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The model for calculation dispersion modelling iarme environment implemented in ESTE software
tool takes into account three phases: dissolvedegyhsuspended sediment and bottom (seabed)
sediment. The considered interactions between thiesgses in our approach are:

a) advective transport,

b) diffusion,

c) radioactive decay,

d) burial process on bottom sediment,
e) desorption and adsorption processes,
f) resuspension and deposition.
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Figure: Schematic view of considered interactiostsvieen the three phases of marine environment.

The basic equation for the activity concentratiodlissolved phase is as follows,
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whereCy, is the concentration in the dissolved phdsegjs the activity concentration of the suspended
sediment. The terms on the left-hand side repreéleradvection and diffusion processes, withand

w being the components of current velocity. The teon the right-hand side represent: the first term
corresponds to adsorption to suspended sedimensettond term corresponds to desorption from the
suspended sedimemh (s the concentration of suspended sediment inrjydbe third term represents



radioactive decay(is the decay constant), and the tefyp is the source ternkim andk. are kinetic

transfer coefficients, related to each other thhoweglation k4., = k_;mK,;. Here Kq is sediment
distribution coefficient (can be found e.g. in [1])

The basic equation for the activity concentratiosuispended sedimety; is,
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where the terms on the left-hand side again reptéle advection and diffusion processes. The terms
on the right-hand side are: the first term corresisoto adsorption from dissolved phase, the second
term corresponds to desorption to dissolved phhsehird term represents radioactive decay, aed th
last term is a possible source term.

In both equations (1) and (2), additional termsuooghen including the interactions with bottom
sediments. Such interactions include: a) deposdiwh resuspension for the suspended sediment, and
b) desorption from seabed sediment and adsorpton dissolved phase in case of the dissolved phase.

Advection and diffusion processes are solved by lagrangian particle model. The mam@nof each
particle is described by equations:

Xepar = X + U AL + dxg;y, (3a)
Vesar = Ve + V. At + dygr, (3b)
Zigar = Zp + WAL + dzgp, (3c)

wherex = (x,y, z) specifies the position of the particle (at thegihandt + At), At is the time step,

v = (u,v,w) is the velocity vector of the current field foretlgiven timet and positionx. Edif =
(Xaif) Yaig, Zai) represent the random walk terms describing tHfesidn process. They are based on
the model [2], and satisfy the relations

dxgif = /12Ky At. 1. cos(2mry), (42)
dydif = ./ 12KhAt 10- Sin(Zm”l), (4b)

dzgir = J6K,At. 15, (4c)

wherero andr; are random numbers between 0 and i a random number between -1 anilis the
horizontal diffusion coefficient anlly is the vertical diffusion coefficienK: is evaluated using the
Smagorinsky formula [3]:
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where C is a constant equal to 0.@5;, andAy represent the scale of motion.

In all three phasesadioactive decay is taken into account. THamurial process is considered as a
decay process, (characterized\ayia), causing a decrease of activity in the bottomrsedt. Its value
is estimated as
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whereSR is sedimentation rate, is bulk density of bottom sediment, ahgl is depth of the upper
sediment layer.

The program involves a simplmodel for biological uptake which enables to evaluate activity
concentration in marine animals (e.g. in fish). Tehaluation is based on the determined activity
concentration in the dissolved phase (mean valaecirtain time period) and concentration factors f
biological material. The concentration in maringasismsc,,, (concentration per unit mass of
organism, in unit of Bg/kg) is given as

Cmo = CF.cgy. (7
Here CF is concentration factor (in unit of L/kg, given [h]), andc,, is concentration in seawater

(dissolved phase, in unit of Bg/L). The factors &€ determined for fishes, mollusks, crustaceans,
planktons and algae, and for a large number of e&hésn
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