1 Characteristic of the POSEIDON-R development.

The development of the POSEIDON-R started with the ??? POSEIDON-PC model. Several essential improvements were maid:

1) 3-D basin structuring of the basin;

2) Two options of detailing of the situation around release;

3) Description of a multiorigin release;

4) Treatment of release characterised by data of different types (moment and interval)

5) Including of the food-chain model.

To characterise the improvements the brief description of the initial POSEIDON version is represented below along with description of new modifications.

1.1 Structure of the initial POSEIDON-PC model.

Initial version of the POSEIDON was able to model 2-D (planar) box structure. Hence only water transport in horizontal plane was considered. The model treated a single origin of radioactive release. To detail the situation around origin it might be surround by the box from the fixed list of so-called “LOCAL” boxes. This system of additional boxes was built for coastal areas adjacent to NPP located at sea shore. Physical characteristics of the box such as depth, volume, exchange coefficients, sedimentation parameters an so on are prescribed and are read from a file. It was allowed to use only one such box under assumption that origin of the radioactivity is always situated in it. Release is supposed to be described by a step function (interval of the release steadiness and correspondent value of release power). Concentration in sea food-stuffs were calculated as equilibrium values on the base of concentration factor approach.

1.2 General characteristic of the modifications.

1) The model was modified to be able to describe water transport both in planar and in vertical direction. Vertical water exchange and speciality of the suspended particles transfer between 3-D boxes in vertical direction were taken into account. There is a possibility to describe a peculiar hydrological situation for example a near bottom current from surface box into deeper water layers. The specific method of formalization of the 3-D structure was proposed.

2) To detail the situation around point of release two modes are available in POSEIDON-R:

a) Adding of the so-called “COASTAL” boxes from the list prepared in advance. This mode is similar to “LOCAL” box structure in the initial POSEIDON version with an additional possibility to use not single but several such boxes around several coastal, river or industrial origins of radioactive release. Geometric parameters and physical characteristics of the boxes are prescribed in the input file.

b) Use of the flexible “LOCAL” box with characteristics being calculated. It may be set in the arbitrary point of the basin (near surface, inside water column, on the bottom) to surround origin of radioactivity. Note that we have changed the interpretation of the “LOCAL” box comparatively to PC version. Single such box may be used. But the benefit of its use is that we may detail the situation around accidental release location of which is not known previously. Besides that it may be set on the bottom of the basin and hence gives the concentration in bottom sediment immediately near origin. This may be essential for simulation of a sunk submarine or cans with wasted radioactive fuel. Geometrical parameters of the “LOCAL” box depend on size of the outer one. Exchange coefficient is calculated from the estimate of the turbulence exchange. The specialty of the suspended particles flux through the “LOCAL” box is taken into account.

3) POSEIDON-R can treat not single but several origins of radioactivity located in different boxes absolutely independent in time and having a different nature (it may be an atmospheric fallout, release from river influxing into coastal area, release from some industrial object or accidental point release)

4) Naturally that measured data have a different type: it may be an interval values (for example a characteristics of steady release from industrial object) or moment ones (measured moment value of atmospheric fallout or release power) Types of the data may be various for different origins considered in the same simulation. POSEIDON-R can treat such situation and converse all of them to the form needed for calculational algorithm used in the model.

5) In the POSEIDON-R model concentrations in sea food-stuffs used for dose estimation may be calculated in two ways: user may choose either equilibrium approach (which is applicable for releases with smooth regime of dynamics) or dynamical food-chain model simulating radionuclide transport through food-chain (which is preferable for accidental releases with sharp picks).
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6 Numerical method.

6.1 Equation set of POSEIDON-R.

The model which is in the base of POSEIDON-R describes the radionuclide dispersion in water bodies and the transfer of radionuclides to marine organisms to give a possibility to estimate collective doses obtained by population in consequence of sea food-stuffs consumption.

So  the model calculates

1) time-dependent radionuclide concentrations in basin compartments taking into account:

· advection and diffusion,

· radioactive decay,

· radionuclide interaction with suspended and seabed sediments;

2) time-dependent radionuclide concentrations in 

· top sediment layer,

· middle sediment layer;

3) time-dependent radionuclide concentrations in biological organisms. Two options are provided here:

a) calculation of the concentration in four consumed sea food-stuffs on the base of “concentration factor” approach. The concentrations are calculated as equilibrium ones by means of multiplication of the concentration in water on the concentration factor (CF). These food-stuffs are:

· fish;

· molluscs;

· crustaceans;

· algae.

b) Calculation of the radionuclide concentration in organisms being links of food-chain on the base of dynamical model. Such food-chain links are considered:

· phytoplankton;

· zooplankton;

· non-piscivorous fish;

· piscivorous fish;

· molluscs;

· crustaceans

There is a scheme of the radionuclide transfer to marine organisms:
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Figure  6.1 Radionuclide transfer to marine organisms.
To estimate doses in the case of use of option (b) after calculation of the concentrations the same set of consumed sea food-stuffs is used. Concentration in algae is calculated in the same manner (through concentration factor) as in option (a).

Ultimately the task variables are concentrations in:

1) water;

2) top sediment layer;

3) middle sediment layer;

4) zooplankton;

5) non-piscivorous fish;

6) piscivorous fish;

7) molluscs;

8) crustaceans.

Note: the concentration in phytoplankton is calculated via the concentration factor approach.

The set of equations describing the task is represented below:
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	denotes parent radionuclide
	

	Index 
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	denotes daughter radionuclide
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	-
	Radionuclide distribution coefficient
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	S
	-
	Sediment flux (sedimentation rate)
	t/(m2.year)

	SS
	-
	Suspended sediment concentration
	(kg/m3)

	D
	-
	Diffusion coefficient
	(?)

	B
	-
	Bioturbation coefficient
	(?)
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	“tt”
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To shorten the notation, the equation set is written in the matrix form:
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where A is a square matrix of the system, C - concentration vector, 

- vector of the release origin. The structure of the matrix and vectors is considered below in chapter 6.3.

6.2 Matrix exponential method.

So the task is described by the set of ordinary differential equations, which may be written in vector-matrix notation as:
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where C - is the concentration vector, A -  the coefficient matrix, 

 - vector of release.

Following [2] Matrix Exponential Method is used to solve this system. The brief method description is represented in this chapter.

An  unforced (homogeneous) matrix equation 

 has the solution:
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Over a computational time interval 

 this solution can be expressed as
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or, letting 

 be a variable representing step-lengh,
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 The matrix exponential 

is defined operationally by a truncated Taylor series
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where I is the identity matrix (diagonal elements = 1, off-diagonal elements = 0) with the same number of rows and columns as A.

For forced systems the general incremental solutions is
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whose exact solution in the case where Q is constant over the step-length is
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This is the basic equation of the method. The symbol 

is the inverse of matrix A (i.e., 

).

Along with search of the moment value of the radionuclide concentration there is a need to calculate integral concentration (for dose estimation):
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But for 
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Hence
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Introducing notation of the matrixes:
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equations (6.32) and (6.36) may be rewritten as:
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Matrixes E1, E2, E3 are connected with the recurrence relation:
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The row may be substituted by the sum with requisite precision.

6.3 3-Dbox structure.

6.3.1 Trough numeration aim and methodology.

Let’s consider the methodology of the basin formalization with the system of 3-D boxes on the simplified example.

It is supposed that planar box structure has such appearance (in general case all boxes in planar view may have absolutely arbitrary shape):
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Figure  6.2 Planar view of the basin boxes.

Then we divide selected part of the basin (in our case they are boxes 1-7) in vertical direction on the common layers prescribing their thickness and introducing through numeration of the obtained little “3-D” boxes. The thickness of the layers may be different and is chosen from physical reasons. It is necessary to stress that part of the boxes having immediate contact with the bottom plays the special role participating in the exchange process with the bottom sediments. Hence we introduce through numeration of the boxes by special mode to put these “near-bottom” boxes into the list end. Only for these boxes concentrations in top and middle sediment layers 

and 

will be considered that entails adding corresponding components to the concentration vector. Figure  6.3  demonstrates the numeration methodology.
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Figure  6.3 Methodology of the through numeration of  3-D boxes.
Thus we have N (N=21) 3-D boxes, where n of them are “near bottom” and have contact with bottom sediments and m=N-n ‘only water boxes’ which don’t have such contact. In our example n=7 and equals to quantity of planar boxes of the part of the basin selected for detalization, m=21-7=14. Some of the boxes may have free surface. It may be either “only water” box or one-layered “near bottom” boxes.

Physically all 3-D boxes are divided into 3 types:

1) “near surface” boxes;

2) boxes inside water column;

3) “near bottom” boxes.

The difference is stipulated by sedimentation process. In the case of “near surface” box which does not contact to the bottom the flux of falling particles crosses only bottom side of the compartment. If it’s a box inside water column that does not contact both to free surface and to bottom sediments the flux of particles crosses both top and bottom sides of the compartment. If it’s a “near bottom” box particles fall only through top “lid” of the box.

Coefficients of water exchange between boxes are calculated out of POSEIDON-R by the hydrological module of the THREETOX. The exchange between planar boxes inside layer and the exchange between layers inside water column corresponding to the each planar box are considered. All exchange coefficients are grouped in the same manner that gives a possibility to formalize and automatize to some extent the process of data input.

It’s also possible to describe some peculiar hydrological situation for example when shallow surface box of a strait interacts through near bottom current with the deep layers of the deeper adjacent box. Such interaction is prescribed immediately.

6.3.2 Structure of the “COASTAL” boxes.

Sometimes there is a need to detalize the situation around origin of radioactivity, if there is a release into a large box. We consider three ways of radionuclide intake: atmospheric fallout, industrial release (also discharge from rivers are related to this type of origin) and all other types of radioactivity origins (point accidental release and so on).

We can surround an origin located on the coast (or releasing activity into a river influxing into the sea) with the box comparatively small to outer box. Further profit of this option is that physical characteristics (such as sedimentation rate, thickness of sediment layer and so on) of shallow coastal area may essentially differ from ones of outer large and deep ocean box. 

The location of the industrial (river) release is always fixed. So for given water basin we have a prescribed set of coastal boxes and it’s possible to add some of them dynamically to fixed structure of boxes. 

The approach imply some restrictions:

1) “COASTAL” box is one layered;

2) Each “COASTAL” box has both surface and bottom;

3) “COASTAL” box interacts with single regional box and exclusively with its surface part;

4) Hence its depth is supposed to be less or equal to the surface layer;

5) Exchange coefficients are assumed to be equal in both directions (both from “COASTAL” to regional and from regional to “COASTAL”) and are calculated out of POSEIDON;

6) It’s allowed to add single “COASTAL” box to the same regional;

7) Added “COASTAL” box always has a radioactivity origin (but certainly it’ possible to set the zero value of the release power if it’s necessary).

6.3.3 “LOCAL” box.

POSEIDON-R has additional possibility to detalize flexibly the situation around radioactivity origin by means of use of so-called “LOCAL” box. It has such characteristics:

1) “LOCAL” box may be placed in any point of the basin. 

2) Its volume and depth are calculated as proportional parts of the outer one. (We use value of the coefficient 0.001 for volume and 0.1 for depth) 

3) Exchange coefficients between “LOCAL” box and outer one are assumed to be equal in both directions (both from “LOCAL” into outer and back) and are calculated inside POSEIDON-R accordingly to formulae:

?????
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here C and p are physical constants, L is a local box length scale, which is defined as ratio of the local box volume to its surface area. Under assumption that the local box is a parallelepiped with square base the length scale of the local box has such expression:
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We use such values of the constants:

C=2.5, p=1.333

????

4) Physically “LOCAL” boxes may belong to one of three types:

· “surface”;

· “inside water column”

· “near bottom”

Similarly to consideration of the 3-D boxes the difference is stipulated by sedimentation process (see Figure  6.4 (a)). If “LOCAL” box is placed into one-layered box it is treated as “near bottom” (see Figure  6.4(b)).
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Figure  6.4 Types of the “LOCAL” boxes.
6.4 Matrix-vector structure of the task.

So we have N 3-D boxes n of them are “near bottom”. Hence to N components of radionuclide concentration in water we add n components of concentration in top sediment layer 

and n components of concentration in middle sediment layer 

. 

We suppose that biological organisms live in the surface water layer. We have n such boxes, so for each link of food-chain there are n additional components of radionuclide concentration vector.

To show matrix-vector structure of the task let’s firstly consider only parent radionuclide evolution.

Most generalized situation is that when we take into account:

1) water exchange between boxes;

2) radionuclide exchange “water column – sediment layers”;

3) radionuclide transfer through food-chain.

In this case matrix of the system and vector of concentrations has such structure:
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Figure  6.5 Structure of the system matrix A for simulation of a single radionuclide.
Such notation were used in the Figure  6.5:
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	Horizontal water transfer 
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	Vertical water transfer

	[image: image75.png]



	Vertical water transfer + radionuclide flux due to “falling particles”
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 is calculated by formulae with single summand
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 is calculated by formulae with three summand (for near bottom box)
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	Radionuclide flux into water from top sediment layer

	[image: image83.png]



	Radionuclide flux from water into top sediment layer 
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radionuclide mass sink from the top sediment layer due to

1) decay;

2) flux into water;

3) flux into middle sediment layer.
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	Radionuclide flux into top sediment layer from middle sediment layer
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	Radionuclide flux from top sediment layer into middle sediment layer
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radionuclide mass sink from the middle sediment layer due to

1) decay;

2) flux into top sediment layer;

3) flux into deeper sediment layer.
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	Radionuclide uptake by zooplankton from water
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	Radionuclide elimination from zooplankton
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	Radionuclide uptake by non-piscivorous fish from water
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	Radionuclide elimination from non-piscivorous  fish
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	Radionuclide uptake by non-piscivorous fish from its food (zooplankton)
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	Radionuclide uptake by piscivorous fish from water
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	Radionuclide elimination from piscivorous  fish
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	Radionuclide uptake by piscivorous fish from its food (non-piscivorous fish)
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	Immediate radionuclide uptake by mollusc fish from water + uptake via consumption of phytoplankton
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	Radionuclide elimination from mollusc
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	Radionuclide uptake by molluscs from part of its ration (zooplankton)
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	Immediate radionuclide uptake by crustaceans fish from water + uptake via consumption of phytoplankton
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	Radionuclide elimination from crustaceans
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	Radionuclide uptake by crustaceans from part of its ration (zooplankton)


Table  6.1 Notation of the matrix elements used in the Figure  6.5 
	Vector
	Meaning of the vector components
	Dimension of the vector
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	Radionuclide concentration in water in “only water boxes”, which do not have contact with bottom sediments
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	Concentration in water in “near bottom boxes”, which have contact with bottom sediments
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	Concentration in top sediment layer
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	Concentration in middle sediment layer
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Table  6.2 Denotation of concentration vector segments used in the  Figure  6.5.
If we simulate not single radionuclide but the decay chain that is parent radionuclide and its daughter products the system matrix has more complicated structure. Structure of the matrix for parent radionuclide and two daughter ones is shown on the next figure:
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Figure  6.6 Structure of the system matrix in the case of simulation of three radionuclides being links of the decay chain.
6.5 Radionuclide release assignment.

It is supposed that there are three ways of radionuclide intake: 

1) atmospheric fallout, 

2) industrial release (also discharge from rivers has been related to this type of origin) 

3) all other types of radioactivity origins (point accidental release and so on).

The quantitative data describing the releases may be of two types:

· moment values (results of measurement on some time moment) (“point” release);

· interval values (for example if the steady power of radioactive release is given, what is proper to industrial origin of radioactivity) (“step” release).

The use of the Matrix Exponential Method implies the release representation as a step function:
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Figure  6.7 Example of a release representation for Exponential Matrix Method.

The steadiness of the origin term over the interval of integration was one of assumptions in the process of obtaining the Matrix Method equations. 

So the task is to convert all release characteristic to the step function type with the common system of the steadiness intervals to make possible the use of the aforementioned method.

Let’s consider the procedure of the releases processing on the example. We have three origins of release with such characteristics:
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Figure  6.8 Example of “point” releases are needed to be convert.
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Figure  6.9 Example of “step” release for common conversion.

Firstly “point” releases are processed.
1. All moment of measurement are collected. We have the set {2; 5; 8; 3; 5; 7; 10}.

2. The set is sorted in the order of increase:{2; 3; 5; 5; 7; 8; 10}.

3. Then the set is filtered from equal values: {2; 3; 5; 7; 8; 10}.

4. The curve describing the release between measurement moments is supposed to be a linear function (Figure  6.8). So we use the linear interpolation to prescribe release values in intermediate points from the set which are not measurement moments for given release.
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Figure  6.10 “Point” release characteristics after interpolation in the intermediate points.

5. We have a system of intervals: [2;3], [3;5], [5;7], [7;8], [8,10]. Linear function is substituted by step one on each of these intervals:
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Figure  6.11 “Point” releases after conversion to the “step” type.

6. After that we check and collect all moments when “step” releases change their regime coupling these two converted releases to the third initially “step” release. We have the new set: {2,3,5,7,8,10,0,2,6,9,} and apply the previous procedure to it.

7. Next step is sorting this new set in the order of increase: {0;2;3;5;6;7;8;9;10}

8. Filtering the set from equal values if it’s necessary.

9. Subdividing intervals of step function steadiness to convert to this ultimate system of intervals with prescribing proper steady values.

10. And final step of the procedure is summing of the release powers for each interval of ultimate system if there is several ways of radionuclide intake to the same box. For example some box may be covered by radioactive precipitation but besides that it may have a nuclear power plant on its shore and have a regular radioactive discharge from it.

7 POSEIDON-R validation.

7.1 Customization and validation of the hydrodynamic code THREETOX for some European seas.

7.2 Calculation of water fluxes between boxes by THREETOX.

7.3 Customization and validation of the POSEIDO-R.

POSEIDON-R validation was carried out on Cs-137 accordingly to measured data on three basins:

1. Baltic Sea.

2. Black Sea.

3. North Sea.

Concentrations in water and concentrations in biological organisms were compared with measured data.

7.3.1 Baltic Sea.

For POSEIDON-R validation standard planar MARINA system of boxes were used. But three different vertical structures of the Baltic boxes were considered:

1) Two-layered vertical structure of the Baltic Sea with exchange coefficient calculated by the hydrological module of the THREETOX.

2) Three-layered vertical structure with exchange coefficients calculated by the hydrological module of the THREETOX.

3) Three-layered vertical structure with exchange coefficients supplied in MARINA-BALT report and adapted to this structure and 3-D approach.

Input data, results of simulations and comparison with measured data are represented below.

Part of the input data common for all simulations.

Division of the Baltic Sea in planar view is common for all simulations of the radionuclide transport. The box structure is represented in Figure 7.1. Baltic Sea boxes are included into extended structure of boxes covering whole World Ocean. Names of the boxes and their physical characteristics are given in Table  7.1 Water-compartment names and physical characteristics for Baltic Sea simulation. 

River Tributaries were taken into account. Influxing into Baltic Sea rivers were modeled as additional boxes with always negative water balance. The boxes were connected to correspondent regional ones to imitate water inflow from river into sea box. Physical characteristics such as sedimentation parameters and so on were taken similarly to shallow coastal boxes. List of river tributaries and discharges are given in Table  7.2 River Tributary characteristics for Baltic Sea simulation. 

Two ways of radionuclide inflow were taken into account:

1) Atmospheric fallout; 

2) Cs-137 releases from nuclear power plants and reactors located in the Baltic region. 

Cs-137 Atmospheric fallout was measured in two points: at Riso (Denmark) for period 1950-1996 years and at Leningrad for 1956-1996. And there was no data for another boxes. The value of the fallout was extrapolated for all boxes correspondingly to their surface area. Leningrad data were taken for “37Bothnian Bay”, “38Bothnian Sea” and “Gulf of Finland” and the data for Riso were used for all other boxes. MARINA-BALT report included values of the total atmospheric fallout for Baltic boxes in 1986. So interpolated values for 1986 were corrected on these data. The values of atmospheric fallout in1986 is given in Table  7.4 Chernobyil atmospheric fallout of Cs-137 for Baltic boxes (1986). 

The list of nuclear power plants and reactors located in the Baltic region is enumerated in Table  7.3 Nuclear power plants taken into account in the simulations. Release characteristics were taken from MARINA-BALT report. 

7.3.1.1 Two-layered vertical structure, exchange coefficient calculated by THREETOX.

Two deep Baltic boxes “39Baltic Sea West” and “40Baltic Sea East” were divided into 2 layers on the depth mark 63m. Exchange coefficients were calculated by hydrological module of the THREETOX. Their values are given in Table  7.5 Exchange coefficients calculated by THREETOX for two-layered Baltic. 

Comparison of the simulated and observed Cs-137 concentrations in water are represented in Figures Figure  7.3 - Figure  7.12 In all these figures solid line denotes result of simulation dashed line – observed values.

Figures Figure  7.13 - Figure  7.19 include comparison of predicted by food-chain model and observed concentrations in fish. Also so-called “equilibrium” values are represented in the comparison. “Equilibrium” values mean concentration in biological organisms calculated by use of concentration factor approach without applying dynamical food-chain model.

In the Figures Figure  7.20 - Figure  7.25 one may see comparison of predicted and observed values of Cs-137 concentration for different sorts of fish. Observed data are supplied by TYPHOON.

7.3.1.2 Three-layered vertical structure with exchange coefficients calculated by the hydrological module of the THREETOX.

The aim of this simulation was to investigate POSEIDON-R validity for more complex vertical structure. In this case four Baltic boxes: “35 Kattegat”, “36 Belt Sea” “39Baltic Sea West” and “40Baltic Sea East” were divided into 3 layers on the depth marks 15m and 53m. Exchange coefficients were calculated by hydrological module of the THREETOX. Their values are given in Table  7.6 Exchange coefficients calculated by THREETOX for three-layered Baltic.
After calculation resulting concentrations in water were converted to be applicable with available observed data. Results of comparison are represented in Figures Figure  7.26 - Figure  7.37. In all these figures solid line denotes predicted values dashed line – observed. Blue color of line means converted data.

Comparison with observed data for concentration in fish is not represented. This concentration is calculated accordingly to concentration in water in surface layer. But in this example surface layer has thickness 15m. Measurements were made for boxes with depth 49-53m. Hence concentration in our surface layer is essentially higher. Therefore the values are incomparable.

7.3.1.3 Three-layered vertical structure with exchange coefficients supplied in MARINA-BALT report and adapted for layered mode of the basin detailing.

To check the POSEIDON_R validity comparatively to other box models the simulation with use of standard compartment system and set of exchange coefficients was carried out. MARINA-BALT box system was used for this run. Exchange coefficient used by S.Nilson and represented in the MARINA-BALT report was transformed to be applicable for use by layer mode of basin description. The problem is that in MARINA-BALT simulation four Baltic boxes (“35 Kattegat”, “36 Belt Sea”, “39Baltic Sea West” and “40Baltic Sea East”) were divided in vertical direction on different depth marks:

“35 Kattegat” – on 20m,

“36 Belt Sea” - on 14m,

“39Baltic Sea West” – on 49m,

“40Baltic Sea East” – on 53m.

POSEIDON-R needs division of the selected part of the basin on common layers. To draw near POSEIDON-R box structure to MARINA-BALT one aforementioned boxes were divided into 3 layers on the depth marks 15m and 53m similarly to previous simulation. MARINA exchange coefficients were redistributed to be applicable to the three-layered structure on the one hand and to keep water balance and intensity of exchange between boxes on the other hand. Values of exchange coefficients are represented in Table  7.7 MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing..

Comparison of the predicted values of concentrations in water and observed ones is represented in Figures Figure  7.38 - Figure  7.49. The comparison of concentrations in fish is not represented because the reason expounded above.
Figures.
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Figure  7.1 Planar structure of the Baltic boxes.
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Figure  7.2 Atmospheric fallout of Cs-137 (Bq/(m2.year)) observed at Riso in Denmark an at St.Petersburg in Russia.
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Figure  7.3 Kattegat. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.4 Belt. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.5 Bothnian Bay. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 

[image: image127.png]Baim3

s00.00 -

40000 -

20000 -

om0

1950

1960

1970

year

1980

1980

2000




Figure  7.6 Bothnian Sea. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.7 Baltic Sea West Surface. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.8 Baltic Sea West deep. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.9 Baltic Sea East Surface. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 

[image: image131.png]Baim3

12000 —

s000

4000

om0

1950

1960

1970

year

1980

1980

2000




Figure  7.10 Baltic Sea East deep. Cs-137 Concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.11 Gulf of Finland. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.12 Gulf of Riga. Cs-137 concentration in water. Two-layered vertical structure, THREETOX exchange coefficients. 


[image: image134.png]Bafkg

20 enltium vabe

ezl e
onpisciraus fish
pscirous feh

year




Figure  7.13 Kattegat. Cs-137 concentration in fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.14 Belt. Cs-137 concentration in fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.15 Bothnian Bay.Cs-137 concentration in fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.16 Bothnian Sea. Cs-137 concentration in fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.17 West Baltic. Cs-137 concentration in fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.18 East Baltic. Cs-137 concentration in fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.19 Gulf of Finland. Cs-137 concentration in fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.20 Bothnian Bay. Cs-137 Concentration in Non-piscivorous Fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.21 Bothnian Bay. Cs-137 Concentration in Piscivorous Fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.22 Bothnian Sea. Cs-137 Concentration in Non-Piscivorous Fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.23 Bothnian Sea. Cs-137 Concentration in Piscivorous Fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.24 Gulf of Finland. Cs-137 Concentration in Non-Piscivorous Fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.25 Gulf of Finland. Cs-137 Concentration in Piscivorous Fish. Two-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.26 Kattegat. Surface. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.27 Kattegat. Deep. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients. 
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Figure  7.28 Belt. Surface. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.29 Belt. Deep. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.30 Bothnian Bay. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.31 Bothnian Sea. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.32 Baltic Sea West. Surface. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.33 Baltic Sea West. Deep. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.34 Baltic Sea East. Surface. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.35 Baltic Sea East. Deep. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.36 Gulf of Finland. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.37 Gulf of Riga. Cs-137 concentration in water. Three-layered vertical structure, THREETOX exchange coefficients.
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Figure  7.38 Kattegat. Surface. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.

[image: image160.png]Baim3

160.00

12000

s000

4000

om0

1950

1960

1970

year

1980

1980

2000




Figure  7.39 Kattegat. Deep. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.40. Belt Sea. Surface. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.41 Belt Sea. Deep. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.42 Bothnian Bay. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.43 Bothnian Sea. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.44 Baltic Sea West. Surface. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.45 Baltic Sea West. Deep. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.46 Baltic Sea East. Surface. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.47 Baltic Sea East. Deep. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.

[image: image169.png]Bo/m3

s00.00 -

40000 -

20000 -

000 —Twrﬁr/rrrw\w%ﬁ#m

1950




Figure  7.48 Gulf of Finland. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.
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Figure  7.49 Gulf of Riga. Cs-137 concentration in water. MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing.

Tables.

	Box N
	Region
	Depth
	Volume
	Sedimentation rate
	Suspended sediment loads
	Bioturbation
	Top sediment layer thickness
	Middle sediment layer thickness
	Deep sediment layer thickness
	Porosity
	Density
	Diffusion

	
	
	m
	m3
	t/(m2.year)
	t/m3
	m2/year
	m
	m
	m
	-
	t/m3
	m2/year

	1
	Other Oceans
	4.00E+03
	1.00E+18
	5.20E-05
	1.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	2
	Atlantic Ocean
	3.50E+03
	3.00E+17
	1.00E-04
	1.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	3
	North-East Atlantic
	3.50E+03
	5.00E+16
	1.00E-05
	1.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	4
	Arctic Ocean
	1.20E+03
	1.70E+16
	1.00E-05
	1.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	5
	Spitsbergen
	1.20E+03
	1.00E+14
	1.00E-05
	1.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	6
	Barents Sea
	2.00E+02
	3.00E+14
	1.00E-05
	1.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	7
	Norwegian Coastal Waters
	1.20E+03
	1.00E+15
	1.00E-05
	1.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	8
	Scottish Waters West
	1.10E+02
	1.00E+13
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	9
	Scottish Waters East
	1.10E+02
	3.00E+12
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	10
	Irish Sea North West
	9.30E+01
	4.10E+11
	3.00E-03
	3.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	11
	Irish Sea North
	3.40E+01
	6.00E+10
	5.10E-03
	3.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	12
	Irish Sea North East
	2.40E+01
	5.20E+10
	3.60E-03
	3.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	13
	Irish Sea West
	6.30E+01
	6.60E+11
	2.00E-03
	3.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	14
	Irish Sea South East
	3.10E+01
	1.60E+11
	4.70E-03
	3.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	15
	Cumbrian Waters
	2.80E+01
	3.80E+10
	4.20E-03
	3.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	16
	Irish Sea South
	5.70E+01
	1.10E+12
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	17
	Liverpool + Morcambre Bay
	1.30E+01
	3.20E+10
	2.00E-03
	3.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	18
	Celtic Sea
	1.50E+02
	2.00E+13
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	19
	Bristol Channel
	5.00E+01
	1.00E+12
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	20
	Bay of Biscay
	4.00E+03
	6.50E+14
	1.00E-05
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	21
	French Continental Shelf
	3.50E+02
	3.50E+13
	1.00E-04
	5.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	22
	Cantabrian Sea
	7.60E+02
	3.00E+13
	2.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	23
	Portuguese Continental Shelf
	4.90E+02
	1.50E+13
	2.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	24
	Gulf of Cadiz
	1.70E+03
	2.30E+14
	5.00E-05
	2.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	25
	Mediterranean Sea
	1.30E+03
	4.00E+15
	1.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	26
	English Channel West
	6.00E+01
	3.20E+12
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	27
	English Channel South East
	4.00E+01
	6.50E+11
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	28
	English Channel North East
	4.00E+01
	6.50E+11
	1.00E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	29
	North Sea South West
	3.10E+01
	4.50E+11
	1.60E-04
	6.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	30
	North Sea South East
	3.70E+01
	9.50E+11
	1.90E-04
	6.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	31
	North Sea Central
	5.00E+01
	1.30E+13
	1.00E-04
	6.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	32
	North Sea East
	2.20E+01
	1.20E+12
	4.40E-05
	6.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	33
	North Sea North
	2.40E+02
	5.60E+13
	1.00E-04
	6.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	34
	Skagerrak
	2.10E+02
	6.80E+12
	7.50E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	35
	Kattegat
	1.20E+02
	5.20E+11
	7.50E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	36
	Belt Sea
	4.40E+01
	2.90E+11
	7.50E-04
	1.00E-06
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	37
	Bothnian Bay
	4.10E+01
	1.50E+12
	1.00E-03
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	38
	Bothnian Sea
	6.20E+01
	4.90E+12
	1.50E-03
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	39
	Baltic Sea West
	1.59E+02
	4.57E+12
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	40
	Baltic Sea East
	1.63E+02
	8.50E+12
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	41
	Gulf of Finland
	3.70E+01
	1.10E+12
	1.50E-03
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	42
	Gulf of Riga
	2.30E+01
	4.10E+11
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	43
	Kemijoki River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	44
	Dalelvein River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	45
	Vouksa River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	46
	Neva River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	47
	Narva River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	48
	Daugava River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	49
	Neman River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	50
	Visla River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	51
	Oder River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	52
	Geta-elv River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	53
	Motalastrem River
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02


Table  7.1 Water-compartment names and physical characteristics for Baltic Sea simulation.

	River box number in the list of boxes
	Name
	Sea box in which the river flow in
	Discharge

(km3/year)

	43
	Kemijoki River
	37 Bothnian Bay 
	9.49D+00

	44
	Dalelvein River
	38 Bothnian Sea
	1.07D+01

	45
	Vouksa River
	41 Gulf of Finland
	1.84D+01

	46
	Neva River
	41 Gulf of Finland
	7.87D+01

	47
	Narva River
	41 Gulf of Finland
	9.82D+00

	48
	Daugava River
	42 Gulf of Riga
	1.40D+01

	49
	Neman River
	40 Baltic Sea East
	1.68D+01

	50
	Visla River
	40 Baltic Sea East
	3.26D+01

	51
	Oder River
	40 Baltic Sea East
	1.55D+01

	52
	Geta-elv River
	35 Katteget
	1.65D+01

	53
	Motalastrem Rive
	39 Baltic Sea West
	2.54D+00


Table  7.2 River Tributary characteristics for Baltic Sea simulation.

	N
	Name of the Nuclear Power Plants or Reactors
	Country

	1
	Olkiluoto NPP
	Finland

	2
	Forsmark NPP
	Sweden

	3
	Loviisa NPP
	Finland

	4
	Leningrad NPP
	Russia

	5
	Studsvik
	Sweden

	6
	Oskarshamn NPP
	Sweden

	7
	Greifswald NPP
	Germany

	8
	Barseback NPP
	Sweden

	9
	Ringhals NPP
	Sweden

	10
	Sellafield Reprocessing Plant
	UK

	11
	La Hague PP
	France

	12
	Salaspils NPP
	Latvia

	13
	Ignalina NPP
	Lithuania


Table  7.3 Nuclear power plants taken into account in the simulations.

	Box N
	Region
	Cs-137

(TBq)

	36
	Belt Sea
	60

	37
	Bothnian Bay
	200

	38
	Bothnian Sea
	2400

	39
	West Baltic
	1000

	40
	East Baltic
	500

	41
	Gulf of Finland
	500

	42
	Gulf of Riga
	40


Table  7.4 Chernobyil atmospheric fallout of Cs-137 for Baltic boxes (1986).

	1st layer (surface)

	N "from"
	N "to"
	Exchange (km3/year)

	1
	2
	1.00D+06

	2
	1
	1.00D+06

	2
	3
	5.00D+05

	3
	2
	5.00D+05

	3
	5
	1.00D+05

	3
	6
	1.00D+05

	3
	7
	1.50D+04

	3
	8
	8.30D+03

	3
	18
	1.00D+04

	3
	20
	6.70D+05

	3
	22
	1.10D+05

	3
	23
	4.60D+05

	3
	24
	5.10D+05

	3
	33
	3.40D+04

	4
	3
	2.40D+05

	5
	3
	2.00D+04

	5
	4
	2.20D+05

	6
	4
	2.00D+04

	6
	5
	1.40D+05

	7
	6
	6.00D+04

	8
	3
	5.00D+02

	8
	9
	1.10D+04

	8
	10
	5.00D+03

	9
	8
	5.00D+02

	9
	31
	8.00D+03

	9
	33
	2.40D+03

	10
	8
	7.40D+03

	10
	11
	3.30D+02

	10
	13
	5.10D+02

	11
	10
	8.30D+02

	11
	12
	1.80D+02

	11
	14
	1.70D+02

	12
	11
	2.40D+02

	12
	15
	1.00D+02

	13
	10
	2.40D+03

	13
	14
	9.30D+02

	13
	16
	6.00D+02

	14
	11
	5.70D+02

	14
	13
	4.30D+02

	14
	15
	2.30D+02

	14
	16
	7.50D+01

	14
	17
	1.30D+02

	15
	12
	2.10D+02

	15
	14
	1.50D+02

	15
	17
	3.50D+01

	16
	13
	3.00D+03

	16
	14
	7.50D+01

	16
	18
	6.00D+02

	17
	14
	1.10D+02

	17
	15
	5.50D+01

	18
	3
	4.60D+03

	18
	16
	3.00D+03

	18
	19
	2.00D+03

	18
	20
	1.50D+05

	18
	21
	1.40D+05

	18
	26
	7.00D+03

	19
	18
	2.00D+03

	20
	3
	6.70D+05

	20
	18
	1.50D+05

	20
	21
	5.80D+05

	20
	22
	3.90D+05

	21
	18
	1.40D+05

	21
	20
	5.80D+05

	21
	22
	7.40D+04

	22
	3
	1.10D+05

	22
	20
	3.90D+05

	22
	21
	7.50D+04

	22
	23
	1.50D+04

	23
	3
	4.60D+05

	23
	22
	1.30D+04

	23
	24
	6.00D+04

	24
	3
	5.10D+05

	24
	23
	5.80D+04

	24
	25
	5.30D+04

	25
	24
	5.10D+04

	26
	18
	2.00D+03

	26
	27
	3.50D+03

	26
	28
	3.50D+03

	27
	26
	1.00D+03

	27
	28
	3.00D+02

	27
	30
	6.00D+03

	28
	26
	1.00D+03

	28
	27
	1.30D+03

	28
	30
	5.00D+01

	29
	30
	6.10D+02

	29
	31
	3.80D+02

	30
	27
	5.00D+01

	30
	28
	1.00D+03

	30
	29
	2.90D+02

	30
	31
	4.60D+02

	30
	32
	7.30D+03

	31
	29
	7.00D+02

	31
	32
	9.70D+03

	31
	33
	6.90D+03

	31
	34
	5.60D+03

	32
	30
	2.40D+03

	32
	31
	8.70D+03

	32
	34
	5.90D+03

	33
	3
	1.70D+03

	33
	7
	4.50D+04

	33
	34
	5.00D+03

	34
	31
	5.50D+03

	34
	33
	1.20D+04

	34
	35
	1.50D+03

	35
	34
	2.00D+03

	35
	36
	7.20D+02

	36
	35
	1.20D+03

	36
	39
	3.15D+02

	36
	40
	0.60D+02

	37
	38
	2.24D+02

	38
	37
	2.19D+02

	38
	39
	1.58D+02

	38
	40
	4.60D+02

	39
	38
	0.87D+02

	39
	36
	3.71D+02

	39
	40
	2.98D+03

	40
	36
	1.89D+02

	40
	38
	5.20D+02

	40
	39
	3.00D+03

	40
	41
	2.55D+02

	40
	42
	1.34D+02

	41
	40
	3.60D+02

	42
	40
	1.47D+02

	43
	37
	9.49D+00

	44
	38
	1.07D+01

	45
	41
	1.84D+01

	46
	41
	7.87D+01

	47
	41
	9.82D+00

	48
	42
	1.40D+01

	49
	40
	1.68D+01

	50
	40
	3.26D+01

	51
	40
	1.55D+01

	52
	35
	1.65D+01

	53
	39
	2.54D+00

	2nd layer (deep)

	N "from"
	N "to"
	Exchange (km3/year)

	39
	40
	3.91D+02

	40
	39
	4.36D+02

	"39 WestBaltic"

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	1

	2
	9.90D+02

	2

	1
	9.76D+02

	"40 East Baltic"

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	1

	2
	1.29D+03

	2

	1
	1.30D+03


Table  7.5 Exchange coefficients calculated by THREETOX for two-layered Baltic.
	1st layer

	N "from"  
	N "to"
	Exchange (km3/year)

	1
	2
	1.00D+06

	2
	1
	1.00D+06

	2
	3
	5.00D+05

	3
	2
	5.00D+05

	3
	5
	1.00D+05

	3
	6
	1.00D+05

	3
	7
	1.50D+04

	3
	8
	8.30D+03

	3
	18
	1.00D+04

	3
	20
	6.70D+05

	3
	22
	1.10D+05

	3
	23
	4.60D+05

	3
	24
	5.10D+05

	3
	33
	3.40D+04

	4
	3
	2.40D+05

	5
	3
	2.00D+04

	5
	4
	2.20D+05

	6
	4
	2.00D+04

	6
	5
	1.40D+05

	7
	6
	6.00D+04

	8
	3
	5.00D+02

	8
	9
	1.10D+04

	8
	10
	5.00D+03

	9
	8
	5.00D+02

	9
	31
	8.00D+03

	9
	33
	2.40D+03

	10
	8
	7.40D+03

	10
	11
	3.30D+02

	10
	13
	5.10D+02

	11
	10
	8.30D+02

	11
	12
	1.80D+02

	11
	14
	1.70D+02

	12
	11
	2.40D+02

	12
	15
	1.00D+02

	13
	10
	2.40D+03

	13
	14
	9.30D+02

	13
	16
	6.00D+02

	14
	11
	5.70D+02

	14
	13
	4.30D+02

	14
	15
	2.30D+02

	14
	16
	7.50D+01

	14
	17
	1.30D+02

	15
	12
	2.10D+02

	15
	14
	1.50D+02

	15
	17
	3.50D+01

	16
	13
	3.00D+03

	16
	14
	7.50D+01

	16
	18
	6.00D+02

	17
	14
	1.10D+02

	17
	15
	5.50D+01

	18
	3
	4.60D+03

	18
	16
	3.00D+03

	18
	19
	2.00D+03

	18
	20
	1.50D+05

	18
	21
	1.40D+05

	18
	26
	7.00D+03

	19
	18
	2.00D+03

	20
	3
	6.70D+05

	20
	18
	1.50D+05

	20
	21
	5.80D+05

	20
	22
	3.90D+05

	21
	18
	1.40D+05

	21
	20
	5.80D+05

	21
	22
	7.40D+04

	22
	3
	1.10D+05

	22
	20
	3.90D+05

	22
	21
	7.50D+04

	22
	23
	1.50D+04

	23
	3
	4.60D+05

	23
	22
	1.30D+04

	23
	24
	6.00D+04

	24
	3
	5.10D+05

	24
	23
	5.80D+04

	24
	25
	5.30D+04

	25
	24
	5.10D+04

	26
	18
	2.00D+03

	26
	27
	3.50D+03

	26
	28
	3.50D+03

	27
	26
	1.00D+03

	27
	28
	3.00D+02

	27
	30
	6.00D+03

	28
	26
	1.00D+03

	28
	27
	1.30D+03

	28
	30
	5.00D+01

	29
	30
	6.10D+02

	29
	31
	3.80D+02

	30
	27
	5.00D+01

	30
	28
	1.00D+03

	30
	29
	2.90D+02

	30
	31
	4.60D+02

	30
	32
	7.30D+03

	31
	29
	7.00D+02

	31
	32
	9.70D+03

	31
	33
	6.90D+03

	31
	34
	5.60D+03

	32
	30
	2.40D+03

	32
	31
	8.70D+03

	32
	34
	5.90D+03

	33
	3
	1.70D+03

	33
	7
	4.50D+04

	33
	34
	5.00D+03

	34
	31
	5.50D+03

	34
	33
	1.20D+04

	34
	35
	7.87D+03

	35
	34
	8.00D+03

	35
	36
	1.20D+03

	36
	35
	1.42D+03

	36
	39
	0.00D+00

	36
	40
	2.05D+02

	37
	38
	3.70D+02

	38
	37
	3.60D+02

	38
	39
	0.83D+02

	38
	40
	0.48D+02

	39
	38
	1.00D+02

	39
	36
	2.78D+02

	39
	40
	1.155D+0

	40
	36
	1.51D+02

	40
	38
	0.15D+02

	40
	39
	1.088D+0

	40
	41
	2.57D+02

	40
	42
	1.33D+02

	41
	40
	3.70D+02

	42
	40
	1.47D+02

	43
	37
	9.49D+00

	44
	38
	1.07D+01

	45
	41
	1.84D+01

	46
	41
	7.87D+01

	47
	41
	9.82D+00

	48
	42
	1.40D+01

	49
	40
	1.68D+01

	50
	40
	3.26D+01

	51
	40
	1.55D+01

	52
	35
	1.65D+01

	53
	39
	2.54D+00

	2nd layer

	N "from"
	N "to"
	Exchange (km3/year)

	34
	35
	2.66D+02

	35
	34
	3.65D+02

	35
	36
	2.10D+02

	36
	35
	2.03D+02

	36
	39
	0.26D+02

	36
	40
	2.87D+02

	38
	39
	0.49D+02

	38
	40
	0.15D+02

	39
	36
	1.39D+02

	39
	38
	0.51D+02

	39
	40
	1.172D+0

	40
	36
	1.63D+02

	40
	38
	0.10D+02

	40
	39
	1.326D+0

	40
	41
	0.83D+02

	41
	40
	0.80D+02

	3rd layer

	N "from"
	N "to"
	Exchange (km3/year)

	38
	39
	0.22D+02

	39
	38
	0.20D+02

	39
	40
	6.44D+02

	40
	39
	5.57D+02

	35 "kattegat"

	layer "from"
	layer "to"
	Exchange (km3/year)

	1

	2
	1.60D+02

	2

	1
	1.62D+02

	2

	3
	0.70D+02

	3

	2
	0.69D+02

	36 "Belt Sea"

	layer "from"
	layer "to"
	Exchange (km3/year)

	1

	2
	1.07D+02

	2

	1
	1.10D+02

	39 "Baltic Sea West"

	layer "from"
	layer "to"
	Exchange (km3/year)

	1

	2
	6.62D+02

	2

	1
	7.29D+02

	2

	3
	8.60D+02

	3

	2
	7.73D+02

	40 "Baltic Sea East"

	layer "from"
	layer "to"
	Exchange (km3/year)

	1

	2
	1.345D+0

	2

	1
	1.278D+0

	2

	3
	1.655D+0

	3

	2
	1.742D+0


Table  7.6 Exchange coefficients calculated by THREETOX for three-layered Baltic.

	1st layer

	N "form"
	N "to"
	Exchange (km3/year)

	1
	2
	1.00D+06

	2
	1
	1.00D+06

	2
	3
	5.00D+05

	3
	2
	5.00D+05

	3
	5
	1.00D+05

	3
	6
	1.00D+05

	3
	7
	1.50D+04

	3
	8
	8.30D+03

	3
	18
	1.00D+04

	3
	20
	6.70D+05

	3
	22
	1.10D+05

	3
	23
	4.60D+05

	3
	24
	5.10D+05

	3
	33
	3.40D+04

	4
	3
	2.40D+05

	5
	3
	2.00D+04

	5
	4
	2.20D+05

	6
	4
	2.00D+04

	6
	5
	1.40D+05

	7
	6
	6.00D+04

	8
	3
	5.00D+02

	8
	9
	1.10D+04

	8
	10
	5.00D+03

	9
	8
	5.00D+02

	9
	31
	8.00D+03

	9
	33
	2.40D+03

	10
	8
	7.40D+03

	10
	11
	3.30D+02

	10
	13
	5.10D+02

	11
	10
	8.30D+02

	11
	12
	1.80D+02

	11
	14
	1.70D+02

	12
	11
	2.40D+02

	12
	15
	1.00D+02

	13
	10
	2.40D+03

	13
	14
	9.30D+02

	13
	16
	6.00D+02

	14
	11
	5.70D+02

	14
	13
	4.30D+02

	14
	15
	2.30D+02

	14
	16
	7.50D+01

	14
	17
	1.30D+02

	15
	12
	2.10D+02

	15
	14
	1.50D+02

	15
	17
	3.50D+01

	16
	13
	3.00D+03

	16
	14
	7.50D+01

	16
	18
	6.00D+02

	17
	14
	1.10D+02

	17
	15
	5.50D+01

	18
	3
	4.60D+03

	18
	16
	3.00D+03

	18
	19
	2.00D+03

	18
	20
	1.50D+05

	18
	21
	1.40D+05

	18
	26
	7.00D+03

	19
	18
	2.00D+03

	20
	3
	6.70D+05

	20
	18
	1.50D+05

	20
	21
	5.80D+05

	20
	22
	3.90D+05

	21
	18
	1.40D+05

	21
	20
	5.80D+05

	21
	22
	7.40D+04

	22
	3
	1.10D+05

	22
	20
	3.90D+05

	22
	21
	7.50D+04

	22
	23
	1.50D+04

	23
	3
	4.60D+05

	23
	22
	1.30D+04

	23
	24
	6.00D+04

	24
	3
	5.10D+05

	24
	23
	5.80D+04

	24
	25
	5.30D+04

	25
	24
	5.10D+04

	26
	18
	2.00D+03

	26
	27
	3.50D+03

	26
	28
	3.50D+03

	27
	26
	1.00D+03

	27
	28
	3.00D+02

	27
	30
	6.00D+03

	28
	26
	1.00D+03

	28
	27
	1.30D+03

	28
	30
	5.00D+01

	29
	30
	6.10D+02

	29
	31
	3.80D+02

	30
	27
	5.00D+01

	30
	28
	1.00D+03

	30
	29
	2.90D+02

	30
	31
	4.60D+02

	30
	32
	7.30D+03

	31
	29
	7.00D+02

	31
	32
	9.70D+03

	31
	33
	6.90D+03

	31
	34
	5.60D+03

	32
	30
	2.40D+03

	32
	31
	8.70D+03

	32
	34
	5.90D+03

	33
	3
	1.70D+03

	33
	7
	4.50D+04

	33
	34
	5.00D+03

	34
	31
	5.50D+03

	34
	33
	1.20D+04

	35
	34
	2.00D+03

	36
	35
	1.20D+03

	37
	38
	4.70D+02

	38
	37
	3.70D+02

	38
	39
	9.70D+02

	39
	36
	7.20D+02

	39
	40
	4.10D+03

	40
	39
	4.10D+03

	40
	38
	5.30D+02

	40
	39
	4.10D+03

	40
	41
	8.00D+00

	40
	42
	3.10D+02

	41
	40
	1.30D+02

	42
	40
	3.40D+02

	43
	37
	9.49D+00

	44
	38
	1.07D+01

	45
	41
	1.84D+01

	46
	41
	7.87D+01

	47
	41
	9.82D+00

	48
	42
	1.40D+01

	49
	40
	1.68D+01

	50
	40
	3.26D+01

	51
	40
	1.55D+01

	52
	35
	1.65D+01

	53
	39
	2.54D+00

	
	2nd layer
	

	N "from"
	N "to"
	Exchange (km3/year)

	35
	36
	7.20D+02

	
	3rd layer
	

	N "from"
	N "to"
	Exchange (km3/year)

	39
	40
	2.20D+02

	40
	39
	4.40D+02

	35 "Kattegat"

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	1

	2
	1.00D+02

	2

	1
	9.30D+02

	2

	3
	1.00D+10

	3

	2
	1.00D+10

	36 "Belt Sea"

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	1

	2
	7.00D+02

	2

	1
	9.30D+02

	39 "Baltic Sea West"

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	2

	3
	1.00D+10

	3

	2
	1.00D+10

	40 "Baltic Sea East"

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	2

	3
	1.00D+10

	3

	2
	1.00D+10

	Peculiar hydrological situation

	(i,k) "from"
	(i,k) "to"
	Exchange (km3/year)

	i
	k
	i
	k
	

	34
	1
	35
	2
	1.50D+03

	36
	2
	40
	3
	2.20D+02

	36
	2
	40
	1
	2.70D+02

	39
	1
	39
	3
	2.00D+02

	39
	3
	36
	1
	2.20D+02

	39
	3
	39
	1
	2.00D+02

	40
	1
	40
	3
	2.10D+02

	40
	3
	40
	1
	2.10D+02


Table  7.7 MARINA-BALT exchange coefficients adapted for layered mode of the basin detailing. Here i denotes planar box number k is layer number from the free surface.

7.3.2 Black Sea.

Radionuclide transfer in Black Sea was simulated on the base of shortcut system of compartment comparatively to the system used for Baltic Sea modeling. This system consists of 9 boxes including two river boxes Dnieper and Danube. In Figure  7.50 the planar structure of Black Sea subdivision is represented. List of box and their physical characteristics are given in Table  7.8 Water-compartment names and physical characteristics for Black Sea simulation. We shorten the system on large box “North-East Atlantic”. It is possible because influence of other Atlantic boxes on the Black Sea is negligible.

Characteristics of river tributaries are given in Table  7.9 River Tributary characteristics for Black Sea simulation .

Two deep boxes “7 Black Sea West” and “8 Black Sea East” are divided on 3 layers on depth marks 50m, 100m. Exchange coefficients between the boxes are represented in Table  7.10 Exchange coefficients for Black Sea simulation. 

The atmospheric fallout for period 1950-1996 observed at Riso (Denmark) was extrapolated on North Sea boxes proportionally to their surface areas to set the radioactivity origin for the boxes (see 7.3.1.Part of the input data common for all simulations.).

Results of simulation are represented in Figures Figure  7.51 - Figure  7.64 . It’s necessary to note that there is no regular observation data for Black Sea. Measured values are denoted on graphs with dots. Measurement data for depth more than 100m are very rough and fragmentary because measurements on large depth were not carried out at all. But calculated values for third layer relates to depth 1500-1800m. This is a reason of large divergence predicted and observed data. There is no measured data on concentration in water for “9 Azov Sea” and concentration in biota in “6 North West Shelf” and “9 Azov Sea” to compare them with predicted values. Measurement data on different biological organism have mostly 1-2 points which are denoted with dots.

Figures.
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Figure  7.50 Planar structure of the Black Sea boxes.
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Figure  7.51 Black Sea North West Shelf. Cs-137 concentration in water.

[image: image173.png]Ba/m3

1000 —
a0 |
a0
o0

a0 —
700
a0
o0 |

6000 —
ss0 |
S0 |
0

40m —
3500
g0
200

200 —
o
000
so0 |
om —

180

1060

19m

ear

10

190

2mm




Figure  7.52 Black Sea West. Surface layer. Cs-137 concentration in water.
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Figure  7.53 Black Sea West. Middle layer. Cs-137 concentration in water.
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Figure  7.54 Black Sea West. Deep layer. Cs-137 concentration in water.
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Figure  7.55 Black Sea East. Surface layer. Cs-137 concentration in water.
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Figure  7.56 Black Sea East. Middle layer. Cs-137 concentration in water.
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Figure  7.57 Black Sea East. Deep layer. Cs-137 concentration in water.
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Figure  7.58 Black Sea West. Cs-137 concentration in zooplankton.
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Figure  7.59 Black Sea West. Cs-137 concentration in non-piscivorous fish.
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Figure  7.60 Black Sea West. Cs-137 concentration in piscivorous fish.
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Figure  7.61 Black Sea West. Cs-137 concentration in fish (non-piscivorous – green line, piscivorous – red line, dots – measured values).
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Figure  7.62 Black Sea West. Cs-137 concentration in molluscs.
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Figure  7.63 Black Sea West. Cs-137 concentration in algae.
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Figure  7.64 Black Sea East. Cs-137 concentration in fish (non-piscivorous – green line, piscivorous – red line, dots – measured values).

Tables.

	Box N
	Region
	Depth
	Volume
	Sedimenta

tion rate
	Suspen

ded sediment loads
	Bioturba

tion
	Top sediment layer thickness
	Middle sediment layer thickness
	Deep sediment layer thickness
	Porosity
	Density
	Diffusion

	
	
	m
	m3
	t/(m2.year)
	t/m3
	m2/year
	m
	m
	m
	-
	t/m3
	m2/year

	1
	Gulf of Cadiz
	1.70E+03
	2.30E+14
	5.00E-05
	2.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	2
	Mediterranean Sea
	1.30E+03
	4.00E+15
	1.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	3
	North-East Atlantic
	3.50E+03
	5.00E+16
	1.00E-05
	1.00E-07
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	4
	Danube
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	5
	Dnieper
	1.20E+01
	5.00E+08
	7.50E-04
	3.00E-07
	3.60E-05
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	6
	Black Sea North West Shelf
	9.67E+01
	5.93E+12
	1.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	7
	Black Sea West
	1.66E+03
	2.02E+14
	1.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	8
	Black Sea East
	1.82E+03
	3.42E+14
	1.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02

	9
	Azov Sea
	1.10E+01
	2.44E+11
	1.00E-04
	1.00E-06
	3.16E-08
	1.00E-01
	1.90E+00
	1.00E+01
	7.50E-01
	2.60E+00
	3.15E-02


Table  7.8 Water-compartment names and physical characteristics for Black Sea simulation.
	River box number in the list of boxes
	Name
	Sea box in which

 the river flow in
	Discharge

(km3/year)

	4
	Danube
	6 Black Sea North West Shelf
	2.08D+02

	5
	Dnieper
	6 Black Sea North West Shelf
	5.12D+01


Table  7.9 River Tributary characteristics for Black Sea simulation
	1st layer

	N "from"
	N "to"
	Exchange (km3/year)

	1
	2
	5.30D+04

	1
	3
	5.10D+05

	2
	1
	5.10D+04

	3
	1
	5.10D+05

	4
	6
	2.08D+02

	5
	6
	5.12D+01

	6
	7
	2.325D+03

	7
	2
	2.65D+02

	7
	6
	2.25D+03

	7
	8
	2.15D+03

	8
	7
	1.487D+03

	8
	9
	6.65D+01

	9
	8
	5.65D+01

	2nd layer

	N "from"
	N "to"
	Exchange (km3/year)

	7
	8
	2.15D+03

	8
	7
	1.487D+03

	3rd layer

	N "from"
	N "to"
	Exchange (km3/year)

	7
	8
	2.8254D+04

	8
	7
	2.96D+04

	7 Black Sea West

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	1
	2
	4.750D+03

	2
	1
	5.603D+03

	2
	3
	9.500D+03

	3
	2
	1.1206D+03

	8 Black Sea East

	Layer "from"
	Layer "to"
	Exchange (km3/year)

	1
	2
	1.300D+03

	2
	1
	6.37D+02

	2
	3
	2.600D+03

	3
	2
	1.274D+03

	Peculiar hydrological situation

	(i,k) "from"
	(i,k) "to"
	Exchange (km3/year)

	i
	k
	i
	k
	

	2    
	1
	7  
	3
	2.54D+02

	6    
	1
	7  
	2
	2.325D+03

	6    
	1
	7  
	3
	1.69D+03


	7    
	2
	6  
	1
	2.25D+03


	7    
	2
	2  
	1
	2.65D+02


	7    
	3
	6  
	1
	1.584D+03

	8    
	2
	9  
	1
	6.65D+01

	9    
	1
	8  
	2
	5.65D+01


Table  7.10 Exchange coefficients for Black Sea simulation. Here i denotes planar box number k is layer number from the free surface.

7.3.3 North Sea.

North Sea simulation was carried out on basin structure used for Baltic Sea. This compartment structure covers whole World Ocean including North Sea. Compartment structure in North Sea region is represented in Figure  7.65. North Sea boxes are:

“33 North Sea North”;

“9 North Scottish Waters East”;

“ 31 North Sea Central”;

“32 North Sea East”;

“29 North Sea South West”;

“30 North Sea South East”.

Two-layered vertical structure with exchange coefficients calculated by THREETOX was chosen. North Sea boxes are one-layered. Exchange coefficients between them are included in Table  7.5 Exchange coefficients calculated by THREETOX for two-layered Baltic.
The atmospheric fallout for period 1950-1996 observed at Riso (Denmark) was extrapolated on North Sea boxes proportionally to their surface areas to set the radioactivity origin for the boxes (see 7.3.1.Part of the input data common for all simulations.). 

To check the POSEIDON-R validity for this basin data of observation from MARINA REPORT [??????] and data supplied by [Rudie Helling????] were used. But in MARINA modeling the different structure of boxes was used. The correspondence between POSEIDON-R and MARINA [???] boxes is given in Table  Table  7.11 Correspondence between POSEIDON-R boxes and MARINA [???] . MARINA Report supplies observed data for period 1980-1985 for three parts of the North Sea. Data for period 1986-1994 for Central and South regions of the sea were available from [Rudie Helling]. These two fragments of data were coupled. Comparison of the predicted and observed values of Cs-137 concentration in water is represented in  Figure  7.66 - Figure  7.68 .

Figures.
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Figure  7.65 Compartment structure in North Sea region.
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Figure  7.66 North Sea North. Cs-137 concentration in water.
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Figure  7.67 North Sea Central. Cs-137 concentration in water.
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Figure  7.68 North Sea South. Cs-137 concentration in water.

Tables.

	POSEIDON-R boxes


	MARINA [???] ICES areas

	33 North Sea North
	IV-a Northern North Sea

	9 Scottish Waters East
	

	31 North Sea Central
	IV-b Central North Sea

	32 North Sea East
	

	29 North Sea South West
	IV-c Southern North Sea

	30 North Sea South East
	


Table  7.11 Correspondence between POSEIDON-R boxes and MARINA [???] ICES areas.
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