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Figure 2-27. Extension of the coarse grids used in SMS for the Laxemar simulation.

With known values of water depth (h), wave height (H), and wave period (T), it is possible to
calculate maximum resuspendable grain size (MRG). The equation is restricted to grain sizes less
than about 0.5 mm (medium sand and finer).

2.8 Processing STWAVE model results in a Visual Basic Program

The STWAVE program is run for the period 9500 BC to 9500 AD with a time step of 500 years.

At each time step both 10 and 25 m s™' situations are simulated; for each wind speed, five wind
directions are simulated. The wave spectra for each combination of wind speed and wind direction
are saved for an overlapping cell of the coarse and fine grids. These wave spectra were used as input
to STWAVE simulations with the fine grids.

The STWAVE fine-grid simulations give results for wave height, wave period and wave directions
for each combination of wind speed and wind direction in SMS grid format. These results were
exported in generic text format.
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A Visual Basic program was generated to link SMS program results with ArcGis, where all post
processing was performed. The Visual Basic program executes the following tasks:

(i) Reads the five generic text files (wave height and period for five wind directions) for one wind
speed and stores these data in 2D arrays.

(i) Finds the maximum wave height for each cell among the five arrays and finds the wave period
value associated to that maximum wave height.

(iii) Reads the water depth generic text file and stores values in a 2D array.

(iv) Calculates the maximum resuspendable grain size for each cell in the grid using equations 2-17
to 2-19 and data for wave height, wave period, and water depth. Since the grain size (MRG)
exists on both sides of equation 2-17, an equation solver is included in the VB-program.

(v) Converts the grid from SMS format to ESRI ASCII grid format by mirroring the SMS grid over
the either the Y-axis or the X-axis depending on the SMS-grid orientation.

The two ASCII-grids were imported to ArcGis and converted to ESRI grid format. The grids were
reclassified into two classes using the MRG-value. The two reclassified grids were combined into
a single grid with five classes:

1 Land,

Accumulation bottom,

Transport bottom,

Erosion bottom, and

No Data.

wm A W N

The “No Data” class is grid cells classified as ocean without any MRG-values situated at water depth
shallower than one meter. The reason for the lack of MRG-values at these cells is described above.

2.9 Validations of the wave and resuspension models

The only output variables from the STWAVE simulations used as input to the resuspension model
are wave height and wave period, so these are the variables to be validated.

Since June 2006, the Swedish meteorological and hydrological institute (SMHI) has operated a
wave buoy in the Bothnian Sea (Finngrundet, 60° 54’ N, 18° 37” E). Using weather data from
Orskir (S. Bothnian Sea) three different combinations of wind speeds and wind directions has been
simulated with the STWAVE model. These results can be compared to measured wave buoy data
(see Table 2-8). Situations with the same wind directions during the previous 24 hours were chosen
and the maximum wind speed during that period was simulated. The modelled wave heights were
compared with the maximum measured wave heights during or shortly after that period.

Although the STWAVE model gives excellent results, this validation does not really test the wave
refraction component of the model since the Finngrundet wave buoy floats on deep water.

The resuspension model is calibrated using the marine geology data from the Forsmark area. The
borders between accumulation bottoms and transport bottoms are usually defined to be between
postglacial fine-grained sediments and postglacial coarse-grained sediments or against bedrock/till/

Table 2-8. Comparison between measured wave heights at Finngrundet wave buoy and modelled
wave heights at the same position. The measured wave heights are given as significant wave
heights (H4;) and are converted to Hy.c by multiplying it by 1.66 /Silvester 1974/. Wind speed in

m s~' and wave heights in m.

Date Wind speed Measured H Modelled H
2006-10-31 29 8.1 7.9
2006-11-02 17 4.2 4.3
2006-05-06 12 1.8 1.7
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glacial clay. However, occurrence of fine-grained postglacial sediments does not always indicate

an accumulation bottom since a late switch from accumulative to erosion environment cannot be
observed by the methods used in the geological survey. Normally, an erosion environment can be
proven if there are thin layers of sand on top of the clay sediments, but this occurrence is normally
not shown in the geological map. On the other hand, a late switch between erosion to accumulation
environment will only provide a thin layer of fine-grained particles on top of coarser material. These
characteristics are not shown in the map or in the sediment sample.

To avoid using sites with late change in sedimentation environments, only sites with either thick

(> 1 m) or no occurrence of postglacial fine-grained sediments are used in the calibration. This sedi-
ment thickness rule (> 1m) makes it impossible to use the marine geological map in the calibration
since this map only shows the surficial sediment type and not the sediment profile. Therefore, only
data from the sonar surveys are used in the calibration. To use only modelled data with no late switch
in sedimentation environment, only sites where the model shows no change in environment during
the last three time steps (1,500 years) are used.

Moreover, since the water depth is an important factor in the MRG calculations, only sites (grid
cells) where the water depths in the SMS grid are approximately the same as the measured water
depths presented in the geological data set are used for calibration.

The geological survey data were classified into erosion or accumulation sediment: postglacial clays
or silts were classified as accumulation sediment and all other sediment types were classified as
erosion sediments (postglacial sand is an accumulation sediment but is not situated at an accumula-
tion environment for fine-grained particles).

The MRG-value that will be used for classification into Accumulation/No accumulation was calcu-
lated by minimizing the number of wrongly classified cells (postglacial clay classified as postglacial
sand or postglacial sand classified as postglacial clay). A MRG-value of 0.27 mm (fine sand) was
found to give the lowest error and approximately 84% of the cells used for calibration were correctly
classified.

The resuspension model is validated using data from the geological survey at the Laxemar site.
The results for the AD 2000 simulation in raster format and five classes (Accumulation, Transport,
Erosion, Land and No Data) were converted to points.

The marine geological map exists in two versions, both in polygon shape format. One map shows the
geological unit at approximately 0.5 m depth and the other map shows the thin unit on top if it dif-
fers from the first map. In this validation, a combination of the two is used; the thin unit map where
it exists and the unit on 0.5 meters depth at all other sites.

The model results were linked to the geological map and a table with fields for model class and
geological units were generated. The total number of points in the validation is 3,274. Unfortunately,
the distributions of different geological units in the Laxemar area are skewed with strong domination
erosion or transport bottoms. Table 2-9 shows the results of the validation.

Table 2-9. Results from validation of the resuspension model using a MRG-value of 0.27 mm for
the Laxemar area. The columns are the modelled classes and the rows the marine geological
units. The values are the number of points for each combination of modelled bottom class

and marine geological unit. Numbers marked in italic are wrongly classified points and in bold
correctly classified points. MRG = Maximum Resuspendable Grain size.

Mapped unit
Modelled unit Bedrock Glacial clay Till Postglacial Postglacial fine Postglacial clay
sand gravel sand
Accumulation 107 6 46 99 23
Transport 1,718 198 5 637 215
Erosion 189 9 21 1
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Correctly classified points are 92% of total number of points. The most seriously wrongly classifica-
tions are bedrock points classified as accumulation bottoms (107 points). Possible causes for this
miss-classification are discussed in chapter 4. In addition to the high share of correctly classified
points, it is also positive that the model correctly classifies all the postglacial clay points. Moreover,
the validation also shows that the extensions of accumulation bottoms are overestimated, a finding
that is expected when using conservative approach to choose limits.

The validation of how the resuspension model predicts extension of erosion bottoms are more
complex since erosion bottoms can appear as all geological units except postglacial clay.
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3 Results

The outcome of the modelling is time series of classified maps in raster format with classes for
different bottom types. Figure 3-1 shows the change in extension of different bottom types over time
for the Forsmark site. The shore displacement process can be seen as increasing land area (green line)
with time for the first island appearing at approximately 3500 BC. At the beginning of the period, the
bottom is solely of accumulation type since wave base is higher than the shallowest bottom at this
time. As the area becomes shallower over time, some accumulation bottoms become situated higher
than the wave base and these bottoms are transferred to transport bottoms (the shallow effect). At

the same time, the shallow process in the wave generation areas also causes shortening of the fetch,
lowering the energies of the waves that affects the resuspension process (the fetch effect).

The shallow parts of the sea area between the deep sea and the Oregrundsgrepen also causes some
wave energy to be lost because of bottom friction or wave breaking. This decrease in wave energy
causes waves entering the sea border of the site decrease in height over time (the wave energy filter
effect). Therefore, the shallow effect causes the areas of accumulation bottoms to decrease over time
(transfers to transport bottoms and later to erosion bottoms), whereas the fetch effect and the wave
energy effect works in the opposite direction. The balance between these three effects change over
time and results in the change in extension of bottom types (Figure 3-1).

The shallow effect dominated between 9000 BC and 3500 BC, whereas the combination of wave
energy filter effect and fetch effect dominates after 1500 BC. During the intermediate period
(3500 BC-1500 BC), the effects are balanced.

Figures 3-2 to 3-4 shows examples of extensions of different bottom types at the Forsmark site
on three dates, 2000 AD, 3000 BC (when the minimum accumulation bottom area occurred), and
500 BC (when the accumulation bottom has a local maximum).
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Figure 3-1. Change in area extensions over time in three bottom types at the Forsmark site.
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Figure 3-2. Extensions of modelled different bottom types in Forsmark at 2000 AD. The large area in the
NE corner of the map is excluded from the analysis due to patches with unknown water depth values but
this has no importance for the implementation of the results while it is situated outside the site domain.

Figure 3-3. Extensions of modelled different bottom types in Forsmark at 3000 BC. The thin blue line is
the shoreline at 2000 AD.
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Figure 3-4. Extensions of modelled different bottom types in Forsmark at 500 BC. The thin blue line is the
shoreline at 2000 AD.

These raw results (the results before the classification) can be used to understand how existing
quaternary geological features (e.g. the basin of Lake Bolundsfjarden) in the Forsmark area have
been affected by accumulation/transport processes over time (see Figure 3-5 for location of Lake

Bolundsfjérden).
Hmw
»

““
‘Huuuu
Figure 3-5. Location of a lake in an isolation phase (Bolundsfjirden) and two future lakes that will have

‘ W H
H\M u
different characteristics (water volumes and maximum water depths).
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For each time step, the minimum, average, and maximum MRG-values within the Lake Bolunds-
fjarden polygon are extracted from the simulation of 25 m s! wind speed. These extracted values are
displayed in a MRG-time diagram that also shows the MRG threshold value of 0.27 mm. If all three
values are situated below the threshold, values reveal the whole area as an accumulation sediment
environment, whereas values above the threshold indicate that the area is eroding. If the maximum
value is above the threshold while the minimum value is below, a focusing process is in progress
(the fine-grained particles are transported from erosion sub-area to the accumulation sub-area).

The MRG-time diagram for Bolundsfjdrden (Figure 3-6) shows that after deglaciation, a period of
2500 years accumulation occurred. This was followed by a long period with erosion that probably
eroded the former accumulated particles and this was followed by a short period with accumulation
before the lake was isolated. During this short final phase, only a minor volume of sediment could
have been accumulated and at approximately 1000 AD a focusing process occurred (part of the lake
erosion environment and the other part with accumulation) with a concentration of the small volume
to the deepest part of the future lake. In /Hedenstrém 2004/, a figure is presented that shows the
thickness of different geologic strata along a profile in the lake. Postglacial fine-grained sediments
settled in marine/brackish environment (gyttja clay) generally occur in a thin stratum (< 10 cm) with
the thickest accumulation of approximately 70 cm situated in the deepest part of the lake basin.

An additional example deals with the future lakes 18 and 28 in Forsmark, which will have different
physical characteristics (Table 3-1). The two lakes will be of approximately the same area, but Lake
28 will be an extreme shallow lake while Lake 18 will be a deep lake compared to existing lakes in
the region (see Figure 3-7).

Table 3-1. Future lake characteristics and number of survey points (%) in SGU marine geological
survey of different surficial sediment types in Lake 18 and 28, respectively. Lake 18 is dominated
by accumulated fine-grained sediments and Lake 28 shows postglacial fine sand within a transi-
tion from an environment with erosion to accumulation.

Altitude (m) Max depth (m) Isolation (Year AD) Clay/Silt (%) Fine sand (%)

Lake 18 -34.3 6.2 10,500 62 0
Lake 28 -14.0 1.4 4,600 0 38
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Figure 3-6. A MRG — time diagram (min — average — max) for the Lake Bolundsfjdrden (see Figure 3-5).
MRG = Maximum Resuspendable Grain size.
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Figure 3-7. A MRG — time diagram (min — average — max) for the future Lake 18 and Lake 28 (see
Figure 3-5). MRG = Maximum Resuspendable Grain size.

For the two future lakes, the overall patterns of the MRG-time diagrams are similar, a bell-shaped
pattern with low MRG-values after deglaciation and a period before lake isolation and a local
maximum in between. The differences in MRG between the lakes are mainly the bandwidths (the
difference between minimum and maximum MRG at each time step) and the level of the local
maximum. The broad bandwidth for Lake 18 is due to the large differences in water depth among
the pixels in the lake and the difference in local maximum is due to different open sea exposure that
depends on different altitudes. The higher located Lake 28 (the lake surface will be at —14.0 masl) will
be affected by waves generated in a much deeper and larger sea compared to Lake 18 (—34.3 masl).
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The basin that will be Lake 28 has been exposed to erosion for 6,000 years and only a part of the
basin has had a recent period of accumulation. No fine-grained sediments are found in the basin at
the marine geological survey /Elhammer and Sandqvist 2005a/ (Table 3-1), but proportionately large
extent of fine sand indicates a transition from erosion to accumulation is in progress.

The maximum MRG-values for Lake 18 shows erosion for only part of the future lake basin, so the
other part of the basin will have accumulation throughout the whole interglacial period in a marine
basin (9000 BC-10500 AD), and in a lake that forms in the basin. Approximately 62% of the bottom
area is presently covered by postglacial clay, in some parts of the lake are covered with a thick strata
(> 4 m) /Elhammer and Sanqvist 2005a/.

Figure 3-8 shows a map with bedrock lineaments. The red point is a location where four lineaments
cross, a possible discharge point for deep groundwater. Figure 3-9 shows the MRG-time diagram for
that point. If a radionuclide is transported in the groundwater before 5500 BC, it would be bound to
fine-grained particles at the sea bottom and possibly be trapped there. After 5500 BC, the location
change from an accumulation bottom to an erosion bottom and the contaminated particle will be
resuspended and transported to the water mass. Radionuclides entering the sea bottom with ground
water between 5500 BC and 2000 AD will not be trapped but immediately be transported to the
water mass, while nuclides entering after 2000 AD will be trapped and later (after 3000 AD) be part

of the quaternary deposit on land.

Figures 3-10 to 3-15 shows how the simulation results can be used to analyze sediment phenomenon

at the Laxemar site. Figure 3-10 shows the change in area extensions of different bottom types at

the Laxemar site (corresponding figure for the Forsmark site is Figure 3-1). Over the whole period
(9500 BC-9000 AD), the only major change is that transport bottoms are transferred into land,
whereas accumulation and erosion bottoms are almost constant over time (note the great differ-

ence between the two sites). Due to the rapid shore displacement immediately after deglaciation
(Figure 2-14), more than half of the transport bottoms at Laxemar are transferred into land during the
first 3000 years. Although the shore displacement is as fast in Forsmark, no such effects are evident
there, because the first land in the Forsmark domain does not show up not until c. 3000 BC. Between
c. 6000 BC and 3000 BC, the changes in areas of different bottom types in Forsmark are subtle.

@ Groundwater discharge point
/\/ Bedrock lineament

Figure 3-8. A possible discharge point for deep groundwater situated in the cross of four bedrock
lineaments. The MRG-time diagram for the point is shown in Figure 3-9. MRG = Maximum Resuspendable
Grain size.
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Figure 3-9. A MRG-time diagram for the bedrock lineament cross shown in Figure 3-8. MRG = Maximum
Resuspendable Grain size.

The Figure 3-10 also displays the effects of the Ancylus transgression (c. 87007300 BP) (see
Figure 2-20). Approximately 20 km? former lands were once more submerged and mainly trans-
ferred to transport bottoms.
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Figure 3-10. Change in area extensions over time in three bottom types at the Laxemar site.
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Figure 3-11 Extensions of modelled different bottom types in Laxemar at 2000 AD (top), 9500 BC
(middle), and 9500 AD (bottom). The thin blue line is the shoreline in 2000 AD.
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Figure 3-12. Location of an existing lake (Frisksjon) and two futures lakes, one close to an isolation
phase (Borholmsfjédrden) and one that will be isolated c. 7400 AD. The two future lakes will have different
physical characteristics (e.g. water volumes and maximum water depths).

Figure 3-13 shows the distribution of different bottom types for three periods; 9500 BC, 2000 AD
and 9500 AD. The same pattern is to be found in all three time steps:

(i) Accumulation bottoms are found close to the shore in semi-enclosed bays or on leeside of
larger islands (The most powerful waves are from NE, so leeside is on the SW sides of islands).
Accumulation bottoms can also be found in the deepest parts of the open sea.

(i) Erosion bottoms occur on shallow bottoms exposed to waves from N — E.

(iii) Transport bottoms are found in a wide belt in intermediate water depths between the erosion
bottoms and the deep-sea accumulation bottoms.

This pattern moves from east to west over time so most of the places within the domain have had
a sedimentation history of transitions: accumulation — transport — erosion — accumulation — land.
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Figure 3-13. A MRG — time diagram (min — average — max) for the Lake Frisksjon (see Figure 3-12).
MRG = Maximum Resuspendable Grain size.
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Figure 3-13 shows the change over time in sedimentation climate for Lake Frisksjon. The lake had
an erosion climate until approximately 7750 BC. After 7750 BC, the lake had an accumulation
climate in part of or in the whole lake. Note that the lake has been affected by focusing (maximum
value above the red line and minimum value below) during a long period, which could explain the
extraordinary thick strata of fine-grade sediments observed in part of the lake (> 7 m) /Nilsson 2004/.

The overall patterns in MRG change over time are the same for Frisksjon and Borholmsfjirden,
patterns that are expected since they are situated close to each other and approximately at the

same elevation. Despite this, the differences in heights of the overall patterns relative the threshold
MRG-value (0.27 mm) generate different sediment features. While the Lake Frisksjon show a long
period with focusing, the Borholmsfjarden was dominated by erosion during the same period, which
possibly results in thinner strata of fine-grained sediment (~5 m) /Risberg 2002/.

Future Lake 36 will be an intermediate sized lake (compared to other future lakes in the domain),
but rather deep with average depth of 3.4 meters and a maximum depth of 10.5 meters. The overall
MRG-time pattern is similar to Frisksjon and Borholmsfjérden, but the deeper lake basin will have
a larger range in MRG-values resulting in longer periods with focusing. After 10,000 years of
accumulation, the basin is now switching to an erosion cycle. Therefore, the deepest part of the basin
fine-grained sediment can probably be found. Unfortunately, this cannot be confirmed since there are
no marine geological survey maps of the area.

Obviously, the two sites differ greatly in the way the sedimentation climate has changed over time
(compare e.g. Figures 3-1 and 3-10). One way to show this in a single diagram is to calculate the
change in focusing over time for the two sites. Normally, the focusing concept is used for sedi-
ments in lakes and means fine-grained particles are concentrated to the deeper parts of the lake by
resuspension of sediments in shallower zones and transport to and settling in deeper zones /Likens
and Davis 1975/. This concept can also be applied to the sea. Although the export of resuspended
particles out of a lake is a simple measurement, quantifying the export/import of particles from/to
a sea domain is much more complicated. The export/import of particles from/to the Forsmark and
Laxemar model are unknown; however, by expressing the focusing as the sum of areas of erosion
and transport bottoms divided by the total area of sea bottoms, it is possible to show the change in
strength over time of the focusing processes.

The focusing diagrams for the two sites are totally different. The focusing factor for Forsmark
increases from zero up to 100% and back to zero along the period, whereas the factor for Laxemar
decreases slowly from 97% to 85%. A low focusing value means that the contamination of radionu-
clides is spread over a larger area compared to a period with high focusing where the contaminated
particles could be concentrated to a small area with accumulation environment.
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Figure 3-14. A MRG — time diagram (min — average — max) for the Lake Borholmsfjdrden (see
Figure 3-12). MRG = Maximum Resuspendable Grain size.
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Figure 3-15. A MRG — time diagram (min — average — max) for the Future lake 36 (see Figure 3-12).
MRG = Maximum Resuspendable Grain size.
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Figure 3-16. Change in degree of focusing over time for Forsmark (blue line) and Laxemar (red line).
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4 Discussion

The choice of delimiting wind speeds for simulations of bottom types (10 and 25 m s™') is conserva-
tive. This means that the area extensions of transport bottoms are overestimated and areas of erosion
and accumulation bottoms are underestimated. To get an apprehension of how sensitive these
choices are for the simulation results, all wind speeds between 5 and 30 m s™! were simulated for
the Forsmark site for the time step 2000 AD (see Figure 4-1). The figure shows the areas of erosion
bottoms for different wind speeds.

The area of erosion bottoms increases fast from a wind speed of about 8 m s™' up to about 12 m s
and then only increases slowly for higher wind speeds. This implies that the delimiting wind speeds
for distinguishing between erosion and transport bottoms are highly sensitive but not the delimiting
wind speed for separate accumulation bottoms from transport bottoms. As a consequence, the areas
of erosion bottoms can be highly underestimated. This is of minor importance for most applications
since the important question is whether the contaminated particle is settled forever or for a limited
time, but if it is important to know whether the particle is settled for one month, one year, or

500 years, the choice of the lower delimiting wind speed is essential.

Some sediment characteristics found in marine geological surveys sediment characteristics of a deep
sediment core sampled in the Grasordnnan at the Forsmark site /Risberg 2005/ cannot be explained
with results from the simulations. C'* dating shows at least two periods with extensive erosion during
the Holocene whereas the resuspension model shows an unbroken period with accumulations. This
discrepancy is probably caused by unidirectional baroclinic currents. As mentioned earlier, the model
is not capable to detect resuspension due to unidirectional currents nor can it use the combined water
movement of waves and currents. If the wave generated water movement is the dominating process
for resuspension /Komar and Miller 1975/, it is likely at some topographical places (capes, narrow
channels, etc) that the unidirectional currents can interact with waves in the resuspension process.

The limitation of the sediment dynamic model is due to the lack of wind driven 3D current models
with a resolution in water depth that gives a correct description of the currents close to the sediment
surface, which can be combined with the STWAVE model. If this combined model could be set up in
the future, it should be possible to detect whether resuspension is the result of waves or currents or a
combination of the two. The next step should be analyses of the effect of future change in climate of
the sediment dynamics in coastal zones.
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Figure 4-1. The relationship between wind speed and share of bottoms classified as erosion bottoms.
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Another sediment feature that differs from the model results are found on the northwest side of
Griso at the Forsmark site. The area is mapped as glacial clay, bedrock, or till but modelled as
accumulation bottom. The till in the area is characterized by many large boulders, many larger than
three meters in diameter. The STWAVE depth grid cannot correctly represent that type of bottom
due to the grid size of 100 meters. On these types of bottoms (very common in Forsmark), the water
velocity in between the boulders is much higher than modelled, so the extension of the modelled
accumulation bottoms will be overestimated. Using a STWAVE depth grid with higher resolution
(50 or 25 meters) will not solve this problem, but based on a marine geological map where the
boulder content is included, these bottoms can be reclassified as transport bottoms or marked as
“Uncertain bottom type”.

A third type of discrepancies between geological maps and model results are found in shallow open
sea areas in Laxemar. The geological survey detects bedrock outcrops although the model predicts
clay or silt (accumulation bottom). Common for many of these sites are a late switch from transport
to accumulation bottoms. It seems that fine-grained particles have less ability to settle directly on
a bedrock surface compared to till or glacial clay surfaces. The sonar record from the geological
survey shows that bedrock overlaid by postglacial clay exists, but this rarely happens /Elhammer and
Sandqvist 2005b/. Perhaps different delimiting MRG-values should be used to distinguish between
transport bottoms and accumulation bottoms depending on the property of the existing geology.

The figure showing change over time in focusing for the two sites (Figure 3-16) is calculated with an
export of fine-grained particles out from the coastal areas set to zero. Of course, this is not correct,
but is set to zero because the net export is unknown. It is important that the magnitude of these flows
can be quantified, especially at a comparison of the focusing between the two sites. The export is
probably much larger at the Laxemar site where few accumulation bottoms “survive” and becomes
postglacial clay or silt sediments on land. In my opinion there are two techniques available to solve
this problem:

(1) A current model that can be combined with a wave model and together build up a “particle
tracker model” could address this concern. Future versions of the SMS program suite will
include 3D current models that can be run simultaneously with the STWAVE model and driven
with exactly the same weather data. When this 3D-model will be available is uncertain and it
is unclear if my resuspension module can be added to the combined model structure. Another
option is to use the DHI program MIKE?21 that already has a developed coupled model (wave,
current, resuspension, and particle tracking).

(i1) A mass balance model for fine-grained particles for the two sites could also address this
concern. Here is an outline of the mass balance model could be used:

Net export = Fine-grained particles “missing” in the till + fluvial import to the coastal area —
postglacial fine-grained particles in coastal sea sediments.

The fluvial term is probably small compared to the wave wash term so the goal is to calculate the
other two terms. The requirements are rather good; the till are sampled and analyzed for grain size at
many locations and the sonar surveys in the coastal areas can be used to calculate the mass of post-
glacial fine-grained sediments. One major problem will be the delimitation of the model domains.
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Appendix

Average number of yearly events at Laxemar, Bothnian Bay, Bothnian Sea, N. Baltic Proper and NW Baltic Proper with wind speeds (m s—1) and wind durations (h)
exceeding certain values. Only wind directions from 340—70 © are analyzed. Data for Forsmark are displayed in Figure 2-2.

Laxemar
Windspeed >10 >11 >12 >13 >14 >15 >16 >17 >18 >19 >20 >21 >22 >23 >24 >25 >26
Duration >6 349 260 195 140 100 72 48 32 21 13 9 6 4 2 1 1 <1
>9 278 204 149 104 71 50 31 20 12 8 5 3 2 1 1 <1 <1
>12 223 160 114 76 50 34 20 13 8 4 3 2 1 1 <1 <1
>15 178 124 85 55 34 23 14 8 4 2 1 1 <1 <1 <1 <1
>18 143 96 64 39 23 16 9 5 3 1 1 <1 <1 <1
>21 116 75 49 28 16 1 6 3 1 <1 <1 <1
> 24 93 58 37 20 11 7 4 2 1 <1 <1 <1
> 27 76 45 27 14 7 5 2 1 <1 <1 <1
>30 62 35 20 10 5 3 2 <1 <1
>33 50 27 14 7 3 2 1 <1
> 36 40 20 10 5 2 1 1
> 39 32 15 8 4 1 1 <1
> 42 26 12 6 3 1 1 <1
> 45 21 9 5 2 1 <1 <1
> 48 16 7 3 1 <1 <1 <1
>51 13 5 3 1 <1 <1 <1
> 54 9 4 2 1 <1 <1 <1
> 57 7 3 1 1 <1 <1
> 60 5 3 1 <1
>63 4 2 1 <1
> 66 4 2 1 <1




9

Bothnian Bay

Wind speed >10 >11 >12 >13 >14 >15 >16 >17 >18 >19 >20 >21 >22 >23 >24 >25 >26 >27 >28
Duration >6 386 296 224 169 126 92 65 43 30 20 12 8 5 2 1 1 1 <1 <1

>9 312 235 174 128 93 67 46 29 19 12 7 4 3 1 1 <1 <1 <1

> 12 251 185 134 96 68 49 32 20 12 7 4 2 1 <1 <1 <1 <1

>15 204 147 104 73 51 36 23 14 8 5 2 1 1 <1

> 18 166 118 81 56 38 27 16 9 5 3 1 <1 <1

>21 136 94 63 43 28 19 11 6 3 1 1 <1

> 24 112 75 49 33 21 14 8 4 2 1 <1 <1

>27 92 60 38 25 15 10 6 3 1 <1 <1 <1

> 30 76 48 30 18 11 7 4 2 1 <1 <1

>33 63 38 23 13 7 5 3 1 1 <1 <1

> 36 5230 17 10 5 3 2 1 <1 <1

> 39 44 24 14 7 4 2 1 <1 <1

> 42 38 19 11 5 3 2 1 <1 <1

> 45 32 16 9 4 2 1 1 <1 <1

> 48 28 13 7 3 1 1 1 <1 <1

> 51 24 10 6 2 1 1 <1 <1

> 54 21 8 5 2 1 <1 <1

> 57 18 7 4 1 1 <1 <1

> 60 15 5 3 1 1 <1

> 63 13 4 2 1 <1

> 66 11 3 2 <1 <1




€9

Bothnian Sea

Wind speed >10 >11 >12 >13 >14 >15 >16 >17 >18 >19 >20 >21 >22 >23 >24 >25
Duration >6 261 189 134 90 60 39 24 15 9 5 3 1 1 <1 <1 <1
>9 205 145 99 65 40 25 15 9 5 3 1 1 <1 <1

>12 162 111 73 46 27 16 10 5 3 1 1 <1
>15 126 84 54 32 18 11 6 3 1 1 <1
>18 98 65 40 22 12 7 4 2 1 <1
>21 76 50 29 15 8 4 2 1 <1

>24 60 39 21 11 6 3 1 1 <1

> 27 47 30 15 8 4 2 1 <1

> 30 36 23 11 5 3 1 <1 <1

>33 29 17 8 4 2 1 <1

> 36 23 14 6 3 2 <1 <1

> 39 19 12 5 2 1 <1

> 42 17 10 4 2 1 <1

> 45 14 8 3 1 <1

> 48 12 7 2 1 <1

> 51 11 5 2 <1

> 54 9 4 1 <1

> 57 8 3 1

> 60 7 2 <1

>63 6 2

> 66 5 1




¥9

NW Baltic Proper

Wind speed >10 >11 >12 >13 >14 >15 >16 >17 >18 >19 >20 >21 >22 >23 >24 >25 >26 >27 >28 >29 >30 >31
Duration >6 443 345 265 196 141 100 73 52 35 23 14 10 7 4 3 2 <1 <1 <1 <1 <1 <1

>9 365 280 211 152 106 73 53 35 21 14 8 5 3 2 1 1 <1 <1 <1

>12 300 227 167 117 79 53 36 22 12 8 4 3 2 1 1 <1 <1

>15 249 184 132 89 57 37 24 13 7 4 2 2 1 1 <1 <1

>18 207 149 104 66 41 27 16 8 4 2 1 1 1 <1 <1 <1

>21 171 121 81 49 30 19 11 5 2 1 1 1 <1 <1

>24 142 97 63 37 22 14 7 3 1 1 1 <1 <1

> 27 117 78 49 28 16 10 5 2 1 1 <1 <1 <1

> 30 97 63 38 21 1" 7 3 1 <1 <1 <1

>33 80 51 29 15 8 5 2 <1 <1 <1

> 36 66 41 22 11 6 3 1 <1

>39 54 32 17 8 4 2 <1 0

> 42 44 26 13 6 3 1

> 45 36 21 10 5 2 1

> 48 30 16 8 4 1 <1

> 51 24 13 6 3 1 <1

> 54 19 10 5 3 1 <1

> 57 15 8 4 2 <1 <1

> 60 12 6 3 2 <1 <1

> 63 10 5 3 1




S9

N Baltic Proper

Wind >10 >11 >12 >13 >14 >15 >16 >17 >18 >19 >20 >21 >22 >23 >24 >25 >26 >27 >28 >29 >30 >31 >32 >33 >34 >35 >37 >38 >39
speed
Duration >6 540 427 331 249 186 138 102 76 55 40 27 19 13 9 6 4 3 2 2 1 1 1 1 <1 <1 <1 <1 <1 <1
>9 449 349 263 192 140 101 72 52 35 25 16 10 7 5 3 2 1 1 1 1 <1 <1 <1 <1 <1
>12 374 285 210 149 105 73 50 34 22 15 9 6 4 2 1 1 1T <1 <1 <1 <1 <1 <1 <1 <1
>15 312 233 166 114 79 53 35 22 14 9 5 3 2 1 1 1 <1 <1 <1 <1 <1
>18 262 191 133 88 59 38 24 14 8 5 3 2 1 1 <1 <1 <1 <1 <1 <1 <1
>21 220 157 107 69 45 28 16 9 5 3 2 1 <1 <1 <1 <1 <1 <1 <1 <1
> 24 185 129 86 53 34 20 12 6 3 2 1T <1 <1 <1 <1 <1 <1
> 27 155 106 68 41 26 15 8 3 2 1 <1 <1 <1 <1 <1 <1
>30 130 87 54 31 19 11 6 2 1 1 <1 <1
>33 109 71 44 24 14 8 4 1 <1 <1
> 36 92 58 34 19 11 6 3 1 <1 <1
> 39 78 47 27 15 8 5 2 <1 <1
> 42 66 39 23 13 6 4 2 <1
> 45 5 32 19 10 5 3 1 <1
>48 47 26 16 9 4 2 1
>51 40 22 13 8 4 2 1
> 54 33 18 11 7 3 1 1
> 57 28 16 10 6 2 1 1
> 60 24 14 8 5 2 1 <1
> 63 20 12 7 4 1 1 <1
> 66 17 10 6 4 1 <1 <1
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