
NORM SCALING AND THE 
USE OF GRE IN GEOTHERMAL 
WELL DESIGN 
NORM-X conference – 10 May 2022

Govert de With NRG

Hans Meeussen NRG

Anca Tacu NRG

Daniel Holzer DrillTec GmbH



2

1. Introduction

3. Challenges in geothermal operation

4. Development of a simulation model

CONTENT

2. Geothermica GRE-Geo

5. Validation and initial findings

6. Conclusions



3

The geothermal installation

USE OF GEOTHERMAL WATER

The heat from the pumped water is transferred via heat

exchangers to tap water that is transported to homes or

companies via the heat network. The cooled water is returned

to the geothermal installation and is returned to the original

depth via a pump.

CONSTRUCTION OF THE WELL

The pipes are drilled and then fixed in cement. The well design

takes into account the groundwater level, the composition of the

water to be pumped and underground pressure. There is a

pump in the tube that pumps the hot water up.

IN THE SUBSURFACE

A geothermal installation consists of two wells; one for pumping

up and one for pumping back water. This is called a "doublet".

The distance between the wells allows the water to slowly

warm up again.
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Main challenges in geothermal operation

Safe, durable and social acceptable geo-energy production

• Economics, (CAPEX / OPEX)

• Safe operations (leakage, NORM)

• Social acceptance (NORM, seismicity, drinking water) 

• NORM waste can form a serious business threat

• Extract REE’s such as Li for extra revenue
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The GEOTHERMICA GRE-Geo project

Glass Fibre Reinforced Epoxy Casing System for Geothermal Applications (GRE-GEO) 

The projects main objective is to develop a cost-reducing

glass-fiber reinforced epoxy piping that is especially designed

for geothermal well application (GRE-GEO) with relatively large

inside diameter and reduced outside diameter. This especially

concerns the pipe coupling, which would allow an installation in

new wells as well as utilization for workover of old wells.
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The GRE-GEO consortium

Glass Fibre Reinforced Epoxy Casing System for Geothermal Applications (GRE-GEO) 

• gec-co Global Engineering & Consulting Company GmbH, Germany, 

main coordinator

• DrillTec GUT GmbH, Germany

• TU Clausthal (ITE), Germany

• Future Pipe Industries (FPI), The Netherlands, national leader

• Dynaflow Research Group DRG, The Netherlands

• Nuclear Research and Consultancy NRG, The Netherlands

• Eartha AG, Switzerland

• Service Industriels de Genève, Switzerland, cooperation partner
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Advantages of the GRE material

Glass Fibre Reinforced Epoxy Casing System for Geothermal Applications (GRE-GEO) 

• Extreme acid, salinity and alkalinity resistance

• Low heat conductivity – high insulation in 

comparison to steel

• Low surface roughness – less pressure losses, 

less deposition potential for scaling
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Make-up of geofluids

A summary of the public data on geofluids

• Data cohorts indicate large 

variation in composition

• Any chemical constituent can vary 

by around one to nine orders of 

magnitude

• NOR’s present as minor element –

data scarce!

• The chemical makeup is critical in 

scale formation
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ORCHESTRA© geochemical software

A summary of the model capability of the geochemical software ORCHESTRA

• ORCHESTRA modelling framework

• Integration of Taylor made 

algorithms

• Interactive selection of reactions 

and properties from databases

• Use of Specific Ion interaction 

Theory
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Experimental study used for validation

Validation performed using experimental data from Andritsos et al. (1996)

• Several deposition runs were made of varying 

duration

• NaOH solution to induce supersaturation of  CaCO3

• Calcium carbonate deposit formation on the semi-

annular coupons. 

• The deposition was weighed and physico-

chemically characterized. 
Flanged unit with two stainless steel coupons

Andritsos et a. (1996)
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ORCHESTRA© model validation

Validation performed using experimental data from Andritsos et al. (1996)

• Results demonstrate trends in scale 

deposition are predicted accurately

• Implementation of deposition models 

also indicate good comparison in scale 

rates

Comparison of the ORCHESTRA simulation results (lines) with 
experimental findings from Andritsos et al. (1996) (dots).
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Scaling potential I

Sensitivity analysis on the computed scaling potential 

to indicate the maximum possible scale

Variable Geochemical

Database*

Min Max Distribution

Final temperature

(K)
3∙102 3.4∙102 Linear

Final pressure

(bar)
1 10 Linear

pH 4∙100 7∙100 Linear

pe Linear

Ba (mol/l)
4∙10-5

0 – 1∙10-3
1∙10-6 3∙10-3 logarithmic

CO2[g] (mol/l) 1∙10-2 2∙10-1 logarithmic

Ca (mol/l)
7∙10-2

0 – 1∙100
2∙10-2 2∙10-1 logarithmic

Cl (mol/l)
8∙10-1

6∙10-6 – 5∙100
1∙10-2 2∙100 logarithmic

Mg (mol/l)
2∙10-2

0 – 1∙10-1
1∙10-4 1∙10-1 logarithmic

Na (mol/l)
6∙10-1

0 – 5∙100
1∙10-2 1.8∙100 logarithmic

Pb (mol/l)
1∙10-4

0 – 4∙10-3
1∙10-6 1∙10-3 logarithmic

SO4 (mol/l)
4∙10-3

0 – 1∙10-1
1∙10-4 1∙10-2 logarithmic

Sr (mol/l)
4∙10-3

0 – 2∙10-2
1∙10-6 1∙10-2 logarithmic
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Scaling
potential II

• Some (weak) correlations 

found in scale formation

• Important parameters: T, pH, 

concentrate of Ca, Ba, Pb

• Scaling mostly dependent on 

specific conditions in the 

reservoir and installation.   
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A case study

Applied conditions P and T, and computed CO2 gas and pH along the system 

Pressure (bar) Temperature (oC) Gas volume (L/liter) pH

0,3

1,2
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ORCHESTRA© model results

Calculated scale rates along the production and injection well

Production well Injection well Production well Injection well Production well Injection well

BaSO4PbCO3CaCO3

Flow-rate 

(m3/yr)

Inner diameter 

(m)

Depth (m)

1.600.000 0.31 2.000
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Principles of scale formation

Diffusion-reaction theory where growth rate is 

proportional to the concentration gradients

• Crystal growth process comprises two steps: 

1. a diffusion step where the constituent ions are 

transported to the crystal surface

2. a reaction step where ions are organizing 

themselves into a crystal lattice

The diffusion-reaction model (Mullin, 2001).
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GRE and scale formation

The role of tubing material on the formation of scales

• Reduced scale due to surface roughness en 

energy 

• Benefits with scale forming for thickness up to 

100 μm

• Simulations do not indicate elemental lead 

formation in case of steel tubing

Surface images of the 3 steel substrates panel-R, panel-QD,
panel-S and one epoxy substrate. Boersma et al. (2018)
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NORM in water and scales I

Concentrations of the naturally occurring radionuclides in the geothermal water and scales

• Natural presence of 226,228Ra in bariumsulphate

• Known as radiobarite in the oil exploration 

jargon. 

• Affinity of the radium ion from similar barium 

and radium ionic radius (1.36 Å and 1.43 Å)

• Polarizability of both ions is almost identical

• Stable Pb and 210Pb appear with same 

abundancy in the water and scales

• 210Pb formation due to presence of 226Ra 222Rn 

and in the installation.

• Formation of 210Pb not considered in the 

computation 



19

NORM in water and scales II

Concentrations of the naturally occurring radionuclides in the geothermal water and scales

• Ra strong affinity with Ba

• 226,228Ra in co-precipitation with 

Ba to form BaRaSO4

• 210Pb found in cessurite scale

• Electrochemical interaction 

with steel tubing under very 

reduced conditions 

Radionuclide concentration in the geothermal water

228Ra

(Bq/L)

226Ra

(Bq/L)

210Pb

(Bq/L)

30 70 34

Radionuclide concentration in the various scales

(Ca,Ra) CO3

(Bq/g)

(Ba,Ra) SO4

(Bq/g)

(xPb,210Pb) CO3

(Bq/g)

0 270 (228Ra) -

630(226Ra)

200
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Conclusions

Preliminary outcome of the GRE-Geo research project 

• Development of a software tool to predict scale formation

• Model enables system approach with all chemistry considered

• Dedicated models for scale formation and NOR’s included 

• NOR’s are found in (BaRa)SO4 and PbCO3 scales

• GRE indicates initially a reduced scale formation - Performance of tubing material 

key focus of the study

• Further work will focus on application to specific conditions prone to scaling
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Questions?


