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Occurence of carbonate scalings in deep hydrothermal plants in the Bavarian

Molasse Basin

Production Well Injection Well

Regular operation not possible!



Unterhaching

3350 m, 

124°C

Grünwald

3200 m, 

130°C

Taufkirchen

3490 m, 133°C

Kirchstockach

3880 m, 

135°C

Dürrnhaar

3930 m, 

141°C

Sauerlach

4480 m, 

140°C

Traunreuth

4560 m, 

120°C

Reference: GeotIS

Occurence of carbonate scalings in deep hydrothermal plants in the Bavarian

Molasse Basin
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Influence of temperature on the solubility of CaCO3 (P=1bar) Influence of pressure on the solubility of CaCO3 (T=100°C)

Influence of pH on the solubility of CaCO3 (P=1bar, T=25°C)
Influence of ssalinity on the solubility of CaCO3 ( T=25°C, PCO2 = 0.97 atm)
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Potential mechanisms for the formation of carbonate precipitations



Evaluation of carbonate formation processes in the geothermal 

plant Kirchstockach

- Mineralogical and geochemical investigations of scalings along the water path

(from the pump to the heat exchanger)  

- Analyses and evaluation of water chemistry and quantitative gas composition

- Investigations of fluid inclusions in entrapped in carbonate scalings

- Modelling of saturation indecies along the water path

- Correlation to hydraulic properties in the borehole

- Modelling and integrative interpretation considering all data sets



On site conditions, well properties and geometry



Water chemistry
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Natrium Kalium Calcium Magnesium HCO3 Chlorid Sulfat
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Stickstoff Kohlendioxid Methan Calcium
Kst

109 Nml/kg

ges.Gas

97 

Nml/kg

ges.Gas

120 Nml/kg

ges.Gas

127 Nml/kg

ges.Gas

130 

Nml/kg

ges.Gas

129 Nml/kg

ges.Gas

82 

Nml/kg

ges.Gas

104 Nml/kg

ges.Gas

122 Nml/kg

ges.Gas

89 

Nml/kg

ges.Gas

97 

Nml/kg

ges.Gas

98 

Nml/kg

ges.Gas

97 

Nml/kg

ges.Gas

Water chemistry



Water chemsitry and hydrochemical SI modelling



• Well head samples are supersaturated (SI>0) with respect to carbonates

• Calcite and dolomite dissolution rates are rather fast

➢ Chemical equilibrium is likely to prevail under in-situ reservoir conditions

➢ Well head composition does not reflect the composition at reservoir P,T

➢ Effect of scaling formation

• Carbonate equilibrium (SI=0) is obtained by simply adding CO2(aq)

Well head 

sample

Temperature °C 135

Pressure bar 18

pH - 6.67

Ca2+ mg/L 18.9

Mg2+ mg/L 2.0

HCO3
- mg/L 254

CO2(aq) mg/L 126

SI calcite - 0.32

SI dolomite - 0.61

SI=saturation index

SI<0: undersaturation

SI>0: supersaturation

Reservoir reconstruction 

(TOUGHREACT)

135

340

6.41

18.9

2.0

245

238

0.06

-0.04

Hydrochemical modelling



Carbonate precipitations in rising pipe

 

Rohr 4, 47 m u GOK, unbeschichtet, 0,95 mm 

 

Rohr 15, 176 m u GOK, beschichtet, 0,45 mm 

 

Rohr 65, 764 m u GOK, 0,50 mm 

 

Ausfällungen am beschichteten Rohr  
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Evaluation of carbonate precipitations in rising pipes after an operation period of 3.5 months

- Thickness between 0.4 und 1.1 mm

- Thickness decreases with increasing depth

- Thickness is lower in coated than in uncoated pipes

- Grade of cristallisation decreases with increasing depth

- Thermal water looses 0.24 mg/l Ca und 0.27 mg/l CO3 due to the formation of scalings



Carbonate precipitations in rising pipe and pump

Mineralogical and geochemical investigations of precipitations

 

Rohr 4, 47 m u GOK, unbeschichtet, 0,95 mm 

 

Rohr 15, 176 m u GOK, beschichtet, 0,45 mm 

 

Rohr 65, 764 m u GOK, 0,50 mm 

 

Ausfällungen am beschichteten Rohr  

 



• Gas (N2+CO2) and petroleum inclusions are identified in calcite crystals 

➢ Demonstrates the presence of a free gas phase in the upflowing water + 

petroleum (3-phase system)

➢ Dissolved gas concentrations of wellhead samples (N2, CO2, CH4) are 

well below saturation (at T=135°C, 18 bar)

N2 vol % 70-87

CO2 vol % 13-30

CH4
vol % <1%

Composition of gas inclusions

Transmitted light UV light

Fluid inclusions in carbonate precipitations



Scenarios leading to the formation of carbonate precipitations

Linear decompression scenario

The precipitation of calcite is controlled by the solubility decrease associated with the

pressure drop of app. 280 bar occurring when the thermal water is pumped from the

aquifer to the suface

Corrosion scenario

The precipitation of calcite is controlled by the corrosion of the casing and the associated

increase in pH and decrease in calcite solubility

Gas influx scenario

The precipitation of calcite is controlled by an influx of a free gas phase into the production

well, which based on gas analyses of crushed fluid inclusions which are dominated by N2. 

As a consequence, dissolved CO2 may be stripped into the gas phase, inducing a pH 

increase and hence a decrease in calcite solubility

Gas exsolution scenario

The precipitation of calcite is controlled by boiling of the produced thermal water within

the pump at 800 m depth within the production well, due to a major, non-hydrostatically

controlled pressure drop or to a major temperature increase.



Scenarios leading to the formation of carbonate precipitations

Linear decompression scenario

Pressure drop during ascent of thermal water (app. 300 to 18 bar) 

yields to a slight oversaturation

The decrease in DIC accounts for only 13 mol % of the amount that

had to be numerically added to reconstruct the water composition at 

reservoir conditions.

Corrosion scenario

Corrosion can have a minor influence on the formation of carbonate

precipitation, but is not the main driving force.
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 Both scenarios do not consider the presence of a free gas phase



Scenarios leading to the formation of carbonate precipitations

Gas influx scenario

Gas influx from an distant source seems very unlikely in the occurring

Geological setting. 

Thermal water is undersatureated with respect to occurring gas phases at

given T and P conditions.

Gas exsolution scenario

Observations (e.g., gas inclusions, supersaturation) can be explained 

by boiling of the produced fluid within the production well

Th of fluid inclusions correspond to the production temperature 

(Th=128-138°C; Tprod=135°C)

➢ Boling is likely induced by a pressure-drop below the production 

pressure of 18 bar and not by a temperature increase

➢ The pump is the most likely location for observing such 

pressure-drop



Gas exsolution scenario
N2 vol % 70-87

CO2 vol % 13-30

CH4
vol % <1%

 Gas production (gas inclusions) and wellhead composition (SIcalcite, pH, [N2]aq) 

can be predicted by simulated boiling of the reconstructed reservoir fluid at 4-6 bar



Summary and Conclusion

Conceptual scaling formation model:

• Carbonate equilibrium is prevailed at reservoir conditions (SI=0)

• Pressure drops to 4-6 bar at the pump

➢ Effect of the rotating centrifugal pump (i.e., cavitation)

• Boiling of the produced fluid

• Calcite supersaturation

• Scaling formation during further                                                                   

upflow

• Trapping of gas (CO2, N2) in                                                                        

precipitating calcite crystals

Cavitation



Probenahme

Analytik

Interpretation

Forschung

Monitoring

Beratung

Woelkestr. 9

85301 Schweitenkirchen

T +49-8444-92890

F +49-8444-928929

info@hydroisotop.de

www.hydroisotop.de

Thank you for your attention!

Questions?

akkreditiert nach DIN EN ISO/IEC 17025

mailto:info@hydroisotop.de

