  

 

 

Figure 45 Base Delft depth map (base reservoir) with planned producer (red) and injector (blue) wells. Red circles on well paths mark Top Delft penetration points, blue circles mark Base 
Delft penetration points. The Geothermie Delft exploration license is outlined in green. Blue polygons are SW-dipping faults, red polygons are NE-dipping faults. 
 

 
Figure 46 Top Delft isochored depth map (Top reservoir) with planned producer (red) and injector (blue) wells. Red circles on well paths mark Top Delft penetration points, blue circles mark 
Base Delft penetration points. The Geothermie Delft exploration license is outlined in green. Blue polygons are SW-dipping faults, red polygons are NE-dipping faults. 
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Figure 47 Base Rijswijk/Top Rodenrijs depth map with planned producer (red) and injector (blue) wells. Red circles on well paths mark Top Delft penetration points, blue circles mark Base 
Delft penetration points. The Geothermie Delft exploration license is outlined in green. Blue polygons are SW-dipping faults, red polygons are NE-dipping faults. 

 

 

Figure 48 Delft Thickness map with planned producer (red) and injector (blue) wells. Red circles on well paths mark Top Delft penetration points, blue circles mark Base Delft penetration 
points. The Geothermie Delft exploration license is outlined in green.  
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F. Back calculation in DoubletCalc1D  
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G. Well test information 

 
Figure 49: End of well report for Clean-out operations Ammerlaan PNA-GT-05-S1 
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H. Water analysis 
 

 

 
Figure 50: Water analysis report injection water Ammerlaan PNA-GT-05/06, SGS 25-03-2020 
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1610 0 45 1430 85595 446338  
1620 0 45 1437 85602 446341  
1630 0 45 1444 85609 446343  
1640 0 45 1451 85615 446346  
1650 0 45 1459 85622 446348  
1660 0 45 1466 85629 446350  
1670 0 45 1473 85635 446353  
1680 0 45 1480 85642 446355  
1690 0 45 1487 85649 446357  
1700 0 45 1494 85655 446360  
1710 0 45 1501 85662 446362  
1720 0 45 1508 85669 446364  
1730 0 45 1515 85675 446367  
1740 0 45 1522 85682 446369  
1750 0 45 1529 85689 446372  
1760 0 45 1536 85695 446374  
1770 0 45 1543 85702 446376  
1780 0 45 1550 85709 446379  
1790 0 45 1557 85715 446381  
1800 0 45 1565 85722 446383  
1810 0 45 1572 85729 446386  
1820 0 45 1579 85735 446388  
1830 0 45 1586 85742 446390  
1840 0 45 1593 85749 446393  
1850 0 45 1600 85755 446395  
1860 0 45 1607 85762 446397  
1870 0 45 1614 85769 446400  
1880 0 45 1621 85775 446402  
1890 0 45 1628 85782 446405  
1900 0 45 1635 85789 446407  
1910 0 45 1642 85795 446409  
1920 0 45 1649 85802 446412  
1930 0 45 1656 85809 446414  
1940 0 45 1664 85815 446416  
1950 0 45 1671 85822 446419  
1960 0 45 1678 85829 446421  
1970 0 45 1685 85835 446423  
1980 0 45 1692 85842 446426  
1990 0 45 1699 85849 446428  
2000 0 45 1706 85855 446431  
2010 0 45 1713 85862 446433  
2020 0 45 1720 85869 446435  
2030 0 45 1727 85875 446438  
2040 0 45 1734 85882 446440  
2050 0 45 1741 85889 446442  
2060 0 45 1748 85895 446445  
2070 0 45 1755 85902 446447  
2080 0 45 1763 85909 446449  
2090 0 45 1770 85915 446452  
2100 0 45 1777 85922 446454  
2110 0 45 1784 85929 446456  
2120 0 45 1791 85935 446459  
2130 0 45 1798 85942 446461  
2140 0 45 1805 85949 446464  
2150 0 45 1812 85955 446466  
2160 0 45 1819 85962 446468  
2170 0 45 1826 85969 446471  
2180 0 45 1833 85975 446473  
2190 0 45 1840 85982 446475  
2200 0 45 1847 85989 446478  
2210 0 45 1854 85995 446480  
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K. DoubletCalc2D input parameters interference model 
 

 
Figure 52:  DoubletCalc2D input – Aquifer. 

 
 

 
Figure 53: DoubletCalc2D input – Input wells. 

 
 

 

 

Figure 54: Pressure difference after 35years for the 3 doublets operating in the Vrijenban syncline. Injectors in blue. Producers in red. DEL-GT-01/02: Delft doublet. PNA-GT-05/06: 
Ammerlaan doublet. PNA-GT-03/04: Duijvestijn doublet.  
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Figure 55: Temperature distribution after 35years for the 3 doublets operating in the Vrijenban syncline. Injectors in blue. Producers in red. DEL-GT-01/02: Delft doublet. PNA-GT-05/06: 
Ammerlaan doublet. PNA-GT-03/04: Duijvestijn doublet.  

 
 
 
 
 

 

Figure 56: Pressure, Temperature, Flow-rate over 35 years for the 3 doublets operating in the Vrijenban syncline. 
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Figure 57: Pressure difference after 35years for the Delft doublet only. Injectors in blue. Producers in red. DEL-GT-01/02: Delft doublet.  
 

 

 
Figure 58: Temperature distribution after 35years for the Delft doublet only. Injectors in blue. Producers in red. DEL-GT-01/02: Delft doublet.  

 
 

 
Figure 59: Pressure, Temperature, Flow-rate over 35 years for the Geothermie Delft doublet only.  
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For a more elaborate study on the effects on pressure and temperature interference within the Vrijenban syncline, please refer to Reinhard (2019). 

For a more elaborate study on the expected breakthrough times within de Delft Sandstone Geothermal Reservoir, please refer to Perkins (2019). 
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L. Seismic Risk Analysis 
 

Introductie 
 
Om te bepalen wat het risico van geïnduceerde seismiciteit door geothermie winning bij het GeothermieDelft project is, zal er een Seismische Risico Analyse 

(SRA) uitgevoerd worden. Hierin worden de risico’s in kaart gebracht en het juiste vervolgtraject bepaald met betrekking tot monitoring en verdere analyse 

van risico’s en gevaren. 

Een geothermisch project kan veilig gerealiseerd worden door ervoor te zorgen dat de injectie- en productieputten binnen één geologisch blok liggen, zodat 

er een goede hydraulische connectie is. Daarnaast dienen de putten op veilige afstand van bestaande breuken geplaatst te worden. Een goede basis van de 

geothermische project planning en de SRA wordt gevormd door een goed begrip van de ondergrond, zoals gedetailleerde kartering van bestaande breuken 

en analyse van het ondergrondse stress regime. 

 

Monitoring 
 

In Zuid Holland wordt al decennia lang olie en gas gewonnen uit de ondergrond. De regio is niet bekend met natuurlijke of geïnduceerde seismiciteit. Echter, 

een deel van de velden in Zuid Holland valt in de categorie met een niet verwaarloosbare kans op aardbevingen. In een in 2016 gepubliceerde tijdelijke leidraad 

voor de risicoanalyse voor door gaswinning geïnduceerde bevingen door Staatstoezicht op de Mijnen wordt aangegeven dat bij deze gasvelden een minimale 

cataloguscompleetheid van M=1.5 gevraagd wordt. Om de drempelwaarde van M=1.5 te bereiken is het KNMI momenteel bezig een permanent monitoring 

netwerk te realiseren in Zuid Holland. Hierdoor kunnen de juiste metingen gedaan worden en kan, als er beweging geregistreerd wordt, met betrouwbare 

plaatsbepaling bepaald worden waar de oorsprong ligt. Met het voorgestelde plan zouden de belangrijkste gasvelden en geothermie locaties in Zuid Holland 

in de toekomst gedekt zijn. De eerste stations van deze uitbreiding zijn reeds geïnstalleerd (NL-ZH01, Vlaardingen, NL-ZH02 in Zoetermeer, NL-ZH03 in 

Delfgauw, NL-ZH06 in Naaldwijk https://www.knmi.nl/nederland-nu/seismologie/stations). De verwachting is dat de verdere uitbreiding van het seismische 

monitoring netwerk in het komende jaar gerealiseerd zal worden. 

Afhankelijk van de bevindingen van de SRA en de staat van het KNMI monitoringnetwerk, zal de aanvrager indien nodig ook zelf monitoring apparatuur 

installeren voor de ontwikkeling van GeoThermie Delft. 

 

Seismische Risico Analyse (SRA) 
 

Er is door de firma’s Q-con en IF Technology (Baisch et al, 2016) een analyse gemaakt van de belangrijkste indicatoren voor de kans op geïnduceerde 

seismiciteit bij aardwarmteprojecten en het bijbehorende risico/effect. Op basis hiervan zijn aanbevelingen opgesteld voor een methodiek om de seismische 

risico’s inzichtelijk te maken en de bijbehorende beheersmaatregelen te bepalen. Dit protocol heeft de vorm van een stappenmethode: 

1. In Level 1 wordt op basis van een aantal indicatoren een QuickScan uitgevoerd, die inzicht geeft in de potentie voor het optreden van geïnduceerde 

seismiciteit. Als hieruit volgt dat de potentie laag is, dan zijn geen verdere stappen nodig (Figure 60). 

2. Bij een matige of hoge potentie wordt in Level 2 de gevarenanalyse uitgebreid en worden ook de mogelijke gevolgen - en daarmee het mogelijke risico 

- inzichtelijk. Een belangrijk onderdeel van Level 2 is tevens het bepalen van de beheersmaatregelen om het risico te beperken (Figure 61) 

3. Als uit Level 2 blijkt dat het risico niet acceptabel is (ondanks de beheersmaatregelen) kan er overgegaan worden tot Level 3. Level 3 betreft een 

kwantitatieve risico analyse: het kwantificeren van het veiligheidsrisico en het risico op economische schade met de bijbehorende onzekerheid (Figure 

61). 

Voor GeoThermie Delft is de QuickScan van Level 1 uitgevoerd. Hierbij is gebruik gemaakt van de score tabel in Figure 62. 

 

Figure 60: SRA Level 1 (Baisch et al, 2016) 
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Figure 61: SRA Level 2 & Level 3 (Baisch et al, 2016) 

 

 
Figure 62: Scoringsschema voor QuickScan SRA (Baisch et al, 2016). 

 
 
 

Level 1: QuickScan SRA 

 
Voor het GeoThermie Delft project is gekeken naar de 9 criteria in de score tabel in Figure 62. Hieronder wordt per criterium besproken wat de score is. 

1. Verbinding met kristallijnen basement: Score 0 

Er is geen verbinding met kristallijnen basement. Het basement wordt meer dan 7 km diep verwacht, dat is 5 km dieper dan het doel-aquifer voor GeoThermie 

Delft (Figure 63 en Figure 64). Op basis hiervan wordt een SCORE:0 gegeven. 
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Figure 63 :Top van het pre-Silesian (Geluk et al, 2007). De contouren representeren kilometers diepte 

 
Figure 64: Diepte van het GeoThermie Delft target (Schieland groep is blauw) versus diepte van de Limburg groep (Carboon= donkergrijs). Onder de Limburg groep ligt nog het Dinantiaan, 
Devoon,  en daaronder wordt pas het basement verwacht (DGM deep v4) 

 

2. Afstand tot bestaande breuken: Score 7 

De afstand tot bestaande breuken staat weergegeven in Figure 65. De breuken zijn weergegeven op de Top Delft Zandsteen. De afstanden tot de randbreuk 

van het Rijswijk Hoog (oranje stippel lijn) zijn: 

• DEL-GT-01: ± 1.225 m 

• DEL-GT-02: ± 750m 

• De afstanden tot de Secundaire breuk bij injector (blauwe lijn) 

• DEL-GT-01: ± 380 m 

• DEL-GT-02: ± 680m 

De afstand tot deze breuken is op Basis Delft niveau groter dan bovenstaande getallen. In Figure 66 en Figure 67wordt het (minimale) verzet lang de secundaire 

breuk aangegeven.  

Op basis van de bovenstaande afstanden wordt een SCORE:7 gegeven. 
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Figure 65: Diepte van de top Delft Zandsteen, inclusief breukinterpretatie in rood 

 

 

Figure 66:  Top Delft Zandsteen met secundaire breuk 
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Figure 67: Seismische secties langs well trajectories. De secundaire breuk ligt rechts van de injector. Top reservoir is in rood aangegeven 

 
3. Oriëntatie van breuken in heersende stressveld: Score 7 

Regionale stress metingen duiden op een NW-ZO georiënteerde maximale horizontale stress (Figure 68). In een strike-slip stress regime geldt dat breuken 

parallel aan SHmax (maximale horizontale stress) het meest waarschijnlijk worden gereactiveerd, en breuken loodrecht op SHmax het minst waarschijnlijk. Figure 

69 laat het lokale stressveld zien samen met de oriëntatie van de breuken. Letterlijk genomen is de oriëntatie van de breuken gunstig voor bezwijken.  

Aanvullende informatie kan gevonden worden in de richting van extensie tijdens het Neogeen (Figure 70). Deze kaart toont actieve breuken in het quartair 

(doorgetrokken zwarte lijnen; zie legenda inzet). Er bevinden zich geen actieve breuken in de buurt van de projectlocatie . Het West Nederlands Bekken toont 

geen geomorfe indicaties voor breuk activiteit. De uniforme Neogene-Quartaire bodemdaling gaat niet gepaard met breukvorming. Het West Nederlands 

Bekken is seismisch inactief. Dit wordt bevestigt door het feit dat ondanks een decennialange geschiedenis van olie- en gaswinning er geen geïnduceerde 

seismiciteit gemeten is. Op basis hiervan zou de conclusie getrokken kunnen worden dat bezwijken niet waarschijnlijk is.  

Op basis hiervan wordt in de QuickScan een SCORE: 7 gegeven, passend bij de gradatie ‘bezwijken mogelijk’ (zie Figure 62). 

 

 

 

Figure 68:  World Stress Map, Heidbach, Oliver; Rajabi, Mojtaba; Reiter, Karsten; Ziegler, Moritz; WSM Team (2016): World Stress Map Database Release 2016. GFZ Data 
Services.doi:10.5880/WSM.2016.001. 
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Figure 69: Witte cirkel met rode lijnen: regionaal gemeten oriëntaties van SHmax. 

 
Figure 70:  De richting van extensie tijdens het Neogeen (Worum et al, 2005). De kleurenschaal duidt de dikte van het Kwartair. Actieve Mio-Pliocene breuken zijn weergegeven in zwart.  
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4. Netto geïnjecteerd volume: Score 0 

Het volledige geproduceerde watervolume wordt ook weer geïnjecteerd. Op basis hiervan wordt een SCORE:0 gegeven 

5. Drukcommunicatie tussen putten: Score 0 

Productie en injectie vinden beiden plaats uit en in Delft Zandsteen. Op de 3D seismiek zijn er geen breuken geïnterpreteerd tussen de producer en de injector 

en wordt er drukcommunicatie verwacht tussen de injector en de producer. Daarmee wordt de SCORE: 0.  

Puttesten zullen uiteindelijk deze drukcommunicatie moeten bevestigen. 

6. Injectiedruk: Score 3 

Het drukverschil op aquifer niveau tussen de put en het aquifer is berekend op ongeveer 36 bar voor een debiet van 400m3/u. De score die bij deze drukken 

hoort is SCORE: 3. 

Puttesten zullen uiteindelijk deze injectiedruk op reservoirniveau moeten bevestigen. 

7. Systeemdebiet: Score 10 

Het P50 systeemdebiet voor GeoThermie Delft is 400m3/uur; dit hoge debiet worden haalbaar geacht met relatief lage verwachte drukverschillen (zie ook 

punt 6 hierboven). Desondanks wordt de SCORE:10 (volgens Figure 62). 

8. Afstand tot natuurlijke aardbevingen: Score 0 

Er zijn in Zuid-Holland geen natuurlijke bevingen gerapporteerd (Figure 71). 

9. Afstand tot geïnduceerde seismiciteit: Score 0 

Er zijn in Zuid-Holland geen geïnduceerde bevingen gerapporteerd (Figure 71). 

De conclusie van de QuickScan is een score van 27 (Figure 72). Hieruit volgt dat de potentie van geïnduceerde seismiciteit laag is. 

 
Figure 71: Kaart met epicentrum van seismiciteit in Nederland (November 2018). Rode cirkels geïnduceerde seismiciteit. Blauwe punten natuurlijke seismiciteit en de meetstations in 
oranje. Rode vierkant geeft projectlocatie weer. 
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Figure 72: Scoringsschema uit Figure 62, uitgewerkt voor GeoThermie Delft 

 

Level 2: locatie-specifieke gevarenanalyse (Seismic Hazard Analysis, SHA) 

 
In Level 2 wordt een uitgebreide en locatie-specifieke gevarenanalyse (Seismic Hazard Analysis, SHA) gedaan. De mogelijke gevolgen van de risico’s worden 

inzichtelijk gemaakt. De uitkomst van een SHA is de waarschijnlijkheid dat geïnduceerde seismiciteit van een bepaalde magnitude gaat optreden. Deze 

verwachte seismiciteit wordt omgezet in een vibratie niveau aan maaiveld en zo wordt de bovengrondse impact bepaald. In deze stap wordt een lokaal 

seismisch meetnetwerk ontworpen en mitigerende maatregelen vastgelegd volgens een verkeerslichtmethode (Traffic Light System; TLS). Een belangrijk 

onderdeel van het TLS zijn de responstijden die horen bij het meetsysteem, het effectueren van de maatregelen en de bijbehorende communicatie met SodM 

en alle betrokken partijen. 

Worden risico’s na Level 2 acceptabel geacht, dan kan overgegaan worden op realisatie van het systeem met bijbehorende beheersmaatregelen. Geothermie 

wordt dan ontgonnen met een lokaal seismisch meetnetwerk (te installeren door de aanvrager met gebruikmaking van een professionele onafhankelijke 

partij) en TLS. 

 

Level 3 locatie-specifieke risicoanalyse (Seismic Risk Analysis, SRA) 

 
Zijn de risico’s ondanks beheersmaatregelen niet acceptabel, dan is Level 3 nodig. Level 3 betreft een locatie specifieke SRA, waarin kwantificering van de 

veiligheidsrisico’s nodig is. Indien het resultaat na de werkzaamheden van Level 3 nog steeds onacceptabel wordt geacht, dan zal het winnen van geothermie 

niet worden doorgezet. 

 

Conclusies 
 
Aangezien de uitkomst van de Level 1 SRA QuickScan is dat de potentie van geïnduceerde seismiciteit laag is, worden Level 2 en Level 3 vooralsnog niet 

uitgevoerd. Na het vergaren van lokale informatie tijdens de boring en uit de puttesten en na verdere dynamische en mechanische modellering zal bepaald 

worden of dat de SRA alsnog verder uitgebreid dient te worden. 

 

 




