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What is the radon problem in South  Africa?

Not in houses – well ventilated

due to temperate climate.

UNDERGROUND MINING– 200 000

miners with 

Radon >(typically)>1000 Bq.m-3

Gold           U          Ra         Radon

TENORM at e.g. mining sites and 

mine dumps



People relocated because of radiation

(Timeslive.co.za)

Sapa 18 February, 2011 19:38

People living in the Tudor Shaft informal settlement on 

Johannesburg's West Rand will be relocated because of the levels of 

radiation in the area, Mogale City Municipality said.





Mine Tailings Dumps

• BIG!

• Also many legacy sites

• How do we measure the 

radon exhalation?

• Many methods – all 

labour intensive and not 

suitable for large areas

• Try something simpler



Solution tried in this work
Rather than measuring the radon – measure gamma rays

Common to measure natural radioactivity namely: 238U 40K and 232Th –

even by flying with large NaI detectors

We have used  the MEDUSA detector system (Multi-Element Detector for 

Underwater Sediment Activity) (De  Meijer, 1998)  which is a gamma ray 

detection system to try to quantitatively assess the radon flux from the 

mine dumps.

Not straightforward!





Multi-Element Detector for Underwater Sediment Activity (De  Meijer, 1998)

• MEDUSA technology patented by University of Groningen, Netherlands 



Any other gamma detector will work – NaI…



Kloof at Goldfields mine (Westonaria)

-Dam is approximately 2 square kilometers

in area and has been vegetaded.



Problems – Gammas mainly from radionuclides AFTER the 

radon formation

Arrows pointing down indicate alpha decay. 

Diagonal arrows indicate beta decay.  

The yellow boxes indicate those radionuclides

which decay via significant gamma-ray 

emission.  



Radon flux measurements
• Radon is released to the atmosphere after being transported by diffusion and advection

from pore spaces.

• Radon releases are measured  by radon flux 

F (Bq m-2 s-1).

-Possible hazard to residents in vicinity



- MEDUSA detector system mounted approximately 60 cm off the ground.

- Total counts and their location recorded – FAST and SIMPLE

- Stationary measurements and mobile measurements are obtained

- Samples collected at a few spots for calibration

Field measurements



Analysing MEDUSA mobile measurements

Obtain total counts first using Full 

Spectrum Analysis (Hendriks 2001)
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Calibrate by normalising with Activity concentration 

determination in the Laboratory at a few spots.

Sample preparation

- Samples were dried, crushed, sieved and sealed in Marrinelli beakers

- Stored for 3 weeks for secular equilibrium to be attained

- HPGe (Hyper Pure Germanium) detector used to analyse spectrum below



Link between HPGe and MEDUSA has to be established using 

stationary measurements

Relationship between HPGe and MEDUSA

Fitted (red) and Raw (blue) Spectra
Potassium 741.14
Uranium 618.69
Thorium 85.03

Chi-Squared: 114.60
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Next obtain 238U, 40K and 232Th 
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Radon Exhalation calculations

 )/()(1 eqKUKUFraction eqdisdis

where F is the fraction of radon that escapes, Udis is the 238U activity 

concentration from the field (MEDUSA), Ueq is the activity concentration of 238U 

from the laboratory (HPGe) and similarly for the Potassium (or thorium).

Better Approximations: Diffusion leads to 

CRn=C0(1 – e-z/ℓ)       Flux = eDdC/dz=eDC0/ℓ
where C0  =  Concentration if no escape

D   =  effective Diffusion constant

e      porosity and 

ℓ = the diffusion length.

•Moisture correction

First approximation to radon flux - Ratio Method 



Validation of the method

1. Theory (IAEA, 1992)

2. Electrets

eDERF 

where, R is the radium content, E is the emanation coefficient, λ is the radon 

decay constant, ρ is the bulk density and De is the effective diffusion 

coefficient. (ℓ2 = λDe)

The average flux obtained using theory was 0.118  0.015 Bq m-2 s-1.

Theoretical range of flux is 0.03-0.21 Bq m-2 s-1

“Theory”



Radon gas concentration 

measurements in soil

• Radon gas concentration (Bq m-3)

measured using Rad7 and soil probes 

• 5 Stationary spots were measured



Radon depth profile concentrations
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- The average flux obtained is 0.1050.015 Bq m-2 s-1. 

- Range of flux is 0.02-0.26 Bq m-2 s-1

Flux distribution in the field
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Summary and Conclusion

- A gamma ray technique based on MEDUSA technology has been used to

determine the radon exhalation from Kloof mine dump. 

- This method practically provides a quick and accurate way to determine radon

exhalation from an area in a relatively short period of time.



Thank you 

See you in South Africa in 2016!

2016 IRPA14 Host City
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Absolute efficiencies for Kloof soil sample
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Determining the absolute efficiencies of soil sample






