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› Example of dispersion of nuclear weapon fall-out

› How do we do the radionuclide decay

– Application of new decay-method

› Simulation of a nuclear cloud

– Definition of a nuclear cloud

› Conclusions

Presentation lay-out
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atmospheric dispersion and dose model chain - traditional
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Traditional - radionuclide composition
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source term
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and doses
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selected nuclides selected
nuclides

selected
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› High computational costs

› Limit progeny inclusion

› Large list of radionuclide



› Separate dispersion from nuclear decay characteristics

› Pre-calculate nuclear decay characteristics

› Pre-calculate time dependent conversion for dose and activity

› Not only applicable to radiological cases but also chemical, 
biological, or ….

New method – Cocktail-DCC
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source term
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PREDICT
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dispersion
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construction
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summation
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#Bq for ni @ ti

× DCCs

cocktail-
DCC

t1 t2 … tN

inhalation

external

…

cocktail-DCC @ ti

pathways

all nuclides

concentrations 

air, ground

pinpoint tables

precalculated

accurate:
➢ including all radionuclides (3821) with progeny
➢ no nuclide selection (endpoint-dependent)

➢ relevant for measurements
➢ 200 timesteps between 60 sec and 2.6 million

year (exponentially distributed)

computationally efficient
➢ one tracer
➢ precalculated lookup tables
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Pinpoints with logarithmic intervals
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Dose Conversion Coefficients
ICRP 119 
ICRP 144



› Radionuclide decay

– Matrix exponential

– Logarithmic steps

› Dose Coefficients

– ICRP 119 

– ICRP 144

Radionuclide decay and dose estimation
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Dose conversion factors (DCCs) from:
Inhalation:
Eckerman et al. (2013) (ICRP 119)
Kawai et al. (2002)
External radiation:
EDC-Viewer, conform ICRP Publication 144 
(Petoussi-Henss et al., 2020)



› Following van Dillen et al. (2019):

𝐴𝑖(𝑡) =෍

𝑗

𝐻𝑖𝑗 𝑡 𝐴𝑗 0

› With: 
𝐻 𝑡 = 𝑒𝑀𝑡 ,

› Where matrix M is defined as:
𝑀𝑖𝑗 = 𝜈𝑖𝑗𝜆𝑖 ,

Full detail: Van Dijk et al. (2024), to be published

Formulae to solve nuclear decay
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Source: IAEA isotope browser
𝜈𝑖𝑗=yield if i≠j (production)

𝜈𝑖𝑗=-1 for i=j (decay)



Adding dispersion
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› 𝜌𝑖 𝒙, 𝜏 is concentration of a nuclide 
or tracer

› The dispersion calculation is reduced
to a single non-decaying tracer to
determine ‘thinning coefficients’. 
𝑇air 𝒙, 𝜏 and 𝑇ground 𝒙, 𝜏 .
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𝐷ext,air 𝒙, 𝑡1 → 𝑡2 = න

𝑡1

𝑡2

෍

𝑖

𝐷𝐶𝐶ext,air,𝑖𝜌𝑖 𝒙, 𝜏 d𝜏

𝐷ext,air 𝒙, 𝑡1 → 𝑡2 = න

𝑡1

𝑡2

𝐷𝐶𝐶ext,air,cocktail 𝜏 𝑇air 𝒙, 𝜏 d𝜏
Radioactivity 1. has same origin in time

2. does not ‘unmix’

𝑇air 𝒙, 𝜏 = Τ𝜌passive 𝒙, 𝜏 𝐴passive 0

𝐷𝐶𝐶air,cocktail 𝑡 =෍

𝑖

𝐷𝐶𝐶air,𝑖 ෍

𝑗

𝐻𝑖𝑗 𝑡 𝐴𝑗 0



› Kraus and Foster (2014)

– Selection of 69 nuclides

› Axelsson et al. (2023)

– Selection of 129 nuclides

› Based on Hicks (1982)

Source terms of nuclear detonations
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› Sourceterm: Kraus and Foster 
(2014)

Estimation of accuracy
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› Ingrowth of 1 Bq U-238

› 𝑇 Τ1 2
238𝑈 = 1.41 ∙ 1017 sec

Examples of application of the method
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› Radionuclide composition

– initial composition

– decay and ingrowth of progeny

– dose calculation for a large number of radionuclides

› Stabilized cloud characteristics

– geometry based on yield, height of burst, etc.

– distribution of radioactivity

– particle size distribution

Modelling dispersion and dose of fallout from
nuclear detonation
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Stabilized cloud characteristics

vertical distribution of radioactivity:

Initial cloud
geometry:
KDFOC3 – emperical
Harvey (1992)

Distribution:
Heffter (1969)
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Radioactivity normally distributed in layers



› Bi-modal normal log-function

– N1 is condensed particle

– N2 is dust particles

Particle size distribution
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St Ledger (2015) interpretation of Baker (1987)

particle size distribution:



➢ Multiple-tracer simulations

➢ Adding shielding

➢ Include chemical transitions

Possible improvements
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➢ New method for decay chain calculations

➢ Applicable on many different issues

➢ Extended modelling for nuclear detonations with method for
accurate and fast estimation of radiological effects of fallout
(accepted for publication - GitHub)

➢ https://github.com/rivm-syso/Cocktail-DCC

Summary
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https://github.com/rivm-syso/Cocktail-DCC
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Thank you for your attention
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Any questions?
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Application in tool IRIS

› 100 kT yield uranium weapon

– source term Kraus & Foster (2014), 69 initial nuclides

› dispersion model NPK-Puff, 48h prognosis

› instantaneous plume: 1491 puffs

› meteorology: ECMWF-HRES, resolution 0.1˚ 

– 15 levels up to 11.5 km height

flexible in yield, cocktail, output,…

IRIS: Initial Radiological Interpretation Software
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➢ No shielding (yet), but location and occupancy factor

➢ In principle every nuclide can be considered from ENDF-database 
(DCC is needed for dose calculation)

➢ DCCs for groundshine dose are from Petoussi-Hens and ICRP

➢ No soil mitigation (with cocktail-DCC), but implicitely in time-
integrated DCC’s in traditional dispersion and dose modelling

➢ Deposition wet: bulk, 

➢ Deposition dry: particle size dependent surface resistance-values
combined with other resistances

Additional model assumptions
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Outlook: gathering statistics
varying yield, location, and release time
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