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Artificial radionuclides in the ocean
uArtificial Radionuclides (ARs) serve as valuable 

tracers for evaluating ocean model performance.

uTheir source terms are relatively well constrained, 
making them efficient validation tools.

uUnlike natural radionuclides, they provide a clear 
temporal evolution from zero initial state, enabling 
assessment of model's transient response.
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Target ARs: 137Cs & 239+240Pu
u137Cs t1/2=30.2 yrs

ØLow affinity to particles Kp=2×103

ØGood proxy for water mass movement

u239+240Pu t1/2=24110; 6654 yrs

ØModest affinity to particles Kp=1×105

ØGood proxy for particle scavenging

uSources
ØBoth ARs were supplied to the ocean mainly by 

the global fallout due to nuclear weapon tests.
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Target ARs: 137Cs & 239+240Pu
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Observed features of 137Cs & 239+240Pu 
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Observed features of 137Cs & 239+240Pu 
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Observed features of 137Cs & 239+240Pu 
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Purpose of this study
uTry incorporating the ARs module into CESM2 to 

reproduce the different behaviors of 137Cs and 
239+240Pu.
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CESM2 configurations
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uCESM2.1.5
ØG1850ECO (gx1v7)
ØPOP2-CICE5-MARBL

uCaveats
ØStart from the default initial condition; No spin-up.
ØSimulated from 1945 to 2006 with changing the 

AR deposition but forced with NYF.
ØPlanning to redo the calculations with appropriate 

initial and boundary conditions.



Radionuclide model of Siddall et al. (2005)
uOriginally developed to investigate 231Pa/230Th.
Ø 231Pa/230Th is used as a proxy for AMOC.

uFeatures of the model
ØPrognostic variable is total amount (dissolved + 

particulate) of radionuclides.
ØDiagnose dissolved and particulate fractions 

assuming instantaneous equilibrium in model grid 
cells using the distribution coefficient Kp.
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Siddall et al. (2005) and coupling with MARBL
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Siddall et al. (2005) and coupling with MARBL
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Experiments
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Case Nuclides Kp Notes
Cs low 137Cs 0 Simplified approach*
Cs mid 137Cs 2×103 IAEA ref.
Cs high 137Cs 2×104 Max. from literatures
Pu low 239+240Pu 1×104 Min. from literatures
Pu mid 239+240Pu 1×105 IAEA ref.
Pu high 239+240Pu 1×106 Max. from literatures

* When the distribution coefficient is 0, it becomes a tracer that moves with the water mass, eliminating the need for particle 
calculations. This is widely used as an approximation in Cs calculations.



Cs mid horizontal distribution
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Cs mid cross section at 165E
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Cs mid cross section at 165E
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Comparison among the cases in 20N 165E
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Pu mid horizontal distribution
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Pu mid cross section at 165E
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Pu mid cross section at 165E
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Comparison among the cases in 20N 165E
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Pu high cross section at 165E

22



Summary
uParticle-mediated transport shows varying significance with 

Kp: negligible at Kp=104, becoming apparent at Kp≈105, and 
prominent at Kp=106.

u For 137Cs, where Kp is expected to be around 104 or less, 
setting Kp=0 serves as a good approximation, allowing 
simplified calculations.

u For 239+240Pu, observed data showed qualitatively similar 
behavior to higher Kp range (Kp > 105).

u The differences in vertical transport seen in the observed 
data could be explained by differences in Kp based on the 
literature values.
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Future directions
uDevelop theoretical understanding of why particle-mediated 

transport becomes apparent at Kp≈105, focusing on the 
balance between physical and particle-mediated processes.

uConduct more quantitative comparisons with the 
observational data.

Ø The simulated results suggested that horizontal distribution of particles 
can affect horizontal distribution of 239+240Pu, if Kp>105 is adequate.

Ø Can we find such feature in the observed data?

uPerform experiments with varying settling velocities and Kp
values for different particle types.

uRedo simulations with adequate forcings and IC.
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