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Release detected Source estimated Countermeasures 
at other locations 

Accurate modeling results in effective countermeasures 

Model type 
CFD 
3D Eulerian models 
Lagrangian particle models 
Lagrangian puff models 
Segmented Gaussian 
plume 
Gaussian plume 
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Existing models not conclusive for the near-range 
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Which is correct? 
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Pollutant transport model 

l  Time-dependent advection-diffusion with radioactive decay 

​𝜕c/𝜕t +𝛻⋅(𝒖𝑐)=𝛻⋅ ​​𝜈↓𝑡 /S ​c↓t  𝛻𝑐−𝜆𝑐+𝑆 

 
 
l  CFD with RANS turbulence modeling 

l 𝒖 and ​𝜈↓𝑡  
l Standard 𝑘−𝜖 model 

Source term 

Radioactive decay 

Turbulent diffusion 
Convection 
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Local time 
derivative 
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Gamma dose rate model 

l  Point-kernel method with buildup factors [Gy] 

​​𝑑 ↓𝛾, ​𝑥↓0  = ​​𝐸↓𝛾 ​𝜇↓𝑒𝑛 /𝜌 ∭𝑉↑▒​𝐵(𝜇,𝑟)/4𝜋​𝑟↑2  ​𝑒↑−𝜇𝑟 𝜆𝑐( ​𝑥↑′ , ​y↑′ , ​z↑′ )  𝑑​

𝑥↑′ 𝑑​𝑦↑′ 𝑑​𝑧↑′  


l  Account for biological effect [Sv] 

​​ℎ =𝑄​𝑑 ↓𝛾, ​𝑥↓0  


[Slade, 1968] 
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Model reduction 

Physical 
system 

PDEs 

ODEs 

Reduced 
number of 

ODEs 

Modeling 

Discretization 

Model reduction 

​𝑐 (𝑡)=𝐴𝑐(𝑡)+𝐵𝑢(𝑡) �
​𝑑 (𝑡)=𝐶𝑐(𝑡) 

​​𝑐 ↓𝑟 (𝑡)= ​𝐴↓𝑟 ​𝑐↓𝑟 (𝑡)+ ​𝐵↓𝑟 𝑢(𝑡)�
​𝑑 (𝑡)= ​𝐶↓𝑟 ​𝑐↓𝑟 (𝑡) 

7 

​𝜕𝑐/𝜕𝑡 +𝛻⋅(𝒖𝑐)=𝛻⋅ ​​𝜈↓𝑡 /𝑆​𝑐↓𝑡  𝛻𝑐−𝜆𝑐+𝑆 �
​​𝑑 ↓𝛾, ​𝑥↓0  = ​​𝐸↓𝛾 ​𝜇↓𝑒𝑛 /𝜌 𝜙(𝑐) 
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Case setup 

l  Emission of Xenon-133 from Doel 3 
l Release height 74 m 

1.  Steady release 
2.  Gaussian-shaped release 

l  Release rate 3.6 TBq/h 

l Wind field 
l 20 km/h at 74 m 
l Southwest 
l Neutral stability 

9 
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1. Steady release 
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Dose rate at near-range significantly higher 
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2. Gaussian shaped release 
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CFD = ROM 

l  Speedup = 2500x 

l  25x real-time 

l Only 1 CPU core 

l  No loss in accuracy 

l  Source reconstruction 
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Gaussian-shaped release: measurement point 1 
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Gaussian-shaped release: measurement point 2 
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Conclusion & Additional research challenges 

l  Dispersion simulation 
l Significantly higher dose rate at near-range 
l CFD not for fast dose assessment 
l Model reduction method very effective 

l  Additional research challenges 
l Non-zero pollutant emission velocity 
l Buoyancy effects 
l Thermal stratification 
l Experimental validation 
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PLEASE NOTE! 
This presentation contains data, information and formats for dedicated use ONLY and may not be copied, 

distributed or cited without the explicit permission of the SCK•CEN. If this has been obtained, please reference it 
as a “personal communication. By courtesy of SCK•CEN”. 
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