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Background
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Soils and shallow groundwater systems are susceptible to pollution 

by naturally occurring radionuclides, NORM: 

• from mining,  oil and gas installations, 

• legacy sites, 

• geothermal energy reservoirs, 

• phosphate and nuclear industry
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Lithological / 

hydrogeological 

characteristics

Climate evolution

Land use

Aqueous 

radiochemistry

Background

Solubility & speciation

Decay rates

Soil and groundwater geochemistry 

& mineralogy 

Redox state, pH, ionic strength, cations & anions 

concentrations in water, organic colloids

NORM concentration depends: 

Microbiological 

processes 

Mass balance between nuclides 

mobilization processes 

Transport, sorption, ion-exchange, 

co-precipitation
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Objectives

To developed sophisticated reactive transport

models in the HPx framework by using state of the

art chemical thermodynamic data for the assessment

of radionuclide migration in different scenarios and

predict the risk of potential contamination of the

environment.

One of the particularities, which makes

even more challenging these studies is

that the different chemical properties

of each of the radionuclides results in

different migration and mobilization

processes.

HPx framework (www.pc-progress.com) 

http://www.pc-progress.com/


Test Case (Grote Nete, Belgium)
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Zone 1 SIGMAPLAN

Zone 3
SIGMAPLAN

A

B

C

Radionuclides*

40K+

60Co2+

90Sr2+

137Cs+

210Pb

226Ra2+, 228Ra 

228Th(IV), 232Th

234U, 235U, 238U

238Pu, 239Pu, 240Pu 

241Am(III)

*Measurements: Radionuclide concentrations in 1) soil, 2) vegetation, 3) earthworms, 4)  sediment & 5) water Grote Nete



Test Case (Grote Nete, Belgium)
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*Water Flow models: River flow, water discharge (depending on land use and climate evolution), topographic data



Test Case (Grote Nete, Belgium)
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Radiochemistry & chemical thermodynamic data
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Radium, 226Ra2+ (pH ~ 7 )

Thermodynamic data from ThermoChimie v.10



Radiochemistry & chemical thermodynamic data 
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Radium, 226Ra2+ (pH ~ 7 )

• Carbonates and sulphates more 

relevant chemical parameters. 

• Solid solution formation (Ba,Ra(SO4))

Most relevant chemical parameters



Radiochemistry & chemical thermodynamic data
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Americium, 241Am3+ (pH ~ 7 )

Thermodynamic data from ThermoChimie v.10

• Carbonates and silicates more relevant 

chemical parameters. 

• Formation of colloidal species

Most relevant chemical parameters



Radiochemistry & sorption 
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Uranium, U(VI)



Reactive transport models
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pH evolution (1 000 days)

2
4

 m

Material 1 : soil - calcite

Mill Tailing - gypsum

105 m

The pH of the system is clearly buffered by the cation exchange capacity of 

the soil and precipitation & dissolution reactions.
pH

Simulations performed with the  HPx framework (www.pc-progress.com) 

http://www.pc-progress.com/


Reactive transport
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Uranium, U(VI) / U(IV) migration

Due to specific sorption processes for U in the soil, uranium plume has small 

spatial extend.

Low infiltration

rain water

Concentration (mol/kgw)

Low cation exchange capacity of the soil
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Summary & Outlook

Development of mechanistic models which help to predict and 
understand radiological impacts. 

→Outlook: Include more radionuclides & coupled 
chemical processes in the assessment
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Thank you very much for your attention
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