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A marine dispersion model has been developed at the National Radiological Protection Board
^NRPB) to assess the radiological impact of radioactive discharges into the marine environment. The
model is derived from the compartment model developed for the MARINA project [1] and forms part of
:he more general European Union methodology for assessing the radiological consequences of routine
releases of radionuclides to the environment [2] . It describes the significant movements of radioactivity
in European coastal waters. In the model, the different areas of the European marine system are
represented by compartments and the movement of radioactivity between compartments is modelled
using transfer rates. The regional marine model is interfaced with a local compartment model, usually
represented by a single compartment, into which radioactive liquid effluents are assumed to be released.
The local compartment describes the local environmental conditions, which may be very important in
determining the impact of the radioactive waste. The transport processes considered in the model are:
advection, diffusion and interaction with sediments. The adsorption of activity by sediments is due to
both partitioning of the activity between the liquid phase and the solid phase (suspended sediments) and
the removal of activity from the water column to bottom sediments. Both processes are modelled using
element dependent distribution coefficients (kd). The removal of activity from the water column is
described by a panicle scavenging model. Each sea compartment has associated a seabed compartment
divided into two layers. The removal of radioactivity is determined by distribution coefficients and by the
rate of settling of the particulate matter. Movement between the two layers, burial in deep sediment, and
the return of radioactivity to the water column through bioturbation and diffusion are also taken into
account. The model predicts radionuclide concentrations in seawater, in suspended sediments and in
seabed sediments. Concentrations of radionuclides in seafood are calculated from activity concentrations
in seawater using equilibrium concentration factors. Activity concentrations in sand are related to the
concentrations in the top layer of the seabed. The predicted radionuclide concentrations in marine
materials are then used to calculate the intakes of these radionuclides by man through ingestion or
inhalation, while activity concentrations in sediments are generally used to calculate intakes through
inhalation of resuspended material or dose rates for external exposure. The NRPB marine dispersion
model has been used in all the studies carried out at NRPB on the radiological consequences of releases
into the sea. These studies include the assessment of the radiological exposure of the population of the
European Community from radioactivity in the sea (MARINA and MAWNA-MED [3] projects) and the
calculation of the present and future doses likely to be received by people living in the UK coastal region
of the Irish Sea [4, 5].

A calibration of the marine dispersion models developed by Gfimwood [6] and Evans [7], on
which the NRPB marine model is based, was carried out by Hallstadius et al. Activity concentrations of
137Cs in the seawater of the North Sea, Skagerrak, Kattegat and Baltic Sea predicted by the models using
historical discharges from Sellafield, Cap de la Hague and Dounreay were compared with measurements
taken in the same areas. Transfer rates between compartments were adjusted to give the best fit between
model predictions and actual observations. A validation of the Irish Sea section of the NRPB marine
dispersion model was carried as part of the assessment of present and future doses to the population of
the UK coastal region of the Irish Sea [4]. Activity concentrations of 137Cs, Pu (alpha) and 241Am in
seawater and seaspray predicted by the model were compared with measurements taken by Ministry of
Agriculture Fisheries and Food and United Kingdom Atomic Energy Agency in the Irish Sea.

The validation described in this paper focused on three radionuclides: Cs-137, Tc-99 and Pu-239'
Historical discharges of these three radionuclides from the main European nuclear installations,
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Sellafield, Cap de la Hague and Dounreay from the beginning of the operations up to 1995 were included
in this study. Input into the North European water system as a result of fallout from nuclear weapons tests
and the Chernobyl accident were also incorporated. Radionuclide concentrations predicted by the model
in seawater, sediments and seafood up to 1995 were compared with measurements taken by different
organisations in the waters of the European Continental Shelf and in the Arctic Ocean. Radionuclide
concentrations calculated in various compartments were compared with average measurements taken in
the same areas. The validation generally showed good agreement between the model predictions and the
observations. Better results were obtained closer to the release point but no systematic over or under
prediction by the model was found. A best fit analysis of the transfer rates was also carried out for all
three radionuclides and the results of this exercise compared with the values currently used in the model.
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