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Program

• 10:00 Coffee
• 10:05 Introduction by Karl-Heinz Wolf
• 10:10 Roll call – introduction Bart van den Berg
• 10:20 Ahmed Hussain: Progress and status deliverables
• 10:45 Bernhard Meulenbroek: Explanation of the model architecture
• 11:10 Ayla Reerink / Han Claringbould: The Skid
• 11:30 Wouter van der Star: First skid application and link to model development
• 11:50 Discussion and final conclusions
• 12:10 Lunch at LABS
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2 - Aim and activities of the work packages (WP) (1/4)

+ 2 ½ months (started March 16th 2020)
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2 - Aim and activities of the work packages (WP) 

Status September 2020 (2/4)
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2 - Aim and activities of the work packages (WP) 

Status March 2021 (3/4)
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2 - Aim and activities of the work packages (WP) Status 

May 2022 (4/4)
+ 2 ½ months (started March 16th 2020)

 Continuous

 Continuous

 Continuous

 Continuous

Spin-off: NL project on 
Lithium ‘mining’ from 
geothermal waste water

MSc thesis end-phase

MSc thesis end-phase



Manuscript in end-phase

Manuscript in end-phase

Manuscript in end-phase

Spin-off: SKID to be used 
for DAP well in 2023
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Ahmed
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Schematic of system

Degasser Heat exchangerProduction 
Filters

Injection 
Filters
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Water composition from geothermal facility 
field case A, composition used for numerical study
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Water composition from geothermal facility 
field case A, composition used for numerical study

Analysed water composition on:
• common ions
• valuable metals (ex. Li, Co, Ag)
• See appendix for values
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Approach

1. Cross check PHREEQC library with mineral composition of filter residue and well scaling 
(WP 1a)

2. Insert water composition from geothermal facility into PHREEQC, ideally from injection well

3. Check in PHREEQC which minerals precipitate based on ‘saturation indices’, example:

4. Using analytic work, determine whether mineral kinetics are ‘slow’ (can be ignored), 
‘intermediate’ (must be numerically calculated), ‘fast’ (can be assumed to occur 
instantaneous)  WP 2a.

5. Numerical simulation of the intermediate reactions, using a coupled PHREEQC and 
COMSOL approach. WP 2b/3a

Field case modelling – subsurface
Modelling scale forming near injection well, where impact of scaling in reservoir is most 

significant on well injectivity
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Field case modelling – subsurface
Modelling scale forming near injection well, where impact of scaling in reservoir is most 

significant on well injectivity

Injection rate: 300 [m3/hr]
Reservoir thickness: 30 [m]
Porosity: 0.15 [-]

Well radius: 0.05 [m]
Injection time: 400 [s]
Injection temperature: 35 [degC]

Fluorite: CaF2

Barite: BaSO4

Goethite: FeO(OH)
Quartz: SiO2

Hematite: Fe2O3
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Field case modelling - subsurface 
Modelling scale forming near injection well, where impact of scaling in reservoir is most 

significant on well injectivity

Schematic of moles of precipitated mineral near injection well, top view. 

Color is not to scale. 

1m

1 m radiusLow 
concentration

High 
concentration
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Field case modelling - subsurface 
Modelling scale forming near injection well, where impact of scaling in reservoir is most 

significant on well injectivity

Barite HematiteQuartzGoethiteFluorite

Schematic of moles of precipitated mineral near injection well, top view. 

Color indicates concentration, purple higher, white low. Color is not to scale. 

1m

1 m radiusLow 
concentration

High 
concentration
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Field case modelling
Modeling surface facilities mineral scale forming 

Stirred tank approach

Approach

1. Cross check PHREEQC library with mineral composition of filter residue and well 

scaling (WP 1a)

2. Insert water composition from geothermal facility into PHREEQC, ideally from 

production well or PVT

3. Check in PHREEQC which minerals precipitate based on ‘saturation indices’, 

example:

4. Simulate precipitation of minerals within facility using ‘stirred tank’ (WP 2b/WP 3a) 
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Field case modelling
Modeling surface facilities mineral scale forming 

Stirred tank approach

Degasser Heat exchangerProduction 
Filters

Injection 
Filters
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Field case modelling
Modeling surface facilities mineral scale forming 

Stirred tank approach

Degasser Heat exchangerProduction 
Filters

Injection 
Filters

Precipitation:
Fluorite 7e-5 mol/L
Hematite 3e-5 mol/L 
Goethite 1e-5 mol/L

Precipitation:
Fluorite 7e-6 mol/L
Barite 4e-6 mol/L 
Quartz 1e-10 mol/L
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Bernard Meulenbroek

• Combination of analytical work (fast) with 

numerical work (more detailed, but 

slower)  detailed conclusions quickly 

visualised for subsurface reactions.
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Numerical approach D2B
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Veegeo: content

• Overview and current status

• Equipment overview
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Overview and current status

• Skid testing -

• Sensor equipment ordered -

• Skid remodeling meeting – week 19-20

• Planned commissioning – week 22-24?
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Equipment overview

Transmitter Data manager

Flow

Pressure sensor

EC
Transmitter
pH/ORP
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Equipment overview

Transmitter Data manager

Flow

Pressure sensor

EC
Transmitter
pH/ORP

TO DO:
Change out vertical setup with
horizontal set up
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Wouter van der Star/Deltares
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First employment of the skid

Dynamic model in soil

Skid for continuous
monitoring + offline 
sampletaking

Validation+testing

Goals:
validate proper functioning
discover functioning characteristics (like calibration frequency etc)
evaluate variations
test offline measurement options
2 locations



33

Questions / discussions



34

Appendix

• Water composition over length of 

facilities. 
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Measured ion concentrations at field case A
Ion concentration [ppb] measured in process water, at multiple locations in facility, see schematic for locations

Element Average 1 2 3 4 5 6 7 8 9 10
Ag 0.5 0.8 0.5 0.4 0.5 0.5 0.4 0.4 0.3 0.4 0.4
Al 12 14 16 10 10 13 11 13 11 11 14
As 156 150 159 153 165 162 159 160 149 150 155

Ba 7,411 7,402 7,266 7,319 7,262 7,181 7,335 7,081 7,276 8,724 7,266 

Br 536,200 507,200 507,200 567,000 567,000 549,800 549,800 507,200 507,200 549,800 549,800 

Ca 6,103,940 6,252,600 6,252,600 5,665,500 5,665,500 6,174,500 6,174,500 6,252,600 6,252,600 6,174,500 6,174,500 

Cl 85,048,600 84,437,000 84,437,000 85,615,000 85,615,000 85,377,000 85,377,000 84,437,000 84,437,000 85,377,000 85,377,000 

Cd - - - - - - - - - - -

Co 10 11 11 9 10 9 9 10 10 10 10 

Cr 66 72 67 55 60 49 50 104 73 68 58 

Cu 109 40 45 59 77 333 301 55 83 46 48 

F 180,780 199,800 199,800 166,300 166,300 169,000 169,000 199,800 199,800 169,000 169,000 

Fe57 66,647 62,952 65,097 62,574 68,008 61,229 63,410 69,565 72,960 69,411 71,268 

K 276,657 278,629 276,580 275,105 280,959 275,568 276,301 278,647 276,822 271,773 276,188 

Li 4,947 4,594 5,274 5,446 5,380 4,940 4,792 4,722 4,626 4,688 5,010 

Mg 1,679,900 1,690,900 1,690,900 1,695,700 1,695,700 1,661,000 1,661,000 1,690,900 1,690,900 1,661,000 1,661,000 

Mn 1,238 1,161 1,143 1,251 1,267 1,243 1,253 1,300 1,268 1,239 1,252 

Mo 2 2 2 2 2 2 2 2 2 2 2 

Na 42,967,400 42,347,000 42,347,000 43,473,000 43,473,000 43,335,000 43,335,000 42,347,000 42,347,000 43,335,000 43,335,000 

Ni 181 150 156 183 202 186 180 187 204 187 178 

Pb 11 43 14 6 6 10 10 11 6 6 3 
S - - - - - - - - - - -

Se 3 8 9 1 - - - 7 - 8 8 

Si 21,697 21,445 21,172 22,817 22,612 21,049 21,790 21,804 22,137 20,693 21,446 

SO4 2,112,280 2,066,000 2,066,000 2,155,800 2,155,800 2,136,800 2,136,800 2,066,000 2,066,000 2,136,800 2,136,800 

Ti 236 257 195 431 212 216 204 195 248 207 199 

V - 2 2 - - - - - - 1 -

Zn 284 752 672 139 120 308 325 128 121 112 165 


