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1. Introduction 

The objective of this memo is to provide a flow-dependent maximum injection pressure for VDB-GT-

06. 

 

2. Well Type 

VDB-GT-06 will be drilled as an injection well, forming a geothermal doublet with production well VDB-

GT-05.  

3. Maximum Injection Pressures 

Maximum injection pressures (at wellhead level) have been calculated as per the SodM/TNO protocol 
as displayed in Table 2,  

Table 3 and Table 4.  

 

3.1 Injection protocol limitations 

SodM Protocol (bepaling maximale injectiedrukken bij aardwarmtewinning – v3 Apr 2019), states that 

a correction for influence of thermal effects on fracture propagation including safety margin should be 

included with the calculation of maximum injection pressures.  

 

In order to prevent thermal fracturing of the formation, the differential temperature allowance of the 

injected water in the reservoir is limited. The minimum horizontal stress in the formation is a reaction 

from the vertical overburden stress distributed by the Poisson ratio. Cooling down the formation 

affects the formation’s Poisson ratio and may increase the potential of thermal fracturing. The effects 

of viscosity and increased fluid density for cooler fluid temperature may also have an influence, 

however this is considered very little / neglectable (TNO thermal fracturing report, 2015). 

 

Rule of thumb 

In case the difference (ΔT) between injection fluids and reservoir temperature exceeds 40 °C, current 

SodM injection protocol cannot be followed and a reduction in maximum allowable injection pressure 

may have to be accounted for. A conservative rule of thumb is used where maximum injection pressure 

is corrected with 1 bar per °C above the 40 °C ΔT boundary.  

 

VDB specific 

 

Normal reservoir temperature is 66 °C (considering top Delft reservoir at 1755 m and the local 

temperature gradient of 3.17 °C/100m), therefore, to meet the SodM Injection protocol, maximum 

injection temperature should not be lower than 26 °C. However, the geothermal system is planned to 

be complemented with heat pumps, which are in operation when heat demand is high and may cause 
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lower injection temperatures. The injection pressure at reservoir level must be corrected (reduced) for 

this.  

The injected water encounters friction in the well, causing a dynamic pressure loss. This pressure loss 

can be added to the allowable injection pressure at wellhead level. 

 

The standard SodM protocol provides a maximum injection pressure of 51 bar at reservoir level for a 

ΔT of up to 40 °C (see Table 2 for calculation). A ΔT of 40 °C yields an injection temperature of 26 °C.   

 

1) Case 1: Table 2, With an injection temperature of 15 °C, 11 °C additional reduction in injection 

temperature must be corrected for.Therefore 11 bar is deducted from the maximum injection 

pressure, as per the approved rule of thumb.  

2) Case 2:  

3) Table 3, With an injection temperature of 25 °C, 1 °C additional reduction in injection 

temperature must be corrected for. Therefore 1 bar is deducted from the maximum injection 

pressure, as per the approved rule of thumb. 

4) Case 3: Table 4, An injection pressure of 35 °C falls within a ΔT of 40 °C so no reduction in 

injection pressure is required.  

 

3.2 Dynamic Pressure loss 

Dynamic pressure loss is calculated for various flow rates up to 450 m3/hr. Below graph in Figure 1 

shows the calculated pressure loss including the calculated maximum THP (Tubing Head Pressure) as 

per the SodM/TNO protocol including  > 40 °C temperature differential correction of 11 bar and 1 bar. 

 

Input variables: 

- Top Delft Sandstone: 1755 m TVD below GL. Source: Detailed design document for wells VDB-

GT-05 to 08. 

- Brine density: 1.08 g/cm3 at 20 °C for all VDB wells is considered conservative and 

representative.  

When the injection water temperature is changed from 15 °C to 25 °C and 35 °C, the density and 

viscosity changes as follows: 

 

Temperature 15 °C 25 °C 35 °C 

Density of brine injector 1.083 g/cm3 1.081 g/cm3 1.078 g/cm3 

Viscosity of brine injector 1.33 cp 1.12 cp 0.95 cp 

Table 1: Changes in input variables with variable injection temperatures. 

When the injected water temperature is increased, the density and viscosity decreases at higher 

temperature. This change in water temperature also affects the dynamic pressure loss as shown in Table 2,  

Table 3 and Table 4. However, the difference in dynamic pressure loss is minimal, within 0.24 bar for 
the well between 15 °C and 35 °C at highest flow rate. 
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Figure 2: Case-1: When water is injected at T ≈ 15 °C. The dashed lines show the dynamic pressure loss per tubular, the blue 

line the combined tubular dynamic pressure loss, the orange line the expected pressure loss in the aquifer. The red line marks 

the maximum allowed injection pressure at wellhead level.  

 
Figure 3: Case-2: When water is injected at T ≈ 25 °C. The dashed lines show the dynamic pressure loss per tubular, the blue 

line the combined tubular dynamic pressure loss, the orange line the expected pressure loss in the aquifer. The red line marks 

the maximum allowed injection pressure at wellhead level. 
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Figure 4: Case-3: When water is injected at T ≈ 35 °C. The dashed lines show the dynamic pressure loss per tubular, the blue 

line the combined tubular dynamic pressure loss, the orange line the expected pressure loss in the aquifer. The red line marks 

the maximum allowed injection pressure at wellhead level. 

4. Conclusion 

The maximum injection pressures (at wellhead level) were calculated at different flow rates. From the 

derived data, it can be concluded that for fixed input of well specifications, the difference in injection 

pressure is directly related to injected water temperature. With the increase in injection water 

temperature, the dynamic pressure loss increases.  
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Roughness factor steel tubulars 
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Lithostratigraphic column 
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Naaldwijk-Peize
NUNA-NUPZ

Continental deposits. Fluvial sand, silt and clays

0 0 0 0 0 0 0 0

Maassluis
NUMS

Very fine to coarse calcareous sand with some clay 

streaks.

112 112 112 112 112 112 112 112

Oosterhout
NUOT

Very fine to very coarse sand. Contains shell 

fragments.

263 263 263 263 263 263 263 263

Breda
NUBA

Marine glauconitic sands with silty to sandy clays.

385 386 385 386 386 386 386 386

Chalk
CK

Ommelanden
CKGR

429 429 429 430 429 430 429 430

Texel
CKTX

Texel Marlstone
CKTXM

White and light to medium grey, chalky marls, in 

places very silty to very sandy. Bottom section 

contains some very clayey marls. Glauconitic in places. 

Traces of shell fragments, glimmer, pyrite and chert.

509 514 510 515 510 515 504 509

Light-grey and red-brown marls, characterised by a 

carbonate content which gradually increases towards 

the top. 

539 547 541 547 533 540 532 539

Grey and/or red-brown calcareous shaly claystone 

with a distinctly lower lime content than the under- 

and overlying members.

799 843 800 820 778 839 775 824

Alternation of greenish grey, very glauconitic, very 

fine- to fine-grained, argillaceous sandstones.

873 927 861 885 849 929 836 896

Grey and red-brown marl or calcareous, fissile 

claystone, frequently with intercalated bituminous 

claystone beds. 

911 972 910 937 884 974 878 946

Alternation of thin-bedded, very fine- to fine-grained 

argillaceous sandstones.

1065 1147 1040 1074 1019 1145 990 1079

Dark brownish-grey to grey claystone. Mica and very 

fine lignitic matter are common. Generally, the 

claystones are only very slightly calcareous.

1189 1289 1125 1164 1122 1277 1082 1189

Light-grey, very fine- to fine- and medium- to coarse-

grained sandstone. Locally gravelly, lignitic, locally 

glauconitic or with sideritic concretions. 

1538 1689 1489 1548 1508 1767 1423 1594

Alternation of fine-grained, argillaceous sandstones 

and brown-grey silty to sandy claystones. 

Light- to medium-grey sandstones with a very fine to 

medium and locally gravelly grain size.

Medium- to dark-grey, silty to sandy lignitic claystones 

with common laminated or contorted bedding, and 

lignite/coal beds.

1584 1742 1530 1591 1547 1816 1460 1638

Delft Sandstone
SLDND

Targe
t 
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Light-grey massive sandstone sequence, fine to coarse-

gravelly, fining upward, lignitic.

1815 2006 1755 1828 1698 2009 1608 1813

Alblasserdam
SLDNA

Targe
t 

R
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Transition of dark to light grey, red clay- and brownish 

siltstones - Fine to medium grained sandstones up to 

a few metres - Massive, thick-bedded, coarse grained 

sandstones.

1898 2101 1836 1914 1775 2106 1677 1896

Werkendam
ATWD

Sequence of grey, slightly marly, shaly claystones.
2402 2678 2362 2477 2301 2775 2139 2444

Altena
AT

TD
2422 2708 2386 2507 2330 2811 2140 2445Ju

ra
ss

ic

Nieuwerkerk
SLDN

C
re

ta
ce

o
u

s

Vlieland Claystone
KNNC

Upper Holland Marl
KNGLU

Berkel Sand/Claystone
KNNSC

Rijswijk
KNNSR

Berkel Sandstone
KNNSM
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Holland
KNGL

Upper North Sea
NU
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Middle Holland Claystone
KNGLM

Rodenrijs Claystone
SLDNR

De Lier
KNNSL

Vlieland
KNNS

KNNC

Schieland
SL

Rijnland
KN

Holland Greensand
KNGLG

Lower Holland Marl
KNGLL

Lithostratigraphic column VDB-GT-05, VDB-GT-06, VDB-GT-07 & VDB-GT-08
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VDB-GT-06

Expected Depth (GL)

VDB-GT-05

Expected Depth (GL)

VDB-GT-07 VDB-GT-08




