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Huge potential for geothermal power in Denmark 



Reduced injectivity is a big challenge

Situation at project start

Water and products analyzed

Corrosion rate monitoring, few data

Poor correlation with measured
wall-thickness (NDT)

Expert evaluations: DK, FR, N 

Several theories for plugging:
- CO2 corrosion
- Oxygen corrosion
- Galvanic corrosion (lead)
- Microbial fouling
- Scaling

Reduced injectivity observed
in 2 out of 3 DK plants



Expert evaluations – Magretheholm

Ref. Schröder 2007

T.Laier 2006

Steel corrosion rate measurements

ER probe: approx. 300 μm/yr

Coupons: steel coupled with AISI 316L >1 mm/yr

IFE 2016

Galvanic precipitation of Pb and carbonate due to 
corrosion

Gradual transition from carbonate downhole to  
lead deposition at surface

Corrosion inhibitor treatment similar to plant in 
Koekoekspolder i NL



1144 m

1144 m

1144 m

1162 m

1194m

1195m

Surface condition of well tubing is crucial

Millscale in 
tubing released 
as rust flakes

Camera inspection of wellNew tubings stored on ground for years



Outline of test plan to improve injectivity

On-site measurements in surface plant 

to document effects of: 

- environmental changes

- operation

- corrosion 

- scaling 

- chemical treatments

Parametric testing in laboratory to 
simulate effects in the brine solution.

What-if scenarios can be tested without 
interrupting operation of geothermal plant, 
e.g. effects of:

- ingress of oxygen

- different CO2 levels

- performance of corrosion resistant 
alloys (CRAs)

- scale inhibitors and descaling chemicals

Best-practices for 

operation and plant design



On-site measurement in Sønderborg and Magretheholm

Corrosion 

• Coupons

• Galvanic (Fe & Cu)

• Electrical Resistance (ER) 

• LPR (linear polarization)

Environment

• pH

• Dissolved oxygen

• ORP (redox potential)

Sampling

• Water chemistry

• Particles



Exposed corrosion coupons - 3 months

mm/yr remarks

0.10 Sulfide scale, iodazid positive

0.09 Sulfide scale, iodazid positive

Weight-loss



Preliminary results indicate ingress of oxygen in one plant

Galvanic corrosion current btw steel and brass

Flow

Pressure

Temperature

Electrical Resistance probe (ER), thickness loss

0.16 mm/yr



Parametric testing in autoclaves

• Effects of ultra-low oxygen content (ppb) on 
corrosion of steel in artificial brine solutions

Temperature 20-70 °C

Pressure 1-70 bar

% (w/w)

NaCl 13.4

CaCl2-6H2O 12.1

MgCl2-7H2O 2.6

K2SO4 0.3



Parametric testing in laboratory

LPR measurements

Rp =9880 Ohm · cm2

B ≈ 26

Icorr = 0.0026 mA/cm2

CR = 0.03 mm/year

Rp=
𝐵

𝑖𝑐𝑜𝑟𝑟



Corrosion measurements in simulated brine - preliminary results

Gas Temp. Pressure Stir Corrosion rate 
(mm/year)

Air 20 °C 1 bar No 0.15

N2 20 °C 1 bar No 0.01

N2 20 °C 50 bar No 0.01

N2 70 °C 50 bar No 0.03

N2 70 °C 70 bar No 0.03

N2 70 °C 70 bar Yes 0.06

2 cm



Conclusions – so far

• All Danish geothermal plants use steel tubings for the wells

• Considerable corrosion occurs in 2 of 3 plants

• Project will improve understanding of mechanism to  
identify best mitigation strategy

Possible mitigation strategies

• control steel corrosion

– stricter requirements to well tubings

– prevent oxygen ingress

– sample and add corrosion inhibitor

• use polymer liner in tubing

• use corrosion resistant alloy for tubing
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Abstract

Recent research shows that geothermal brine may interact with the installations of the geothermal plant causing 

corrosion or scaling which may reduce the injectivity. The problem occurs due to inadequate materials, non-

optimized operation or poor understanding of the brine chemistry. A current research project is attempting to 

remove such barriers by trouble-shooting on problems in existing geothermal plants. 

Experience from geothermal plants in Europe has been reviewed to establish a test plan addressing problems of 

injectivity. This plan includes both on-site monitoring and laboratory testing. The presentation focusses on the 

parametric tests in the laboratory to simulate effects in the brine solution. By applying a small-scale setup, 

various hypotheses and what-if scenarios can be tested without interfering operation of the geothermal plants. 

Such scenarios may include ingress of oxygen, different CO2 levels, performance of corrosion resistant alloys 

(CRAs), effects of scale inhibitors and descaling chemicals etc. Testing is performed in artificial brine solutions in 

autoclaves to study the effects of operational parameters, affecting corrosion or scaling. Electrochemical 

techniques are applied to obtain a rapid response. The presentation includes the results of the initial series of tests. 

The presented work is part of the ongoing research project GEOTHERM funded by Innovation Fund Denmark.
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