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Scale formation in geothermal power plants
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• oversaturation of the brine

• chemical reaction with 

metal surfaces

• electrochemical corrosion 

(triggers also precipitation 

of genuine metals as lead)

Origin of scales

Scale formation in geothermal power plants
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Calcite (CaCO3), 

Gypsum (CaSO4), 

Baryt (BaSO4), 

Coelestin (SrSO4), 

Pyrrhotin (FeS), 

Galenite (PbS), 

elemental metals as Pb

Covellin (CuS), 

Quartz (SiO2)

Origin of scales -

possible 

precipitating 

mineral phases:

Scale formation in geothermal power plants
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Scale formation in geothermal power plants
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Scale formation in geothermal power plants
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Scale formation in geothermal power plants
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Scale formation in geothermal power plants
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Baryte (BaSO4 )

radioactive isotope Ra-226
α- decay

half life ~1600 a

Scale formation in geothermal power plants
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Lead 

(e.g. as PbS, solid Pb etc.)

radioactive isotope Pb-210
β- decay

half life ~22 a

Scale formation in geothermal power plants
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Scale formation in geothermal power plants
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§ §
1 mSv/a

2 mSv/a

3 mSv/a

4 mSv/a

1 Bq/g

2 Bq/g

3 Bq/g

4 Bq/g

personal 

dose 

rate

Specific 

activity in 

material

• Announcement at authorities 

(§56 German StrlSchG) 

supervision of exposure situation

• Permission (§12 German 

StrlSchG) may be mandatory or 

licence/permission acc. to German 

BBergG

• appointment for supervision of 

the practical radiation protection 

acc. to German BBergG

• Installing a supervision area (§52 

German StrlSchV) maybe 

necessary

• Professionally exposed persons 

§5 German StrlSchG, (category B) 

§71 German StrlSchV)

• Medical supervision  (§77 

German StrlSchV)

• …

• To some extent “harmless”0 mSv/a 0 Bq/g

0,2 Bq/g

Legals (excerpt)

• Waste is residue that

demands supervision  (§27 

German StrlSchV)

• Rad. exposure of the waste 

has to be assessed; proof 

of “1 mSv” (§28 German 

StrlSchV) 

• Waste is under supervision 

of authorities, disposal 

must be applied; ways of 

disposal are ordered by 

authorities (§29 German 

StrlSchV)

• …

• Waste is Residue (§5 

German StrlSchG)

• Mostly harmless
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Radiology on site – background measurements

Monitoring, radiological supervision

Background

Surface contamination ambient dose rate
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Radiology on site – ambient dose rates at relevant places
Background 

0.09 µSv/h

Monitoring, radiological supervision
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Radiology on site – ambient dose rates at relevant places
Background 

0.09 µSv/h

Monitoring, radiological supervision
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Radiology on site – surface contamination at relevant 

places Background 

22 Ips

Monitoring, radiological supervision
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Radiology on site – surface contamination at relevant 

places Background 

22 Ips

Monitoring, radiological supervision
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Effort for a safe handling

• Detailed risk assesment for all 

working fields at thermal systems

• risk assessment of exposition, 

incorporation, emergencies

• Leads to specific operation

directives with the focus on 

radiation protection for all work at 

thermal systems

A safe handling is feasible
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Effort for a safe handling

• instructions in radiation protection topics for all 

employees in contact with thermal systems bevor 

work starts (~30 min) – at least once a year

A safe handling is feasible
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Effort for a safe handling

Radiological supervision of all 

work at the thermal system

• Planning of work 

process (minimizing of 

radiological risks) 

• Preparing of work areas 

(plastic foils, barriers, 

containers etc. )

• Radiological 

measurement of 

workers, tools and 

instruments, facility, area 

and wastes)

A safe handling is feasible
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Effort for a safe handling

• Personal dose meters for workers (during 

work on thermal systems)

• Ambient dose measurements, Rn-222 

measurements 

Rn-222 ambient dose meter

A safe handling is feasible
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Effort for a safe handling

Personal protective clothes (PSA) as masks, gloves, 

safety goggles, overalls etc., 

beside conventional protective clothes

maybe also

A safe handling is feasible
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Effort for a safe 

handling

• Register of all scale 

influenced material 

• Register of 

contamination at 

the site (frequent 

measurements) 

• Official authorities 

to be informed 

frequently and 

detailed (reports)

A safe handling is feasible
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Effort for a safe 

handling

• Establishing ways for 

disposal 

• organisation of 

radioactive transports 

according to ADR 

(announcements at 

authorities, declaration 

etc.)

A safe handling is feasible
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Disposal - after release from supervision

All flammable waste to be disposed by 

combustion in rotary kiln at an industrial 

waste combustion facility

A safe disposal is feasible
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Disposal - after release from supervision

All metal scrap to be deposited at a landfill 

for industrial waste

Until recently melting in a special 

smelting furnace was possible

A safe disposal is feasible
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Disposal - after release from supervision

All scales and mineral waste to be deposited at a landfill for industrial 

waste 

Chemical inertisation of scale by cementation – enable for deposition

A safe disposal is feasible
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Disposal - after release from supervision

All scales and mineral waste to be deposited at a landfill for industrial

waste

Chemical inertisation of scale by cementation – enable for deposition

A safe disposal is feasible


