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Simulation studies of radiation dispersion in water 
from the Fukushima incident

Water dispersion in water from point source (direct discharge)



Direct discharge into the sea 

Deposition from the air into the sea

Existing problems of radioactivity dispersion 
simulation in the water

• Scenarios: 
• Direct discharge 

into the sea (Three 
Miles Island).

• Deposition from 
the air into the sea 
(Chernobyl, 
Kyshtym).

• Both direct 
discharge and 
deposition from 
the air into the sea 
(Fukushima).

• Source term:
• Release source 

from a starting 
point

• Release source 
from an areas



Testing the radioactivity dispersion in 
water by combination of Flexpart and 
Delft-3D for a hypothetical accident 
at the Phong Thanh Nuclear Power 
Plant.

Flexpart
• Simulation radioactive deposition from 

the air into the sea

Delft-3D
• Simulation 

radioactive 
dispersion in the sea



The Scenarios: 
• Level 7 according to 

INES scale at Phong
Thanh Nuclear Power 
Plant

• Release 10 PBq Cs-
137/24h in the air



Flexpart



Flexpart



Flexpart



Delft-3D
 

TOOLS and add-ons

FLOW WAVE WAQ PART ECO CHEM SED MOR

Delft3D Overall Menu

Geography: GEBCO-08
River Hydrology
Tides: FES2014, LEGOS, CLS
Meteorology: NCEP

Delft3d-Flow
Delft3d-Wave
Delft3d-Sed
Delft3-Waq



• 𝐴𝐴 = 𝜆𝜆.𝑁𝑁 = 𝜆𝜆.𝑚𝑚.𝑁𝑁𝐴𝐴
𝑀𝑀

• 𝐴𝐴 𝐵𝐵𝐵𝐵 = 3,21415 × 1012 × 𝑚𝑚 (𝑔𝑔)

• 𝐴𝐴 𝐵𝐵𝐵𝐵 = 3,21415 × 1015 × 𝑚𝑚 (𝑘𝑘𝑘𝑘)





Verify hydrodynamic simulation results

Comparison of the flow velocity 
simulated from the model and 
observed in the coastal area of 
Thanh Hoa. (8/2018)

Comparison the seawater level 
simulated from the model and 
observed at Hon Ngu
hydrographic station (8/2018)



Test Results



Direct 
discharge 
into the sea

Deposition 
from the air 
into the sea

Release 2 PBq Cs-137

 
a) 1 day after accident  

b) 7 days after accident 

 
c) 15 days after accident 

 
d) 30 days after accident 

 
 

 
a) 7 days after accident 

 
b) 15 days after accident 

 



Conclusion

• Cs-137 travel faster in scenarios of deposition from 
the air than direct discharge .

• Combining Flexpart and Delft-3D will better 
simulate the dispersion in the water environment.



Future work

• Verify the combined model through parameters such 
as diffusion coefficient, total emissions,…
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