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Conceptualisation of aquatic
biota modelling

Determination of dose for humans and aquatic organisms

involves multiple computational step enables different 

modelling choices and degrees of complexity

• Source term includes direct release, deposition and long-

term outfall

• Focus of this work on bioaccumulation

• Uptake in the biota involves many interactions with the

environment

Computational steps

1. Source term

2. Aquatic advection

3. Sedimentation

4. Bioaccumulation

5. Dose assessment
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Aquatic modelling and different approaches

GOVERT DE WITH, AMSTERDAM, APRIL 2020

Box modelling

Simple dispersion modelling 

approach

Hydro modelling

3-D modeling for complex 

water systems e.g. estuaries

and river systems

CFD modelling

Detailed flow modeling for

small-scale flow phenomena
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Box modelling

Box models are very practical and widely used due to its

fast computing time. 

• A box structure is defined and water exchanges 

between compartments are prescribed

• Box models do not have a capability to predict 

flow

• Dispersion of contaminants is computed as a 

scalar function, which follows the imposed flow 

exchange between the boxes
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Fluid flow models

Navier-Stokes equations describe the fundamentals for

movement of liquids

• Predictive flow models use an (simplified) 

implementation of the Navier-Stokes equations

• Navier-Stokes is Newton’s 2nd law (F=m∙a) 

applied to fluids

• Equations are solved using numerical methods 

together with (high resolution) grid system 

• Typical simplifications include Boussinesq

approximation and application of turbulence 

models

Navier-Stokes equations
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Hydrological models and its interfaces

• Sediment transport

• Drying and wetting

• Wind driven 

• Solar irradiation

• Water run off

• … 

Models for surface water modelling are often

complimented with algorithms to describe

interaction with the non-aquatic

environment
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Example 1 – Powerplant in NL
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Example 2 – Release from Fukushima accident

GOVERT DE WITH, AMSTERDAM, APRIL 2020
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Computational fluid dynamics

GOVERT DE WITH, AMSTERDAM, APRIL 2020
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CFD analysis on the cooling water discharge from a 

power plant, during removal of biofouling 

• Implementation of the full Navier-Stokes 

equations

• High mesh resolution required. As a result many 

models include multiple million calculation nodes 

• Models typically used to compute flow behaviour 

in the direct area of interest 

• Turbulence models (e.g. k-e, LES) are typically 

used   
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- Extensive radiological 

monitoring in waters 

around Japan since 

2011

- Monitoring of water, 

sediment and biota

- Results important for 

the development of 

calculation models

Fukushima and 10 years radiological monitoring 



13

Modelling of radionuclide uptake in the marine biota

1. IRSN model

2. D-DAT

3. POSEIDON

4. NRPA model

5. ANL

6. K-BIOTA-DYN-M

7. ECOMOD

The use of dynamic models for radionuclide transfer in 

aquatic ecosystems has become the standard in recent 

decades

1

2

3
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Model approaches common features and differences

Basic principal of a dynamic model approach

• The activity concentrations in biota (AB, 

Bq/kg) and water (AW, Bq/m-3) can be 

represented by two rate coefficients kW for 

uptake and kB for elimination

The use of dynamic models for radionuclide transfer in aquatic ecosystems has become the standard in 

recent decades

Features of a more complex nature 

• Uptake by food 

• Organism growth

• Single versus multiple organisms

• Food web

• Tissue and organ compartments

• Database with DCC’s for dose

assessment

• Aquatic model for water dispersion

and sediment uptake

𝝏𝑨𝑩
𝝏𝒕

= 𝒌𝑾𝑨𝑾
𝑽

𝑴
− 𝒌𝑩 + λ 𝑨𝑩
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Features of the aquatic biota model Poseidon

Key features of POSEIDON

• Dynamic transfer model for the assessment of radiation doses to 

marine biota

• Includes compartment model for radionuclide transfer in water and 

sediment

• Dynamic food web with benthic and pelagic model

• Specific tissue accumulation per radionuclide

• Software integrated in the emergency preparedness platform 

JRODOS
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Description POSEIDON I

Dynamical food chain model

• Phytoplankton receives radionuclides via 

adsorption and absorption of radionuclides

(equilibrium approach).

• For other organisms dynamic approach is used.

• a, b – extraction coefficients, K0.5 – biological half 

life Heling R. et al. (2002) On the dynamical uptake 

model developed for the uptake of radionuclides in 

marine organisms for the POSEIDON-R model 

system. Radioprotection 37 (C1), 833-838.

Aquatic food chain

Large fish

Small fish

Zooplankton

Phytoplankton

, ,,

(pred)

1 prey w 0.5 zplf prey w (pred)

dC
= a +b (t)-C C CK K K

dt      

Accumulation Uptake from waterUptake from food Losses
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Description POSEIDON II

POSEIDON - Radionuclide transfer to marine 

organisms

Features of the nuclide transfer

• Dynamic food chain

• The uptake of radionuclides is time 

dependent

• Interaction between pelagic and benthic 

food web

• Transport by fish migration
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Example – Offshore Northsea

• OSPAR – cooperation between 15 Governments & 

the EU to protect the marine environment of the 

North-East Atlantic.

• Member countries communicate the yearly 

discharges of radionuclides from both nuclear and 

non-nuclear sectors.

• In 2020 – first published annual report containing 

data from year 2018.
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Benchmarking results POSEIDON with Doris

• Computed Ra-226 contribution in North-sea water 

from NORM releases

• Results are broadly comparable with study using 

software DORIS

• Some uncertainties in the applied boundary 

conditions

• When diluted uniformly in the large compartments 

Ra-226 contributions are fairly limited
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Adaptation to micro compartments

• Comparison of the concentration in the regular 

compartment and micro compartment

• Results from CFD calculations used to estimate the 

dilution in the small scale 

• Dose to humans and biota increases by around a 

factor of 400

• Accumulation of radionuclides in the near scale very 

much flow dependent, more work needed!

Ra-226

[GBq]
Box

Depth

[m]

Volume 

[km3]

Conc. water 

[Bq/m3]

Conc. NPF

[Bq/kg]

Consumption 

[μSv/y]

36.5 Regular 45 616 0.02 0.014 0.12

36.5 Micro 45 0.5 7.5 4.9 50
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Conclusions

• Modelling the uptake and fate and radioactive discharges in the 

aquatic environment is challenging

• Variety of computational models exist, using different model principles

• The correct choice of model dependents on the research question

• Generally more advanced modelling is applied when dealing with the 

near field

• Impact from NORM on the near field should receive further attention 

combining both experimental and computational studies
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Inter-comparison NRG - SCK

The comparison involves a evaluation of both models, 

including a using a hypothetical and artificial release of 
137Cs in the Dutch Zealand delta.

Scenario’s:

1. Three locations included in the comparison: Westerschelde, Belgium 

and Sealand coast, and North Holland coast.

2. Three types of organism considered: molusks, pelagic fish and

crustaceans

3. Both codes used same Cs-137 concentrations in water and sediment
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Summary of the simulation results Pelagic fish

Mollusks

Crustacean


