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Background 

⚫Lake Onuma(Gunma Prefecture, Japan)

190km SW from FDNPP

⚫
137Cs was detected from fish

⚫1.5 years after the accident

→ activity concentration decrease

slowed down
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Location of Lake Onuma[1][1] Suzuki, K. et al, Sci. Tot. Env. (2018)

Lake Onuma



Objective

⚫Reproduce long-term temporal changes in the activity 
concentration

⚫Reproduce vertical distribution of the activity concentration
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Method

Time Fractional Diffusion Equation

fractional derivatives(Riemann-Liouville type)
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[2]

[2] Sk Zeeshan, A., et al., Proc. R. Soc. A. (2016)

migration 

transported 
by plankton



Solving Equation
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separation of variables
p=X(x)・T(t)

Laplace Transform of 
Eq.(＊)

(λ=τ-α)

Inverse transform term-by-term 
(R [α]>-1)

(second-order ODE)

・・・(＊)

E: Mittag-Leffler function



Comparison with time series
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Model verification



Comparison with vertical distribution
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bottom surface



Discussion

⚫Difference of distribution between
Particulate and Dissolved 137Cs

⚫Diffusion coefficient 
→varies with temperature
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[3]Watanabe S., et al., KEK Proc.(2019) [3]

Should be considered in the model？



Conclusion 

⚫Reproduced both time series and vertical distribution with the  
Time Fractional Diffusion Equation.

⚫Depth profile suggested the migration of 137Cs from bottom 
sediments.
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