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Pokolsár, wet mofette of Covasna, Romania 
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Pokolsár, wet mofette of Covasna, Romania 

Results of measurements and model calculations 
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Pokolsár, wet mofette of Covasna, Romania 

Model 
Spatial variation of 222Rn activity concentration in deep bedrock and sedimentary rocks: 
 

𝐷𝑖

𝑑2𝐶

𝑑𝑧2 − 𝑣
𝑑𝐶

𝑑𝑧
+ 𝐺𝑖 − 𝜆𝐶 = 0  

 
where  
 
𝐶(𝑧) is the 222Rn activity concentration in the liquid phase that completely fills the pore 
space (𝐵𝑞 𝑚−3),  
 
𝐷𝑖  is dispersion coefficient,  
 
𝐺𝑖  is Rn-source term,  
 
𝑣 is the average interstitial velocity of groundwater. 
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Pokolsár, wet mofette of Covasna, Romania 

Model 
The radon balance equation for the water in the pool of the Hell-mud (Pokolsár) is: 
 

𝑑𝐶𝑤

𝑑𝑡
=

1

𝑧2 − 𝑧1
𝑗2 𝑧2 − 𝑗𝑏 − 𝑣𝜙𝐶𝑤 − 𝜆𝐶𝑤 . 

 
Here 𝑗2 𝑧2  is the bulk 222Rn activity flux density at the bottom of the pool, which can be 
specified as: 
 

𝑗2 𝑧2 = 𝑣 − 𝐷𝛾2 𝑒𝛾2𝑧2𝜙𝐶𝑠0 + 𝑣𝜙
𝐺𝑠

𝜆
 . 

 
𝑗𝑏  is the 222Rn activity flux density transported from the water to the gas phase of the 
pool by bubbles. This term is obtained by multiplying the volume flux density 𝑄𝑏𝑉  of 
carbon dioxide gas in the bubbles (𝑚3/𝑚2𝑠) and the 222Rn activity concentration in 
bubbles (𝐶𝑏 = 𝐶𝑤/𝐻𝑐𝑐). 

𝑗𝑏 = 𝑄𝑏𝑉𝐶𝑏 . 
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Pokolsár, wet mofette of Covasna, Romania 

Model 
The 222Rn activity concentration in bubbles is related to the 222Rn activity concentration 
in the water (𝐶𝑤) through the Henry’s partition coefficient (𝐻𝑐𝑐), the temperature 
dependence of which is given as 
 

𝐻𝑐𝑐 𝑇 =
𝐶𝑤

𝐶𝑏
= 𝐻𝑐𝑝 𝑇  𝑅 𝑇 = 𝐻0

𝑐𝑝
𝑅𝑇𝑒

𝛼
1
𝑇

−
1
𝑇0  

 
𝑅 = 8.314 𝐽/(𝑚𝑜𝑙 𝐾) is the ideal gas constant,  
𝑇, 𝐾  is the absolute temperature and  
𝑇0 = 298.15 𝐾  is a reference temperature.  

𝐻0
𝑐𝑝

 and 𝛼 are constants that can be determined experimentally. 
 
There is a similar relationship between carbon dioxide dissolved in molecular form in 
water and the concentration of carbon dioxide in gas phase.  
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Pokolsár, wet mofette of Covasna, Romania 

Model 
Volumetric flux density (Darcy velocity) of water entering the pool at the bottom is: 

𝑞 = 𝑣𝜙 , 𝑚3/𝑚2𝑠  . 
Flux density of dissolved carbon dioxide transported by water is: 

𝑄 = 𝑞 ∗ 𝐶𝑂2 𝑤 , 𝑚𝑜𝑙/𝑚2𝑠 . 
Flux density of carbon dioxide gas that separates from water in the form of gas bubbles is 

𝑄𝑏 = 𝑞 𝐶𝑂2 𝑤 − 𝐶𝑂2 𝑡  ,  𝑚𝑜𝑙/𝑚2𝑠  , 

where  𝐶𝑂2 𝑡= 𝐻𝐶𝑂2

𝑐𝑝
𝑇 𝑝𝐶𝑂2

 is the equilibrium concentration of carbon dioxide 

dissolved in water at partial pressure of carbon dioxide in bubbles of 𝑝𝐶𝑂2
= 105 𝑃𝑎 and 

at temperature 𝑇. Finally we need to convert the material flux density into a volume flux 
density. This requires the use of molar concentration of carbon dioxide in the bubbles. 
According to the ideal gas equation: 𝑝𝐶𝑂2

= 𝐶𝑂2 𝑏𝑅𝑇, from which 𝐶𝑂2 𝑏 = 𝑝𝐶𝑂2
/

(𝑅𝑇). 
The volume flux density of carbon dioxide leaving through bubbles is: 

𝑄𝑏𝑉 =
𝑄𝑏

𝐶𝑂2 𝑏
 ,  𝑚3/𝑚2𝑠  . 

The radon flux density leaving through bubbles is: 

𝑗𝑏 = 𝑄𝑏𝑉𝐶𝑏 = 𝑄𝑏𝑉

𝐶𝑤

𝐻𝑅𝑛
𝑐𝑐 (𝑇)
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Pokolsár, wet mofette of Covasna, Romania 

Model 

 
Substituting all of these in the equation of radon balance of pool space in stationary 
case: 
 

𝑣 − 𝐷𝛾2 𝑒𝛾2𝑧2𝜙𝐶𝑠0 + 𝑣𝜙
𝐺𝑠

𝜆
− 𝑄𝑏𝑉

𝐶𝑤

𝐻𝑅𝑛
𝑐𝑐 𝑇

− 𝑣𝜙𝐶𝑤 − 𝜆 𝑧1 − 𝑧2 𝐶𝑤 = 0 . 

 
from which: 
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Pokolsár, wet mofette of Covasna, Romania 

Model 
 
The remaining radon content of the water: 
 

𝐶𝑤 =

𝜙
𝜆

𝑣 − 𝐷𝛾2 𝛾1
𝛾2 − 𝛾1

𝐺𝑠 − 𝐺𝑑 𝑒𝛾2ℎ𝑠 + 𝑣𝐺𝑠

𝑄𝑏𝑉

𝐻𝑅𝑛
𝑐𝑐 𝑇

+ 𝑣𝜙 + 𝜆ℎ𝑤

 

where  
ℎ𝑠 = 𝑧2 − 𝑧3  is the thickness of the sediment under the bottom of the pool and  
 
ℎ𝑤 = 𝑧1 − 𝑧2  is the thickness of the water layer in the pool. 
 

In the water of the wet mofette, carbon dioxide is 
degassing, and flashes out much of the radon, too. 
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Pokolsár, wet mofette of Covasna, Romania 

Model 
 
The remaining radon content of the water: 
 

𝐶𝑤 =

𝜙
𝜆

𝑣 − 𝐷𝛾2 𝛾1
𝛾2 − 𝛾1

𝐺𝑠 − 𝐺𝑑 𝑒𝛾2ℎ𝑠 + 𝑣𝐺𝑠

𝑄𝑏𝑉

𝐻𝑅𝑛
𝑐𝑐 𝑇

+ 𝑣𝜙 + 𝜆ℎ𝑤

 

where  
ℎ𝑠 = 𝑧2 − 𝑧3  is the thickness of the sediment under 
the bottom of the pool and  
 
ℎ𝑤 = 𝑧1 − 𝑧2  is the thickness of the water layer in 
the pool. 
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Dry mofettes of Covasna, Romania 

The very same hydrogeological 
and radon transport model can be 
applied to both wet and dry 
mofettes of Covasna! 
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Dry mofettes of Covasna, Romania 
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Pressure field, Pa 

 222Rn activity concentration in soil gas and gas phase of the 

mofette, kBq/m3 



Dry mofettes of Covasna, Romania 
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