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Methods

Introduction

• NOR enrichment (210Pb, 210Po)

mainly in the sulfide scales – a

challenge in numerous geothermal

installations along with mineral

scaling and corrosion (Fig 1)

• Potentially hazardous – from an

operational and health, safety, and

environmental perspective

Objectives

• To characterize the organic matter and to

determine its concentration in the reservoir

rocks and geothermal fluids

Results

Next Steps

• Continue characterization of inorganic fraction, and detailed characterization of 

organic matter using HP-SEC or LC-OCD.

• Start the NOM leaching experiments in the autoclave using reservoir rock samples 

of Balmatt geothermal wells.
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The role of organic matter in the fractionation of naturally-

occurring radionuclides (NOR) in geothermal systems: 

initial characterization of brine and reservoir rocks

NEXT EXPERIMENTS

Sequential filtration: 0.45 to 0.22 μm

BALMATT BRINE
(production and injection)

TDS ~180 g/L
0.45 μm PVDF 0.22 μm PVDF

anoxic environment (N2)

Inorganics
• ICP-OES (Metals)

• IC (Anions)

Radionuclides Analyses
• α spectrometry (210Po)

• liquid scintillation (210Pb)

• γ spectroscopy (226Ra, 
228Ra)

pH

INHIBITORS
• Mineral scaling

• Corrosion

• Biocide

Natural Organic Matter 

(NOM) Pre-concentration
(PPL cartridge)

Filtrates

SEM-EDX, XRD

MINERAL SCALES 
• Heat exchanger 

deposits

• Filter residues

Removal from filter and 

collection

TC/-TIC/TOC

Organic Matter 

Characterization
• IC/HP-SEC/LC-OCD

• FTIR

• FT-ICR-MS

UV-VIS/SUVA254

CHARACTERIZATION OF SAMPLES

NOM Leaching of 

reservoir rock samples

Thermal 

Stability/Degradation 

Tests of Inhibitors

Experimental 

simulation of the 

effect of NOM + 

inhibitors on NOR 

fractionation

References:  Pauwels, J., et al. (2021). "Characterization of scaling material obtained from the geothermal power plant of the Balmatt site, Mol." Geothermics 94.; Haynes, W. M., et al. (2016). CRC Handbook of Chemistry and Physics: a ready reference book of chemical and physical data (2016-

2017). Boca Raton, Florida, USA, CRC Press.
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t1/2 = 4.5 x 109 y

226Ra
1,600 y

222Rn
3.8 days

210Pb
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NOR activities in unfiltered samples
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• Slightly lower pH in the <0.45 μm fraction vs the <0.22 μm in both production and 

injection fluids; pH of the <0.22 μm fraction is the same in both fluids

• Balmatt fluids have low DOC (~5 mg C/L); higher DOC present in chemical inhibitors

• Similar 226Ra activities in production and injection fluids; higher 210Pb and 210Po 

activities observed in production fluids

• To determine the activities of NORs (i.e. 226Ra,
228Ra, 210Pb, and 210Po) in the reservoir rocks

and geothermal fluids

Fig 1. Heat exchanger (HEx) of the Balmatt geothermal installation; SE images (SEM) of mineral scales in the HEx

of the Balmatt geothermal installation (taken from Pauwels et al., 2021)
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• The influence of organic matter on NOR fractionation and enrichment in mineral

scales is poorly understood
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