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Iodine behavior under severe accident conditions

Due to its volatility and radiological impact, radioactive 
iodine is one of the major contributors to the source term 
during a severe accident in the nuclear power plant

1

CsI
Low volatility

Dissolve in 
aqueous phase

I-
Radiation induced 
chemical reactions

I2
High volatility

Risk of release to 
the environment

Fukushima Daiichi accident: 
aerosol and gaseous iodine 

species had spread throughout the 
vast area[1,2] 

Proper modeling of iodine behavior under severe accident 
conditions is essential for the source term evaluation

Chemical processes

• Chemical kinetics model

Mass transfer

• Re-volatilization through the 
gas-liquid interface 
• Release to the environment
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Iodine behavior modeling

The mass transfer coupling with chemical reaction kinetics
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Complex problem:
• Interconnected chemical reactions
• Large number of parameters

~200 chemical reactions
(LIRIC 3.2 [5])

How significant are the separate contributions of 
chemical and mass transfer processes?

Chemical processes

Mass transfer (two-film theory)

Large pH impact[3,4]

Described by kmt
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Analyzed system and used parameters

Mechanistic simulation code for kinetics of iodine chemistry KICHE[6]

with Library of Iodine Reactions in Containment LIRIC 3.2 [5] reaction 
database was utilized to evaluate the time-dependent concentrations of 
iodine species

• Independent variables: , 𝒎𝒕

Parameter Value
Aqueous phase volume (Vaq) [m3][7] 2980
Gas phase volume (Vg) [m3][7] 3567.3
Gas phase temperature [K] 298.15
Aqueous phase temperature [K] 298.15
Interface area (A) [m2][7] 934.5
Sweeping gas N2

Sweeping gas flow rate (qg) [m3/s] 300
Radiation dose rate (D) [kGy/h][8] 3

I- initial concentration [mol/m3][9] 1.034·10−2

Mass transfer coefficient for I2 (𝒌𝒎𝒕) [m/s] 10−7–10−1

Partition coefficient for I2 (H) at 298.15K [-] 71.318

[5] J. C. Wren and J. M. Ball, Radiat. Phys. Chem. 60(577) (2001).
[6] K. Moriyama, et al, JAEA-Data/Code 2021-034 (JAEA, 2007).
[7] OECD/NEA, https://fdada.info/en/home2 (2016)

[8] J. Ishikawa, K. Kawaguchi, and Y. Maruyama, J Nucl Sci Technol 52(308) (2015).
[9] A. L. Wright, NUREG-6193 (U.S. NRC, 1994).
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Time-dependent concentrations of gaseous iodine

The amount of gaseous iodine that escapes from the aqueous 
phase decreases with increasing pH

• Clear pH effect on the chemical production of volatile iodine in 
the aqueous phase

pH=5

pH=9
pH=7



Effective mass transfer coefficient mt

An analytical approach to perform the decomposition of contributions by 
the chemical and mass transfer processes by revising the two-film theory
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 Comprises contributions of both iodine chemistry in the 
aqueous phase and mass transfer

 Does not depend on iodine chemical state in aqueous 
phase
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determination procedure
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=7

For obtaining mt least square fitting was applied on time-dependent iodine 
concentrations obtained by KICHE

KICHE

Data fitting

t0=500 s
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dependency on pH and kmt
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mt decomposition into pH and contributions

𝑭
m
t

~102

Prompted by 
bubbling during 

W/W venting etc.

~10-3

pH control 

• Concerning the source term evaluations, if the mass transfer is prompted, 
the amount of released iodine from the aqueous phase may increase 
even under achieved alkaline pH

!

𝑙𝑛

= −7.00χ + 44.3χ − 97.4χ

+ 88.0χ −19.0χ

𝑙𝑛𝑭𝒎𝒕

= −1.11 × 10 χ − 2.02 × 10 χ
− 3.87 × 10 χ + 1.75 × 10 χ − χ

Expanded as 5th order polynomials

Assumed as:



• Effective mass transfer coefficient mt was introduced by revising 
the two-film theory for evaluating the contributions of chemical 
processes  and mass transfer on iodine release from aqueous 
phase

mt was decomposed into contributions of chemical processes and 
mass transfer as functions of pH and kmt
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Summary and conclusion

mt enables to assess the significance of each process

• Concerning the source term evaluations, if the mass transfer is prompted, 
the amount of released iodine from the aqueous phase may increase 
even under achieved alkaline pH
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