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• Geothermal energy sector in the north alpine foreland basin 
promising but lack in efficiency due to scaling (CaCO3

precipitation)

• Scaling occurs because of a disruption of the lime carbonic 
acid equilibrium which mostly depends on the pH and 
temperature of the system  [1,2]

• Gas bubbles play a key role in scaling process [3] they form 
due to the pressure drop at the pump which explains the 
presence of scaling in the area above the pump (red) as 
well as the shape

• Quantification of the kinetics of the scaling process 
triggered by degassing needed: first, a bubble column 
experiment was conducted, then a numerical model 
(PhreeqC) and computational fluid dynamics model 
(openFoam) was established

Introduction

Experimental:

• Injection of air into a with water filled 

column (see Fig. 2)

• Variation of ionic strength of water to 

cover a broad range of geothermal sites

• Continuous measurement of pH, T, EC

• Mass balance for hydrochemistry, 

crystals at the column wall, and crystals 

in dispersion

• Characterization of particles with Raman 

spectroscopy

Numerical:

• Full calibration of the hydrogeochemical

model (PhreeqC) and integration of gas 

phase kinetics for one experiment

• Validation of kinetics of gas phase and 

calcite precipitation with additional 

experimental runs

• Implementation of gas phase transport in 

a multiphase flow model (openFOAM)

• Coupling of hydrogeochemical model 

with flow model to describe localized 

reactions

Degassing – experimental and numerical approach

• Stripping of CO2 from water with air increases pH and 

promotes precipitation of CaCO3

• Tap water: full stripping of CO2, 59.8% of the precipitates at 

the column wall, polymorph: aragonite [4]

• Moderate ionic strength: full stripping, 81.5% of the 

precipitates at the column wall, polymorph: calcite

• High ionic strength: precipitation inhibited

Results – Experimental

• The gas phase induced disruption of the lime carbonic acid equilibrium can be 

described with the PhreeqC model, but only if the gas phase is implemented as a rate 

limited exchange.

• Calculated bubble sizes and velocities are in agreement with previous studies[5]. 

• Coupling of PhreeqC and openFoam under investigation.

Outlook and Conclusion

• This work lays foundation of a process based prediction of 
scales in geothermal systems. 

• Future work will go more into detail about scaling under 
dynamic conditions and on different materials.

Results – Numerical 

Figure 4: Microscopic image of 

scaling observed at the column 

wall from the experiment.

Figure 2: Bubble column 

experiment; air was 

injected into water.

Figure 3: Flowchart of the hydro geochemistry coupling.

Figure 6: Development of the pH in bubble column 

experiment: measured (blue) and calculated (black).

1. CO2 removed, first 

crystals form

2. Fast precipitation

3. Rate limited stripping 

and crystallization

Figure 7: Probability density function of bubble size 

distribution: comparison of calculated (blue) diameter 

with previous study (Amaral et al., 2018).

Figure 1: Schematic figure of geothermal facility (left), microscopic images of 

scalings in pipe depending on the depth below surface (right).

Figure 5: Scaling on the 

wall of the bubble 

column.


