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3D-Poseidon governing equations

A schematic diagram of the water sediment model is shown in fig. 1. Three compartments are used to represent bottom sediment and several vertical boxes represent the water column. The lower compartment of the water column is referred to as near bottom box. The mechanisms of radionuclide transfer are as follows.

Activity entering the water column is lost to bottom sediments through sorption to suspended particles which then settle out. Diffusion and bioturbation (modelled as a diffusive process) operate on the boundary layer. The return of activity from the upper layer of sediment to the water column is described as diffusion and bioturbation. Activity in the upper sediment layer may diffuse downward but there is also an effective downward transfer via the continued sedimentation at the top of the sediment layers. Return of activity from the middle sediment to the top sediment occurs only through diffusion. The effective loss of activity from middle sediment to deep sediment arises from the continuing deposition of sediment.
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                          Fig. 1 Schematic diagram of the activity transfer processes

Definitions and relationships.

Before start derivation of modified 3-D POSEIDON governing equations, let us derive some useful relationships. A volume 
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Division of (1) by porosity 
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where 
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 (Bq/m3)  is activity of particulate radioniclide in unit volume of the sediment and water mixture, 
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(Bq/m3 ) is dissolved radioniclide activity in unit volume of the mixture. 

So, the total radionuclide activity in unit volume of mixture is equal to 
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From (2) and (3) the following relationships can be easy derived: 
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where 
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 is fraction of activity sorbed by sediment, 
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3-D governing equations.

Equations governing transport and exchange processes of dissolved 
[image: image22.wmf]w
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and sorbed by suspended sediment 
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radionuclide in the water column can be written as 
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Here 
[image: image25.wmf]SS

 is suspended sediment concentration, 
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 is water column porosity that is typically close to unit for the surface water, 
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is radionuclide distribution coefficient, 
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 is the parameter describing the rate of radioniclide exchange between solid and liquid phases, 
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is the radionuclide decay constant, 
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 is the velocity of solid particles settling down in gravity field, 
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 is diffusion coefficient.

At the surface fluxes of the activity are prescribed:
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At the bottom the exchange process is governed by diffusion and bioturbation:
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Here 
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 (k=0,1) are bioturbation and physical diffusivity coefficients for the near bottom and top sediment layers, 
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 are characteristic length scales of the bioturbation and diffusivity respectively. Subscript (o) denotes water column and subscript (1) denotes the upper sediment layer.

Summation of equations of system (7) results in equation for the total activity in the water column 
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By substitution of 
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 in (12), the equation for the total activity in the water column can be written as:
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Averaging of (13) within the compartment 
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, which does not contact with the surface and bottom boundary results in equation for the inside compartment activity:
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where 
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Averaging of (13) within the surface compartment gives the following equation:
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To derive equation for the near bottom compartment let us summate equations (10) and (11):
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Averaging of system (7) over the near bottom compartment and next summation of its equations, taking into account (16), results in the following equation:
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The last four terms in the right side of (17) can be rewritten as


[image: image53.wmf]i

C

R

D

L

Y

X

D

i

C

R

R

B

L

Y

X

B

i

o

C

R

Do

L

Y

X

o

D

i

o

C

R

R

Bo

L

Y

X

o

B

w

C

D

L

Y

X

D

s

C

B

L

Y

X

B

w

C

Do

L

Y

X

o

D

s

C

Bo

L

Y

X

o

B

1

1

1

1

1

1

1

1

1

1

1

1

0

1

0

1

0

1

)

(

1

1

1

)

~

(

1

1

~

e

D

D

+

-

D

D

+

D

D

-

-

D

D

-

=

D

D

+

D

D

+

D

D

-

D

D

-

   (18)

where 
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, k=0,1 is porosity of water column or bottom sediment.

Substitution of (18) in (17) gives the equation governing radionuclide transfer in the near bottom layer:
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where 
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 are an effective fluxes from k-layer due to bioturbation; 
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 are an effective fluxes from k-layer due to diffusion; 
[image: image59.wmf]Sqr

is a square of the compartment horizontal cross-section,

Equations (14), (15), (19) describe radionuclide transfer in a water column.

Taking into account the mass balance and radionuclide diffusion and deposition from top sediment layer to intermediate sediment layer, equation governing activity transfer in the top sediment layer can be written as:
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Equations of intermediate and deep bottom boundary layers are written as
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Deep sediment compartment 
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For the sake of convenience, below, modified 3-D POSEIDON governing equations are bring altogether:

Concentration in water column (
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Inside compartment
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Near bottom compartment
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Concentration in bottom layers

Top sediment compartment 
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Intermediate sediment compartment 
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Deep sediment compartment 
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Here 
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 is radionuclide distribution coefficient; 
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 are bioturbation and physical diffusivity coefficients for the bottom boundary, 
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 is the velocity of solid particles settling down in gravity field; 
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is a square of the compartment horizontal cross-section, 
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 are point sources of the activity. 

After division of equations (23-27) by compartment volume and arrangement and fitting of coefficients (bioturbation and diffusion length scales) to those already adopted in existing version of POSEIDON code, modified 3-D POSEIDON equations can be rewritten as following:

Water column compartment
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Top sediment layer
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Middle sediment layer
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where 
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coefficients are defined as following:

near surface compartment
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compartment inside water column
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near bottom and top sediment compartments
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The rest part of coefficients has the next expression:
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Here, 
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Equations for the daughter products are similar to (29-31). The differences between those for the parent and daughter radionuclides are (a) new decay constant 
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specific for the daughter radionuclide and (b) additional source terms in the right side of (29-31) representing input from the parent to the daughter radionuclide (
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[image: image112.wmf]oi

C

l

+

 for the water column compartment).
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