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Abstract – State-of-the art dispersion models were applied to simulate 137Cs dispersion from Chernobyl nuclear
power plant disaster fallout in the Baltic Sea and from Fukushima Daiichi nuclear plant releases in the Paciﬁc Ocean
after the 2011 Tsunami. Models were of different nature, from box to full three-dimensional models, and included water/
sediment interactions. Agreement between models was very good in the Baltic. In the case of Fukushima, results from
models could be considered to be in acceptable agreement only after a model harmonization process consisting of using
exactly the same forcing (water circulation and parameters) in all models.
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1 Introduction

2 Methods

Models showing different characteristics and levels of
complexity, from those based on a box-type approach to those
making use of the shallow-water and advection/diffusion
equations were tested in two different environments:
deposition and subsequent dispersion of 137Cs on the Baltic
Sea from the Chernobyl nuclear power plant disaster in 1986
and the dispersion of 137Cs released from Fukushima
Daiichi nuclear power plant in the Paciﬁc Ocean after the
earthquake and Tsunami in March 2011 (originating from
both liquid releases into the ocean and from atmospheric
deposition on the sea surface). The box model POSEIDON
and 3D model THREETOX integrated into the decision
support system JRODOS within the EU FP7 EURATOM
project PREPARE were tested within this model validation
study.

Models which participated in the exercises are listed in
Table 1, where appropriate references for detailed descriptions
are included. They range from box models to numerical
models solving simultaneously the equations for water
circulation together with a sediment transport model and the
radionuclide dispersion model including adsorption/release of
radionuclides between water and the solid phases. Also, both
Eulerian and Lagrangian dispersion models were tested.
For the Baltic Sea, models were started 6 months after
Chernobyl deposition and when the ﬁrst comprehensive
investigation on the fallout distribution in the entire Baltic Sea
was carried out in October 1986. A map of 137Cs in surface
water over the Baltic obtained from measurements was used as
initial conditions. The ﬁve year long simulations were carried
out. The same information was extracted from all the models to
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Table 1. Models participating in the exercises.
Institute

Model

Scenario

Reference

NRPA

Box model

Baltic Sea

Iosjpe et al. (2009)

IMMSP

POSEIDON

Baltic Sea

Lepicard et al. (2004)

IMMSP

THREETOX

Baltic Sea

Maderich et al. (2008)

IMMSP/KIOST

I/K-E, I/K-L

Fukushima

Roland et al. (2012)

USEV

USEV-2D

Baltic Sea

Periáñez et al. (2013)

KAERI

LORAS

Fukushima

Min et al. (2013)

NTUA

PHOENICS

Fukushima

Psaltaki et al. (2010)

IEN

SisBahia

Fukushima

Lamego (2013)

JAEA

SEA-GEARN

Fukushima

Kobayashi et al. (2007)

USEV

USEV-3D

Fukushima

Periáñez et al. (2012)

IFREMER

MARS3D

Fukushima

Bailly du Bois et al. (2014)

Univ. Toulouse

SYMPHONIE

Fukushima

Estournel et al. (2012)

allow comparisons with ﬁeld data from HELCOM (Helsinki
Convention on the Protection of the Marine Environment of
the Baltic Sea Area) database. These data were annual 137Cs
concentrations in the water column and bed sediments (mean
values over several Baltic Sea sub-basins) and annual
inventories in the water column and bed sediments estimated
from measurements.
The overall idea in the Fukushima scenario was to
harmonize models, making them run with the same forcing in a
step-by-step procedure, in such a way that the main agent in
producing discrepancy between models can be found.

3 Results
The four models applied to the Baltic Sea produced very
consistent results for temporal evolution of 137Cs inventories in
the water column and bed sediments over the Baltic, time
series of radionuclide concentrations in water and sediment at
some ﬁxed points and time series of averaged 137Cs
concentrations in water and sediment over several sub-basins
of the Baltic. These averaged concentrations were also in good
agreement with those obtained from measurements in
HELCOM database. The Baltic Sea presents vertical
stratiﬁcation, horizontal density gradients, signiﬁcant freshwater supplies and a strong decreasing salinity gradient
between the entrance region of the Belt Sea and the Gulf of
Finland and Bothnian Sea. It is also partially covered by ice,
specially in the north and during the winter. THREETOX
model includes all these processes, but they are completely
neglected in USEV-2D, for instance. In spite of this, there is a
remarkable agreement between these models, as well as
between these two models and the box models. Surprisingly, it
seems that these processes are not too relevant for radionuclide
transport in the Baltic Sea since similar results are obtained
with models which include them and models which do not.

The situation is completely different in the case of
Fukushima releases. Results from models could be considered
to be in acceptable agreement only after a model harmonization process consisting of using exactly the same water
circulation, same bathymetry and the same horizontal and
vertical diffusivities. The same parameters for uptake/release
processes are also required to have an acceptable agreement for
concentrations in the bed sediment. Since the model
harmonization was carried out in a sequential way, it could
be concluded that a signiﬁcant part of the variability between
models is caused by the description of hydrodynamics.
Given the intensity and variability of currents in the
Fukushima area, as well as the presence of unsteady eddies due
to current convergence here (Kuroshio from the south and
Oyashio from the north), small differences in hydrodynamics
produce different dispersion patterns.

4 Conclusions
It was found that the energetics of the considered system
(magnitude and variability of currents) is essential to obtain a
good agreement between different dispersion models. Good
agreement can be achieved between models of very different
nature in environments characterized by weak currents
(e.g., the Baltic Sea). However, even similar models lead to
rather different results in highly dynamic systems characterized by strong and variable currents (e.g., Fukushima region).
This fact highlights that developing operational models for
emergency management and decision-making support (which
is one of the main application of numerical modelling) in these
dynamic environments should be based on the reliable
operational oceanographic model calibrated for this area.
The same time it is important to note that the models that were
integrated into the decision support system RODOS within EC
project PREPARE – THREETOX and POSEIDON, that were
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reﬁned within the project on the basis of the experience of the
UVEV and Iosjpe et al. (2009) model development, demonstrated during the described intercomparison study “the state of
the art” level of the marine dispersion modelling.
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