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Introduction

1. Introduction and roll call.

2. Aim and activities of the work packages (WP).

3. Deliverables from and progress in the WP’s.
A. A. Hussain: (numerical) model

B. N. Essaf: decision procedures and workflow (focused on Pb
scaling)

C. Veegeo: skid

D. Deltares: experiences in other scaling programs

4. Impact of COVID/change of schedules.

5. Cooperation between the partners.

6. Dissemination.

7. A.O.B.
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1 - Introduction and roll call

• Short introduction of all participants

– Name / affiliation / function
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2 - Aim and activities of the work packages (WP) (1/3)

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

Status September 2020 (2/3)
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2 - Aim and activities of the work packages (WP) 

Status March 2021 (3/3)
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3 - Deliverables from and progress in the WP’s

A. Hussain (TU Delft)
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Scaling in geothermal projects: regions of 

interest

Degasser Heat exchangerProduction 
Filter

Injection 
Filter



9

Scaling in geothermal projects: regions of 
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Scaling in geothermal projects: 

regions of interest

Degasser Heat exchangerFilter Filter

Ahmed Hussain: Numerical 
modelling scale precipitation



11

Scaling in geothermal projects: 

regions of interest

Degasser Heat exchangerFilter Filter

Najoua Essaf: lead precipitation in surface facility
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Scaling in geothermal projects: regions of 

interest

Degasser Heat exchangerProduction 
Filter

Injection 
Filter

Possible skid 
location



13

Numerically modelling: optimize for 

computation expense 

• Three reaction speed categories:
– ‘Slow’: can neglect reaction altogether

– ‘Intermediate’: take into account reaction speed

– ‘Fast’: can assume reaction occurs 
instantaneously

• Why categories: can reduce computation 
time  can consider more scaling reactions 
with practical simulation time. 
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Definitions of scaling reaction 

categories
Region of interest: 10m from injection-well

Injection well radius: 0.05m

• Slow
– @ 10m from injection-well less than 1% of the 

total scaling has occurred

• Fast
– @ 0.0005m from injection well more than 99% of 

the total scaling has occurred

• Intermediate
– Between ‘Fast’ and ‘Slow’
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QC stage  compare simulation results to analytic solution
Example: injection of supersaturated calcite solution into reservoir
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QC stage  compare simulation results to analytic solution
Example: injection of supersaturated calcite solution into reservoir
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QC stage  compare simulation results to analytic solution

2D model, radial

m/s

Flow 
direction 
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QC stage  compare simulation results to analytic solution

2D model, radial

m/s

Flow direction 

• Precipitation kinetics impacted by T and pH
• Precipitation impacts porosity
• Link between porosity and  permeability to be 

included at a later stage
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Flowchart activities Ahmed

Numerical modelling Literature studySkid

Generic analytical model

Test with different minerals 
in 1/2D 

Database of reaction kinetics 
of common minerals 

Test with different minerals 
in 3D

Benchmark with field case
Conduct in-situ 
measurements 

Generic decision making tool

Build 1/2D model
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3 - Deliverables from and progress in the WP’s

N. Essaf (TU Delft)
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Lead scale in 

geothermal systems

Najoua Essaf

TU Delft - Master Geo-Energy Engineering 

Veegeo
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MSc research project

• Location: province South-Holland

• Installation description: 

 Synthetic material (GRE) for 
tubing/piping vs metal in other Dutch 
projects

• Scaling

 More radioactive lead-210 scaling 
found than in other projects

 No scaling inhibitor

• Aim of the research

 Mitigation strategies for lead-210 
scaling
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Schematic overview of the installation

• Heat used for greenhouses

• Hot brine ~87 C

• Cooled brine ~ 35 C°

• Consequence: scale production
greenhouses
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Schematic overview of the installation
• Degasser

 CnHn(~93%), 

CO2(~5%), N2(~2%) 

extraction

 Pressure change

 pH change

• Heat exchanger
 Heat extraction from 

brine 

 Tprod 87 °C  , Tinj 35 °C
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Schematic overview of the installation
• Through time fluctuation in production water composition

• Reason: Water originates from various parts of the reservoir rock

• Scale is captured at the production and injection filter

• Scale compositions from the different filters are mostly similar

• However, some mineral percentages may differ considerably
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Mineral scale composition at injection 

well

wt.%

XRD analysis
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Lead concentration  at different points 

in the facility
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Flow chart
A. Production filter-bag: When lead scaling is mostly found at the production filter, it 

could be a result of changes in the degasser or upstream from the degasser (well / 
reservoir)

B. Injection filter-bag: When lead scaling is mostly found at the injection filter-bag, it 
could be a result of the heat exchanger or upstream (slower reaction)

C. Injection filter-candle: When lead scaling is mostly found at the injection filter-
candle, it could be a result of the heat exchanger or upstream (slower reaction). The 
lead scaling could then consist of particles <5 µm and > 1 µm

D. Different sections: Having lead scaling evenly spread over the different sections 
within the installation can be (among other) caused by a slower reaction that forms 
gradually within the brine

 Mitigation strategies depend on the cause. Possible mitigation: 1) adding inhibitor, 2) 
control physical changes (p, T, Q) of the installation 3) other
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Done so far

• Data analyses
 Filter data 

 Well logs (density, gamma ray, resistivity)

• Literature research
 Paragenesis of lead carbonate and lead sulfate

 Potential mineralization forms under changing pressure and temperature 
conditions

• Relating findings to the field of interest

• Flow chart
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Conclusions so far

• Lead-210 produced from reservoir

• Pressure, pH value and temperature can influence the reaction 

rate and solubility. 

 Both degasser and heat exchanger may be important for lead 

scaling
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Upcoming activities

• New measurements on pH value (including from skid)

• New analyses based on new filter data
 Filters are placed and changed simultaneously  to exclude external factors 

(e.g., brine composition fluctuations over time or changes in process conditions)

• Modelling geochemical processes (PHREEQC) on the geothermal 

project to confirm conclusions are in line with theory
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Questions?



33

3 - Deliverables from and progress in the WP’s

Veegeo



aa
Dimoprec – progress meeting

8 april 2021, versie 1.0 
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VEEGEO SKID

• The Veegeo SKID is a mobile sidestream for 
geochemical analyses

• One of its kind - specifically designed to test 
at geothermal facilities

• Geochemical analyses such as water tests, 
coupons, corrosivity etc. 
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Design and characteristics
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Design and characteristics
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Design and characteristics
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Fase Progress

Design Completed

RFQ Completed

Building Completed

Pressure tested Completed

Transport to location Completed

Choose point of connection Completed

Connection to installation 50 %

Basic field test 0 %

Progress so far
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Next steps

• Finish installation and calibration at location

• Basic field test

• Model result field test design (planned to start in autumn):

– What are the model results?

– What do we verify?

• Coupling of model and field measurements; specifications

• Organisation of skid field-data acquisition, comparison of fluid and mineral 
analysis vs model results



w w w. ve e g e o . n l
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4 - Impact of COVID/change of schedules

Covid-19 related reasons:

• Illness: personal experience with COVID-19 resulted in absence for some time and 
concentration problems the period afterwards.

• Laptop: longer delivery time for laptop: laptop arrived 3 months after start of project. Could not 
work properly on my old personal laptop.

• Field access: very limited access to geothermal fields: cannot collect samples, investigate 
facilities nor investigate practical limitation.

• COVID- connection problems: must conduct simulations with a VPN network license: cannot 
reliably conduct modelling work overnight due to disconnection of VPN after some hours. 
Therefore, only simulations during day time, limiting modelling efficiency. 

Total delay: circa three months
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Final 

reporting

Work package descriptions Project Months Lost time estimates Lost time estimates Lost time estimates

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

WP 1 Screening and Realization of selected Dutch geothermal 

doublets 6.0
M1 M2 M3 M4

Task 1,a:   Evaluation and screening 3.2 0.3 0.6 0.6 0.6 0.3 0.6 Do what is possible 0.2 D

D D1a

Task 1,b:  Statically quantification of relevant kinetic data    4.2 0.3 0.6 0.6 0.6 0.1 0.6 0.6 0.3 Do what is possible 0.5 D

total wp D D1.b

WP 2 Full-scale modelling, workflow and quantifying 9.7

Task 2,a:   Model based quantitative criteria 3.2 0.5 0.6 0.4 0.6 0.6 0.3 Do what is possible 0.2 D

D D2a

Task 2,b: Full-scale model & workflow 8.1 0.2 0.0 0.2 0.3 0.6 0.6 0.6 0.6 0.6 0.6 1.0 0.6 0.6 0.6 0.3 0.3 0.2 0.2 ? D

total wp D D D2b

WP 3 Assessing and quantifying a demonstration and 

implementation framework for Dutch geothermal reservoirs 13.7

Task 3,a: Case studies for test and validation 4.6 0.1 0.1 0.1 0.5 ? 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.3 ? D

D D3a

Task 3,b: Derivation of generic decision-making tool and workflow 4.5 0.1 0.1 0.5 0.5 ? 0.5 0.5 0.5 0.5 0.5 0.5 0.3 ? D

D D3b

 Task 3,c:   Development of a corrosion skid specific for testing 4.6 0.3 ? 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 ? 0.3 D

total wp D D3c

WP 4 Project management, coordination and dissemination 1.6

Task 4,a:  Project coordination 0.9 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.0 0.1 D

Task 4,b:  Project management and control 0.4 0.1 0.1 0.0 0.1 0.1 D

Task 4,c:  Dissemination 0.3 0.1 0.1 0.0 0.1 D

total wp 0.0

TOTAL Person-months revised 59.0 0.4 0.6 1.1 1.2 1.4 1.5 1.1 1.4 1.5 1.6 0.6 0.8 0.8 1.2 1.9 1.9 2.3 2.1 2.1 2.0 1.8 1.7 1.6 0.8 0.3 0.3

TOTAL Person-months original 56 Project Months

Reporting 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26

Meeting Meeting Meeting

To
ta

l P
M 1st Year 2nd Year

4 - Impact of COVID/change of schedules
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5 - Cooperation between the partners

• Weekly meeting regarding progress and administration
– K-H. Wolf

– A. Hussain

• Weekly meeting regarding progress MSc project Najoua Essaf and available field data 
from Veegeo:

– K-H. Wolf

– H. Claringbould

– A. Reerink

– N. Essaf

– A. Hussain

• Bi-weekly meeting regarding the modelling work between Deltares and TU Delft. 
Attendance: 

– B. Meulenbroek

– W. Van der Star

– N. Khoshnevis

– A. Hussain
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6 - Recent/upcoming dissemination

• Presentation at EGU 2021 (April 28th): 

Modelling Mineral-Scaling in Geothermal 

Reservoirs Using Both a Local Equilibrium 

and a Kinetics Approach

Hussain, A., Khoshnevis, N., Meulenbroek, B., Van der Star, W., Bruining, H., Claringbould, J., Reerink, A., and Wolf, K.-H.: 

Modelling Mineral-Scaling in Geothermal Reservoirs Using Both a Local Equilibrium and a Kinetics Approach, EGU General 

Assembly 2021, online, 19–30 Apr 2021, EGU21-16033, https://doi.org/10.5194/egusphere-egu21-16033, 2021.
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7 - AOB
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Back-up slides
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Numerically modelling: optimize for 

expensive 

• Different methods of modelling scaling:

– Kinetic approach (KA)

• Takes into account the reaction speed

• (Pro) Closest to reality

• (Con) Numerically expensive
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Numerically modelling: optimize for 

expensive 
• Different methods of modelling scaling:

– Kinetic approach (KA)

• Takes into account the reaction speed

• (Pro) Closest to reality

• (Con) Numerically expensive

– Local equilibrium approach (LEA)

• Assumes reaction occurs immediately

• (Pro) Numerically less expensive

• (Con) Does not take into account reaction speed

– Neglect
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Numerically modelling: optimize for 

expensive 

• Different methods of modelling scaling:

– Kinetic approach (KA)

• Takes into account the reaction speed

• (Pro) Closest to reality

• (Con) Numerically expensive

– Local equilibrium approach (LEA)

– Neglect 
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Back-up slides Najoua
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Different scale composition / lead 
concentration  at different points in the facility

Production filter Injection filter
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Is it only observed 
at the production 

filter?

Is it also observed 
in the injection 

filter?

Does phreeqc predict 
the occurrence of this 

reaction at the 
degasser

Yes

No

Perform tests on 
phreeqc model or valves 

can play a role

Is the reaction time 
(PhreeqC) < flow time 
Degasser-production 

filter?

Galena is formed 
at the degasser 

and is >5 µm

Yes

No

Yes

No

Production
filter

Do the reservoir 
cuttings/ mineralogy 

contain galena?

No

Is it also observed
in the injection

well?

Galena 
comes 
along 

with the 
brine 

from the 
reservoir

Yes
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Is it only 
observed at the 
injection filter?

Is it also observed 
in the production 

filter?

Yes

NoInjection 
filter

Is it also observed 
in the injection 

well?

Does phreeqc predict 
the occurrence of this 

reaction at the 
degasser

Galena is formed after 
the HE

Is the reaction time 
(PhreeqC) > flow time 
Degasser-production 

filter

Galena is formed 
after the 

production filter

Is the reaction time 
(PhreeqC) > flow time 

HE-injection filter

Yes

No

Yes

No

YesDoes phreeqc predict 
the occurrence of this 

reaction at the HE?

No

Galena comes with 
the brine from the 

reservoir but is <1 µm 

No

Galena is formed 
before the 

production filter but 
is  <1 µm 
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Is it only observed
at the injection

well?

Is it also observed 
in the production 

filter?

Does phreeqc predict 
the occurrence of this 

reaction at the 
degasser

Yes

No

Galena is formed before 
the production filter but 

is <1 µm 

Is the reaction time 
(PhreeqC) > flow time 

Degasser-injection filter

Galena is formed 
after the injection 

filter

Is the reaction time 
(PhreeqC) > flow time 

HE-injection filter

Yes

No

Yes

No

Yes Yes

Injection well

Does phreeqc predict 
the occurance of this 
reaction at the HE?

No


