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− 2021 -proved NORM importance

− Different compartmental models used to

determine the radioactivity concentration

in the marine environment: DORIS,

POSEIDON-R

Context

− 2011 - Fukuskima nuclear accident -
increase of the radioactivity levels
detected world wide.

− What is the impact of the nuclear releases
(standard, accidental) on the environment
and population? -> continuous research



Data collection
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OSPAR

Anca Tacu, Govert de With, 10-05-2022

− 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.

Data collection
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NORM discharges

Anca Tacu, Govert de With, 10-05-2022

Data collection

OSPAR member countries discharges from oil gas industry –
2018 annual report



Modelling and assessment
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POSEIDON-R

Anca Tacu, Govert de With, 10-05-2022

Dynamic compartment model based on geographic segmentation of the marine system

Modelling and assessment

Properties per compartment:
− Surface area
− Depth
− Bi-directional mass exchanges 

between neighboring layers
− Sediment porosity
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Benchmarking results POSEIDON-R with Doris

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment



10

Benchmarking results POSEIDON-R with Doris

Anca Tacu, Govert de With, 8-04-2022

Modelling and assessment

The assumptions made for the simulation with 
DORIS are unknown.

− Steady state yes/no?

− Releases

− Compartments info…
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Assumptions

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment

1. Constant monthly release rates.

2. Constant boundary conditions.

3. Steady state.

4. Yearly fish consumption – 10.5 kg:

− 50% non-piscivorous fish.
− 10% piscivorous fish.
− 10% benthic fish.
− 30% coastal fish.
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Achieving steady state 

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment

Steady state achieved after 6 years
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Ra-226 concentration in the sediments and  the water 
column of the North Sea

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment
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Radioisotope concentration in non-human biota

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment



15

Dose rates due to ingestion of contaminated fish 

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment

0.05 µSv/y

0.5µSv/y
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Adaptation for micro compartments

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment

UK-1 UK-2 UK-3 NO-1 NO-2

Geometry and volume of the considered boxes

rw (m) : 500 500 500 500 500

dw (m) : 105 45 120 120 145

Vw (m3): 8.25E+07 3.53E+07 9.42E+07 9.42E+07 1.14E+08

Discharge and dilution of the considered boxes

φd (m3/day) : 1.73E+04 7.50E+01 2.71E+04 7.86E+03 4.00E+04

φd (m3/yr) : 6.06E+06 2.63E+04 9.51E+06 2.76E+06 1.41E+07

dilutionmin : 3.30E+02 1.22E+04 1.30E+02 1.40E+02 4.70E+01

dilutionav : 5.12E+03 3.69E+04 2.30E+02 5.20E+02 8.50E+01

φw (m3/day)=φd (m3/day) *dilution
φw (day-1 )= φw (m3/day) / Vw (m3)

Water exchange with sea water of the considered boxes 

Computation of the water exchange for the POSEIDON micro box

φw_min (m3/day) = Vw, micro (m3) / φw (day-1 )
φw_min (km3/yr) = φw_min (m3/day) * 1E-09 * 365
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Adaptation for micro compartments

Anca Tacu, Govert de With, 10-05-2022

Modelling and assessment

90
129

Assumptions over micro compartment 129:
• same depth as compartment 90: 45.09 m
• volume = 0.5 km3

φw_min (km3/yr)  = 0.5 (km3) * 2.59E-02 * 365 = 4.72 (km3/yr) 
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Modelling and assessment

Adaptation for micro compartments

Ra-226 
release

[Bq]

Box no° Depth
[m]

Volume [m3] Conc. layer 
water 

[Bq/m3]

Conc. NPF
[Bq/kg]

Dose rate 
consumption 

fish [Sv/y]

3.65E+10 90 original 45.09 6.1618009E+11 2.06E-02 1.35E-02 1.21E-07

90 adaptation 45.09 6.16158E+11 2.06E-02 1.35E-02 1.21E-07

3.65E+10 129 micro 
compartment 

adaptation

45.09 5.00E+08 7.50E+00 4.92E+00 4.98E-05

Water exchange

Ratio: 365          Ratio:411

The values for the box 129 are conservative

50µSv/y vs. 0.12µSv/y

Is fishing so close to the off-shore platform permitted? 3.4 km?
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Conclusions
Study sheds new light on this topic, but
further research is needed.

The usage of micro-compartments
appears to be important as the effects in
the vicinity of the release points are
significantly higher than at larger
distances.
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Future work
Focus on micro compartments:

− Add surface compartments.

− Multiple compartments within same macro
compartment.

− Extend the model for the oil/gas non-
nuclear releases and add medical releases /
nuclear releases


